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Abstract

:

Performing corporate social responsibility is the only way to adapt to sustainable economic and social development and is also the inevitable choice to enhance the core competitiveness of enterprises. At the beginning of 2020, the rapid spread of the COVID-19 epidemic made SMEs face a survival crisis. Therefore, SMEs need to continue to shoulder their social responsibilities in this special period. In view of this, this paper, with the COVID-19 outbreak as the background, constructed the evolution of the government regulatory agency, SME, and consumer evolutionary game model. This paper studies the strategy choice of three subjects in the process of fulfilling social responsibility before and after public health emergencies and analyzes the influence of dynamic incentive and punishment measures, cash, and inventory on the performance of SMEs’ social responsibility using MATLAB. The results show that the government regulatory agencies play a guiding role in the enterprise responsibility process and need to provide appropriate liquidity for SMEs; SMEs should actively participate in social responsibility activities, optimize internal governance, and prepare enough cash for a crisis; consumers need to develop responsible consumer market, expand the responsible consumption scale, and help SMEs share the difficulties.
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1. Introduction


In December 2019, The COVID-19 outbreak occurred around the world, seriously threatening human life and health. The World Health Organization (WHO) listed the COVID-19 outbreak in January 2020 as a “Public Health Emergency of International Concern” (PHEIC). The COVID-19 epidemic has impacted the global financial market and the entire macroeconomy and also has had varying degrees of effects on various industries. This impact has cross-industry and cross-regional characteristics and is accompanied by risk transmission and risk spillover effects [1]. In the face of the global influenza pandemic and sudden major social risks that seriously affect public health security, it is crucial for companies to actively fulfill their social responsibilities. However, companies still engage in irresponsible behaviors, such as fake vaccine incidents, pickled cabbage in soil pits, gutter oil incidents, and so on [2]. In order to obtain profits, enterprises carry out bad production and operation activities, which causes many consequences that they must bear [3].



As a major public health emergency, COVID-19 has the characteristics of “great damage, wide impact, and fast transmission.” The short-term impact on cash holdings has a greater impact [4]. However, the performance of corporate social responsibility can enhance the value of cash holding [5] and thus enhance the ability of enterprises to deal with emergencies. According to past experience, in the face of major emergencies, enterprises that can actively fulfill social responsibility can not only make them quickly get rid of the predicament but also be directly related to the development path of the enterprises in the future “post-epidemic era” [6]. Corporate social responsibility governance is an important way for enterprises to participate in social and public governance. The current concept of corporate social responsibility believes that the company’s active performance of corporate social responsibility can earn the company a social reputation and other intangible assets [7], which are important parts of enhancing the value of the company, are conducive to improving the company’s performance, and play a positive role in the company [8,9,10]. One way to maximize the use of the public social attribute is to connect it to responsibilities for the national economy, social development, and environmental protection, thereby helping economic and social management innovation, improving COVID-19 outbreak and other public health crisis response, preventing major social crises, and controlling management efficiency. Such social responsibility has become a major theoretical and practical topic that must be faced and deeply studied against the background of modernization of the national management system and management capacity [11].



China first clarified the concept of SMEs in 2003 in the Provisional Provisions on Standards for Small and Medium-sized Enterprises (SMEs). In 2011, the standards were adjusted accordingly. Notably, the latest standard is the Statistical Division Standard of Large, Small, Medium, and Micro Enterprises issued by the National Bureau of Statistics Quasi (2017). The standard divides enterprises into four types: large, medium, small, and micro, which are mainly divided according to the three indicators of enterprise revenue, employees, and total assets and slightly adjusted according to the differences and characteristics of different industries. In recent years, small, medium, and micro enterprises have contributed more than 50% of China’s tax revenue, 60% of GDP, more than 70% of technological innovation, 80% of urban employment, and more than 90% of enterprises. They are the main force in national economic and social development (The first meeting of the State Council Leading Group for promoting the Development of Micro, Small, and Medium-sized Enterprises). In this paper, an SME—short for a small and medium-sized enterprise—is the opposite of the concept of a large enterprise and mainly refers to a relatively weak enterprise according to assets, the number of employees, enterprise income, business scope, and influence. In this unprecedented global public health crisis, in order to prevent and control the sudden COVID-19 epidemic, people and logistics at home and abroad were strictly restricted, the economy was systematically stagnated, and the operation of micro, small, and medium-sized enterprises was hit hard, subjected to shock, and fell into a deep operational and financial crisis [12]. Under the impact of the epidemic, the financial vulnerability risks of micro, small, and medium-sized enterprises were more obvious, and those SMEs needed more financial support. However, it also became more difficult to obtain financial support. Social responsibility for SMEs during major public health emergencies is more complex than during a normal period. As small and medium-sized enterprises’ living environments saw huge changes when dealing with major public health emergencies, we should actively respond to the frontline needs of fighting the epidemic through different channels and in different ways. Such a response includes actively assuming social responsibility and coordinating with government regulatory agencies, workers, consumers, suppliers, and other relevant parties, to make important contributions to epidemic prevention and control, social stability, and development [13]. This reflects the responsibility of small and medium-sized enterprises. The research in the existing literature has achieved some results, but most of the works focus on an empirical analysis of the relationship between corporate social responsibility and various factors. Among them, Simpson et al. [14], Wen et al. [15], and Yang et al. [16] studied the relationship between corporate social responsibility and financial performance. Simpson et al. reviewed it mainly from a banking perspective, Wen et al. analyzed the panel data mainly based on the perspective of stakeholders, and Yang et al. mainly conducted a comparative analysis of large, small, and medium-sized listed companies. Wang et al. [2], Li Zheng [17], and Ding et al. [18] have studied the relationship between corporate social responsibility and corporate value, but the selected research perspectives are inconsistent and are analyzed from the perspective of stakeholders, enterprises, and investors, respectively. Quan et al. [19], Kim et al. [20], and Huang et al. [21] analyzed the impact of corporate social responsibility on the risk of stock price crashes. Chen et al. [22] and He et al. [23] found that financing constraints also had a significant impact on corporate social responsibility; Feng et al. [24] studied the relationship between corporate social responsibility and corporate risk and believed that actively fulfilling corporate social responsibility could help reduce corporate risks, especially during the financial crisis had a negative impact on China’s economy, good corporate social responsibility played a particularly prominent role in resisting corporate risks. Yang et al. [5] used quantile regression to study the impact of corporate social responsibility on cash holding value in the capital market and product market. Chen et al. [25] and Guo Yi [26] studied the basic situation of the performance of social responsibility of SMEs. Among them, Chen et al. defined the basic concept and meaning of small and medium-sized enterprise social responsibility and built a core including stakeholder responsibility, public social responsibility, and management process responsibility as three dimensions of the model, and through the factor analysis of the model. According to the characteristics of the social responsibility of small and medium-sized enterprises in China and learning from the implementation mode of Italian corporate social responsibility, Guo Yi established the social responsibility implementation mode of SME social responsibility in line with China’s national conditions.



On this basis, based on the context of the COVID-19 epidemic, corporate social responsibility is studied separately. Yang et al. [5] took the COVID-19 epidemic prevention and control as the main research background to explore how dual-platform enterprises can promote and innovate corporate social responsibility governance. Based on the theory of digital empowerment, Du et al. [27] discussed the relationship between digital empowerment and initiative corporate social responsibility and the “anti-vulnerability” growth of small and medium-sized enterprises with major emergencies as a research situation. Carroll et al. [28] investigated reports related to the COVID-19 outbreak and concluded that the COVID-19 pandemic had affected employees, consumers, and communities the most, but other stakeholder groups in society were somewhat affected and were testing the fulfillment of corporate social responsibility. Many companies are working to reset their CSR thinking and initiatives to accommodate this crisis and to meet public expectations of them.



The above works of literature mainly study corporate social responsibility from the perspective of theory or empirical analysis. They neglect an important problem: the subject’s decision is bounded rationality. Therefore, this paper adopts the method of the evolutionary game for its analysis. Evolutionary game theory makes up for the defects of traditional game theory. It holds that human beings are bound by rationality and reach the equilibrium of a game through trial and error. Evolutionary game analysis can describe the dynamic process in which participants constantly compare, learn, and imitate and explain why and how participants reach a certain state [29]. The thought of bounded rationality in evolutionary game theory also has more practical significance [30]. Evolutionary game theory is superior in the analysis of the social responsibility performance of small and medium-sized enterprises. In reality, all game participants do not have completely rational characteristics, and their behavior decisions are affected by other game players and the environment. Further, these participants are able to adjust their behavioral strategies through constant learning and imitation to maximize the benefits [31]. Therefore, based on evolutionary game theory, this paper constructs an evolutionary game for the process of SMEs’ social responsibility fulfillment, analyzes the evolutionary stability strategies, trends, and related influencing factors, and puts forward policy opinions with certain economic significance.



In conclusion, there are still few articles using evolutionary game theory to analyze the process of SMEs fulfilling social responsibility under public health emergencies. Therefore, this paper, through the construction of public health emergencies before and after two periods, identifies government regulatory agencies [32,33], small and medium-sized enterprises, and consumers as making up a tripartite evolutionary game model. We analyze the performance process of corporate social responsibility guided by the government regulatory agencies implemented by small and medium-sized enterprises and evaluated by consumers, solve the evolution and stability strategy of the tripartite subject game under different situations, and study the factors affecting the choice of corporate social responsibility strategy through numerical analysis. The innovation points of this paper are as follows: (1) From the theoretical point of view, the evolutionary game model of the three parties in the process of SMEs’ responsibility before and after public health emergencies is constructed respectively, and the evolutionary equilibrium strategy selection of the three parties in the two periods is compared and analyzed; (2) We analyze the excitation and punishment strategies under the dynamic mechanism, cash, and inventory on the three-player subject game; (3) Finally, combined with the actual data represented by Qianjin Pharmacy and Xiangxue Pharmaceutical, a numerical analysis is conducted, which is of great research significance for promoting small and medium-sized enterprises to actively assume social responsibilities before and after public health emergencies, and also provides a reference for the government regulatory agencies to supervise enterprises and consumers to buy products.




2. Evolutionary Game of SME Social Responsibility before a Public Health Emergency


2.1. Problem Description


In order to govern irresponsible behavior, government regulatory agencies have issued a series of control and restraint policies on the irresponsible behavior of enterprises (such as the labor law or environmental protection law) [34] and rewarded and punished according to the performance of small and medium-sized enterprises. Due to the small scale, large number, poor foundation, weak foundation, irregular internal organizational form, and management mechanism of small and medium-sized enterprises, by the impact of major emergencies, the ability to resist risks is seriously lacking in the issue of corporate social responsibility has always been controversial. Previous studies have shown that the social responsibility of enterprises will increase the burden of enterprises, occupy the original limited resources of enterprises, increase the operating costs of enterprises, put enterprises at a disadvantage in the competition, and reduce their value [35,36]. However, in the long run, social responsibility behaviors, such as maintaining good community relations, training employees, ensuring the health and safety of employees, improving product quality, paying attention to environmental protection, and safeguarding the legitimate rights and interests of suppliers, will benefit the enterprises [15,17]. In fact, the government regulatory agencies have different preferences for social interest goals and corporate interest goals, and their execution is also different, as seen in [37,38]. The most important thing for government regulatory agencies in punishing irresponsible behavior is to make enterprises lose more than they gain from irresponsible behavior. However, the preference of the government regulatory agencies may relax the restrictions on irresponsible behavior, and the more focused the government regulatory agencies are on short-term interests, the less likely they are to exclude irresponsible enterprises from the market scope [34]. Enterprises need to bear most of the cost of fulfilling their social responsibilities. As the micro subject in the market economy, obtaining profit is their ultimate goal and also a necessary condition for the survival and development of enterprises. Without external pressure or internal motivation, enterprises may choose not to perform their corporate social responsibility, driven by short-term interests [39]. The key to enterprises considering whether to fulfill their social responsibility lies in the cost. From the perspective of cost, only when the enterprise’s income is higher than its expenses will it actively fulfill its social responsibility. Consumer recognition of enterprise social responsibility eventually through the choice of enterprise products has a strong sense of the social responsibility of consumers, who are willing to pay more for the enterprise’s products and choose to actively fulfill their social responsibility. The reason is that the consumer can, from the process of choosing the product, obtain additional social benefits outlined in [39,40]. Consumer feedback on corporate social responsibility is twofold and motivated. First, is that consumers believe that enterprises can actively fulfill the benefits that the corporate society can bring to consumers themselves. For example, the quality and quantity of the operation of enterprises will make the products purchased by consumers of better quality. On the other hand, consumers can obtain the satisfaction of being recognized and their self-worth being realized through their behavior of purchasing from enterprises that actively fulfill their social responsibility [41].



Before a public health emergency, government regulatory agencies choose a strict supervision strategy to actively implement the policy requirements and urge small and medium-sized enterprises to actively fulfill their corporate social responsibility. In the event of a public health emergency, the small and medium-sized enterprises that actively fulfill their corporate social responsibility are given greater assistance to help these enterprises overcome the difficulties. Small and medium-sized enterprises choose to actively implement corporate social strategy, which means that in the stable period of life, they can effectively fulfill social responsibilities, provide jobs, pay taxes on time, not evade taxes, actively implement various policy instructions issued by the central government regulatory agencies, and cooperate with local government regulatory agencies to actively implement them. Fulfilling the social responsibility of employees, providing a good working environment, and improving the employee welfare security system can improve employee satisfaction. In addition, SMEs also actively undertake their economic, environmental, and charitable responsibilities to other stakeholders. Government regulatory agencies, small and medium-sized enterprises, and consumers interact and influence each other in the process of fulfilling their social responsibilities.




2.2. The Basic Assumptions of the Model


Based on the above realistic background, this paper proposes the following basic assumptions:



Assumption 1.

Game participants are limited and rational, including government regulatory agencies, small and medium-sized enterprises, and consumers.





Assumption 2.

The government regulatory agencies’ strategy of choice is strict supervision and lax supervision. The probability of the government regulatory agencies choosing strict regulation is   x ( 0 < x < 1 )  , while the probability of not having strict supervision is    (  1 − x  )   . When the government regulatory agencies choose strict supervision, the revenue is    R 1   , regulatory costs are    C 1   , The government regulatory agencies’ supervision intensity is   α ( 0 < α < 1 )  . When enterprises actively fulfill their social responsibilities, the government regulatory agencies enjoy additional benefits of   Δ  R 1   ; When small and medium-sized enterprises passively fulfill their corporate social responsibility, the government regulatory agencies’ loss is    L 1   , and small and medium-sized enterprises can obtain short-term income    R 2   .





Assumption 3.

The strategy choice of small and medium-sized enterprises is to actively perform and negatively fulfill corporate social responsibility. The probability of small and medium-sized enterprises choosing to actively perform corporate social responsibility is   y ( 0 < y < 1 )  , while the probability of enterprises choosing to negatively perform corporate social responsibility is    (  1 − y  )   . When small and medium-sized enterprises choose to actively perform their corporate social responsibilities and carry out daily operations, the total capital (total revenue) owned is    A 1   , including cash for    M 1   , inventory for    I 1   , so    A 1  =  M 1  +  I 1   ; When small enterprises choose to negatively perform corporate social responsibility, they carry out daily operations. The total capital (total revenue) owned is    A 2   , including cash for    M 2   , inventory for    I 2   , so    A 2  =  M 2  +  I 2   . The cost of SMEs to negatively fulfill their corporate social responsibility is    C 2   . The incremental cost of SMEs to actively fulfill their corporate social responsibility is   Δ  C 2   . Suppose that the government regulatory agencies will give tax incentives and subsidies (W) to SMEs that actively fulfill their corporate social responsibility and the probability of SMEs actively fulfilling their social responsibility (y), that is, the government regulatory agencies’ incentive function   W  ( y )  = y W  . If SMEs negatively fulfill their corporate social responsibility, the government regulatory agencies will give them the punishment function   K  ( y )  =  (  1 − y  )  K  . If the government regulatory agencies do not strictly supervise, small and medium-sized enterprises negatively fulfill their corporate social responsibility, consumers give negative evaluations, the government regulatory agencies add additional loss    L 2   , and the enterprises increase the reputation loss    L 3   .





Assumption 4.

The consumer strategy choice is positive evaluation and negative evaluation. The probability of consumers choosing a positive evaluation of SMEs is   z ( 0 < z < 1 )  , while the probability of consumers choosing a negative evaluation is    (  1 − z  )   . The daily income of consumers is B, and the normal consumption expenditure is E. When consumers make a positive evaluation of enterprises, consumers will have an additional purchase expenditure for small and medium-sized enterprises as   Δ E  . SMEs actively fulfilling corporate social responsibility will bring benefits to consumers who give positive reviews    R 3   . The negative performance of corporate social responsibility by small and medium-sized enterprises will bring losses to consumers in    L 4   . According to the above parameter setting, the three-way evolutionary game stage payment matrix can be constructed, as shown in Table 1.






2.3. Government Regulatory Agencies, Small and Medium-Sized Enterprises, Consumers Replicator Dynamics Equation Construction


2.3.1. Replicator Dynamics Equation of Government Regulatory Agencies


When the government regulatory agencies choose strict regulation, the expected return is:


   U  11   = y z  (   R 1  −  C 1  − W  ( y )  + Δ  R 1   )  + y  (  1 − z  )   (   R 1  −  C 1  − W  ( y )  + Δ  R 1   )  +  (  1 − y  )  z  (   R 1  −  C 1  −  L 1  + K  ( y )   )  +   (  1 − y  )   (  1 − z  )   (   R 1  −  C 1  −  L 1  + K  ( y )   )   











The expected return when not regulated is:


    U  12   = y z  (  α  R 1  − α  C 1  − α W  ( y )  + Δ  R 1   )  + y  (  1 − z  )   (  α  R 1  − α  C 1  − α W  ( y )  + Δ  R 1   )  +  (  1 − y  )  z  (  α  R 1  − α  C 1  − α  L 1   + α K  ( y )   )  +  (  1 − y  )   (  1 − z  )   (  α  R 1  − α  C 1  − α  L 1  − α  L 2  + α K  ( y )   )        U 1   ¯  = x  U  11   +  (  1 − x  )   U  12     











The government regulatory agencies’ replicator dynamics equation:


  F  ( x )  =   d x   d t   = x  (   U  11   −    U 1   ¯   )  = x  (  1 − x  )   (   U  11   −  U  12    )   = x  (  1 − x  )   {   (  1 − α  )   (   R 1  −  C 1  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   [  K  ( y )  −  L 1   ]  +  (  1 − y  )   (  1 − z  )  α  L 2   }   



(1)








2.3.2. Replicator dynamics Equation of SMEs


The expected income of SMEs when they actively perform is


   U  21   = x z  [   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + E + Δ E  ]    +   x  (  1 − z  )   [   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + E  ]  +   (  1 − x  )  z  (   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + E + Δ E  )  +  (  1 − x  )   (  1 − z  )   (   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + E  )   











The expected return on negative performance is:


    U  22   = x z  (   M 2  +  I 2  −  C 2  +  R 2  − K  ( y )  + E + Δ E  )  + x  (  1 − z  )   (   M 2  +  I 2  −  C 2  +  R 2  + E − K  ( y )   )  +   (  1 − x  )  z  (   M 2  +  I 2  −  C 2  +  R 2  + E − α K  ( y )   )  +  (  1 − x  )   (  1 − z  )   (   M 2  +  I 2  −  C 2  −  L 3  + E +  R 2  − α K  ( y )   )        U 2   ¯  = y  U  21   +  (  1 − y  )   U  22     











Replicator dynamics equations for SMEs:


  F  ( y )  =   d y   d t   = y  (   U  21   −    U 2   ¯   )   = y  (  1 − y  )   [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3   ]       



(2)








2.3.3. Replicator Dynamics Equation of Consumers


The expected earnings from positive consumer reviews are as follows:


   U  31   = x y  (  B +  R 3  − E − Δ E  )  +  (  1 − x  )  y  (  B +  R 3  − E − Δ E  )  + x  (  1 − y  )   (  B − E − Δ E −  L 4   )  +   (  1 − x  )   (  1 − y  )   (  B − E − Δ E −  L 4   )   











The expected benefit from negative reviews by consumers is:


    U  32   = x y  (  B − E  )  +  (  1 − x  )  y  (  B − E  )  + x  (  1 − y  )   (  B − E −  L 4   )  +  (  1 − x  )   (  1 − y  )   (  B − E −  L 4   )        U 3   ¯  = z  U  31   +  (  1 − z  )   U  32     











Consumer’s replicator dynamics equation:


  F  ( z )  =   d z   d t   = z  (   U  31   −    U 3   ¯   )  z  (  1 − z  )   (  − Δ E + y  R 3   )   



(3)







Formula (1), formula (2), and formula (3) stand together, and the replication power system of the government regulatory agencies, small and medium-sized enterprises, and consumers are:


   {      F  ( x )  = x  (  1 − x  )   [   (  1 − α  )   (   R 1  −  C 1  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2   ]          F  ( y )  = y  (  1 − y  )   [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3   ]          F  ( z )  = z  (  1 − z  )   (  − Δ E + y  R 3   )         



(4)







According to the method proposed by Friedman, the Evolutionary Stability Strategy (ESS) of the differential equation can obtain the Jacobian matrix of the system as follows:


   (       (  1 − 2 x  )   ε 1      x  (  1 − x  )   [   (  1 − α  )   (  − 2 y W  )  −  (  1 − α  )   (  K  ( y )  −  L 1   )  −  (  1 − z  )  α  L 2   ]      x  (  1 − x  )   (  y − 1  )  α  L 2        y  (  1 − y  )   [   (  1 − α  )   (  K  ( y )  + W  ( y )   )  +  (  z − 1  )   L 3   ]       (  1 − 2 y  )   ε 2      y  (  1 − y  )   (  x − 1  )   L 3       0    z  (  1 − z  )   (   R 3   )       (  1 − 2 z  )   [  − Δ E + y  R 3   ]       )   



(5)







Notes:    ε 1  =  [   (  1 − α  )   (   R 1  −  C 1  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2   ]   ;    ε 2  =  [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3   ]   .



In the system (4), ① with   F  ( x )  = F  ( y )  = F  ( z )  = 0  , the local equilibrium points are    E 1   (  0 ,   0 ,   0  )  ,  E 2   (  1 ,   0 ,   0  )  ,      E 3   (  0 ,   1 ,   0  )  ,      E 4   (  0 ,   0 ,   1  )  ,      E 5   (  1 ,   1 ,   0  )  ,  E 6   (  0 ,   1 ,   1  )  ,  E 7   (  1 ,   0 ,   1  )  ,    E 8   (  1 ,   1 ,   1  )   . ② There may be a mixed equilibrium point    E 9   (   x *  ,    y *  ,    z *   )    where    x *  ,    y *  ,    z *  ∈  (  0 ,   1  )    and satisfy the following equation:


   {       (  1 − α  )  (  R 1  −  C 1  − y W  ( y )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2  = 0        M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3  = 0       − Δ E + y  R 3  = 0        











And then we can solve for:


   {       x *  = 1 −    (   θ 2  + α  θ 3   )   (  1 −   Δ E    R 3     )  α  L 2     θ 1   L 3           y *  =   Δ E    R 3           z *  = 1 +    θ 1    α  L 2   (  1 −   Δ E    R 3     )           











Notes:    θ 1  =  (  1 − α  )   (   R 1  −  C 1  −   Δ E    R 3    W  )  +  (  1 −   Δ E    R 3     )   (  1 − α  )   [   (  1 −   Δ E    R 3     )  K −  L 1   ]    ;    θ 2  =  M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  ;    θ 3  =    (   R 3  − Δ E  )  K + Δ E W    R 3     .



According to evolutionary game theory, the equilibrium point satisfying the requirement that all the eigenvalues of the Jacoby matrix are non-regular is the evolutionary stability point (ESS) of the system.





2.4. Stability Analysis of the Equilibrium Points


By substituting the nine equilibrium points into the Jacobian matrix (5), the eigenvalues corresponding to the equilibrium points are shown in Table 2.



Case 1.

When    (  1 − α  )   (   R 1  −  C 1  − W  )  > 0  ,    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W > 0  ,   − Δ E +  R 3  < 0  , that is, the government regulatory agencies’ strict supervision income exceeds the sum of the cost under its strict supervision and subsidies for actively fulfilling corporate social responsibility, and the benefits and subsidies of enterprises actively fulfilling social responsibility are greater than the benefits and costs of the negative performance of corporate social responsibility. The income of small and medium-sized enterprises to their corporate social responsibility is less than the expenditure contributed by consumers to the active fulfillment of corporate social responsibility. A stable point,    E 5   (  1 ,   1 ,   0  )   , exists in the dynamic system of replication. The eigenvalues of the corresponding Jacobian are all negative. The corresponding evolutionary strategy is for the government regulatory agencies to choose strict regulation, SMEs to choose to actively fulfill their corporate social responsibility, and consumers to choose to give them negative reviews.





Case 2.

When    (  1 − α  )   (   R 1  −  C 1  − W  )  > 0 ,    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W > 0 ,   − Δ E +  R 3  > 0  , that is, the income of the government regulatory agencies’ strict supervision is higher than the sum of the cost under its strict supervision and subsidies for actively fulfilling corporate social responsibility. Moreover, the benefits and subsidies of enterprises actively fulfilling social responsibility are greater than the benefits and costs of passively fulfilling corporate social responsibility. The benefits brought by small and medium-sized enterprises to actively fulfill corporate social responsibility are greater than the expenditure contributed by consumers to actively fulfill corporate social responsibility. At this time, there is a stable point of    E 8   (  1 ,   1 ,   1  )   . The corresponding characteristic values of Jacobian are negative. The corresponding evolutionary strategy is for the government regulatory agencies to strictly supervise, small and medium-sized enterprises choose to actively fulfill corporate social responsibility, and consumers choose to give positive evaluations.





Case 3.






	
When    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2  < 0  ;     Δ E    R 3     (  1 −   Δ E    R 3     )  [  (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W    R 3    < 0  , at this time, there is a stable point    (   x *  ,    y *  ,    z *   )    in the replicator dynamics equation, which means that the government regulatory agencies, small and medium-sized enterprises, and consumers, respectively, choose strict supervision, active implementation, and positive evaluation with a certain probability. At first, the government regulatory agencies choose not to strictly regulate it because they want to obtain certain benefits and have a good performance. Small and medium-sized enterprises due to lax supervision, leading to the negative performance of corporate social responsibility. Consumers choose to make a negative evaluation of small and medium-sized enterprises because of their negative performance of corporate social responsibility and reduce the purchase of goods from negative social responsibility enterprises. So, the efficiency of small and medium-sized enterprises decreases, the business environment is poor, and environmental pollution is serious. After the discovery of this phenomenon, the government regulatory agencies urgently rectification and chose to improve strict supervision. Finally, under the strict supervision of government regulatory agencies, small and medium-sized enterprises choose to actively fulfill their corporate social responsibility to a certain extent. The probability of consumers giving positive evaluations to enterprises increases. Therefore, the three main bodies will choose the mixed strategy in the constant dynamic game.



	
When    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2  ≥ 0  ;     Δ E    R 3     (  1 −   Δ E    R 3     )  [  (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W    R 3    ≥ 0  , at this time, the E9(x*,y*,z*) is the unstable point. It shows that the probabilities of government regulatory departments, small and medium-sized enterprises, and consumers are constantly changing internally, as shown in Figure 1. The probability of final convergence to what state is dependent on the phase volume. The analysis of the influence of the different influencing factors is shown in Table 3. Influencing factors include the regulatory intensity of government regulatory authorities  α , earnings from active performance, punishment, and loss from negative performance. When these influencing factors increase, x*, y*, and z* all decrease, E9 is close to E1(0,0,0), and thus the phase volume composed of the stabilization strategy E8(1,1,1) increases, then the probability that the three subjects will choose the (active supervision, active performance, positive evaluation) action strategy increases.












3. Evolutionary Game of SME Social Responsibility after a Public Health Emergency


3.1. Problem Description


The 2020 COVID-19 pandemic is an unprecedented global public health crisis (“COVID-19”). By the end of December, the COVID-19 outbreak had spread to 218 countries, with more than 83 million confirmed cases worldwide and more than 1.8 million deaths (World Health Organization, WHO, 2020). After October 2020, there was a second outbreak of COVID-19 in many countries, and the number of confirmed cases has doubled worldwide in just two months [42]. The outbreak of COVID-19 has caused great trauma to the Chinese economy and even the global economy, and the impact of the epidemic has left thousands of companies floating on the brink of bankruptcy [43]. The epidemic caused the loss of the industrial added value of Chinese small and medium-sized service enterprises by about 2.3 to 2.6 trillion yuan in 2020, and the loss of main business revenue was about 7.2–8.1 trillion yuan. The epidemic will have a huge impact on small and medium-sized service enterprises in China in the short and medium term [44]. During a major public health emergency, corporate social responsibility is not only a moral embodiment but also a method of brand building, which can establish a good corporate image and improve the reputation of enterprises. During this period, the responsibility of SMEs to society is reflected in delivering materials and donating funds to the disaster-hit areas of public health emergencies, ensuring the material and capital needs of the front line, abiding by laws and ethics, and operating legally and in compliance. Ding et al. [45] found that companies that invested more in CSR before the COVID-19 pandemic performed better in response to the COVID-19 pandemic. Ling et al. [43] found through empirical research that when companies with higher social responsibility scores encountered the impact of sudden external events and weaker agency problems due to good internal governance ability, the company could better fulfill the shareholder responsibility, which plays an important role in stabilizing the stock price. Companies that contribute much to society are often more recognized by society. In the event of a sudden social crisis, the probability of their shareholders selling shares will be lower than the shareholders of companies that poorly fulfill their social responsibilities. Therefore, during major public health emergencies, enterprises that actively practice social responsibility can achieve a win–win situation between commercial value and social value. When a public health event occurs, some companies will have an impact on their profits and expenditures by actively fulfilling their social responsibilities. For this reason, we build the evolutionary game model for analysis according to the above practical situation.




3.2. The Basic Assumptions of the Model


In light of the above situation, we discuss the evolutionary game of SMEs fulfilling their social responsibility after public health emergencies. The government regulatory agencies will give more tax incentives to SMEs that actively fulfill their corporate social responsibility, and the tax incentive function is   T  ( y )  = yT  . Accordingly, the payment matrix of government regulatory agencies, SMEs, and consumers after public health emergencies is shown in Table 4. According to the above assumptions, the payment matrix of the three-way game is shown in Table 4.




3.3. Government Regulatory Agencies, Small and Medium-Sized Enterprises, Consumer Replicator Dynamics Equation Construction


3.3.1. Replicator Dynamics Equation of Government Regulatory Agencies


When the government regulatory agencies choose strict regulation, the expected return is:


   U  11   = y z  (   R 1  −  C 1  − W  ( y )  + Δ  R 1  − T  ( y )   )  + y  (  1 − z  )   (   R 1  −  C 1  − W  ( y )  − T  ( y )  + Δ  R 1   )  +   (  1 − y  )  z  (   R 1  −  C 1  −  L 1  + K  ( y )   )  +  (  1 − y  )   (  1 − z  )   (   R 1  −  C 1  −  L 1  + K  ( y )   )   











The expected return when not regulated is:


    U  12   = y z  (  α  R 1  − α  C 1  − α W  ( y )  − α T  ( y )  + Δ  R 1   )  + y  (  1 − z  )   (  α  R 1  − α  C 1  − α W  ( y )  − α T  ( y )  + Δ  R 1   )  +   (  1 − y  )  z  (  α  R 1  − α  C 1  − α  L 1  + α K  ( y )   )  +  (  1 − y  )   (  1 − z  )   (  α  R 1  − α  C 1  − α  L 1  − α  L 2  + α K  ( y )   )        U 1   ¯  = x  U  11   +  (  1 − x  )   U  12     











The government regulatory agencies’ replicator dynamics equation:


  F  ( x )  =   d x   d t   = x  (   U  11   −    U 1   ¯   )  = x  (  1 − x  )   (   U  11   −  U  12    )   = x  (  1 − x  )   [   (  1 − α  )   (   R 1  −  C 1  − T  ( y )  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +   (  1 − y  )   (  1 − z  )  α  L 2   ]       



(6)








3.3.2. Replicator Dynamics Equation of SMEs


The expected income of SMEs when they actively perform is


   U  21   = x z  [   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + T  ( y )  + E + Δ E  ]  + x  (  1 − z  )   [   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + T  ( y )  + E  ]   +  (  1 − x  )  z  (   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + α T  ( y )  + E + Δ E  )   +  (  1 − x  )   (  1 − z  )   (   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + α T  ( y )  + E  )     











The expected return on negative performance is:


    U  22   = x z  (   M 2  +  I 2  −  C 2  +  R 2  − K  ( y )  + E + Δ E  )  + x  (  1 − z  )   (   M 2  +  I 2  −  C 2  +  R 2  + E − K  ( y )   )  +   (  1 − x  )  z  (   M 2  +  I 2  −  C 2  +  R 2  + E − α K  ( y )   )  +  (  1 − x  )   (  1 − z  )   (   M 2  +  I 2  −  C 2  −  L 3  + E +  R 2  − α K  ( y )   )        U 2   ¯  = y  U  21   +  (  1 − y  )   U  22     











Replicator dynamics equations for SMEs:


  F  ( y )  =   d y   d t   = y  (   U  21   −    U 2   ¯   )   = y  (  1 − y  )   [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )  + T  ( y )   )  +   (  1 − x  )  α  (  K  ( y )  + W  ( y )  + T  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3   ]       



(7)








3.3.3. Replicator Dynamics Equation of Consumers


The expected earnings from positive consumer reviews are as follows:


   U  31   = x y  (  B +  R 3  − E − Δ E  )  +  (  1 − x  )  y  (  B +  R 3  − E − Δ E  )  + x  (  1 − y  )   (  B − E − Δ E −  L 4   )  +   (  1 − x  )   (  1 − y  )   (  B − E − Δ E −  L 4   )     











The expected benefit from negative reviews by consumers is:


    U  32   = x y  (  B − E  )  +  (  1 − x  )  y  (  B − E  )  + x  (  1 − y  )   (  B − E −  L 4   )  +  (  1 − x  )   (  1 − y  )   (  B − E −  L 4   )        U 3   ¯  = z  U  31   +  (  1 − z  )   U  32     











Consumer’s replicator dynamics equation:


  F  ( z )  =   d z   d t   = z  (   U  31   −    U 3   ¯   )  = z  (  1 − z  )   (  − Δ E + y  R 3   )     



(8)







Formula (6), formula (7), and formula (8) stand together, and the replication power system of the government regulatory agencies, small and medium-sized enterprises, and consumers are:


   {      F  ( x )  =    x ( 1 - x )   [   (   1 -  α  )   (   R 1  −  C 1  − T  ( y )  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2   ]        F  ( y )  = y  (  1 − y  )   [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )  + T  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )  + T  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3   ]          F  ( z )  = z  (  1 − z  )   (  − Δ E + y  R 3   )         



(9)







According to the method proposed by Friedman, the Evolutionary Stability Strategy (ESS) of the differential equation can obtain the Jacobian matrix of the system as follows:


  (       (  1 − 2 x  )   ϵ 1      x  (  1 − x  )   ϵ 2      x  (  1 − x  )   (  y − 1  )  α  L 2        y  (  1 − y  )   ϵ 3       (  1 − 2 y  )   ϵ 4      y  (  1 − y  )   [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  +  (  1 − x  )   L 3   ]       0    z  (  1 − z  )   R 3       (  1 − 2 z  )   (  − Δ E + y  R 3   )       )  



(10)







Notes:    ϵ 1  =  (  1 − α  )   (   R 1  −  C 1  − T  ( y )  − y W  ( y )   )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2  ;    ϵ 2  =  (  α − 1  )   (  K  ( y )  −  L 1  + 2 y W  )  +  (  z − 1  )  α  L 2  ;    ϵ 3  =  M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  +  (  1 − α  )   (  K  ( y )  + y W + T  ( y )   )  +  (  z − 1  )   L 3  ;    ϵ 4  =  M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x W +  (  1 − x  )  α W  .



In the system (9), ① with   F  ( x )  = F  ( y )  = F  ( z )  = 0  , the local equilibrium points are    E 1   (  0 ,   0 ,   0  )  ,      E 2   (  1 ,   0 ,   0  )  ,      E 3   (  0 ,   1 ,   0  )  ,      E 4   (  0 ,   0 ,   1  )  ,      E 5   (  1 ,   1 ,   0  )  ,      E 6   (  0 ,   1 ,   1  )  ,      E 7   (  1 ,   0 ,   1  )  ,      E 8   (  1 ,   1 ,   1  )   . ② There may be a mixed equilibrium point    E 9   (   x *  ,    y *  ,    z *   )    where    x *  ,    y *  ,    z *  ∈  (  0 ,   1  )    and satisfy the following equation:


   {       (  1 − α  )  (  R 1  −  C 1  − T  ( y )  − y W  ( y )  +  (  1 − y  )   (  1 − α  )   (  K  ( y )  −  L 1   )  +  (  1 − y  )   (  1 − z  )  α  L 2  = 0        M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + x  (  K  ( y )  + W  ( y )  + T  ( y )   )  +  (  1 − x  )  α  (  K  ( y )  + W  ( y )  + T  ( y )   )  +  (  1 − x  )   (  1 − z  )   L 3  = 0       − Δ E + y  R 3  = 0        











Then we can solve for:


   {       x *  = 1 −    (   θ 2  + α  θ 3   )   (  1 −   Δ E    R 3     )  α  L 2     θ 1   L 3           y *  =   Δ E    R 3           z *  = 1 +    θ 1    α  L 2   (  1 −   Δ E    R 3     )           











Notes:    θ 1  =  (  1 − α  )   (   R 1  −  C 1  −   Δ E    R 3    T −   Δ E    R 3    W  )  +  (  1 −   Δ E    R 3     )   (  1 − α  )   [   (  1 −   Δ E    R 3     )  K −  L 1   ]    ;    θ 2  =  M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  ;    θ 3  =    (   R 3  − Δ E  )  K + Δ E W + Δ E T    R 3     .



According to evolutionary game theory, when satisfying the eigenvalues of the Jacobian matrix,    λ 1  ,  λ 2  ,  λ 3  ≤ 0  , it is the evolutionary stability point (ESS) of the system.





3.4. Stability Analysis of the Equilibrium Points


By substituting the nine equilibrium points into the Jacobian matrix (10), respectively, the eigenvalues of the Jacobian matrix corresponding to the equilibrium points are shown in Table 5.



Case 4.

When    R 1  −  C 1  − T − W > 0 ,      M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W > 0 ,   − Δ E +  R 3  < 0  , that is, the income of the government regulatory agencies’ strict supervision is higher than the sum of the cost under its strict supervision and subsidies and additional subsidies for actively fulfilling corporate social responsibility. Furthermore, the benefits and subsidies of enterprises actively fulfilling social responsibility are greater than the benefits and costs of passively fulfilling corporate social responsibility. Small and medium-sized enterprises actively fulfill their corporate social responsibility to bring benefits to consumers that are less than the expenditure contributed by consumers to actively fulfill their corporate social responsibility. At this time, there is a stable point,    E 5   (  1 ,   1 ,   0  )   , in the replicator dynamics system. The corresponding eigenvalues of Jacobian are all negative. The corresponding evolutionary strategy is for the government regulatory agencies to strictly supervise, small and medium-sized enterprises choose to actively fulfill corporate social responsibility, and consumers choose to give negative evaluations.





Case 5.

When    R 1  −  C 1  − T − W > 0 ,    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W > 0 , − Δ E +  R 3  > 0  , that is, the benefit from strict government regulatory agencies’ supervision exceeds the sum of the cost under its strict supervision and subsidies and additional subsidies for actively fulfilling corporate social responsibility. Moreover, the benefits and subsidies of enterprises actively fulfilling social responsibility are greater than the benefits and costs of passively fulfilling corporate social responsibility. Small and medium-sized enterprises actively fulfill their corporate social responsibility to bring benefits to consumers that are greater than the expenditure contributed by consumers to actively fulfill their corporate social responsibility. At this time, there is a stable point of    E 8   (  1 ,   1 ,   1  )   . The corresponding characteristic values of Jacobian are negative. The corresponding evolutionary strategy is for the government regulatory agencies to strictly supervise, small and medium-sized enterprises choose to actively fulfill corporate social responsibility, and consumers choose to give positive evaluations.





Case 6.






	
When    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2  < 0  ;     Δ E    R 3     (  1 −   Δ E    R 3     )   [   (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W + Δ E T    R 3    +  ω 2   L 3  +  ω 3   ]  < 0  , at this time, there is an inner stable point    (   x *  ,    y *  ,    z *   )    in the replicator dynamics equation, which means that the government regulatory agencies, small and medium-sized enterprises, and consumers, respectively, choose strict supervision, active implementation, and positive evaluation with a certain probability. At first, the government regulatory agencies choose not to strictly regulate them because they want to obtain certain benefits, and they have performed well. Small and medium-sized enterprises, due to lax supervision, negatively perform their corporate social responsibility. Consumers choose to make negative evaluations of small and medium-sized enterprises because of their negative performance of corporate social responsibility and reduce the purchase of goods from negative social responsibility enterprises. Thus, the efficiency of small and medium-sized enterprises decreases, the business environment is poor, and environmental pollution is serious. After the discovery of this phenomenon, the government regulatory agencies urgently seek rectification and choose to improve strict supervision. Finally, under the strict supervision of government regulatory agencies, small and medium-sized enterprises choose to actively fulfill their corporate social responsibility to a certain extent. The probability of consumers giving positive evaluations to enterprises increases. Therefore, the three main bodies will choose the mixed strategy in the constant dynamic game.



	
When    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2  ≥ 0   or     Δ E    R 3     (  1 −   Δ E    R 3     )   [   (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W + Δ E T    R 3    +  ω 2   L 3  +  ω 3   ]    ≥ 0  , at this time, the E9(x*,y*,z*) is the unstable point. It shows that the probabilities of government regulatory departments, small and medium-sized enterprises, and consumers are constantly changing internally, as shown in Figure 2. The probability of final convergence to a given state is dependent on the phase volume. The analysis of the influence of the different influencing factors is shown in Table 6. Influencing factors include the regulatory intensity of government regulatory authorities  α , earnings from active performance, punishment and loss from negative performance, and additional tax benefits. When these influencing factors increase, x*, y*, and z* all decrease, and E9 is close to E1(0,0,0), and thus the phase volume composed of the stabilization strategy E8(1,1,1) increases, then the probability that the three subjects will choose the (active supervision, active performance, positive evaluation) action strategy increases.












4. Numerical Simulation and Discussion


By analyzing the evolutionary process of the government regulatory agencies, SMEs, and consumers before and after the emergency, the replicator dynamics Equations (1)–(3), (4)–(6) are obtained, involving the benefits of different strategy combinations and the probability distribution of different strategies or variables, in the Jacobian matrix to determine the stability of the evolutionary system in the equilibrium point, but it is difficult to detail the process of realizing equilibrium and the influence of different parameters on the evolutionary process. Moreover, due to the high instability and uncertainty of the tripartite game process, it is difficult to directly observe and study the development process of the event itself. In order to analyze the evolutionary game process among the government regulatory agencies, SMEs, and consumers under different situations, this paper adopts the numerical analysis method to verify the theoretical analysis, that is, to simulate the changing trend of the game among government regulatory agencies, SMEs, and consumers by valuing the model parameters. The evolution of uncertainty strategies among stakeholders is simulated through scenarios, which facilitates a more intuitive understanding of the internal dynamic evolution of events [46].



The parameter setting is analyzed, and the parameter selection in the numerical simulation part of the conventional evolutionary game has a certain subjectivity [47]. However, reasonably setting the parameters of numerical simulation is a necessary prerequisite for an effective numerical simulation [48]. In order to solve this problem, there are mainly two main common methods to set the range of parameter value, namely: literature and real-world investigations and the equality balance principle [49]. In this paper, Qianjin Pharmacy is selected as the representative company to actively fulfill corporate social responsibility, and Xiangxue Pharmaceutical is selected as the parameter of the negative performance of corporate social responsibility. The data before the public health emergency selects the arithmetic average for 2018 and 2019, and the data after the public health emergency selects the arithmetic average for 2020 and 2021. The unified unit is one million yuan. Among them, when the government regulatory agencies choose strict regulation, the revenue is    R 1  = 20  , the regulatory cost is    C 1  = 2  , government regulatory agency regulation   α = 0.3  , and the government regulatory agency loss during a negative performance of corporate social responsibility is    L 1  = 2  , and SMEs can get short-term gains of    R 2  = 5  . The total capital owned by the enterprise that chooses to actively fulfill its social responsibility is    A 1  = 16.5  . This include cash    M 1  = 12   and inventory    I 1  = 4.5  . We select the total capital    A 2  =   13, including cash share    M 2  = 6   and inventory    I 2  = 7  . The negative cost of SMEs fulfilling CSR is    C 2  = 17.5  , and the incremental cost of actively fulfilling CSR is   Δ  C 2  = 1  . The government regulatory agencies give a tax subsidy of W = 8 to small and medium-sized enterprises that actively fulfill their corporate social responsibility, and the failure to do so is punished by the government regulatory agencies as K = 6. If the government regulatory agencies do not strictly supervise, small and medium-sized enterprises negatively fulfill their social responsibilities, and consumers give negative evaluations, the government regulatory agency additional loss    L 2  = 2  , and the enterprise increases its reputation loss    L 3  = 4  . The additional purchasing expenditure is   Δ E =  2, and SMEs actively fulfilling corporate social responsibility will bring profits to consumers    R 3  = 4  , and the negative performance of corporate social responsibility to SMEs will bring losses    L 4  = 3   to consumers.



In summary, the stochastic evolution of the strategy is simulated using MATLAB software. This paper explores the results of the tripartite evolution both before and after public health emergencies. Among them,    x 0    indicates the initial probability of the government regulatory agencies choosing to adopt a strict supervision strategy,    y 0    indicates the initial probability of SMEs choosing to actively fulfill corporate social responsibility,    z 0    indicates the initial probability of consumers choosing to positively evaluate the enterprise, and the abscissa t is the time of the evolutionary game. We set the initial participation willingness of the government regulatory agencies, SMEs, and consumers at 0.5.



The initial parameters for the simulation analysis are   α = 0.3 ,    R 1  = 20 ,  C 1  = 2 ,    W  = 8 ,    K  = 6 ,  L 1  = 2 ,  L 2  = 3 ,      M 1  = 5 ,  M 2  = 4 ,  I 1  = 5 ,  I 2  = 4 ,  C 2  = 2 , Δ  C 2  = 2 ,      R 2  =   5,    L 3  = 4 ,      L 4  =   3,   Δ E = 2 ,      R 3  = 4  .



4.1. Evolutionary Path of SMEs’ Fulfillment of Social Responsibilities before Public Health Emergencies


4.1.1. The Influence of Different Initial Strategic Choices on the System Evolution


In Figure 3, it is shown that under different initial strategies, SMEs will eventually choose to fulfill their corporate social responsibility with the increasing initial proportion. Similarly, as the number of evolutions increases, the 3D evolutionary simulation diagram objectively shows the obvious evolutionary trend of the combination of subject strategies. In the end, the government regulatory agencies will choose an active regulatory strategy, SMEs will choose to actively fulfill their corporate social responsibility, and consumers will choose to give positive comments.



In Figure 4, to change the initial intention of the tripartite subjects, the initial values are 0.2, 0.5, and 0.7, respectively. On the whole, as the initial probabilities x, y, and z of the three main bodies increase continuously, x, y, and z all converge to 1 and finally reach the equilibrium point (1,1,1). When the initial value is less than 0.2, the participation willingness of SMEs and consumers is not very strong. The time span of reaching equilibrium is long, eventually converging to (x*,y*,z*). When the initial probability of the three parties is too small, they will choose the mixed strategy. The simulation results show that the government regulatory agencies are in a leading position in the evolutionary process of SMEs’ social responsibilities, and the government regulatory agencies’ strong initial willingness will lead SMEs and consumers to accelerate the equilibrium speed. Therefore, in the process of fulfilling corporate social responsibility, the guiding role of the government regulatory agencies is very important, and the government regulatory agencies need to formulate more perfect and reasonable relevant policies to guide small and medium-sized enterprises to actively fulfill corporate social responsibility. Small and medium-sized enterprises should also follow the pace of government regulatory agencies, cooperate with relevant policies, and actively fulfill their corporate social responsibility.




4.1.2. Influence of Rewards and Punishments on System Evolution


The impact of the punishment is K given by the government regulatory agencies on the system evolution. Based on the initial scenario, we keep the other parameters unchanged and set the initial probabilities to (0.2,0.2,0.2), simulating the effect of the government supervision department’s penalty K for SMEs on the stabilization strategy of system evolution. Let K be 1, 6, 30, 50, and 100, respectively, the evolutionary path of the simulated system, as shown in Figure 5.



As can be seen from Figure 5, on the whole, with the increase of K, that is, when the government regulatory agencies’ punishment for the negative performance of corporate social responsibility increases, it has little impact on the government regulatory agencies themselves, but it has a great impact on small and medium-sized enterprises. Specifically, when K takes a very small value, SMEs are not strongly motivated to fulfill their corporate social responsibility, and at this time, government regulatory agencies’ small punishment does not form a deterrent to small and medium-sized enterprises. However, as K becomes larger, SMEs will choose to actively fulfill their corporate social responsibility, and with the gradual increase in K, the time for the Evolutionary Stability Strategy of SMEs is gradually shortened. The reason is that before a public health emergency, small and medium-sized enterprises can carry out daily production activities step by step. With the government regulatory agencies’ increased punishment for small and medium-sized enterprises, SMEs will be willing to actively fulfill their corporate social responsibility under the government regulatory agencies’ supervision and punishment measures, and the greater the punishment, the earlier they will reach the evolutionary and stable equilibrium point.





4.2. Evolutionary Path of SME Social Responsibility Performance after a Public Health Emergency


The evolution of an SMEs’ corporate social responsibility is after considering public health emergencies. Among them, the government regulatory agencies will give more tax incentives of T = 5 to SMEs that actively fulfill their corporate social responsibility, and other parameters are consistent with the parameter values before public health emergencies.



4.2.1. The Effect of Different Initial Strategy Choices on the System Evolution


In Figure 6, unlike before the aforementioned public health emergency, when the initial probabilities of the three parties are low, the time to evolve to the equilibrium point is longer. The reason is that when a public health emergency occurs, there is some impact on all three parties, the downward economic pressure is great, enterprises face a crisis, and many small and medium-sized enterprises have no extra money to maintain corporate social responsibility activities. Therefore, the time for the three parties to evolve to the equilibrium point becomes longer. However, when the initial intention of the three parties is high, the time for the three parties to evolve to the equilibrium point is shorter than that before the public health emergency. This shows that in the face of public health emergencies, as long as the three parties work together, the three subjects can still quickly reach the equilibrium point and help the whole society to get out of the crisis as soon as possible. In Figure 7, when the initial probabilities of the three parties are 0.2 and 0.5, the government regulatory agencies are still in a guiding position, reaching the equilibrium state faster than small and medium-sized enterprises and consumers and driving small and medium-sized enterprises and consumers to reach the equilibrium state. However, as can be seen from the figure, when the initial probability is 0.7, unlike the public health events mentioned before, SMEs are in a leading position, which will drive the government regulatory agencies and consumers to actively implement their action plans. The reason is that when public health emergencies occur, the economy is in a period of “depression.” If small and medium-sized enterprises can actively fulfill their corporate social responsibility well, they can drive economic development and operation. Therefore, after the occurrence of public health emergencies, small and medium-sized enterprises must assume their own responsibilities and actively fulfill their corporate social responsibility so as to better promote economic development and promote faster economic operation and recovery.




4.2.2. The Government Regulatory Agencies Will Give More Tax Incentives to SMEs That Actively Fulfill Their Corporate Social Responsibilities T for the Impact on the Evolution of the System


In the initial scenario, other parameters are kept unchanged, and after the public health emergency is simulated, the government regulatory agencies give more tax incentives T to SMEs that actively fulfill corporate social responsibility in the system evolution. Let T = 1, 8, 10, 13, 17, and simulate the evolutionary path of the system, as shown in Figure 8 and Figure 9.



Figure 8 and Figure 9 show the impact of T on the evolution of government regulatory agencies and SMEs after a public health emergency. In the range of T < 10 with an initial government regulatory agency probability of 0.5, as T increases, the government regulatory agencies slow down to reach equilibrium points tightly regulated. At T > 13, the government regulatory agencies choose to change their strategy and regulate SMEs negatively. The reason is that after the public health emergency, the government regulatory agencies’ financial situation is also not making ends meet; they give enterprises too many subsidies and will enter a fiscal turnover crisis. Thus, the appropriate fiscal subsidies can keep the government regulatory agency turnover stable and can promote small and medium-sized enterprises actively fulfilling enterprise social responsibility and help them to survive after the public health emergency. Under the condition of the initial probability of small and medium-sized enterprises being 0.2, with the increase of T, small and medium-sized enterprises choose to actively fulfill their corporate social responsibility to speed up, and more incentive subsidies have an incentive effect for small and medium-sized enterprises. In public health emergencies, small and medium-sized enterprises have survival difficulties and may not be able to actively fulfill their corporate social responsibility, but with the support and help of the government regulatory agencies, they will be more willing to actively fulfill their corporate social responsibility. To sum up, we set T at (8, 10). At this time, the government regulatory agencies and small and medium-sized enterprises achieve the best benefits, the government regulatory agencies choose to actively supervise, and small and medium-sized enterprises choose to actively fulfill their corporate social responsibility.




4.2.3. The Influence of Game Player’s Action Strength on the System Evolution


The change in government regulatory agency supervision  α  will have an impact on the dynamic trajectory of system stabilization. Other parameters remain unchanged in the initial scenario, separately simulating the effect of regulatory  α  on the evolution of the system. The initial participation probability of the three parties remains unchanged, all being 0.5. The value range of  α  is (0, 1); let  α  be 0.1, 0.5, 0.7, 0.8, and 0.9, respectively, to simulate the evolutionary path of the system, as shown in Figure 10.



As can be seen from Figure 10, compared with the initial state, with the increase in  α , that is, the increase in the government regulatory agencies’ supervision, the time for the government regulatory agencies to reach equilibrium is getting longer and longer, and the government regulatory agencies are more and more unwilling to actively regulate whether small and medium-sized enterprises perform their corporate social responsibility. However, the increase in  α  has no significant impact on the time for SMEs and consumers to reach equilibrium. The reason is that under public health emergencies, the national economy is facing a great impact. The greater the government regulatory agencies’ supervision is, the more cost it bears. Because the government regulatory agencies itself is also facing huge financial pressure, if the supervision cost is too high, the government regulatory agencies are not willing to take strong supervision. It can be seen that when the crisis comes, the implementation intensity of the government regulatory agencies is closely related to the cost of government regulatory agencies’ supervision. When choosing the regulatory strategy, the government regulatory agencies should pay attention to the cost plan, choose the appropriate regulatory cost, and establish a sufficient cash pool in case of an emergency.




4.2.4. Influence of Rewards and Punishments on System Evolution


	(1)

	
The effect of government regulatory agencies’ incentive W for SMEs on system evolution







In the initial scenario, the other parameters are kept unchanged, and the same initial probabilities are also used, i.e., (0.5, 0.5, 0.5), to simulate the impact of the government regulatory agencies’ incentive W to SMEs on the evolution of the system. Let W be 1, 8, 15, 18, and 30, respectively, and the evolutionary path of the simulated system is shown in Figure 11.



As can be seen from Figure 11, compared with the initial scenario, when the participation willingness of the government regulatory agencies, SMEs, and consumers are all at the middle level, the government regulatory agencies’ incentive policies will directly affect the system evolution’s results. With the increase of W, the time for SMEs to actively fulfill their corporate social responsibility is gradually shortened, and the time for consumers to give positive evaluations is also gradually shortened. At the same time, when W increases to a certain extent, the government regulatory agencies will change their strategy and choose negative regulation. Specifically, the greater the government regulatory agencies’ incentive to SMEs, and the more financial support for them to fulfill their corporate social responsibility, the more willing SMEs will be to actively fulfill their corporate social responsibility. However, from the perspective of the W value range, under public health emergencies, when government regulatory agencies’ incentives to SMEs are too low, SMEs may be unable to fulfill corporate social responsibility due to lack of funds; excessive government supervision department incentives to SMEs will cause an excessive burden on the government regulatory agencies, thus causing the government regulatory agencies to change strategies and implement negative supervision. Thus, the government regulatory agencies’ incentive degree for small and medium-sized enterprises needs to be maintained within a reasonable range (8, 15). At that time, the government regulatory agencies will choose strict regulation, small and medium-sized enterprises will choose to actively fulfill corporate social responsibility, and within the range, the government regulatory agencies and small and medium-sized enterprises’ execution efficiency will reach the highest state, and consumers will actively give positive evaluation.








	(2)

	
Comparison of dynamic-equilibrium and nonequilibrium strategies









The government regulatory agencies’ subsidy policy has a positive impact on SMEs to fulfill their corporate social responsibility, but in the long run, the government regulatory agencies may face financial problems [50]. Especially in public health emergencies, governments are more likely to spend more than they take in. Therefore, this paper refers to the budget balance policy proposed by Li Wanhong et al. [51]. The government regulatory agencies will punish the enterprises that negatively fulfill their social responsibilities and take taxation as the main form of punishment to balance the subsidies for the enterprises that actively fulfill their social responsibilities so as to avoid financial problems. In addition, the policies considered in this paper all change as the proportion of enterprises changes to fulfill their social responsibilities, so we discuss different dynamic balance strategy situations. The first is the static balance between the government regulatory agencies’ tax revenue and the subsidy, and the other is that the subsidy and the tax revenue change dynamically with the proportion of the number of corporate social responsibility enterprises actively fulfilling them. The dynamic balance strategy   W  ( y )  = W  (  1 − y  )  = K  ( y )  = K  (  1 − y  )   .



As shown in Figure 12, compared with Figure 5, the efficiency of the government regulatory agencies’ implementation strategy is improved under the dynamic balance strategy. For government regulatory agencies, SMEs, and consumers, excessive subsidies and taxes will lead to their choice to execute negatively, and with the increase of subsidies and taxes, the speed of the three parties evolving to the equilibrium point slows down. Moreover, this figure can further verify that the scope of government regulatory agencies’ subsidies and penalties for small and medium-sized enterprises is (8, 15).




4.2.5. Impact of Cash and Inventory on System Evolution


We keep other parameters unchanged and change the impact of their cash and inventory on the evolution of the system when SMEs actively perform and passively fulfill their corporate social responsibility. When small and medium-sized enterprises actively perform their corporate social responsibility, the value of the cash held,    M 1   , is 1, 5, 8, 15, 30, respectively, simulating the system evolution path, as shown in Figure 13. When small and medium-sized enterprises perform their corporate social responsibility negatively, the value of the inventory    I 2    is 1, 10, 15, 16, and 20, respectively, simulating the system’s evolutionary path, as shown in Figure 14.



As can be seen from Figure 13, under the premise that the initial conditions remain unchanged, with the increase of    M 1   , that is, the more cash that SMEs hold when they actively fulfill corporate social responsibility, the shorter the time for SMEs to achieve the evolutionary and stable equilibrium point of actively fulfilling corporate social responsibility. When    M 1    is less than eight units, small and medium-sized enterprises are seriously short of cash, and they choose to fulfill their corporate social responsibility negatively. The reason is that the more cash held by small and medium-sized enterprises, the more crisis occurs; capital turnover is more flexible, and they have the power and ability to actively fulfill corporate social responsibility. When small and medium-sized enterprises have cash shortages, they need to ensure their normal operating expenses and normal operation so they will not choose to actively fulfill corporate social responsibility. The fulfillment of corporate social responsibility requires part of the cost expenditure. Enterprises with insufficient cash flow are powerless to cope with the crisis, so they will choose not to fulfill corporate social responsibility. From Figure 14, we see that if the initial conditions remain unchanged, there will be an increasing    I 2   . When    I 2    is greater than 15 units, small and medium-sized enterprises will choose to change their strategy; that is, when the inventory held by small and medium-sized enterprises reaches a certain extent, they will change their strategy and choose to fulfill corporate social responsibility negatively. The reason is that in public health emergencies, consumer purchase intention begins to decline, and the economic situation is not optimistic. The more small and medium-sized enterprise inventory, consumption stagnation, and product backlog there is in the inventory, the more products cannot be sold. The enterprise also faces the capital turnover problem, so it will change its strategy and choose not to fulfill its corporate social responsibility. Thus, it can be seen that small and medium-sized enterprises need to do a good job in their own cash inventory management, only to ensure a certain level of cash inventory in order to better fulfill corporate social responsibility.



Therefore, due to their poor financial situation, some small and medium-sized enterprises need to prepare sufficient cash in public health emergencies, and holding excessive inventory will lead to poor capital turnover.




4.2.6. Effect of Incremental Revenue and Incremental Cost on the System Evolution







	(1)

	
The incremental cost of SMEs actively fulfilling CSR is the impact of   Δ  C 2    on system evolution









In the initial scenario, the other parameters remain unchanged to simulate the impact of the incremental cost   Δ  C 2    of SMEs on the evolution of the system. Let   Δ  C 2  = C   be 1, 6, 10, 30, and 50 for the evolutionary path of the simulated system, as shown in Figure 15.



As can be seen from Figure 15, under the premise of unchanged initial conditions, when   C < 10  , SMEs will choose to actively fulfill corporate social responsibility. With the increase in C, it takes longer for SMEs to reach the stable equilibrium point of the evolutionary game of actively fulfilling CSR. When   C > 10  , SMEs will change their strategy and choose to fulfill corporate social responsibility negatively. The reason is that whether SMEs are willing to actively fulfill their corporate social responsibility is highly sensitive to the cost incurred in public health emergencies. When the cost exceeds the income, SMEs will choose to negatively fulfill their corporate social responsibility. When the cost of SMEs to fulfill their social responsibilities is too high, consumers are not willing to give SMEs a positive evaluation. The reason is that when the cost of small and medium-sized enterprises is too high, part of the costs brought by the enterprises to fulfill their corporate social responsibility will be transferred to consumers in the form of rising product prices, which virtually increases the daily expenses of consumers. So even if the companies fulfill their social responsibilities in place, the final product price rises, and consumers are also reluctant to give positive reviews to companies.








	(2)

	
Consumers who give positive reviews will have the impact of additional purchasing spending   Δ E   on the system evolution.









In the initial scenario, the other parameters remain unchanged and simulate the impact of consumers on the system evolution of additional purchasing spending on SMEs that actively fulfill corporate social responsibility. Let   Δ E = E   be 2, 3, 4, 5, and 10, respectively, the evolutionary path of the simulated system, as shown in Figure 16.



As can be seen from Figure 16, for SMEs, no matter how much E value is taken, they will choose to actively fulfill their corporate social responsibility. As long they have the support of consumers, the enterprise will have the incentive to actively fulfill the corporate society. For consumers, when   E < 4  , that is, when consumers give less than four additional units of purchasing expenditure to enterprises that actively fulfill corporate social responsibility, consumers will choose to make a positive evaluation of the enterprise, and with the increase in E, the longer the time for consumers takes to reach the equilibrium point of the evolutionary stability strategy. When   E > 4  , the consumer chooses to give negative comments. The reason is that consumers spending too much to support SMEs to actively fulfill their corporate social responsibility will allow them to make ends meet. During the epidemic, the economy stagnated, and consumers were quarantined at home and had no source of income. Therefore, only making E within the appropriate scope can not only make SMEs more motivated to actively fulfill their corporate social responsibility but also let consumers support and cooperate with small and medium-sized enterprises to fulfill their corporate social responsibilities and give them positive comments.






5. Conclusions


On the premise of bounded rationality of game parties, this paper uses evolutionary game theory to study the evolution process of corporate social responsibility before and after public health emergencies in which the government regulatory agencies, SMEs, and consumers participate. Combined with numerical analysis, the strategic behavior of government regulatory agencies, SMEs, and consumers to fulfill CSR and its influencing factors are investigated. The conclusions are as follows, and some suggestions are put forward for the three parties:




	(1)

	
The government regulatory agencies, before and after the public health emergency, play a leading role in the whole evolutionary process. The government regulatory agencies need to formulate more perfect and reasonable relevant policies to guide small and medium-sized enterprises to actively fulfill their social responsibilities. Government regulatory agencies should also pay attention to the management of regulatory costs so as not to cause an excessive financial burden on the government regulatory agencies. The subsidies and penalties for small and medium-sized enterprises should be appropriate. It is suggested to adopt a dynamic balance strategy within the reasonable scope of (8, 15), which can effectively prevent a financial crisis for the government regulatory agencies. In particular, after a public health emergency, when the whole social economy is depressed, the initial willingness of small and medium-sized enterprises to participate in corporate social responsibility is relatively low, and the government regulatory agencies should take the initiative to stimulate the economy and play a guiding role. The government regulatory agencies need to establish a relatively sufficient emergency supply fund pool, give appropriate tax incentives to small and medium-sized enterprises that actively fulfill their corporate social responsibilities, and can quickly and effectively save the imminent bankruptcy during the crisis period, and provide appropriate liquidity for small and medium-sized enterprises, which plays an important role in alleviating the crisis.




	(2)

	
Small and medium-sized enterprises are the main part of the process of fulfilling their social responsibility. We should closely follow the pace of the government regulatory agencies, cooperate with relevant policies, and actively fulfill our corporate social responsibility. In order to deal with public emergencies, we should do a good job in cash inventory management and reserve a certain amount of cash, but it is not a good choice to keep a large amount of inventory. Due to their small size, small and medium-sized enterprises are prone to produce financial crises when a crisis occurs. Therefore, in daily business activities, they should not only actively fulfill corporate social responsibility but also pay attention to the cost management of fulfilling corporate social responsibility. They should actively participate in corporate social responsibility activities, improve corporate governance, enhance the external reputation, and participate in social contributions to the donations so as to improve the company’s social reputation, establish a good image of the enterprise in the hearts of consumers, and obtain the support of consumers. This is the intangible property of the company. They also need to set aside a portion of the money to deal with the crisis to help companies overcome the difficulties in the event of a crisis.




	(3)

	
For consumers, it is necessary to improve their preference strength for social responsibility, transform consumers from interest-oriented consumers to responsibility-oriented consumers, cultivate the responsible consumer market, expand the scale of responsible consumption, and give preferential support to small and medium-sized enterprises that actively fulfill corporate social responsibility. Thus, doing so can improve the willingness of enterprises to actively fulfill corporate social responsibility and better maintain the survival and development of small and medium-sized enterprises in the crisis.




	(4)

	
Although the expected research objective of this paper has been achieved, there are still some defects in this paper. The subjects involved in the fulfillment of the social responsibilities of SMEs in this paper not only include government regulatory authorities, SMEs, and consumers but also involve some intermediaries, such as banks and other financial institutions. We have not yet taken these intermediaries into account. Next, the foundations of evolutionary game theory are based on the assumption that there are large populations of players [52]. However, the government may not count as a large population. In order to solve this problem, this paper changes the government, one of the game players in the evolutionary game, into the government regulatory agencies. Such modification has effectively alleviated the problem. However, there are still some limitations, which are explained here. In addition, some model assumptions and parameter settings in this paper mainly consider China’s domestic scenarios, including China’s economic and institutional conditions. Therefore, the international economic and institutional situation is not within our study. Nevertheless, in fact, public health emergencies have global infectiousness. Once a national crisis breaks out, a series of crises will affect the global economy and development situation. The influence of each country is reciprocal. This is what this article lacks. In future studies, we will consider the interests of more groups as well as the interaction between group interests.
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Figure 1. Tripartite main body dynamic evolution trend chart before a Public Health Emergency (About E9). 
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Figure 2. Tripartite main body dynamic evolution trend chart after a Public Health Emergency (About E9). 
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Figure 3. Before a public health emergency, the government regulatory agencies–SMEs–consumers (Three-dimensional stereogram). 
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Figure 4. Before a public health emergency, the government regulatory agencies–SMEs–consumers (Two-dimensional graph). 
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Figure 5. The effect of government regulatory agencies’ punishment on the negative performance of CSR K on the results of system evolution. 
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Figure 6. Government regulatory agencies–SME–consumer after public health emergencies (Three-dimensional stereogram). 
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Figure 7. Government regulatory agencies–SME–consumer after public health emergencies (Two-dimensional graph). 
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Figure 8. After a public health emergency, government regulatory agencies give more tax incentives T to SMEs that actively fulfill their corporate social responsibility in system evolution (About government regulatory agencies). 
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Figure 9. After a public health emergency, government regulatory agencies give more tax incentives T to SMEs that actively fulfill their corporate social responsibility in system evolution (About SMEs). 
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Figure 10. The influence of government regulatory agencies’ regulation on the results of the system evolution. 
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Figure 11. Impact of government supervision department incentives to SMEs on the results of system evolution. 
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Figure 12. Evolution of different dynamic strategy policy criteria. 
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Figure 13. Effect of cash    M 1    on the system evolution. 
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Figure 14. Effects of inventory    I 2    on the system evolution. 
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Figure 15. The impact of incremental cost   Δ  C 2    on system evolution. 
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Figure 16. The additional purchasing expenditure E for SMEs who give positive reviews on system evolution. 
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Table 1. Payment matrix of government regulatory agencies–SME-consumer game before public health emergencies.






Table 1. Payment matrix of government regulatory agencies–SME-consumer game before public health emergencies.





	

	
Small and Medium-Sized Enterprises




	

	
Positive Performance (y)

	
Negative Performance (1 − y)




	

	
Consumer

	
Consumer




	

	
Positive Evaluation (z)

	
Negative Evaluation (1 − z)

	
Positive Evaluation (z)

	
Negative Evaluation (1 − z)






	
Governent regulatory agencies

	
Strict supervision (x)

	
    R 1  −  C 1  − W  ( y )  + Δ  R 1    

    M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + E + Δ E   

   B +  R 3  − E − Δ E   

	
    R 1  −  C 1  − W  ( y )  + Δ  R 1    

    M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + E   

   B − E   

	
    R 1  −  C 1  −  L 1  + K  ( y )    

    M 2  +  I 2  −  C 2  +  R 2  − K  ( y )  + E + Δ E   

   B − E − Δ E −  L 4    

	
    R 1  −  C 1  −  L 1  + K  ( y )    

    M 2  +  I 2  −  C 2  +  R 2  + E − K  ( y )    

   B − E −  L 4    




	
Not strictly supervised (1 − x)

	
   α  R 1  − α  C 1  − α W  ( y )  + Δ  R 1    

    M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + E + Δ E   

   B +  R 3  − E − Δ E   

	
  α  R 1  − α  C 1  − α W  ( y )  + Δ  R 1    

   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + E  

  B − E  

	
  α  R 1  − α  C 1  − α  L 1  + α K  ( y )    

   M 2  +  I 2  −  C 2  +  R 2  + E − α K  ( y )   

  B − E − Δ E −  L 4   

	
  α  R 1  − α  C 1  − α  L 1  − α  L 2  + α K  ( y )    

   M 2  +  I 2  −  C 2  −  L 3  + E +  R 2  − α K  ( y )   

  B − E −  L 4   
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Table 2. Eigenvalues of the Jacoby matrix.






Table 2. Eigenvalues of the Jacoby matrix.





	Equilibrium Point
	Eigenvalues    λ 1   
	Eigenvalues    λ 2   
	Eigenvalues    λ 3   





	    E 1   (  0 ,   0 ,   0  )    
	     (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )  + α  L 2       
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α K +  L 3    
	   − Δ E   



	    E 2   (  1 ,   0 ,   0  )    
	   −  [   (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )  + α  L 2   ]      
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + K   
	   − Δ E   



	    E 3   (  0 ,   1 ,   0  )    
	    (  1 − α  )   (   R 1  −  C 1  − W  )    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W +  L 3    
	   − Δ E +  R 3    



	    E 4   (  0 ,   0 ,   1  )    
	    (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α K   
	   Δ E   



	    E 5   (  1 ,   1 ,   0  )    
	   −  (  1 − α  )   (   R 1  −  C 1  − W  )    
	   −  [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W  ]      
	   − Δ E +  R 3    



	    E 6   (  0 ,   1 ,   1  )    
	    (  1 − α  )   (   R 1  −  C 1  − W  )    
	   −  [   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W  ]      
	   Δ E −  R 3    



	    E 7   (  1 ,   0 ,   1  )    
	   −  (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + K   
	   Δ E   



	    E 8   (  1 ,   1 ,   1  )    
	   −  (  1 − α  )   (   R 1  −  C 1  − W  )    
	   −  (   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W  )    
	   −  (  − Δ E +  R 3   )    



	    E 9   (   x *  ,    y *  ,    z *   )    
	    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2    
	     Δ E    R 3     (  1 −   Δ E    R 3     )   [   (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W    R 3    +  ω 2   L 3   ]      
	    (  1 +  ω 2   )   (  −  ω 2   )   R 3    







Notes:    ω 1  =    (   θ 2  + α  θ 3   )   (  1 −   Δ E    R 3     )  α  L 2     θ 1   L 3    ;    ω 2  =    θ 1    α  L 2   (  1 −   Δ E    R 3     )     .
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Table 3. The effect of the parameter changes on the action strategy.






Table 3. The effect of the parameter changes on the action strategy.





	Parameter Category
	Change Direction
	E9 Change
	The Phase Volume Changes
	The Direction of Action Evolution





	Effect of regulation
	   α ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Earnings from active performance
	R1 ↑ , R3 ↑ 
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Punishment and loss from negative performance
	   K ↑ ,    L 1  ↑ ,    L 2  ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Additional incentives
	   W ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)
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Table 4. Payment matrix of government regulatory agencies-SME-Consumer game stage after public health emergencies.
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Small and Medium-sized Enterprises




	

	
Positive Performance (y)

	
Negative Performance (1 − y)




	

	
Consumer

	
Consumer




	

	
Positive Evaluation (z)

	
Negative Evaluation (1 − z)

	
Positive Evaluation (z)

	
Negative Evaluation (1 − z)






	
Governent regulatory agencies

	
Strict supervision (x)

	
   R 1  −  C 1  − W  ( y )  + Δ  R 1  − T  ( y )    

   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + T  ( y )  + E + Δ E  

  B +  R 3  − E − Δ E  

	
   R 1  −  C 1  − W  ( y )  − T  ( y )  + Δ  R 1    

   M 1  +  I 1  −  C 2  − Δ  C 2  + W  ( y )  + T  ( y )  + E  

  B − E  

	
    R 1  −  C 1  −  L 1  + K  ( y )    

    M 2  +  I 2  −  C 2  +  R 2  − K  ( y )  + E + Δ E   

   B − E − Δ E −  L 4    

	
    R 1  −  C 1  −  L 1  + K  ( y )    

    M 2  +  I 2  −  C 2  +  R 2  + E − K  ( y )    

   B − E −  L 4    




	
Not strictly supervised (1 − x)

	
  α  R 1  − α  C 1  − α W  ( y )  + Δ  R 1  − α T  ( y )    

   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + α T  ( y )  + E + Δ E  

  B +  R 3  − E − Δ E  

	
  α  R 1  − α  C 1  − α W  ( y )  − α T  ( y )  + Δ  R 1    

   M 1  +  I 1  −  C 2  − Δ  C 2  + α W  ( y )  + α T  ( y )  + E  

  B − E  

	
  α  R 1  − α  C 1  − α  L 1  + α K  ( y )    

   M 2  +  I 2  −  C 2  +  R 2  + E − α K  ( y )   

  B − E − Δ E −  L 4   

	
  α  R 1  − α  C 1  − α  L 1  − α  L 2  + α K  ( y )    

   M 2  +  I 2  −  C 2  −  L 3  + E +  R 2  − α K  ( y )   

  B − E −  L 4   
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Table 5. Eigenvalues of the Jacobian matrix.






Table 5. Eigenvalues of the Jacobian matrix.





	Equilibrium Point
	Eigenvalues    λ 1   
	Eigenvalues    λ 2   
	Eigenvalues    λ 3   





	E1(0,0,0)
	    (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )  + α  L 2    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W   
	   − Δ E   



	E2(1,0,0)
	   −  (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )  − α  L 2    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W   
	   − Δ E   



	E3(0,1,0)
	    (  1 − α  )   (   R 1  −  C 1  − T − W  )    
	   −  (   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W  )    
	   − Δ E +  R 3    



	E4(0,0,1)
	    (  1 − α  )   (   R 1  −  C 1  + K −  L 1   )    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W   
	   Δ E   



	E5(1,1,0)
	   −  (  1 − α  )   (   R 1  −  C 1  − T − W  )    
	   −  (   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W  )    
	   − Δ E +  R 3    



	E6(0,1,1)
	    (  1 − α  )   (   R 1  −  C 1  − T − W  )    
	   −  (   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + α W  )    
	   Δ E −  R 3    



	E7(1,0,1)
	   −  (  1 − α  )   (   R 1  −  C 1  − T + K −  L 1   )    
	    M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W   
	   Δ E   



	E8(1,1,1)
	   −  (  1 − α  )   (   R 1  −  C 1  − T − W  )    
	   −  (   M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2  + W  )    
	   Δ E −  R 3    



	    E 9   (   x *  ,      y   *  ,      z   *   )    
	    (  1 −  ω 1   )   ω 1   (    Δ E    R 3    − 1  )  α  L 2    
	     Δ E    R 3     (  1 −   Δ E    R 3     )   [   (  1 − α  )     (   R 3  − Δ E  )  K + Δ E W + Δ E T    R 3    +  ω 2   L 3  +  ω 3   ]      
	    (  1 +  ω 2   )   (  −  ω 2   )   R 3    







Notes:    ω 1  =    (   θ 2  + α  θ 3   )   (  1 −   Δ E    R 3     )  α  L 2     θ 1   L 3    ;    ω 2  =    θ 1    α  L 2   (  1 −   Δ E    R 3     )    ;    ω 3  =  M 1  +  I 1  −  M 2  −  I 2  − Δ  C 2  −  R 2   .
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Table 6. The effect of the parameter changes on the action strategy.






Table 6. The effect of the parameter changes on the action strategy.





	Parameter Category
	Change Direction
	E9 Change
	The Phase Volume Changes
	The Direction of Action Evolution





	Effect of regulation
	   α ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Earnings from active performance
	R1  ↑  , R3  ↑  
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Punishment and loss from negative performance
	   K ↑ ,    L 1  ↑ ,    L 2  ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Additional incentives
	   W ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)



	Additional tax benefits
	   T ↑   
	x*  ↓  , y*  ↓  , z*  ↓  
	   V ↑   
	(Active supervision, active performance, positive)
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