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With the implementation of the carbon-neutral goal, an evolutionary game of carbon decision behavior was derived from the difference between government carbon mitigation and enterprises’ performance growth. This paper constructed a double-performance (DP) objective function of environmental performance and corporate performance. Four carbon decision factors, namely, carbon emission rights, carbon tax, green innovation, and green subsidy, were added separately into the DP model to search for the equilibrium point using the Stackelberg game. The research shows the following: (ⅰ) the price effect of carbon emission rights can restrain excess carbon emission of enterprises to a certain extent; (ⅱ) the reverse effect of a carbon tax can force enterprises to achieve the carbon mitigation goal through green innovation; (ⅲ) the reinforcement effect of green innovation can strengthen the promotion of environmental performance but accelerate the decline of corporate performance; and (ⅳ) the incentive effect of green subsidy can make corporate performance reach the inflection point ahead of time and realize DP synergistic growth. The evolutionary game between the government and enterprises results in the fluctuation change that causes DP to rise first, then decrease, and finally increase. Also, DP can be developed in a synergistic way under collaborative governance for its consistency of carbon decision behavior.
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INTRODUCTION
As the carbon-neutral goal has been put forward by the government in China, many enterprises have implemented green innovation strategies to solve the negative impact of carbon emissions on the environment by the pressure from the low-carbon regulation. Meanwhile, scholars explored some effective ways of low-carbon regulatory instruments, such as carbon emission rights, carbon tax, green innovation, and green subsidies, to help enterprises to solve the negative externalities of carbon emissions. However, there is no consensus on the coordination of carbon mitigation and performance enhancement. It is probably because the mechanism of contract coordination with incentive constraints between the government and enterprises has not been established.
Since the Paris Agreement on global warming in 2015, a carbon mitigation system has become a global consensus based on carbon emission rights. Following the world trend of a community with a shared future for mankind, the China’s carbon emission trading market gradually formed from a regional pilot system into a domestic carbon emissions trading system (ETS). By 27 September 2022, the carbon emission allowances (CEAs) have traded more than 195 million tons, with a cumulative turnover of 8.559 billion yuan in the Shanghai Environment and Energy Exchange. Even though the carbon emission trading market can effectively restrain the carbon decision behavior of enterprises in the pilot area to mitigate their carbon emissions, there is also a spillover effect, leading to incoordination of carbon mitigation in the adjacent areas. As the current structural contradiction in energy consumption leads to increased carbon emissions, some scholars call for collaborative development patterns between emissions trading schemes and green innovation policies (Cheng et al., 2016; Adkin, 2019). It is important to set up a hybrid policy between the carbon emissions trading market and the carbon tax mechanism.
The research by Zhang et al. (2022) proved that a hybrid carbon policy can help change the incoordination to reach a carbon emissions peak, which will lower the economic cost of enterprises than the effect of pure carbon ETS. That is, carbon emission rights should be combined with the carbon tax policy to consider whether it can achieve a more desired effect. Meanwhile, Nie et al. (2022) found that carbon taxes seem more efficient than emission taxes to reduce energy inputs, outputs, profits, and emissions if enterprise information conditions are incomplete. Then, the “carbon peak before 2030 action plan” proposed a tax policy system for green and low-carbon development of enterprises. However, the research by Luo et al. (2022) also showed that a carbon tax can effectively promote manufacturers to invest in carbon reduction technology or remanufacture to reduce carbon emissions, but it may demotivate manufacturers to remanufacture if a reasonable carbon tax is not designed because the unreasonable carbon tax will make the enterprises pay more cost and also increase the system cost of the tax. It is necessary to further explore the effect of the carbon tax and carbon emission right on economic growth and environmental protection.
Under the external pressure of low-carbon regulation, enterprises should do their utmost to reduce carbon emissions. Even if the government takes the form of carbon emissions rights, carbon tax, carbon subsidy, and constantly promoting green innovation in enterprises, there is still a question of how can their goals be agreed upon to achieve a new equilibrium in the process of gaming the outcome of carbon decisions between the government and enterprises. This is key current research for enterprises to adapt to the low-carbon policy. Therefore, this paper discussed the effects of four factors on DP based on the evolutionary game of carbon decision behavior between the government and enterprises, attempting to improve the following aspects: on the one hand, the DP model was constructed to analyze the impact mechanism of carbon decision factors; on the other hand, an equilibrium point and a mutual influence mechanism of the carbon decision behavior were revealed through the influence analysis of carbon decision factors on DP.
The contributions of this paper are mainly embodied in the following three aspects: 1) in the previous literature, the effects of carbon emission rights, carbon tax, and carbon subsidy have been described separately, but how they work in practice has not been explained, especially lacking the link explanation for the carbon decision-making game between the government and enterprises. We put them into the DP model one by one to study their synergy effects on environmental performance and corporate performance. 2) The environmental performance should not be expanded indefinitely at the expense of corporate performance under the carbon-neutral goal. We tried to find an equilibrium point between the government and enterprises to realize double-performance synergy in the process of the carbon decision-making game. 3) We also used MATLAB to conduct numerical analysis on the parameter values to demonstrate the effects of low-carbon regulatory instruments on green innovation in enterprises. From the two aspects of green innovation pioneer and green innovation follower, we analyzed the effects of low-carbon regulatory instruments on green innovation in enterprises after the government’s carbon decision-making. The effect of carbon decision behavior selection on enterprises is discussed, and the corresponding countermeasures are put forward.
LITERATURE REVIEW AND ASSUMPTIONS
Literature review of carbon decision between the government and enterprises
Pigou proposed an environmental tax to solve the problem of negative externalities. Based on this, the carbon tax was used to achieve the binding target of carbon mitigation by increasing the environmental cost of polluting enterprises. Current scholars hold two views of the carbon tax’s effect on reducing emissions. One is that the carbon tax can reduce corporate emissions. Jia and Lin. (2020) found that the carbon emissions of energy enterprises will be cut down if the government proposes a carbon tax policy. In addition, the research by Pretis (2022) also showed that the carbon tax has reduced transportation emissions in North America but has not “” led to reductions in aggregate CO2 emissions yet. Then, there is another view: the carbon tax will bring in some negative externalities itself, although it can restrain corporate emissions to a certain extent. Yu et al. (2020) and Tian et al. (2020) suggested that the higher carbon tax rate will cause negative effects on economic development. The research by Xu and Wei. (2022) compared the introduction of a carbon tax that can curb traditional energy consumption and emissions significantly, which helps to mitigate the negative environmental impact of China’s value-added tax (VAT) reform but negative to promote economic growth. In other words, with the adoption of a carbon tax policy, even if companies are forced to reduce carbon emissions, there may also be an adverse effect on the economic development of enterprises in practice. To solve the uncoordinated problem between carbon mitigation and the economic performance of enterprises, the ESG (environmental, social, and governance) strategy has been put forward, which suggests that a coordinated mechanism of carbon emission rights and carbon tax should be established to encourage clean energy development by subsidizing R&D in the fossil fuel industry with tax incentives or tax rebates (Fragkos et al., 2017; Su et al., 2021; Zhao et al., 2021). Yang et al. (2021) found that carbon emissions are cut more rapidly when the carbon tax grows faster. That is, the carbon tax could stimulate green investment in the electricity system and affect carbon mitigation, but there is overall a greater tendency for agents to go bankrupt when the tax grows faster. So, the dual role of the carbon tax policy makes it necessary to consider more effective ways to improve the negative externalities of corporate carbon emissions.
However, Coase believed that the Pigou tax cannot completely solve the negative externality problem. He proposed the property rights theory to solve the externality by clearly defining property rights, which provides theoretical guidance for the construction of a carbon emission trading market. The present research found that the carbon emission trading mechanism is helpful to stimulate enterprises’ green investment, especially in promoting the rapid development of low-carbon industries and easing the financial constraints of emerging enterprises in the high-carbon emission industries (Zhao et al., 2021; Wang and Zhang, 2022). In addition, financial policy synergies between emission trading instruments and carbon mitigation support instruments can also contribute to the green innovation of enterprises (Locatelli et al., 2016; Krkkinen et al., 2020). Similar studies have shown that carbon emissions trading instruments have significantly contributed to the incentive aspect of green innovation, which is largely consistent with the “Porter hypothesis” (Goldblatt, 2010; Hong et al., 2022). Furthermore, Shi et al. (2018) pointed out that scholars should focus on the “Porter hypothesis” effects to study the impact of carbon emissions rights trading. However, the research by Dai et al. (2018) showed that the carbon emissions trading rights have not produced a “Porter effect” on the productivity of manufacturing enterprises in China. Yang et al. (2022) proved that the generation plan of the units can coordinate with the carbon quota level and provide a trading strategy for the power generation enterprises. Scholars also argued that the unified carbon emissions trading market cannot be achieved without the tough measures of government regulation (Stepp et al., 2009; Chen and Lin, 2021; Burke and Gambhir, 2022).
Under the interactive influence of carbon emission rights and carbon tax, enterprises have to implement a green innovation strategy to improve their carbon footprint. Owen et al. (2018) concluded that a finance ecosystem approach is required to ensure complementary forms of finance for low-carbon investment. So, scholars have reached a unanimous conclusion that government regulation can stimulate green innovation of enterprises to gain better environmental performance (Wang, 2011); in turn, it can also increase energy efficiency and carbon mitigation through expanding technological innovation (Ren et al., 2022). However, Chen et al. (2021) found that the “weak” Porter hypothesis has not been realized in the current carbon emission trading market of China, whose pilot policy has an evident lagging effect on restraining the green innovation of enterprises. Meanwhile, as an institutional incentive, the green subsidy is important to stimulate the green development of enterprises through fiscal policy, which is used to increase the green innovation level (Hanlon, 2019). Previous research shows that green subsidies have a stronger positive impact on overall investment efficiency and purely technical efficiency than carbon tax (Zhao et al., 2021). Specifically, if the green subsidy is higher, firms will adopt a smaller scale of investment and accelerate the investment rate; if the green subsidy is lower, the green innovation investment will bring a higher welfare effect (Nagy et al., 2021). The research on the impact of the carbon tax and carbon emission trading market on wind power in China by Sun et al. (2022) showed that investors will vote for wind farms under the scenario of carbon trading and subsidy policy coordination, and they will also pay the funds in coal-fired power generation under the scenario of the carbon tax and subsidy coordination. The result is clear that carbon tax, government subsidy, and green innovation have different effects on green innovation investment (Chen and Ma, 2021).
Therefore, this study established an evolutionary game model of carbon decision-making between enterprises and governments using the impact factors of carbon emission rights, carbon tax, green innovation, and green subsidies to analyze whether there are two inflection points of the Porter hypothesis and to explore the equilibrium point position in the process of carbon decision-making.
Assumptions of carbon decision between the government and enterprises
The pursuit of interest maximization is a premise for the government and enterprises to separately make their carbon decision behavior. To simulate the evolutionary game like the real situation as far as possible, this paper proposed the following assumptions:
(i) In the carbon quota allocation and emissions trading market, the price of carbon quota is less than the profit of carbon emissions. This will ensure that enterprises can still make profits based on paying for the carbon emission rights and limit the arbitrage by selling carbon quotas (Jiang et al., 2016; Yu X et al., 2022). If the transaction cost is higher than the carbon price, no region will have the incentive to reduce carbon emissions through green innovation (Chen et al., 2019).
(ii) The government gives subsidies for enterprises’ green innovation rather than carbon emissions trading (Li et al., 2021). Such subsidies help to raise green innovation to reduce carbon emissions and enable them to trade in more spare carbon allowances. As a result, the subsidy for green innovation was set for carbon mitigation (Yu Y et al., 2022).
(iii) The government expects enterprises to pay a higher environmental cost for carbon quotas to maximize the carbon-neutral goal (Chen et al., 2019). The carbon tax compels enterprises to minimize their carbon emissions; similarly, green subsidies stimulate enterprises to maximize their carbon mitigation (Li et al., 2021). So, the environmental performance objective function can be constructed according to the carbon decision objective.
(iv) Under the influences of low-carbon regulations, enterprises are generally divided into green innovation pioneers or green innovation followers (Ding and Hu, 2021). Then, the Stackelberg game was used to analyze the difference in carbon decision behavior and its effect on DP.
THEORETICAL MODELS
Game order of carbon decision behavior
Tong et al. (2022) found that carbon trading market prices and customers’ low-carbon preferences are key factors influencing the retail price, total carbon emissions, and social welfare. So, the carbon quotas allocation mechanism was set up for the carbon mitigation goal based on the carbon emission rights to form a double market: a primary allocation market of carbon quotas dominated by the government and a secondary trading market of carbon quotas dominated by enterprises. On this basis, we analyzed the evolutionary game process between them through the carbon quota price and benefit distribution mechanism to explain the effects of carbon decision factors on DP.
There are four factors: carbon emission rights, carbon tax, green innovation, and green subsidy, which were added one by one into the DP model to verify the different goal choices, evolution path, and influences of carbon decision behavior between the government and enterprises.
Because the goal of carbon mitigation for the government and the target of performance growth for enterprises are different, their carbon decision behavior becomes evolutionary games and forms different decision orders, as shown in Figure 1, which are given as follows:
(i) According to the carbon mitigation rhythm of the carbon-neutral goal and a maximizing principle of environmental performance, the government first formulates a primary allocation of carbon quota and promulgates an incentive-restraint scheme of carbon mitigation.
(ii) An enterprise perceives the requirement of low-carbon regulation and decides on carbon emission, carbon mitigation, and green innovation according to its profit maximization target.
(iii) If enterprises are short of carbon quotas, they should actively seek carbon quotas from the carbon emissions trading market, while surplus companies would sell their remaining carbon quotas to the market to search for more profits.
(iv) Then, the implementation of carbon mitigation policies and the results of enterprises’ carbon decision behavior should be assessed by the government. The government should impose an appropriate carbon tax on the excess part of carbon emissions and also give a green subsidy to the excess part of carbon mitigation to optimize the incentive-restraint mechanism of carbon decision behavior.
(v) After several evolutionary games between the government and enterprises, they nearly reach the carbon-neutral goal, which makes carbon mitigation equal to carbon emission. Then, it will help them promote a win–win path of the carbon decision choice.
[image: Figure 1]FIGURE 1 | Carbon decision behavior for the evolutionary game between the government and enterprises.
Critical factors of carbon decision behavior
Based on the aforementioned theoretical analysis, considering the research conclusions of Fan et al. (2016), Song et al. (2019), and Li et al. (2022), the government and enterprises should follow their own maximizing goals of carbon decision behavior. The government expects to reduce carbon emissions through the increasing costs of enterprises for environmental performance, while enterprises want maximum profits for corporate performance to cut down their total costs through many more production with carbon emissions. In this case, we need to assume the following conditions: all carbon quotas in the primary market are allocated for enterprises to meet the government’s carbon emission targets; all carbon quota selling and buying in the secondary market should be zero; carbon emissions, carbon mitigation, and carbon quotas are matched with each other, including the certification of carbon mitigation which has also been calculated in the carbon emissions trading market. Then, the DP model was constructed. Four variables were added to the DP model to describe the evolutionary game process of carbon decision behavior between the government and enterprises to reveal the effects of low-carbon regulations.
The present research shows that the government expects enterprises to improve their profitability based on paying for carbon emission rights. So, we first built a carbon emission rights model M1; then, carbon tax (T) was added to the model M2 = M1+T, and enterprises’ green innovation (I) was promoted to M3 = M2+I; finally, the model M4 = M3+S was obtained, when the enterprise was given green subsidy (S).
In addition, the enterprises were divided into green innovation pioneers (i1) and green innovation followers (i2) to discuss the difference in sustainable competitive advantage caused by firm heterogeneity. Also, the effects of the low-carbon competing strategy on the differentiation of carbon decision behavior were analyzed using the Stackelberg game.
To simulate the carbon decision behavior of the government and enterprises, the definition of decision variables and parameters of their carbon decision-making factors was set as shown in Table 1.
TABLE 1 | Definition of decision variables and parameters.
[image: Table 1]Carbon emission rights model
In the carbon emission trading market, both the government and enterprises regard carbon quotas as a general commodity. They should follow the law of price and the demand of exchange. The allocation criteria of carbon quota and decision variables of carbon emission are affected by market resource allocation. Thus, the price demand function of the government-dominated carbon quota in the primary allocation market can be set to [image: image], [image: image]; and the price demand function of the enterprise-dominated carbon quota in the secondary trading market can be set to [image: image], [image: image]. Finally, the DP model can be expressed as follows:
[image: image]
where E(G) is the environmental performance, which is the product quantity of carbon quota G and can be sold with its unit price PG by the government. Based on the derivatives trading market of carbon emission rights, the government expects maximized environmental performance through carbon quota allocation to control the carbon emissions of enterprises.
Π(q) is the corporate performance, which is composed of three parts:
(i) The profit [image: image] should be gained from the sales of products as the enterprise activity must produce a certain amount of carbon emissions in the production process;
(ii) Under the fixed carbon quota, enterprises take measures to achieve a certain amount of carbon mitigation. It will form a part of carbon quota savings. They will put this part of the savings into the secondary trading market to obtain additional revenue, which is expressed with [image: image];
(iii) When the carbon quota consumed in production is not enough, it is necessary to buy some quotas from the secondary trading market for enterprises. In addition, the environmental cost [image: image] should be paid for the carbon quotas.
When enterprises perceive the operation of the carbon emission rights from the emissions trading market, they will make strategic choices of green innovation pioneers or green innovation followers. The government will assign different carbon quotas to the two types of enterprises according to their carbon emissions and value scale. Therefore, the total amount of the carbon quotas shall be equal to the sum of the carbon quotas obtained by two types of enterprises, that is, [image: image]. Similarly, the total amount of carbon mitigation should be equal to the sum of two types, namely, [image: image]. Therefore, in model M1, the government first decides the total amount and distribution of the carbon quotas. Then, we used the Stackelberg game to optimize the carbon mitigation quantity [image: image] of two types and obtain the equilibrium solution of different carbon decision behaviors.
Carbon tax model
As the ETS is not a complete market, it is difficult to trigger the intrinsic motivation of enterprises to reduce carbon emissions by the price mechanism alone. Most enterprises often wait for the green innovation pioneers to achieve carbon mitigation because of the high cost of green innovation and then follow the green innovation strategy to minimize the opportunity costs. At this time, the government implements a carbon tax compulsory measure to increase the environmental cost to make enterprise profitability drop. It will force them to efficiently reduce their carbon emissions. Thus, it has a significant influence on enterprises’ decisions on carbon quotas and carbon mitigation. In this process, there are generally two different models of carbon quota pricing: on the one hand, the price of carbon quota initially allocated by the government is equal to [image: image]; on the other hand, the price of secondary carbon quota allocated among enterprises changes when the government levies carbon tax. It is necessary to lower the secondary distribution price to encourage enterprises to purchase a carbon quota to change the carbon mitigation strategy. So, the price demand function of the second allocation of carbon quota is adjusted to [image: image], [image: image]. The DP model can be expressed as follows:
[image: image]
In formula (2), the environmental performance E(G) was added to the carbon tax [image: image], which represents the carbon tax imposed by the government on the excess part of the enterprises’ carbon emissions determined by the product of the unit carbon tax rate T and carbon emission [image: image]. In general, the government expects enterprises to meet their carbon mitigation goal by the unit carbon tax rate.
At the same time, the corporate performance Π(q) also includes the carbon tax [image: image], which indicates that the amount of carbon tax paid by the enterprise as the excess carbon emissions constitutes the environmental cost and leads to a profitability decline. As a result, the contradiction between the government’s carbon mitigation and the enterprise’s performance growth has been highlighted with the carbon tax. This manifests itself in the imposition of the carbon tax and the enterprise’s competition for benefits, while it is such severe measures that will touch the enterprise’s interests so that it changes the way of carbon emissions to a green development path. In the model M2, the government first decides the total amount and distribution of the carbon quota to determine the overall carbon emission level that the enterprise should have. Then, the enterprise decides on carbon mitigation according to the carbon quota distribution index and the actual carbon emission situation. The Stackelberg game can be used to optimize carbon mitigation [image: image] of firm 1 and firm 2 in turn. Then, the government can effectively evaluate enterprises’ carbon decision behavior. The equilibrium solution of different carbon decision models can be obtained by determining the optimal carbon tax level and verifying whether the carbon mitigation goal is achieved.
Green innovation model
As a carbon tax is levied on the excess part of carbon emissions of enterprises, their environmental cost increases, and corporate performance drops. It forced them to reconsider carbon mitigation. In the long run, enterprises must choose a green innovation strategy. Generally speaking, raising green innovation (I) while keeping the supply of carbon quota and carbon tax unchanged can also stimulate the willingness of buying the carbon quota. So, the price demand function of the carbon quota is set to [image: image], [image: image], [image: image]. The DP model can be expressed as follows:
[image: image]
In formula (3), the environmental performance has not changed substantially compared with the model M2. However, after enterprises perceived the carbon tax, they realized that the carbon-neutral goal is a long-term rather than campaign-style environmental protection, and a deep understanding of green development is the long-term strategy. At this point, green innovation (I) is added to the corporate performance objective function [image: image], which has five components. Among them, [image: image] represents the green innovation cost for enterprises to pay.
From the input–output view, green innovation will inevitably lead to more costs. However, the short-term effect is not necessarily significant, and its impact is limited. Therefore, the profit per unit of carbon emissions is set as an exogenous variable (R), and the green innovation cost is set as a quadratic function to show the characteristics of the law of marginal decline.
Green subsidy model
For enterprises, green innovation is unlikely to be effective in the short term. The continued high input and low output are likely to generate a sense of disgust. This necessitates the government to give enterprises some green innovation compensation. Moreover, punishing without awards also does not conform to the incentive-restriction mechanism. Therefore, the impact of green innovation, carbon tax, carbon quota, and carbon mitigation decision is discussed by adding green subsidy (S) based on model M3. Other factors being equal, the government’s green subsidies will make enterprises less willing to buy a carbon quota, which can stimulate them to buy a carbon quota by lowering the price in the secondary trading market. The price demand function of the carbon quota is set to [image: image], [image: image]. Then, the DP model can be expressed as follows:
[image: image]
In formula (4), the green subsidy variable is added to the environmental performance [image: image]. This means that the government will give a subsidy to enterprises for carbon mitigation caused by green innovation [image: image]. The government expects the enterprises’ carbon mitigation to achieve the maximizing goal of environmental performance under the premise of a unit carbon mitigation. Similarly, the green subsidy variable [image: image] is added to the corporate performance [image: image]. This means that the carbon mitigation from green innovation will be subsidized by the government to compensate for their cost and encourage more carbon mitigation.
EQUILIBRIUM ANALYSIS OF CARBON DECISION BEHAVIOR
The equilibrium solution of the DP models
Based on the order of carbon decision behavior in the four models, first, the government determines the intensity and rhythm of carbon quotas, carbon taxes, and green subsidies. Then, enterprises choose the strategies of carbon emission, carbon mitigation, and green innovation when they perceive low-carbon regulation. A different strategy of enterprises leads to different carbon decision behaviors. Then, the government determines the incentive-constraint measures for carbon mitigation. According to the carbon decision behavior of the government and enterprises, we used the Stackelberg game to solve the DP model. By making the first derivative of the carbon decision factor zero, the optimal value of DP can be determined, and the equilibrium solution can be obtained, as shown in Table 2.
where [image: image], [image: image], [image: image], and [image: image].
(i) In M1 and M2, [image: image], [image: image]. It is shown that the carbon quota of enterprises has a downward trend under the penalty of carbon tax T, which helps to increase carbon mitigation.
(ii) In M2, M3, and M4, carbon tax T and carbon quota g are inversely related to green subsidy S. It has been shown that the green subsidy can stimulate the willingness of enterprises to green innovation. Also, it will reduce the amount of carbon tax and carbon quota, thereby promoting carbon mitigation.
(iii) In other words, as the regulatory intensity of carbon tax T, green innovation I, and green subsidy S increase, the carbon mitigation of enterprises shows an increasing trend, which indicates the high effectiveness of low-carbon regulation.
(iv) In M4, there is a co-directional relationship between the green innovation of enterprises and the green subsidy of the government. This indicates that the green subsidy for green innovation results can reverse the green innovation cost of enterprises.
TABLE 2 | Equilibrium solution of the DP models.
[image: Table 2]The equilibrium analysis of the DP models
Based on the aforementioned theoretical analysis, we designed four models to obtain the unique equilibrium solution using the Stackelberg game for the carbon decision behavior between the government and enterprises. As there is no real carbon tax in China at present, we used the research methods of Eyland and Zaccour (2014), Hou et al. (2016), and Lin et al. (2021) for the carbon policy reference and used MATLAB to conduct numerical analysis on the parameter values of the four models. Then, we used the method of assigning value codes to analyze the relations of four decision-making factors and their constraints with the DP function to visually show the impact of a carbon tax, green innovation, and green subsidy on the carbon decision behavior between the government and enterprises. So, we assigned value codes to each parameter as follows:
In M1, the two markets of carbon quota mainly involve four parameters: A = 18, B = 1.5, C = 22, and D = 1.2; the primary distribution coefficient of the carbon quota is δ = 0.6; and the profit per unit of carbon emissions is calculated as R = 24. In M2, a carbon tax (T) is introduced, and its effect on the secondary trading market of the carbon quota is calculated as A = 0.2. In M3, green innovation (I) is introduced, and its effect on the secondary trading market of the carbon quota is given as M = 0.4, and the reciprocal value of the green innovation output rate is given as R = 2.5. In M4, green subsidy (S) is introduced, and its effect on the secondary trading market of the carbon quota is calculated as β = 1.2. The aforementioned parameter values are brought into Table 2 to obtain the equilibrium point of DP. Furthermore, the optimal value of DP can be obtained using the Stackelberg game, as shown in Table 3.
TABLE 3 | Equilibrium points for carbon decisions.
[image: Table 3]From Table 3, we can see that the equilibrium point of DP for each decision factor is fluctuant:
(i) Comparing M2 with M1, we can see that the government has effectively reduced the carbon quota and carbon emission of enterprises by adopting carbon tax regulations. This shows that under the punishment of carbon tax, enterprises consume carbon quotas and produce carbon emissions more carefully, resulting in a large decline in corporate performance. Therefore, the government cannot simply impose a carbon tax on the carbon emissions of enterprises to improve environmental performance, which will only lead to a decline in corporate performance without environmental performance improvement. The carbon tax policy can stimulate enterprises to carbon mitigation based on environmental costs to guide them to carry out green innovation activities to force carbon mitigation. Therefore, a carbon tax is a prerequisite for enterprises to reduce carbon emissions.
(ii) Comparing M3 with M2, we know that green innovation can not only reduce carbon emissions but also promote environmental performance. At the same time, green innovation raises the environmental cost and weakens the enterprise’s profitability to a certain extent, which causes loss of economic resilience. The government tries to weaken corporate performance by increasing the environmental cost and then stimulates the willingness of enterprise’s green innovation, which cannot satisfy corporate performance and environmental performance coordinated growth. It has not had a sustainable development request yet. There is also a need for governments to give subsidies to enterprises to encourage sustainable green innovation activities to cover the short-term costs.
(iii) Comparing M4 with M3, we know that the government can improve the efficiency of using carbon quotas to reduce the negative effect of the carbon tax and to increase the quantity of carbon mitigation. This shows that enterprises gradually restore the endogenous power of carbon quota consumption and promote corporate performance based on the incentive-restraint mechanism of carbon mitigation, that is, to achieve coordinated growth of corporate performance and environmental performance.
(iv) In the evolutionary game process from M1 to M4, each additional carbon decision factor will affect the size of the equilibrium point of DP. This indicates that the effects of the carbon tax, green innovation, and green subsidy will shift the equilibrium point and even change the orientation and concavity of DP.
The impact path of the DP models

(i) The conduction path of carbon decision factors in the DP model is selected as variables, the effects of different carbon decision variables on DP are analyzed, and the conduction path of carbon decision factors is investigated.
As we can see from Table 2, the equilibrium solution of M1 is finally determined solely by carbon quota and carbon mitigation. So these two variables are taken as the starting point of the conduction path of carbon decision factors, and the equilibrium solutions of M2, M3, and M4 are uniquely determined by the carbon tax. The carbon tax is taken as the starting point of the carbon decision factors. At the same time, considering the consistency of the four decision factors and the carbon reduction amount being determined by the carbon tax only, carbon mitigation is used as the independent variable to reveal the different effects of the enterprise’s carbon reduction behavior on DP. The transmission paths of the effects of carbon decision factors are shown in Figure 2.
(ii) The impact path of carbon mitigation. In Table 3, carbon quota [image: image], carbon mitigation [image: image], and carbon tax [image: image], [image: image], and [image: image]. Then, near the equilibrium point of carbon decision factors, we choose the values of carbon quota [image: image], carbon mitigation [image: image], and carbon tax [image: image], [image: image], and [image: image]. The carbon tax is taken as the starting point for drawing the DP curve. The equilibrium point of carbon mitigation is matched to the carbon mitigation defined by the carbon decision factor threshold. The range of values from M1 to M4 satisfies the following conditions: [image: image], [image: image], [image: image], and [image: image]. Thus, the DP curve is obtained, as shown in Figure 3.
[image: Figure 2]FIGURE 2 | Impact path of the DP model.
Figure 3 reports the DP cure trends as carbon mitigation increases ([image: image] is used to represent [image: image]). The comparison of different models shows the following: ① in M1, enterprises usually do not take the initiative to reduce carbon emissions under the mechanism of market price adjustment. Their carbon mitigation is negative. In other words, enterprises need to purchase certain carbon emission rights from the cap-and-trade market to carry out normal production activities. This shows that DP can increase simultaneously when the amount of carbon emission rights purchased by enterprises is reduced, resulting in fewer carbon emissions. ② In M2, enterprises are forced to implement carbon mitigation measures under the mandatory penalty of carbon tax regulations. With the carbon mitigation increase, the environmental performance shows a U-shaped change, that is, the trend of first reducing and then increasing. In practice, the government often pursues short-term administrative performance through regulation, which can improve the environmental quality. However, this also obviously harms the corporate performance for long-term development. ③ In M3, green innovation brings new vitality to enterprises and accelerates the promotion of environmental performance. At this point, the enterprise is in the long green innovation investment period, and the corporate performance is greatly affected; they can realize the performance resilience bottoming rebound. ④ Comparing M4 with M3, the government giving green subsidies to enterprises shifts the inflection point of DP to the left and promotes both environmental performance and corporate performance to achieve coordinated growth for the carbon-neutral goal. In a word, DP shows the fluctuation trend of first rising, then decreasing, and finally increasing.
(iii) We take carbon mitigation as an independent variable and corporate performance as a dependent variable to realize the different influences of firm heterogeneity on DP, which is described in Figure 4. We also find some meaningful conclusions as follows: ① in the carbon emission right model (M1), the increase in carbon tax leads to a decrease in corporate performance. This shows that the carbon tax has a great effect on the performance of firm 2 at the same level of carbon mitigation. ② Green innovation makes the inflection point of corporate performance appear to help enterprises adapt to the pressure of external carbon mitigation. They will generate internal motivation for the synergies of environmental performance and corporate performance. That would present the performance resilience rebound tendency. ③ The incentive effect of green subsidy makes the inflection point move to the left at the same level of carbon mitigation as the corporate performance of both firm 1 and firm 2 improved.
[image: Figure 3]FIGURE 3 | Influence of carbon mitigation on DP.
[image: Figure 4]FIGURE 4 | Influence of firm heterogeneity on DP.
DISCUSSION
With the carbon mitigation increase, DP shows different changes in the sectors through the optimization of carbon decision behavior between the government and enterprises. The inflection point of the DP curve is the equilibrium point of carbon decision behavior. The economic logic of this point means that the trend of the growth curve will change after the inflection point, as shown in Figure 5.
[image: Figure 5]FIGURE 5 | Economic analysis of carbon decision.
In Figure 5, EP refers to the environmental performance curve, and CP refers to the corporate performance curve. DP intersects three inflection points, namely, IP1, IP2, and IP4. In other words, the relationship between DP and carbon mitigation is neither a single positive nor negative correlation but a combination of “U” and “inverted U” characteristics, showing an “inverted S” trend. It has a distinct stage feature (Ding and Hu, 2021).
Therefore, this paper verified the differential effects of carbon emission rights, carbon tax, green innovation, and green subsidy on the inverted “S” curves of DP. Four effects can be obtained:
(i) The price effect of carbon emission rights. Based on the carbon emission trading market, the equilibrium point of carbon mitigation of the enterprise is negative in resource allocation with the core price of the carbon quota. This shows that enterprises are in the stage of excess carbon emissions and have not completely reversed the traditional high carbon emission production mode. As the price adjustment of carbon emission rights appears in the secondary trading market, the excess part of carbon emission decreases gradually, which promotes the DP curve to be improved and shows a decreasing trend of marginal effect.
(ii) The reverse effect of the carbon tax. After the government imposed carbon tax regulation, the equilibrium point IP2 of enterprise carbon mitigation changed from a negative value to positive value, which means that real carbon mitigation has approached. However, we have noticed that environmental performance has not improved significantly. The main reason is that the government has implemented mandatory carbon mitigation policies to force enterprises to improve the original production model, but more use of regulation approach and short-term or effective reduction of carbon emissions also affect corporate performance, resulting in economic resilience loss. That is to say, the carbon tax stimulates enterprises to reduce environmental costs and promote their carbon mitigation, which will contribute to the improvement of environmental performance. However, at this point, enterprises will face a dilemma between development and green innovation. They have to pay more transaction costs for the development and pay more environmental costs for green innovation. This would not achieve Porter’s efficiency.
(iii) The reinforcement effect of green innovation. The green innovation behavior of enterprises can change the growth trend of the DP curve and make it develop in the direction of expected carbon reduction. When the enterprise carbon mitigation crosses the equilibrium point of IP3, green innovation not only helps to enhance the speed of environmental performance improvement but also helps to slow down the decline of corporate performance. It will make the inflection point of carbon mitigation. However, the unexpected increase in green innovation costs also opens up the gap between corporate performance and environmental performance, resulting in more serious performance bias. In other words, while green innovation can help to improve environmental performance, it cannot guarantee coordinated growth with corporate performance in the evolutionary game of carbon decision behavior between the government and enterprises. If we cannot see the growth momentum of corporate performance for a long time, or if we cannot find the inflection point, will green innovation continue in such a long and huge opportunity cost? Even if it has reached the inflection point, it is easy to lose confidence in enterprises. This necessitates the government to focus on the effectiveness of the green innovation strategy.
(iv) The incentive effect of green subsidies. According to the Porter hypothesis, the impact of environmental regulation on corporate performance has two stages, namely, “compliance cost” and “innovation compensation.” However, at the same time, we should see that these two stages have different effects on enterprises to obtain competitive advantage: on the one hand, green innovation will bring sustainable competitive advantage for enterprises in the long term. The expected benefits will be bigger on the tortuous road but not clear when that will happen; on the other hand, the increased costs of green innovation investments will reduce corporate performance in the short term and affect the immediate sustainable competitive advantage on the contrary. The green subsidy can make the equilibrium point IP3 of carbon mitigation move to the left, which significantly shortens the time of “compliance cost” and enables the enterprise to obtain the result of “innovation compensation” in advance. That is to say, when the enterprise carbon mitigation crosses the equilibrium point IP4, the environmental performance and corporate performance can be increased synergistically.
To sum up, comparing four different carbon decision factors, the carbon mitigation of enterprises starts from the guiding of low-carbon regulation. It is a coercive effect of reverse pressure and is further strengthened in the green innovation stage. Finally, the enterprise obtains a sustainable competitive advantage under the incentive effect of green subsidy. Therefore, green innovation breaks the evolutionary game between the government and enterprises and makes both sides achieve performance breakthroughs.
CONCLUSION
Under the carbon-neutral goal of the Chinese government, strategic research needs to resolve the contradiction between carbon mitigation and corporate performance for green recovery. In contrary to the previous studies focusing on the effectiveness analysis of low-carbon regulation policy in order to answer the question of the decline of enterprise profitability, this paper discussed the development path of DP. We added four decision factors, namely, carbon emission rights, carbon tax, green innovation, and green subsidy, into the DP model with the incentive-constraint factors. Then, we used the Nash equilibrium and the Stackelberg game to analyze the dynamic equilibrium of carbon decision behavior, revealing the price effect of carbon emission rights, the reverse effect of the carbon tax, the reinforcement effect of green innovation, and the incentive effect of green subsidy. Finally, we verified the relationship between carbon mitigation and DP.
This study found that enterprises are not willing to take the initiative in carbon mitigation for the environmental performance in the emissions trading market mechanism but changing their strategy from the reduced costs of the carbon tax and the increasing benefits of the carbon subsidy. They will decide for choosing the first-action strategy or the after-action strategy according to the profits of carbon mitigation. As green innovation is a necessary way for them to reduce carbon emissions when the government and enterprises have different carbon decision-making goals, enhancing the willingness of enterprises to green innovation and stimulating the internal emission reduction driving mechanism are the fundamental ways of carbon mitigation. However, more attention should be paid to the additional costs for the green innovation pioneers caused by continuous investment. Therefore, the government must give green subsidies to compensate for the resilience of corporate performance and to meet the requirements of coordinated growth of environmental performance.
Comparing the impact of these four decision factors on DP, it was found that carbon emission rights can be used as the underlying structure of the carbon-neutral goal. It can stimulate the willingness of enterprises to green innovation as the starting point and give full play to the role of the carbon tax and green subsidies. It is more important to form a carbon decision-making goal that both sides can agree on to guide the followers to carry out green innovation and implement carbon mitigation to avoid the first-mover disadvantage of green innovation pioneers. So this can build an effective incentive-restraint mechanism for carbon mitigation.
The continuous epidemic has severely damaged corporate performance and brought greater uncertainty to low-carbon regulation. The dual pressure undoubtedly has a very negative impact on corporate performance. If the adjustment of the market rescue policy is not in place, it may further worsen the contradiction between carbon mitigation and economic efficiency. It is not conducive to the coordinated growth of environmental performance and corporate performance. Focusing on the incentive of low-carbon regulation to enterprises’ green innovation and promoting carbon mitigation activities, the following countermeasures are put forward: first, we should make full use of the mandatory and incentive nature of low-carbon regulation fiscal tools such as carbon tax and green subsidy to achieve a reasonable combination of the two sides so that they can stimulate the willingness of enterprises to green innovation and orderly guide the transformation of the carbon mitigation dynamic mechanism from government compulsion to enterprise autonomy. Second, we should continue to improve the price mechanism of carbon emission trading and appropriately intervene in the supply and demand laws of the primary allocation market and the secondary trading market of carbon quotas. Also, the minimum price limit of carbon quotas should be implemented to control the primary quota demand for enterprises while encouraging them to actively participate in the secondary trading of saving allocation. Third, considering the pilot policy of carbon tax and green subsidies to increase the sensitivity of enterprises to energy conservation and carbon mitigation, we should effectively stimulate enterprises’ green innovation and enhance the resilience of corporate performance to cope with pressure. By improving the compensation mechanism of enterprises’ green innovation, we will move toward the path of sustainable and coordinated development of carbon mitigation and economic efficiency.
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