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The formulation of proper financial penalties plays an important role in regulating Chinese traditional energy enterprises’ illegal pollution. Through the construction of a mixed-strategy game model and an evolutionary game model for regulatory agencies and traditional energy enterprises, the article studies how financial penalties impact players’ strategies and evolutionary processes to optimize financial penalties. It found that excessive financial penalties could reduce enforcement, but insufficient financial penalties would cause more pollution discharge violations. The article concludes that Chinese environmental laws should focus more on setting reasonable penalties based on the profit from activities that generate illegal pollution rather than on the environmental damage to improve regulatory effectiveness.
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INTRODUCTION

The China Environmental Quality Comprehensive Evaluation Report 2018 shows that in the 20 years between 1996 and 2015, the pollution index increased from 44.52 to 137.65. Especially after 2000, the worsening of environmental pollution accelerated significantly, and traditional energy has become a major threat to the future of sustainable development (Ding et al., 2020; Wu et al., 2020). In June 2020, the Second National Pollutant Source Census Bulletin, issued by the Ministry of Ecology and Environment, the National Bureau of Statistics, and the Ministry of Agriculture and Rural Affairs, shows that in 2017, the petroleum, coal, and other fuel processing industries ranked first in the emission of volatile phenols and cyanide, at 160.39 tons and 19.78 tons, respectively. In addition, the power and heat production and supply industries ranked first in the emission of sulfur dioxide at 1.462 million tons and second in the emission of nitrogen oxide at 1.692 million tons. However, according to the European Union Emission Inventory Report 1990–2017 under the UNECE Convention on Long-Range Transboundary Air Pollution (LRTAP), in the same year European Union (EU) emissions of sulfur dioxide and nitrogen oxide were only 23.23 thousand tons and 72.35 thousand tons, respectively. The comparison between China and the EU presents the severe damage caused by traditional energy to China’s environmental ecosystem. Globally, illegal discharge by traditional energy enterprises is one of the major threats to the environment. For example, in China, many thermal power plants have become the focus of the Ministry of Ecology and Environment due to their illegal discharge. In Europe, Germany, France, and three other countries have been warned by the European Commission about excessive nitrogen dioxide emissions, and in the United States, traditional energy enterprises are fined by the government every year for illegal discharge. Traditional energy enterprises’ environmental pollution deteriorates the public’s living environment (Huang et al., 2014; Guan et al., 2016), poses a threat to ecosystem (Sharma and Chatterjee, 2017), negatively affects food safety and water quality (Ramón and Lull, 2019), puts a heavy burden on healthcare and the economy (Li et al., 2016), and leads to mass incidents and the decline of government credibility (Sun et al., 2014). Effectively regulating the operation of traditional energy enterprises will transform the energy structure into new low-carbon energy and become an important part of Chinese pollution control.

Research on pollution control of traditional energy enterprises has been conducted on various impact factors, including development of artificial intelligence techniques (Ye et al., 2020), big data technology (Peng and Yang, 2020), population and energy prices (Ji et al., 2018; Li K. et al., 2019), economic growth (Ma et al., 2016; Alvarez-Herranz et al., 2017), taxation (Zimmer and Koch, 2017), energy technologies (Allevi et al., 2017; Gu et al., 2018), public awareness of sustainable development (Li et al., 2021), better accessing to credit (Zhang et al., 2020), gender inequality (Li J. et al., 2019), market sentiment (Hu et al., 2020), ultra-low carbon energy (Kumar et al., 2016), renewable energy (Wang et al., 2020), and mechanism design (Yang and Yang, 2019). In addition to these impact factors, the financial penalties for traditional energy enterprises’ illegal pollution discharge are not only the focus of public opinion and legislation but also one of the most important impact factors in academic research (Jin et al., 2020; Yan et al., 2020). After the 2010 Gulf of Mexico oil spill, BP was fined USD 20.8 billion, which severely impacted investors’ profit expectations, causing the company’s market value to shrink by more than one-third. This case reflects the deterrent effect of financial penalties on illegal pollution by traditional energy enterprises. In the same year, Zijin Mining, a Chinese company that annually earns several billion yuan in profits, caused a direct loss of USD 4.49 million (RMB 31.87 million) by polluting river water. The Fujian Provincial Environmental Protection Department fined the company only USD 1.35 million (RMB 9.56 million), which was followed by a more than 50% increase in the company’s stock price (Kong et al., 2014). A comparison of the two incidents leads to reflection on the optimization of environmental pollution penalties. How can financial penalties be scientifically formulated to constitute a sufficient deterrent to enterprises’ illegal polluting activities?

The updated Environmental Protection Law, implemented in China on January 1, 2015, introduced daily, accumulating fines that accrue on the day after the date of the ordered correction. According to Ministry of Ecology and Environment of the People’s Republic of China, there were 186,000 environmental administrative penalties nationwide in 2018, compared to only 83,000 in 2014, an increase of 124% in five years. The financial penalties totaled $2.15 billion (RMB15.28 billion) in 2018, compared with only $0.45 billion (RMB3.17 billion) in 2014, an increase of 382%. The implementation of the updated Environmental Protection Law has significantly increased the financial penalties for pollution violations, but did not prevent environmental administrative penalties cases from increasing.

In academia, many scholars have explored the regulatory and financial penalties for emissions violations by traditional energy enterprises from the perspective of game model analysis. Wang and Shi (2019) developed an evolutionary game model of industrial pollution between local governments and enterprises to investigate industrial pollution problems. The results showed that under the static penalty mechanism, the strategies of local governments and enterprises are uncertain, but under the dynamic penalty mechanism, firms tend to reduce emissions when the financial penalties increase. Peng et al. (2019) established a game model for the government and enterprises to promote the implementation of a producer responsibility system. The study showed that the government should establish an inspection system to check product design, recall, and other aspects regularly or irregularly and should increase the financial penalties for non-compliance. Chen et al. (2019) examined the relationship among government, enterprises, and the public in environmental governance from the perspective of a multiplayer evolutionary game to improve environmental governance. The authors argued that regulatory effectiveness is influenced by enterprises’ illegal pollution revenue, and the financial penalties for illegal pollution should be increased. Jiang et al. (2019) constructed a tripartite evolutionary game model for enterprises, local governments, and the central government, and suggested that enterprises should reduce pollution by strengthening the penalties for non-compliance. Da Silva Rocha and Salomão (2019) used an evolutionary game to construct a firm-regulator game and argued that excessive inspection costs lead to ineffective regulation. In addition, financial penalties increase firms’ use of clean technologies to reduce emissions. Analyzing the tripartite game model, Sheng et al. (2020) concluded that supervision and management by the central government play a major role in environmental protection, and that increasing financial penalties and compliance incentives can encourage local governments to implement environmental regulations more effectively. Through a review of legislation and related policies at the national, local, and international levels, Feng and Liao (2016) proposed several solutions for China’s air pollution problem. The improvements include clarifying the government’s responsibility, increasing financial penalties, etc., Thus, many scholars believe that the financial penalties for illegal pollution should be increased.

However, some empirical studies did not find a positive relationship between financial penalties and deterrence of non-compliance. Gurley et al. (2007) argued that large financial penalties are an ethics-based method used to appease victims and are not designed to discourage corporate misconduct. Barrett et al. (2018) investigated the environmental compliance of major facilities in Michigan and found that emissions-violating operations are reduced with the imposition of financial penalties in the short term, but that financial penalties do not change firms’ emissions violations in the long run. Stretesky et al. (2013) examined firm strategies in response to heavy fines imposed by the U.S. Department of Environmental Protection (EPA) over seven years. Using regressions to test firm behavior before and after fines imposed on the discharging enterprises, the authors described the relationship between fines and pollution violations as “weakest.” Prechel and Zheng (2012) analyzed the behavior of subgroups of S&P 500 enterprises that are required to report toxic emissions to the EPA, arguing that the amount of fines does not deter pollution rates. Almer and Goeschl (2010) concluded based on statistical analysis that although some forms of criminal sanctions have a deterrent effect, severe fine rates do not demonstrate a significant deterrent effect on environmental crime. These empirical studies showed that increasing financial penalties does not reduce illegal pollution.

The discrepancy between the empirical analysis and the game study has once again questioned how to scientifically formulate financial penalties, and whether the current legislation of financial penalties for pollution can be optimized. Some studies on environmental policy optimization suggested levying reasonable taxes, providing subsidies to enterprises (Wibulpolprasert, 2016; Lappi and Ollikainen, 2019; Park et al., 2020), develop new algorithm (Kim and Kim, 2018), or optimizing carbon emission allocation programs (Yang et al., 2020) but did not explore optimization of financial penalties. An analysis of these studies showed that the reason for this discrepancy lies in two flaws in the game studies above: the game models considered the penalties for illegal polluting enterprises as part of the revenue of the regulatory agency, ignoring the fact that the regulatory agency is represented by regulatory staffs, and the payoff maximization of regulatory staffs is not the maximization of social benefit; the regulatory agencies and the traditional energy enterprises are both game players, but the above game analyses examined only the traditional energy enterprises’ strategy change as a response to the variation in financial penalties and did not simultaneously consider variations in the enforcement level as a response to the traditional energy enterprises’ strategy changes.

To find out the relationship between financial penalties and the probability of non-compliance, the article explores the relationship in terms of two aspects: constructing a regulation game model of regulatory agency and traditional energy enterprise, analyzing the equilibrium and stability points of the game; and using simulation analysis to validate the game study results. Based on the current literatures, the paper also intends to provide two contributions: to fill the gap between empirical research and game research on financial penalties and to provide an explanation for why deterrence theory fails to inhibit illegal discharge in several empirical studies. By using a mixed-strategy game and an evolutionary game between regulatory agencies and traditional energy enterprises, the paper tries to optimize financial penalties for environmental pollution, which benefit the current environmental legislation, and debate the popular belief that a high financial penalty standard is a solution for limited regulatory resources.



THE MODEL

The models used in this study consider whether traditional energy enterprises’ operations either adhere to legal standards and all in-house policies or fail to comply with rules and regulations for economic purposes. The regulatory agencies including environmental inspection agencies and third-party environmental inspection agencies then choose to either emphasize undeviating conformity to rules, standards, and requirements with an inspection or selectively pick and choose when to enforce the regulations.

There are two players in the pollution and enforcement game. Player 1 is the regulatory agency, and player 2 is traditional energy enterprises. The regulatory agency chooses either a strict law enforcement strategy or a loose law enforcement strategy. The choice depends on the payoff and the traditional energy enterprises’ strategy. Therefore, we assume the strategy set of the regulatory agency is S1 (strict law enforcement, loose law enforcement). Traditional energy enterprises choose either compliance or non-compliance. We assume the strategy set of the traditional energy enterprises is S2 (compliance, non-compliance). Compliance means the traditional energy enterprises’ operations comply strictly with the regulations, and non-compliance means traditional energy enterprises fail or refuse to comply with regulations for economic purposes. The traditional energy enterprises choose either compliance or non-compliance based on the expected utility. Strict enforcement refers to the regulatory agency’s emphasis on undeviating conformity with regulations, and the regulatory agency tends to choose strict enforcement when the agency identifies a traditional energy enterprise’s strategy is non-compliance. Loose enforcement happens when a regulatory agency chooses selective inspection, and regulatory agencies tend to choose loose enforcement when they identify the traditional energy enterprise’s strategy is compliance.

Traditional energy enterprises’ revenue from non-compliance is Ge. Suppose compliance can make a traditional energy enterprise’s additional revenue E. The regulatory agency’s strict enforcement cost is Cg, and the loose enforcement cost is 0. The motivation for traditional energy enterprises’ choosing non-compliance is the huge profit. Thus, in the study we assume Ge > E. Through strict law enforcement, traditional energy enterprises’ operations can be identified by the regulatory agency, and financial penalties P will be imposed on a traditional energy enterprise when non-compliance is identified. If regulatory enforcement brings good social order, the regulatory agency will be rewarded with Bg by promoting staff or salary increment. However, if pollution is identified due to regulatory negligence, then the regulatory agency will be punished with Fg by demoting staff or reducing their salary. The good social order or regulatory negligence can be identified through external government performance evaluation or public complains. The notations used in this study are summarized in Table 1.


TABLE 1. Notations and definitions used in this study.

[image: Table 1]Based on the discussion above, the assumptions in this study can be stated as follows:


(1)Traditional energy enterprises change strategies in response to varying payoffs. Traditional energy enterprises prefer non-compliance if regulatory agencies choose loose law enforcement. Traditional energy enterprises prefer compliance if regulatory agencies choose strict law enforcement.

(2)Regulatory agencies are not passive receivers of changing policy. They are strategic actors who take advantage of whatever measure to attain their goal, which is not always to deter environmental pollution. If traditional energy enterprises choose non-compliance, regulatory agencies will choose strict law enforcement. If traditional energy enterprises choose compliance, regulatory agencies will prefer loose law enforcement.




Mixed-strategy Game Model Between a Regulatory Agency and a Traditional Energy Enterprise

We construct a mixed-strategy game matrix for a regulatory agency and a traditional energy enterprise as shown in Table 2. Suppose the probability of a regulatory agency choosing strict law enforcement is x′(0≤x′≤1), and the probability of choosing loose law enforcement is 1−x′. The probability of a traditional energy enterprise choosing compliance is y′(0≤y′≤1)and of choosing non-compliance is 1−y′.


TABLE 2. Payoff matrix of a regulatory agency and a traditional energy enterprise mixed-strategy game.

[image: Table 2]The analysis of the mixed-strategy game based on Table 2 is as follows:

The regulatory agency’s expected payoff is Eg:

[image: image]

The traditional energy enterprise’s expected payoff is Ee:

[image: image]

Obtaining the partial derivatives on the two formulas above, and allowing the first derivative to be 0:

[image: image]
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Solving this for [image: image] yields [image: image], and [image: image] denotes the optimal probability of a traditional energy enterprise choosing compliance in the Nash equilibrium.

Proposition 1. If Cg < Bg, compliance is the traditional energy enterprise’s pure strategy.

Proof: If Cg < Bg, it can be concluded that [image: image], which denotes a traditional energy enterprise chooses compliance in the Nash equilibrium.

Proposition 1 reveals that when the reward for strict enforcement is higher than the cost of strict enforcement, compliance is the traditional energy enterprise’s pure strategy, and in this condition, financial penalties for non-compliance have no impact on the traditional energy enterprise’s strategy.

Proposition 2. If Cg−Bg > B + Fg, non-compliance is the traditional energy enterprise’s pure strategy.

Proof: If Cg−Bg > B + Fg, it can be concluded that [image: image], which denotes the traditional energy enterprise chooses non-compliance in the Nash equilibrium.

Proposition 2 reveals that when the difference between the strict law enforcement cost and the rewards for a regulatory agency’s strict enforcement is higher than the sum of the rewards to regulatory agencies for identifying illegal pollution and the financial penalties for the regulatory agency’s negligence, non-compliance is the traditional energy enterprise’s pure strategy, and non-compliance financial penalties have no impact on the traditional energy enterprise’s strategy.

Proposition 3. If P < Ge−E, then strict enforcement is the regulatory agency’s pure strategy.

Proof: If P < Ge−E, it can be concluded that [image: image], which denotes strict enforcement is the regulatory agency’s pure strategy in the Nash equilibrium.

Proposition 3 reveals that financial penalties for non-compliance have no impact on the regulatory agency’s strategy when the financial penalties are lower than the difference between the compliance cost and the reputation benefit, and in this condition, the regulatory agency chooses strict enforcement.

Proposition 4. If Ge−E < P and 0 < Cg−Bg < B + Fg, the Nash equilibrium of the regulatory agency and the traditional energy enterprise’s mixed-strategy game model is [image: image].

Proof: If Ge−E < P and 0 < Cg−Bg < B + Fg, it can be concluded that [image: image], and [image: image]. In this condition, [image: image] is the Nash equilibrium.

Proposition 4 reveals that in the condition Ge−E < P and 0 < Cg−Bg < B + Fg, the financial penalties negatively influence the probability of strict enforcement and have no impact on the traditional energy enterprise’s strategy. The factors that influence the traditional energy enterprise’s strategy are Cg, Bg, Fg, and B. The lower [image: image], the higher the probability of compliance.

Based on the four propositions above, in the regulatory agency and traditional energy enterprise mixed-strategy game, the financial penalties have no impact on the traditional energy enterprise’s strategy. The financial penalties affect only the regulatory agency’s strategy. If the financial penalties are less than the difference between the compliance cost and the reputation benefit, then strict enforcement is the regulatory agency’s pure strategy. Otherwise, the level of enforcement will decrease as the financial penalties increase. The traditional energy enterprise’s strategy is decided by four factors. They are the cost of strict enforcement, rewards for strict enforcement, rewards for identifying illegal pollution, and penalties for regulatory agency negligence.

The conclusions of many game studies on environmental regulation are consistent with deterrence theory, which suggests that traditional energy enterprises can be deterred from polluting illegally by increases in the financial penalties. However, the game analysis above shows that the variation in financial penalties does not affect the non-compliance probability of traditional energy enterprises. Does this mean that deterrence theory fails? We can find the answer by analyzing the game process. Assume that the game between a regulatory agency and a traditional energy enterprise is in Nash equilibrium. Raising the financial penalties, the game will change to disequilibrium. Based on expected payoff formulas (1) and (2), it can be seen that raising financial penalties does not immediately affect the expected payoff of the regulatory agency, and the probability of strict enforcement by the regulatory agency remains the same. However, raising the financial penalties directly reduces the expected payoff of traditional energy enterprises. In response to the decreased expected payoff, the probability of compliance by traditional energy enterprises will rise to increase the expected payoff. This response will have two immediate consequences for the expected payoff of the regulatory agency: First, the regulatory agency’s expectation of a payoff from identifying illegal operations will be reduced, and the decrease in the reward expectations reduces the regulatory agency’s total expected payoff. Second, the regulatory agency’s expectation of punishment for negligence will decrease, and the decrease in the expected punishment increases the regulatory agency’s overall expected payoff. Combining the changes in these two consequences, the regulatory agency’s total expected payoff will be decreased. At this time, the regulatory agency will reduce the probability of strict enforcement to increase their expected payoff, which, in turn, reduces the probability of compliance by the traditional energy enterprise. Finally, the game reaches an equilibrium state. Therefore, when the financial penalties increase, the probability of non-compliance will first rise and then fall back to the size before the change. This also provides an explanation from a game theory perspective for the empirical investigation (Barrett et al., 2018) that financial penalties reduce illegal pollution in the short term but do not change in the long run. From the deterrence theory perspective, raising financial penalties increases the probability of compliance by the traditional energy enterprise, which, in turn, leads to higher probability of strict enforcement. As the two game players gradually reach an equilibrium state, the probability of non-compliance remains the same, and the probability of strict enforcement by the regulatory agency decreases, which offsets the deterrent effect on non-compliance. Thus, it can be concluded that raising financial penalties has no impact on the strategies of the traditional energy enterprise. This conclusion is consistent with deterrence theory.

The incentives for the regulatory agency’s performance, including rewards and punishment, affect traditional energy enterprise’s strategies, but these factors have no impact on regulatory agency’s strategies. The higher the incentive for the regulatory agency, the more the traditional energy enterprises comply. The lower the cost of strict enforcement, the more the traditional energy enterprises comply. Based on formula (1), raising the amount of the rewards and penalties for the regulatory agency will increase the probability of strict enforcement for a better expected payoff. At the same time, raising the amount reduces the expected payoff for the traditional energy enterprise, and in turn, the probability of compliance by the traditional energy enterprise for higher expected revenue increases. This change reduces the regulatory agency’s expectations of rewards but increases the expectation of punishment. Combining the two consequences, the regulatory agency’s expected revenue will decrease, and as a response, it will choose to reduce the probability of strict enforcement to gain a higher expected payoff. The probability of strict enforcement by the regulatory agency remains the same before and after the game reaches equilibrium. Therefore, the rewards and penalties for the regulatory agency determine the strategies of the traditional energy enterprise instead of the regulatory agency’s strategies.

Increasing financial penalties reduces the probability of strict law enforcement and then alleviates the demand for regulatory resources, which could be a solution for insufficient regulatory resources in some regions. However, the function of financial penalties is the deterrence effect on illegal discharge to ensure the healthy development of the industry, instead of breaking the capital chains of some traditional energy enterprises by imposing huge financial penalties in an opportunistic action. Therefore, to protect a booming market, high financial penalties should not be used to conserve regulatory resources.

Financial penalties not only influence the Nash equilibrium between a regulatory agency and a traditional energy enterprise but also impact the evolutionarily stable strategies of traditional energy enterprises and regulatory agencies in the long term. We examine evolutionarily stable strategies in the following section.



Evolutionary Game Model Between Regulatory Agencies and Traditional Energy Enterprises

In the regulatory agencies and traditional energy enterprises evolutionary game, suppose the proportion of regulatory agencies choosing strict law enforcement is x(0≤x≤1)and the proportion choosing loose law enforcement is 1-x. Suppose the proportion of traditional energy enterprises choosing compliance is y(0≤y≤1), and the proportion choosing non-compliance is 1-y. The evolutionary game matrix is shown in Table 3.


TABLE 3. Payoff matrix of the regulatory agencies’ and traditional energy enterprises’ evolutionary game.

[image: Table 3]The expected payoff of regulatory agencies choosing strict enforcement is
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The expected payoff of regulatory agencies choosing loose enforcement is

[image: image]

The mean expected payoff of the regulatory agencies is

[image: image]

The replicator equation of regulatory agencies choosing strict enforcement is

[image: image]
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Let’s make F(x) =  0, and then get [image: image],[image: image],and [image: image].

The expected payoff for traditional energy enterprises choosing compliance is E21 = E + Re. (9)

The expected payoff for traditional energy enterprises choosing non-compliance is

[image: image]

The mean expected payoff for traditional energy enterprises is [image: image].

The replicator equation of regulatory agencies choosing strict enforcement is

[image: image]

Let’s make F(y) = 0, and get [image: image].

Then we can get five fine local equilibrium points of differential equation systems which are A(0,0), B(0,1), C(1,0), D(1,1), and [image: image].

Based on the replicator dynamic equations F(x) andF(y), we get J:

[image: image]

[image: image]

Table 4 shows the system local equilibrium points.

[image: image]

[image: image]


TABLE 4. Regulatory agencies’ and traditional energy enterprises’ evolutionary game local equilibrium points.

[image: Table 4]When the conditions tr(J) = a11 + a22 < 0 and det⁡(J) = a11a22 + a12a21 > 0 are met, the equilibrium point is an evolutionarily stable strategy (ESS). The analysis of each equilibrium point follows.

Equilibrium point 0(x*,y*), due to a11 + a22 = 0, does not meet condition tr(j) < 0or det⁡(J) > 0. Thus, it is not an ESS.

Proposition 5. If B + Fg + Bg−Cg < 0, then A(0,0) is an ESS.

Proof: If B + Fg + Bg−Cg < 0, then the local equilibrium stability analysis is as shown in Table 5.


TABLE 5. Local equilibrium stability analysis in case 1.

[image: Table 5]Proposition 5 reveals in the condition B + Fg + Bg−Cg < 0, loose enforcement is the regulatory agencies’ evolutionarily stable strategy, and non-compliance is the traditional energy enterprises’ evolutionarily stable strategy.

Proposition 6. If Bg−Cg < 0&Ge−E < 0, then B(0,1) is an ESS.

Proof: If Bg−Cg < 0&Ge−E < 0, then the local equilibrium stability analysis is as shown in Table 6.


TABLE 6. Local equilibrium stability analysis in case 2.

[image: Table 6]Proposition 6 reveals in the condition Bg−Cg < 0&Ge−E < 0, loose enforcement is the regulatory agencies’ evolutionarily stable strategy, and compliance is the traditional energy enterprises’ evolutionarily stable strategy. When the market order is maintained by the reputation mechanism, the non-compliant traditional energy enterprises will be eliminated by market reputation instead of regulatory agency enforcement, and financial penalties have no impact on the traditional energy enterprises’ strategy. However, illegal pollution has a very limited impact on traditional energy enterprises’ product sales; therefore, the economic gain from illegal pollution is always higher than the reputation benefit, which isGe > E. Thus, we do not examine this point.

Proposition 7. If Cg−B−Fg−Bg < 0 and E−Ge + P < 0, then C(1,0) is an ESS.

Proof: If Cg−B−Fg−Bg < 0 and E−Ge + P < 0, then the local equilibrium stability analysis is as shown in Table 7.


TABLE 7. Local equilibrium stability analysis in case 3.

[image: Table 7]Proposition 7 reveals in the condition Cg−B−Fg−Bg < 0 and E−Ge + P < 0, strict enforcement is the regulatory agencies’ evolutionarily stable strategy, and non-compliance is the traditional energy enterprises’ evolutionarily stable strategy.

Proposition 8. If Cg−Bg < 0&Ge−E−P < 0, then D(1,1) is an ESS.

Proof: If Cg−Bg < 0&Ge−E−P < 0, then the local equilibrium stability analysis is as shown in Table 8.


TABLE 8. Local equilibrium stability analysis in case 4.

[image: Table 8]Proposition 8 reveals in the conditionCg−Bg < 0&Ge−E−P < 0, strict enforcement is the regulatory agencies’ evolutionarily stable strategy, and compliance is the traditional energy enterprises’ evolutionarily stable strategy.

The evolutionary analysis above shows that if strict regulatory costs are too high, financial penalties do not influence the evolutionary result, and traditional energy enterprises prefer illegal discharge. Therefore, it is important to reduce law enforcement costs by optimizing the information structure of environmental law enforcement. When the cost of strict law enforcement is lower than a certain range, the financial penalties determine the evolutionary strategy of traditional energy enterprises. If the penalty is below Ge−E, regulatory agencies prefer strict law enforcement, while traditional energy enterprises choose non-compliance. This is a phenomenon of management by penalty. In this scenario, financial penalties become the prices for illegal discharge, which encourages non-compliance by traditional energy enterprises. Although regulatory agencies work hard to enforce the law, they collect only much in terms of financial penalties and do not change traditional energy enterprises’ illegal discharge actions. If the financial penalties are higher than Ge−E, regulatory agencies choose strict law enforcement and traditional energy enterprises are inclined to comply.

Based on the two game model analyses above, we draw the following conclusions.

First, in the game, the amount of financial penalties has no impact on the traditional energy enterprises’ strategy, but increasing financial penalties will decrease the regulatory agencies’ probability of strict enforcement. In the case of Ge−E≥P, the enforcement strategy will be evolutionarily stable at strict enforcement. For the evolution of the game, the amount of financial penalties Fe will impact the evolutionary stability result. In the case of Cg−Bg < 0, the reward for strict enforcement is higher than the cost of strict enforcement; if Ge−E≥P, then C(1,0) is an ESS. However, if Ge−E≥P, then D(1,1) is an ESS.

Second, in addition to P, the other control factors are Cg and Bg. When the strict enforcement cost is lower than the reward Cg−Bg < 0, the traditional energy enterprise’s strategy is stable at compliance, and the enforcement strategy is stable at strict enforcement. If 0 < Cg−Bg < B + Fg, the probability of compliance will increase with the decrease in Cg−Bg, but in this condition, the traditional energy enterprise’s strategy will be unstable at compliance.



SIMULATIONS WITH NUMERICAL APPLICATIONS

Based on the game analysis above, we conduct a simulation analysis of P, Cg, and Bg. Suppose that a traditional energy enterprise complies with the regulation, with sales revenue of $20,000, and the reputation benefit is $5,000. If the traditional energy enterprise violates the regulation through illegal environmental pollution, the economic gain is $10,000. The regulatory agency conducts an inspection of the traditional energy enterprise’s operation. The budget for the regulatory agency is $4,000 for loose enforcement. The cost of strict law enforcement is $2,000 more than the cost of loose law enforcement. A $2,000 reward to the regulatory agency is for strict enforcement. If the regulatory agency identifies non-compliance by the traditional energy enterprise, the agency will be rewarded an additional $1,000. However, if the regulatory agency overlooks the violation due to loose enforcement, the agency will be penalized $1,000. Table 9 shows the parameter settings for the regulatory agency and the traditional energy enterprise.


TABLE 9. The parameter settings.

[image: Table 9]

Simulation Analysis of P

When Ge−E≥P, suppose P is $4,000, and the traditional energy enterprises’ strategy evolution is as shown in Figure 1. It illustrates when the financial penalties for non-compliance are lower than the sum of the compliance cost saving and the reputation benefit, the fraction of the traditional energy enterprises choosing compliance will evolve to 0. This proves that if the financial penalties settings are low, then the traditional energy enterprises’ evolutionarily stable strategy is non-compliance.


[image: image]

FIGURE 1. Ge−E≥P traditional energy enterprises’ evolutionarily stable strategy.


When Ge−E < P, suppose P is $6,000, and the evolution of the traditional energy enterprises’ strategy is as shown in Figure 2. It illustrates that when the financial penalties are higher than the difference between the compliance cost and the reputation benefit, compliance is traditional energy enterprises’ evolutionarily stable strategy, and the amount of financial penalties has no impact on the evolution speed and result.


[image: image]

FIGURE 2. Ge−E < P traditional energy enterprises’ evolutionarily stable strategy.


In the condition Ge−E < P, the relationship between financial penalties and a regulatory agency’s enforcement level is as shown in Figure 3. It illustrates that in the mixed-strategy game, the probability of strict enforcement will decrease as the financial penalties for non-compliance increase. This means financial penalties suppress non-compliance in the traditional energy enterprise’s group evolutionary result, do not impact the rational individual traditional energy enterprise’s strategy, and negatively correlate with the regulatory agency’s probability of strict enforcement. Therefore, the optimized amount of financial penalties should be slightly higher than Ce−E.


[image: image]

FIGURE 3. Ge−E < P relationships between enforcement level and financial penalties.




Simulation Analysis of Cg and Bg

When Cg−Bg < 0, the regulatory agencies’ evolutionarily stable strategy is as shown in Figure 4. It illustrates that if the cost is lower than the reward for strict enforcement by the regulatory agencies, then their evolutionarily stable strategy is strict enforcement.


[image: image]

FIGURE 4. Cg−Bg < 0 regulatory agencies’ evolutionarily stable strategy.


When Cg−Bg > B + Fg, the regulatory agencies’ evolutionarily stable strategy is as shown in Figure 5. It illustrates that when the difference between the cost and the reward in strict enforcement is higher than the sum of the penalties for negligence and the reward for identifying non-compliance, there is no incentive for strict enforcement, and the regulatory agencies’ evolutionarily stable strategy is loose enforcement.


[image: image]

FIGURE 5. Cg−Bg > B + Fg regulatory agencies’ evolutionarily stable strategy.




CONCLUSION

In regulation studies on environmental pollution by Chinese traditional energy enterprises, conventional game studies and legislation suggest that increasing financial penalties would effectively deter illegal pollution. However, the results from empirical studies show very different conclusions. After identifying the flaws in conventional game studies, in this paper we construct a mixed-strategy game model and an evolutionary game model between regulatory agencies and traditional energy enterprises. Through analyzing the Nash equilibrium and the evolutionarily stable strategy, we optimize the amount of financial penalties to enforce compliance by traditional energy enterprises. The analysis shows the regulatory agencies’ enforcement level decreases as the financial penalties increase. As traditional energy enterprises are more sensitive to the frequency of enforcement than to the amount of the financial penalties, an increase in financial penalties may worsen the environmental pollution control. In the evolutionary game study, the traditional energy enterprises’ strategy is evolutionarily stable in compliance only if the financial penalties reach a certain level. Based on the two game model studies, the optimized financial penalties should consider maximizing the probability of regulatory agencies’ legal enforcement and ensuring that traditional energy enterprises’ evolutionarily stable strategy is compliance.

The final conclusions are as follows. To effectively prevent traditional energy enterprises from performing illegal polluting activities, financial penalties should be set slightly higher than the difference between the economic gain from non-compliance and the reputation benefit from compliance. The rewards for regulatory agencies should be set higher than the cost of strict enforcement, to ensure regulatory agencies’ evolutionarily stable strategy is strict enforcement, and traditional energy enterprises’ evolutionarily stable strategy is compliance.

China’s Water Pollution Prevention and Control Law, revised in 2008, stipulates that for general or large water pollution incidents, financial penalties are calculated at 20% of the direct loss, and for serious and large accidents, financial penalties are calculated at 30% of the direct losses. The Law on Prevention and Control of Air Pollution (draft for comments) stipulates that financial penalties for ordinary or large air pollution accidents shall be calculated at more than one time and less than three times the direct damage, and financial penalties for serious and very large accidents shall be calculated at more than three times and less than five times the direct damage. The updated Environmental Protection Law, implemented in China on January 1, 2015, introduced daily, accumulating fines that accrue on the day after the date of the ordered correction. The laws are considered to have significantly increased the financial penalties for pollution violation. According to these environmental protection laws, the financial penalties for pollution are calculated based on the damage to the environment, which contradicts the conclusions of the studies above. If the profit from long-term illegal pollution is much higher than the damage to society, then the financial penalties for traditional energy enterprises will become the price of illegal pollution. Therefore, the Zijin Mining stock price rose more than 50% after the company was punished. The reason is that the financial penalties were calculated based on the damage to society, and the long-term revenue from the illegal use of high-risk sodium cyanide in the gold refining process has been ignored. If the financial penalties for pollution are increased without restrictions, it will not only cause loose enforcement by the regulatory agencies but also fail to curb the problem of illegal discharge. Therefore, financial penalties for pollution should consider not only the environmental losses but also the illegal revenue from pollution.
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