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Market structure serves as a crucial basis for government economic policies and the formulation of competitive strategies by businesses. It determines the formation of prices, the functioning of supply and demand relationships, the degree of competition, and exerts a significant influence on market economies. This paper first deduces the theoretical implications of carbon emissions trading on market structure and its regulating factors-based Theory of the Firm. It then utilizes the quasi-natural experiment of China’s pilot carbon emissions trading policy implemented in 2013, employing DID model, to empirically examine the policy effects and influencing mechanisms of carbon emissions trading on market structure. We find that carbon emissions trading policies can significantly inhibit market concentration and promote the development of market liberalization. This conclusion remains robust after a series of rigorous tests. Additionally, the analysis of dynamic effects reveals a noticeable lagged and incremental impact of carbon emissions trading policies on market structure. The negative adjustment of market concentration due to carbon emissions trading policies initiates in the policy’s starting year and gradually intensifies in the third phase. As expectations towards the policy stabilize, the negative adjustment decreases, and the short-term effects of carbon emissions trading policies are greater than the long-term effects. To verify the role of carbon emissions trading policies in influencing market structure during their implementation, a mechanism analysis based on cost and benefit perspectives is conducted. The results suggest that carbon emissions trading policies not only increase the environmental costs for industry-leading companies but also reduce the potential gains from market structure adjustments. Therefore, we propose promoting market competition, encouraging technological innovation, and strengthening transparency and regulation while considering differences in market structure. The findings of this paper provide new policy insights for promoting high-quality economic development and deepening market structure reforms in the context of the dual carbon goals.
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1 INTRODUCTION
Countries and regions, such as the European Union, have adopted carbon emission trading rights as a low-cost means of effectively reducing industrial pollution (Kaushal and Rosendahl, 2021). With the rapid growth of the Chinese economy, China’s energy consumption and carbon emissions are enormous. In order to alleviate the increasing pressure of carbon emissions, the Chinese government has included the goal of reducing carbon dioxide emissions as a crucial indicator in the medium and long-term planning of national economic and social development. It actively promotes constructing a carbon emission trading market (Liu et al., 2022). For example, the Chinese government promises to strive to achieve a carbon peak by 2030 and carbon neutrality by 2060. This commitment is a milestone event in China’s response to climate change, opening a new era for the Chinese government to comprehensively transform from energy, economy, science, and technology to low-carbon with carbon neutrality as its target. In 2021, China’s carbon emission trading was officially launched nationwide. Its 2,162 critical emission units in the power generation industry covered approximately 4.5 billion tons of oxidized carbon emissions, making it the world’s largest carbon market. As of the end of 2022, the cumulative trading volume of carbon emission quotas is about 230 million tons, with a cumulative trading volume of 10.4 billion yuan (China Green Capital Market Green Book 2022). The vast scale of carbon trading offers opportunities for emerging low-carbon technology and innovative enterprises. These emerging companies may benefit from carbon emissions reduction by leveraging innovative technologies and low-carbon products to gain a competitive advantage, thereby potentially altering market structures. However, this competitive advantage can also lead to the formation of localized industry clusters, amplifying the concentration of competition. Consequently, under the implementation of carbon emissions trading policies, industrial development faces an interactive structure of competition and agglomeration.
An important issue arising from this is whether the continuous development of carbon emission trading has promoted market concentration or hindered market concentration. The answer to this question not only helps to clarify the market effects of carbon emissions trading but also affects the orientation of market antitrust policies. In order to maintain a stable, reasonable, and effective market competition structure, countries or regions such as the European Union, the United States, China, and Japan are currently strengthening economic antitrust investigations (Rozanova, 2022). However, there is still significant debate within the academic and practical communities regarding the necessity of incorporating anti-monopoly laws into carbon emissions trading. There is also debate on the objectives of market structure and how carbon emissions trading can strike a balance between the relationship between market competition and market concentration. Fan et al. (2016) based on the consideration that enterprises evaluate costs and benefits during economic transition, has developed the Enterprise ESG theory, which employs an input-output performance evaluation model. This theory suggests that sustainable development models can influence strategic decision-making and behavior of companies. While the Enterprise ESG theory explains market structure adjustments resulting from high-quality social development, it mainly focuses on corporate social responsibility and does not consider the impact of unique market regulatory policies, such as carbon emissions trading, in the context of economic transition models. Numerous market regulatory theories demonstrate that the implementation of emission trading policies, including pollution rights, water rights, and carbon emissions trading, leads to different decision-making processes for companies at different stages and periods. Notably, the oversight mechanisms by governments and third-party environmental organizations (Yan et al., 2023), as well as the influence of consumer demand for eco-friendly products on the demand side (Xie B. et al., 2022), significantly impact the adjustment mechanisms of market structures under carbon emissions trading mechanisms. Data on industrial agglomeration in developed Chinese urban clusters reveal an ongoing increase in the scale of agglomeration in the central cities of the Beijing-Tianjin-Hebei, Yangtze River Delta, and Pearl River Delta urban clusters, along with notable energy-saving and emission reduction efforts by these central cities. Emerging urban clusters such as Chengdu-Chongqing and the midstream region of the Yangtze River have also shown synergistic effects between environmental friendliness and agglomeration intensity. However, in most underdeveloped urban clusters, the scale of industrial agglomeration in central cities is decreasing. Thus, it is evident that different stages of carbon emissions trading policy implementation led to continuous adjustments in market structure. Theoretically, carbon emissions trading policies can either create competitive advantages through technological innovation or induce industry agglomeration and monopolies through technological barriers. Therefore, further theoretical and empirical research is needed to fully understand the impact of carbon emissions trading policy implementation on market structure adjustments.
Therefore, the focus of this paper is on the following questions: Did carbon emissions trading either promote or hinder the adjustment of market structures? How do the policy effects of carbon emissions trading impact market structures? What are the mechanisms of policy effects in carbon emissions trading?
Based on this, this paper conducts a quasi-natural experiment utilizing China’s pilot carbon emissions trading policy announced by the government in 2013. The study employs a DID model and selects industry enterprises related to carbon emissions published by the Chinese Ministry of Ecology and Environment from 2009 to 2021 as research samples. It empirically examines the impact of the implementation of carbon emissions trading policies on market structure and its underlying mechanisms. Relative to previous research, this study makes the following marginal contributions: ① it establishes a partial equilibrium theoretical model incorporating non-perfect competition factors, providing a theoretical analysis of the impact mechanisms of carbon emissions trading on market structure under non-perfect competition. This expands the frontiers of sustainable development theory and market structure theory; ② it investigates the effects of carbon emissions trading policies on market structure, enriching the boundaries of the regulatory measures in market-oriented environments in the era of anti-monopoly regulations. Existing studies on market-oriented regulations have seldom considered the effects on market structure. The analysis of the impact of carbon emissions trading policies on market structure, using the Chinese pilot policy as an example, serves as a useful complement to this body of literature; ③ the study identifies causal effects by exploiting changes in policy shocks over time. It effectively utilizes temporal variations in the formulation, promulgation, and implementation of carbon emissions trading policies, focusing on the dynamic effects and lagged increment effects of such policies. Furthermore, the study analyzes the short-term and long-term impacts of carbon emissions trading, providing valuable references and insights for similar empirical research methods; ④ by examining the impact of carbon emissions trading policies on market structure in the context of China, this study offers a reference case and empirical evidence for other developing countries or economic systems in formulating environmental regulatory policies and harnessing their effects.
2 LITERATURE REVIEW
2.1 Studies on market structure
Existing research has conducted extensive discussions on market structure. Factors influencing market structure can be categorized into financial and non-financial aspects. On the financial side, several factors have been identified, including optimal capital structure (Chu, 2012), financial development (Yartey, 2008), financial technology (Khattak et al., 2022), and interest rate markets (Pan et al., 2014). On the non-financial side, factors such as strategic choices (Belkhaoui et al., 2014), security information sharing (Gao and Zhong, 2016), and corporate behavior (Khan et al., 2018) are considered. The adjustment of market structure is influenced and constrained by the interaction of capital utility and business strategies. In recent years, studies have also investigated the concentration level of market structure from the perspectives of government behavior and capital regulation in imperfectly competitive markets. These research perspectives mainly focus on individual characteristics and attributes of single factors, as well as financial and non-financial elements. However, they overlook the discussion of the impact of sustainable economic policies on market structure within the framework of economic transition models. Particularly, the research tends to stress the utility analysis of market structures, while neglecting the influence of new policy institutions that affect market structure. Consequently, in recent years, there has been an increasing focus on the impact of the transitioning economy on market structure (Bakator et al., 2019; Oh et al., 2022).
2.2 Carbon emissions trading and its impact
Carbon emissions trading is an institutional innovation and significant means to address climate change and achieve the “carbon neutrality” goal (Fang et al., 2021; Li et al., 2022). In recent years, carbon emissions trading has garnered extensive attention from scholars (Zhang and Wu, 2022; He and Zhao, 2023). Defined by previous research, carbon emissions trading is seen as a vital policy tool for addressing climate change and reducing greenhouse gas emissions (Duerkop, 1994). Existing studies have predominantly focused on the environmental benefits of carbon emissions trading, yielding a wealth of findings (Aihua et al., 2022; Ma et al., 2020). Wu et al. (2023) employed a comprehensive control approach to identify the impact of carbon emissions trading schemes on CO2 efficiency in the steel industry. They discovered that CO2 emissions efficiency increased by 5% in pilot provinces of China’s carbon emissions trading program, demonstrating the effectiveness of carbon emissions trading in reducing emissions and achieving environmental goals.
Research on the impact of carbon emissions trading primarily focuses on the effectiveness of carbon emissions trading policies and their influencing factors. It emphasizes the drivers, trading mechanisms, and trading impacts of carbon emissions trading. Studies based on economic externality theory (Hu et al., 2023), economic efficiency theory (Zhao et al., 2017; Wang et al., 2022), and sustainable development theory (Pan et al., 2020; Tsai et al., 2022) analyze the economic drivers of developing carbon emissions trading and further examine the equal importance of environmental protection and economic development during economic transition as the direct drivers of carbon emissions trading. However, the process of carbon emissions trading will affect and change various aspects of socio-economic forms (Leimbach; Toth, 2003; Shaheen et al., 2019). The impact mechanism of carbon emissions trading is not a one-way and linear process. Dissanayake et al. (2020) summarizes it as a synergistic growth model, where the implementation of carbon emissions trading pilot policies promotes technological innovation, upgrades industrial structure, and generates synergistic effects with related environmental policies to achieve a sustainable economic development model with ecological and environmental considerations. Consequently, the impact of carbon emissions trading mainly focuses on factors such as green total factor productivity of enterprises (Shao et al., 2023), the achievement of regional “carbon neutrality” goals (Li et al., 2022), and energy efficiency (Hong et al., 2022). It is evident that research on carbon emissions trading is primarily based on the environmental benefits of carbon emissions trading policies and mainly focuses on the macro-regional or micro-enterprise dimensions, lacking the study of utility and its impacts on the meso-industrial dimension.
2.3 Carbon emissions trading and enterprise competition
Under the context of carbon emissions trading, the relationship between the two has received significant attention. Firstly, from the perspective of the enterprise development cycle, Xue & Sun, (2022) argue that market-based environmental regulations have limited stimulating effects on enterprise competition, with more influence exerted in the short term through the form of social responsibility constraints on business development. However, Huang et al. (2022) found that on one hand, high carbon-emitting enterprises may face periodic transformations and adjustments, resulting in increased product costs and loss of existing market positions. On the other hand, the development of low-carbon industries and the promotion of clean technologies may create new industrial opportunities. Enterprises adopting new energy-saving and carbon-reduction technologies may gain market favor due to their environmentally friendly products, swiftly capturing market share. Thus, the implementation of carbon emissions trading may lead to cyclic adjustments and turbulence in the competitive structure of the enterprise market, with inherent heterogeneity in its effects. Zhou & Xu, (2023) based on two scenarios - mature emission reduction technologies and immature emission reduction technologies, find that carbon trading has different outcomes on the output and market power of oligopolistic enterprises. When emission reduction technologies are not mature, the greater the ratio of initial carbon emissions coefficients between the follower enterprises and the leader enterprises, the more favorable carbon trading is to enhance the market power of the leader enterprises, thereby widening the market power gap among enterprises. When emission reduction technologies are mature, the greater the ratio of initial carbon emissions coefficients between the follower enterprises and the leader enterprises, the more favorable carbon trading is to enhance the market power of the follower enterprises, thereby narrowing the market power gap among enterprises.
Secondly, from the perspective of supernormal profits, in a perfectly competitive market, the market-clearing price of carbon emissions trading equals marginal governance costs (Jung et al., 2021), making it unlikely to have debates about supernormal profits. The industries primarily affected by carbon emissions trading are concentrated in energy and manufacturing sectors, making it difficult to achieve a perfectly competitive market structure. Therefore, the policy effects of carbon emissions trading on enterprise competition are limited in a perfectly competitive market. In contrast, imperfectly competitive markets are more aligned with the realities of socio-economic development. Xie L. et al. (2022) found that under imperfect competition, different industries are affected differently, with the electricity industry able to obtain supernormal profits. Xu & Li, (2023) indicate that if the product market is dominated by oligopolies, government regulation may lead to a reduction in enterprise competition. These findings highlight that under the influence of carbon emissions trading, the impact of different market efficacies on enterprise supernormal profits varies.
Based on the comprehensive review of existing literature, many scholars have conducted in-depth research on carbon emissions trading, providing valuable insights for this article. However, there are still some limitations. Firstly, most existing studies focus on the basic functionality of carbon emissions rights, namely, whether they can achieve environmental goals, but whether carbon emissions trading policies have an impact on the overall structure of industry markets from a policy mechanism perspective remains to be verified. Secondly, the research on carbon emissions trading policy tends to be biased towards the enterprise or regional level, with either overly macro or overly micro perspectives, Lack of analysis on the policy impact of carbon emission trading from a mid-level perspective in the industry. Thirdly, although the heterogeneity of the impact of carbon emissions trading on enterprise supernormal profits has been noted due to different development cycles and market efficacies, there is a lack of in-depth research from the perspectives of cyclical dynamics and supernormal profits. In fact, according to the categories of enterprise development cycles, they can be divided into long cycles and short cycles, and supernormal profits can also be further decomposed into excess revenue and costs. After considering the implementation of carbon emissions trading policies, different cycle lengths and cost/revenue mechanisms will affect the market structure of enterprise competition.
3 INSTITUTIONAL BACKGROUND AND THEORETICAL ANALYSIS
3.1 Institutional background
Since 2013, China has led in conducting carbon emission trading pilot projects in seven provinces and cities, including Beijing, Tianjin, Shanghai, Chongqing, Guangdong, Hubei, and Shenzhen. As of the end of June 2021, this pilot project has covered nearly 3,000 key emission units in more than 20 industries, such as electricity, steel, and cement. The cumulative quota trading volume has reached 480 million tons of carbon dioxide equivalent, with a trading volume of up to 11.4 billion yuan. At the same time, many enterprises have reduced their emissions through energy-saving transformation and sold the saved emission quotas, achieving emission reduction and economic benefits. In this situation, many people call for establishing a unified carbon market. Therefore, China launched a national carbon emissions trading market in 2021, which may make it the world’s largest carbon emissions trading market, surpassing the European Union.
3.2 Theoretical analysis
3.2.1 Theoretical model
Firstly, assume that the marginal cost of all manufacturers in a particular industry is MC, and the fixed cost is FC. Considering that China is an essential link in the global economic and trade value chain, it is necessary to consider factors such as import and export before implementing carbon emission trading pilot projects. The export price of the product is EP, the domestic price of the product is DP, and the import price of the product is IP; When EP = DP, Q is the total production, DQ is the domestic sales volume, EQ is the export volume, and IQ is the import volume. Based on the above assumptions, Equations 1, 2 can be easily obtained:
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In Equation 2, DDQ represents the demand for domestic products.
Considering that after the implementation of the pilot policy for carbon emissions trading, the related profits and losses generated by carbon emissions trading will affect the marginal production costs of manufacturers in the industry, mainly manifested in two ways: firstly, the cost of carbon emissions trading, which is related to the assumption that the carbon emissions trading price is [image: image]; The second is energy costs. Zhang, XH, and others have demonstrated increased energy costs for manufacturers based on implementing the carbon emission trading system, such as increased electricity price costs (Zhang et al., 2019). As the marginal cost of manufacturers increases, it is evident that different market structures will have different impact effects (Webb, 2017). For example, under the assumption of monopolistic manufacturers in a linear demand curve relationship and the Cournot model (Wang and Zhao, 2007), the marginal cost transfer rate is (the number of manufacturers affected by carbon emissions trading/the number of all manufacturers in the market+1). When the number of manufacturers is 1, the transfer rate is 50% when substituted into the formula, and when the number of manufacturers is 2, the transfer rate is 66.66%. Gradually increasing, the function limit [image: image] is introduced, indicating that the transfer rate is nearly 100%. From this, the closer the market structure is to perfect competition, the stronger the marginal cost is transferred to the consumption capacity (Mishra and Mishra, 2008). In the context of the same marginal cost transfer rate in the country, it is evident that different market structures will lead to different product price effects. When the product cost price efficiency is represented by [image: image], and the elasticity of domestic product demand price is [image: image] ([image: image] <0), it can be seen that the calculation expression for the total domestic demand considering the impact of carbon emissions trading is:
[image: image]
In Equation 3, [image: image] represents the total domestic demand considering the impact of carbon emissions trading; [image: image] represents the domestic price considering the impact of carbon emissions trading; Others are consistent with those mentioned above. Although considering the different sensitivity levels of demand in domestic and foreign markets can be more precise, it could be more helpful for theoretical analysis. Therefore, we assume that the elasticity of imports and exports is consistent and expressed as [image: image] ([image: image] >0). Considering the impact of the marginal cost increase after the implementation of carbon emission trading policies on import and export demand, we consider that:
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Furthermore, considering the impact of carbon emission trading policies on domestic production, it is:
[image: image]
3.2.2 The effect of carbon emission trading on profits
Assuming that carbon emission rights refer to the EU ETS free allocation model (Zhang and Wei, 2010), there needs to be more correlation between corporate carbon rights quotas and previous emissions and product production efficiency. So, the profit attributable to the manufacturer = product revenue - marginal production cost - carbon rights cost - fixed cost + free carbon quota. The decision-making model is as follows:
[image: image]
Where [image: image] represents the product revenue function; [image: image] represents the unit carbon emission coefficient; [image: image] represents the unit carbon reduction; [image: image] represents fixed cost; [image: image] represents a free quota for carbon rights. The equilibrium conditions for taking the derivative of Q and [image: image] and taking them both as 0 are:
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According to the equilibrium conditions of Equation 8 and Eq. 9, Eq. 10 can be obtained by performing full differentiation on Equation 7 to obtain the [image: image] and [image: image] partial derivatives:
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From Equation 9, the price of carbon emissions trading affects manufacturers’ profits. In equilibrium conditions [image: image], the impact of carbon emission trading prices on profits mainly comes from [image: image] (net effect of carbon emission trading). Suppose the net effect is greater than 0. In that case, it indicates that the manufacturer is the supplier of carbon emissions trading, and the price and profit of carbon emissions trading show a monotonic increasing trend. The higher the carbon emissions trading price, the greater the supply of the manufacturer, and the more significant the profit increase; When the net effect is less than 0, the manufacturer is on the demand side of the carbon trading market, and the higher the price, the more substantial the profit reduction. From Equation 10, it can be observed that the carbon emission coefficient impacts profits. Under the current equilibrium conditions, the impact of unit carbon emission coefficient [image: image] on profits also comes from the net effect of carbon emissions trading. When [image: image], it indicates that the development of the carbon emission trading market is slow, and the adjustment of carbon quotas has no significant effect on manufacturers’ emission reduction. [image: image] results in a negative correlation between manufacturers’ profits and carbon emission coefficients. Manufacturers with high carbon emission coefficients are most affected by profit shocks, and the higher the carbon emission price, the more significant the negative impact on profits for manufacturers. If [image: image], the negative impact of the carbon emission coefficient on profits can be reduced by adjusting carbon emission quotas.
3.2.3 The effect of carbon emission trading on market structure
①The impact of carbon emission trading on individual market share of manufacturers. [image: image] represents the market share of the manufacturer n’s products. When maximizing yield, [image: image], then [image: image] and taking the derivative of [image: image] yields Equation 11:
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Due to [image: image] <0, Equation 11 is also less than 0. Therefore, for individual manufacturers in the market, implementing carbon emission trading will have a negative effect on market share, and the greater the product demand price elasticity [image: image], the higher the carbon emission trading price, and the more significant the negative impact on market share.
②The impact of carbon emission trading on industrial market share. After implementing carbon emission trading policies in China, when foreign manufacturers have a relative advantage in price competition, the industry market share is represented by [image: image]. According to Equation 6 and substituting each variable after [image: image], and then simplifying the derivative of [image: image], Equation 12 can be obtained:
[image: image]
Obviously, [image: image], after implementing the carbon emission trading policy, the higher the industry concentration ratio, the lower the cost-price efficiency, and the smaller the negative effect of the industry market share of domestic manufacturers.
To further investigate the impact of cost and revenue mechanisms on firms’ market share under carbon emissions trading, this study utilizes numerical simulations. The following assumptions are made: Ⅰ. The variation in firms’ market share is influenced by multiple factors, including carbon emission reduction rate and industry concentration. These factors are reflected through cost and revenue mechanisms, which affect the changes in firms’ market share.Ⅱ. At the initial stage, all companies have an equal distribution of market share, meaning each firm starts with the same market share.Ⅲ. The simulation is conducted over a fixed time period, and at the end of each period, the changes in market share are calculated.Ⅳ. The firm’s market share for each period is obtained by averaging multiple simulation runs.
Based on the market share simulation and prediction research by John D.C. Little, this study sets a fixed simulation period of 10 periods and defines the number of firms as 100. Following Equations 11, 12, different equilibrium conditions of [image: image] (0.01, 0.03, 0.05, 0.10) and [image: image] (0.3, 0.5, 0.7), the initial market shares are distributed equally. Figure 1 illustrates the iterative simulation results of revenue mechanisms under different carbon emission coefficients, considering the impact of carbon emissions trading. As the [image: image] value increases, indicating higher carbon emission trading prices, the negative impact on market share becomes more significant. Furthermore, Figure 2 presents the results of iterative simulations considering the impact of carbon emissions trading with different combinations of product cost price efficiency and industry concentration ([image: image] values). From the results shown in the figures, it can be observed that under different [image: image] conditions, higher industry concentration and lower cost price efficiency lead to less negative impact on the domestic firms’ industry market share.
[image: Figure 1]FIGURE 1 | Numerical simulation results of revenue mechanism.
[image: Figure 2]FIGURE 2 | Numerial simulation results of cost mechanism.
In summary, this article proposes Hypothesis 1 and Hypothesis 2 based on the above analysis.
Hypothesis 1. Implementing carbon emission trading policies will suppress market share, and the higher the carbon emission trading price, the more significant the negative impact on market share.
Hypothesis 2. The implementation of carbon emission trading will affect market structure by regulating industrial profits; The higher the price of carbon emissions trading, the greater the negative effects on manufacturers. The more significant role of carbon emissions trading is adjusting market structure by affecting profits (costs and benefits).
4 RESEARCH DESIGN
4.1 Samples and data
This article mainly takes enterprises related to carbon emissions released by the Ministry of Ecology and Environment of China from 2009 to 2021 as research samples Determination of carbon emission and noncarbon emission industries: Since industries related to carbon emissions are mainly concentrated within specific industries such as manufacturing, construction, and energy, the research subjects are the eight significant sub-sectors of petrochemical, chemical, steel, building materials, papermaking, aviation, electricity, and non-ferrous metals in various provinces and cities as key testing industries (Du and Lin, 2018). Moreover, based on this, distinguish between carbon-emitting and non-carbon-emitting industries in the text. Except for the eight major industries mentioned above, all industries are considered non-carbon-emitting industries Determination of carbon emission enterprises: Based on the industry mentioned above differentiation standards and in combination with the 2022 requirements for enterprise greenhouse gas emissions management by the Ministry of Ecology and Environment of China, this article manually organizes and collects the list of carbon emission control enterprises announced by corresponding provinces and cities. Specifically, suppose a specific enterprise belonging to the carbon emission industry in each province and city meets any of the following conditions. In that case, it will be considered a carbon emission enterprise: whether it belongs to the province’s carbon quota payment enterprise, is it a carbon quota clearing enterprise in the local power generation industry; Is it a critical emission enterprise in the local power generation industry, Is it a critical emission enterprise within the province? In order to ensure the caution and stability of the selected samples, combined with the listing situation of financing platforms such as the Shanghai and Shenzhen Stock Exchanges or the New Third Board in the above list of enterprises, and considering that some listed companies have listed later than the policy implementation year, and the published data cannot cover the impact of factors such as the selected year in the experiment, this article excludes the following conditional enterprises: enterprises that have been deregistered by the Ministry of Ecology and Environment of China in the selected samples; Enterprises that cannot obtain reliable data. Finally, this article’s double difference basic sample data includes 50 pilot provinces and cities, and 75 nonpilot provinces and cities, totaling 125 enterprises.
The relevant financial information and provincial and municipal data of enterprises are mainly obtained from the China Stock Market and Accounting Research Database (CSMAR), Wind Database, China Statistical Yearbook, China Energy Statistical Yearbook, China Labor Statistical Yearbook, and national economic and social development statistical bulletins of local governments in various provinces and cities.
4.2 Variable description
Division of treatment group and control group: Based on the specific list of enterprises in the pilot policy of carbon emission trading, this article selects carbon emission enterprises from 7 pilot provinces and cities implemented in 2013 as treatment groups and assigns them as virtual variables with a value of 1; The key listed companies on the noncarbon emission list of pilot provinces and cities are used as the control group, and assigned a value of 0.
Market structure: Market structure variables mainly refer to the market structure within the industry rather than specific market structures related to antitrust enforcement case reviews. Considering the research objectives of this article and previous relevant studies, it is feasible to use the Herfindahl-Hirschman Index (HHI) to measure the market structure faced by enterprises. Firstly, the HHI is an indicator that measures the market power of firms in a given market. A higher HHI indicates a stronger monopoly power in the market, while a lower HHI indicates a higher degree of market competition. Secondly, the HHI is a relatively easy-to-obtain metric that can be calculated using data such as market share and price elasticity. Although the HHI is based on the assumption of market competition and may not be applicable to certain industries or situations with special market structures or industry characteristics, it appears that the selected carbon-emitting companies in this article do not involve significant market distortions or special market structures and industry characteristics in both pilot and non-pilot regions. Therefore, using the HHI as a basis for measuring the market structure variable can effectively reflect the impact of the implementation of carbon emissions trading on the market structure. The calculation of the HHI can refer to the method proposed by Chen & Wang, (2015), and calculates the Lerner index with [(sales volume - operating costs - selling expenses - management fees)/sales volume]. The deviation rate between price and marginal cost expresses the original Lerner index. Considering that it is impossible to obtain the marginal cost value of enterprises accurately, we can only refer to previous research practices and take its approximate value. The higher the Lerner index, the stronger the pricing power of the company in the industry, the higher its competitive position, and the more concentrated the market structure.
Selection of control variables: Based on reference to relevant research (Chen et al., 2021; Chen and Lin, 2021). This article mainly selects control variables from two aspects: the internal characteristics of the enterprise and the external environment. The internal characteristics are the total Asset turnover, enterprise age, enterprise ownership form, enterprise scale, technical level, and asset liability ratio that reflects the company’s operation as control variables. The enterprise scale is mainly measured by taking the natural logarithm of total assets; The external environmental factors mainly include the Tobin Q value of the enterprise and audit intensity. The specific definitions of each variable are shown in Table 1.
TABLE 1 | Variable definition.
[image: Table 1]4.3 Research design
The research purpose of this article is to explore the impact of implementing carbon emission trading policies on market structure. Referring to existing research (Lu and Luo, 2020), this article uses the double difference method to analyze the implementation effect of carbon emission trading policies. The double difference method is chosen because it can effectively overcome the endogeneity problem to a certain extent (Zhou et al., 2019). The control group is the enterprises in the carbon emission trading pilot’s area, and the control group is the non-carbon emission enterprises in other pilot areas. The impact effect of the policy is empirically tested by comparing the changes in the market structure before and after the implementation of the carbon emission trading pilot’s policy. The specific model settings are as follows:
[image: image]
Among them, t represents the year, i represents the enterprise, and the dependent variable [image: image] represents the market structure of enterprise i in year t; [image: image] represents the control group. If the enterprise is in the pilot area, it is 1, and vice versa; it is 0; [image: image] represents the dummy variable of policy implementation time. In this article, 2013 is used as the starting year of the policy, which is 1 in the pilot policy year and after, and 0 before; The coefficient [image: image] of [image: image] reflects the average effect of the market structure of enterprises in the pilot area relative to non-pilot areas after policy implementation; [image: image] represents the relevant control variables of the corresponding enterprise, including company performance (Roa), enterprise age (Age), form of ownership (State), enterprise size (Size), technical level (Tl), Tobin Q value (TbQ), asset liability ratio (Dar), and audit intensity (Aud); The last items of Formula (13) are [image: image], business cycle, inflation, etc., which reflect the time and year fixed effect characteristics that all enterprises need to consider; Reflect the fixed effect characteristics of individuals that do not change over time, such as internal corporate culture, business models, etc., [image: image]; [image: image] represents the residual term; Based on the above discussion, if the coefficient [image: image] of [image: image] in Equation 13 is significantly negative, indicating that the carbon emission trading policy implemented in 2013 can effectively suppress market concentration; If it is significantly positive, it will accelerate market monopoly. Table 2 shows the results of descriptive statistics for variables
TABLE 2 | Descriptive statistical results.
[image: Table 2]5 EMPIRICAL ANALYSIS
To more clearly reflect the framework structure of this section, a flowchart is used, and Figure 3 comprehensively displays the main structure and research objectives of this section.
[image: Figure 3]FIGURE 3 | Empirical analysis structure.
5.1 Benchmark regression analysis
First, we study the changes in the market structure of critical enterprises in pilot areas before and after implementing carbon emission trading policies. The regression results are shown in Table 3. In column 1), only the core explanatory variable is added, and the coefficient of result [image: image] is −0.024, which has a significant impact at the 1% level; Columns 2)–3) add control variables and year fixed effects respectively to columns 1), and the results show that the coefficients of [image: image] are −0.023 and −0.022, respectively, maintaining a significant impact at the 5% level; After adding core explanatory variables, year fixed effects, and individual fixed effects to column 4), the estimated coefficient of [image: image] is −0.024, maintaining a significant impact at the 1% level; The fifth column is the empirical results after introducing control variables based on the fourth column. The estimated coefficient of [image: image] is −0.042, and the absolute value of the coefficient has increased, maintaining a significant impact at the 1% level. The above benchmark regression results show that implementing the carbon emission trading policy significantly reduces the market concentration ratio of carbon emission enterprises. Therefore, the carbon emission trading policy has suppressed the monopoly pattern formed by large energy enterprises in the industry. This result is comparable to the research results on environmental regulation. Specifically, Huang Juan and others measured the environmental efficiency of 37 industrial sectors in China from 2001 to 2013 using the super-efficiency SBM model. Only when the market concentration ratio exceeds a specific threshold value can the environmental efficiency be improved, and the threshold value is positively correlated with the pollution intensity; The promoting effect of environmental regulation on market concentration is diminishing at the margin, and the interaction between environmental regulation and market concentration can improve environmental efficiency, which is more pronounced in the cleaning industry (Huang and Sun, 2019). Therefore, as a market-oriented environmental regulation policy, carbon emission trading policy can directly promote the significant improvement of environmental efficiency on the one hand and can also extend the role of policy effects by indirectly affecting the concentration ratio of the industry market on the other hand. The above conclusions effectively support the inference of hypothesis 1.
TABLE 3 | Regression results.
[image: Table 3]5.2 Robustness test
In order to test the reliability of benchmark regression results, this paper conducts the following robustness tests.
(1) Falsification test. Selecting similar enterprises in nonpilot areas of carbon emission trading policies as pseudo-experimental groups and substituting them into the benchmark regression model, if the estimation coefficient of enterprises in nonpilot areas is significantly negative, it indicates that there are other interference terms in the impact of carbon emission trading on market structure; On the contrary, if the estimated results are not significant, it indicates that the benchmark regression conclusion is supported. The results are reported in column 1) of Table 4. The results show that the estimated coefficient in column 1) is −0.015 and not significant, which also confirms the benchmark regression results from a reverse perspective.
(2) Strength DID inspection. Referring to Zhang, Liu, and Fu (2023)’s method, a strength DID model is constructed (Zhang et al., 2023), which measures the degree of concentration in the industry market structure by using the mean of the Lerner index of enterprises within the 2 years before implementing carbon emission trading policies. Then, an interaction term is generated by multiplying it with time dummy variables for model estimation. From the estimated coefficient result of column 2), it can be found that the coefficient obtained is positive 0.009 and has no statistical significance, which effectively supports the robustness of the benchmark regression results.
(3) Change variable test. In order to eliminate the estimation error caused by the variable setting problem in the benchmark regression model, we choose the industry concentration ratio to measure the market structure enterprises face. The industry concentration ratio is calculated by the sum of the market shares of the industry’s three most significant and five largest enterprises and is represented by ICR3 and ICR5. It can be seen from the estimated coefficients in columns 3) and 4) of Table 4 that the estimated results are still significantly negative after replacing the dependent variables, indicating that the implementation of the carbon emission trading policy will lead to the decline of the market share of the top 3 and top 5 enterprises in the industry, thus effectively reducing the market concentration ratio, which supports the conclusion of the benchmark regression.
(4) Eliminate pre-effects test. Chan, YT found that a policy usually has a corresponding pre-effect before implementation (Chan, 2020), so carbon emissions trading policies may also have a certain pre-effect before implementation, which can lead to an underestimation of the policy effect of carbon emissions trading. Therefore, this article excluded the period for formulating and publicly collecting opinions on carbon emissions trading policies in the regression sample (2011–2012) and reported the regression results in column 5) of Table 4; the estimated coefficient in column 5) is −0.062, which is significant at the 1% level, and the absolute value of the coefficient has also significantly improved, further supporting the robustness of the benchmark regression results.
(5) Impact test of removing COVID-19. Considering the sudden impact of the COVID-19 epidemic on the whole market (Cox and Woods, 2023), in order to exclude the impact of the COVID-19 epidemic on policy implementation data, this paper excludes the samples in 2020 and 2021. The results in column 6) of Table 4 show that the estimated coefficient is −0.050, which is significant at the 1% level. Compared with the benchmark regression results, the absolute value of the coefficient also increases significantly, which proves the robustness of the benchmark regression results.
TABLE 4 | Regression results.
[image: Table 4](6)Placebo test. Considering certain random factors, especially when the sample size is small, may affect the benchmark regression conclusion. As one of the placebo test methods, the substitution test can effectively help distinguish whether the estimated results are statistically significant or randomly generated (Hasegawa and Tango, 2009; Silverman et al., 2019). In the placebo test, the original hypothesis was that carbon emission trading policies had no significant impact on market structure. Under the original assumption, the estimated coefficients from real data can be considered as random samples of envelope distribution so that statistical inference can be made based on the envelope distribution of the estimated coefficients through permutation testing. This article randomly assigns the implementation dates of carbon emission trading policies to various enterprises and randomly sets up an experimental group of carbon emission enterprises. Specifically, referring to Ma, Wu, and Fang (2023)’s method, this article adopts the indirect placebo test method (Ma et al., 2023). The logic is to make the targets of carbon emission trading policies random and find an erroneous variable that theoretically does not affect the outcome variable. Under this premise, if the coefficient estimation result is not 0, it indicates that the estimation result in this article is biased. The experimental method randomly generates a list of carbon emission companies, resulting in an incorrect estimation coefficient. Then, repeat this process 500 times and draw a distribution map of 500 estimation coefficients. According to the results of the placebo test in Figure 4, it can be found that the estimated coefficient of the randomly assigned experimental group objects is distributed near the value of 0, obeying the characteristics of normal distribution. The estimated coefficient belongs to the outlier, which conforms to the expected effect of the placebo test.
(7) Dynamic Effect Analysis and Parallel Trend Testing. While the Difference-in-Differences (DID) method can effectively address endogeneity issues in policy evaluations, it relies on a series of important assumptions. One crucial prerequisite for using the DID method is the parallel trends assumption, which requires that in the absence of external policy effects, the outcome variables of the treatment group and the control group should follow the same trend, ensuring comparability between the two groups. In this study, the baseline year is set as 2009, and the trend of market structure changes and parallel trends of carbon-emitting companies are depicted from 2010 to 2021, before and after the implementation of carbon emissions trading policy. As shown in Figure 5, it is observed that the estimated coefficient of the influence of carbon-emitting companies on market structure is greater than 0 in 2010. However, after the government announced the pilot policy for carbon emissions trading in 2011, the coefficient started to transition from positive to negative. Since the official implementation of carbon emissions trading policy in 2013, the overall trend of the estimated coefficient has gradually magnified with the implementation of the policy, thus further supporting the findings of the baseline regression. The parallel trends plot in Figure 6 also reveals that prior to policy implementation, the development of market structures in both groups remained consistent, but significant changes in the trends of market structures were observed after the implementation of carbon emissions trading policy. These differences persist in certain years until 2021. The parallel trends test and dynamic analysis results further support the findings of the baseline regression.
[image: Figure 4]FIGURE 4 | Placebo test.
[image: Figure 5]FIGURE 5 | Multi-period dynamic effects.
[image: Figure 6]FIGURE 6 | Parallel trend inspection chart.
5.3 Further analysis
(1)Short-term effects and long-term effects. Considering the impact of policy effects, there are both short-term and long-term characteristics. Therefore, referring to the methods of SMITH, JM, and BENNETT, R, this article, based on the benchmark regression model (Smith and Bennett, 1992), uses the variable Time3 to represent the short-term implementation of carbon emission trading policies (assigned as 1 from 2013 to 2015, and 0 for other years); The variable Time4 represents the long-term implementation of carbon emission trading policies (assigned as 1 from 2019 to 2021, and 0 for other years). The estimated coefficients of the two variables and the product term of carbon emission enterprises reflect the short-term and long-term effects of carbon emission trading policies. From column 1) of Table 5, the estimated coefficient of short-term effects is −0.048, which is significant at the 1% level; The estimated coefficient for long-term effects is −0.035; The above results indicate that the implementation of carbon emission trading policies has a strong negative impact on the market structure in the short term, which can effectively alleviate market concentration and monopoly. Over time, this negative impact will gradually decrease. From a statistical perspective, firstly, the absolute value of the estimated coefficient has decreased, and secondly, its significance level is no longer significant. At the same time, this discovery also confirms the dynamic effects in Figure 5.
(2) Cost mechanism analysis. This part of the analysis will conduct empirical tests from two aspects:
TABLE 5 | Regression results.
[image: Table 5]① the strictness of carbon emission rights regulation and the sensitivity of inter-enterprise operations. The implementation of carbon emission trading policies cannot be separated from strong government enforcement efforts, and the enforcement efforts in various regions are mainly reflected in the punishment of ignoring the rules of the carbon emission trading market. Usually, in the early stages of policy implementation, opposition and obstacles from vested interest groups are encountered (Jiang et al., 2022). In theory, the lower the intensity of policy implementation, the higher the probability of enterprises ignoring policy provisions, the lower the probability of actively participating in carbon emission trading mechanisms, and the higher the probability of being punished when encountering sudden inspections (Yu and Li, 2020). In order to quantify the regulatory strictness of carbon emission trading policies and refer to Shen’s approach, this article uses whether the sample enterprises have received administrative penalties related to environmental regulations as the classification standard (Shen, 2022). It uses the number of penalties imposed on enterprises after implementing carbon emission trading policies to reflect the administrative supervision intensity (ASI) index. If enterprises have received more administrative penalties, it indicates that the local administrative supervision intensity may be higher, the higher the cost of reflecting the transaction of carbon emissions rights for enterprises. The results in column 1) of Table 6 show that the estimated coefficients of the core explanatory variable and interaction term are significantly negative at the 5% level, indicating that under the strict supervision of the local government, the pressure on enterprise costs is greater. Implementing carbon emission trading policies also has a greater negative impact on the market structure by adjusting profits, which is consistent with the results derived from the previous theoretical analysis.
TABLE 6 | Regression results.
[image: Table 6]② Referring to the methods of Yang and Wu, this article uses two indicators to reflect the sensitivity of inter-enterprise operations. One is to use the indicator of competition and interaction within the industry, namely, the sensitivity of business strategy between enterprises (CS) (Yang and Wu, 2009), mainly based on the sensitivity of changes in enterprise sales revenue (including sales and management expenses) to its competitors. Suppose the abnormal change in sales revenue of enterprise i from year t-1 to year t is NXit, that is, the difference between the annual change in sales revenue of enterprise i and its industry’s average annual change in sales revenue. The changes can be attributed to corporate behavior’s impact on its competitors’ behavior, commonly replaced by the sum of corporate sales and management expenses (SAM). In this case, the following regression model can be established by industry (n is the number of companies in a certain industry from year t-1 to year t):
[image: image]
Where j represents the industry in which the enterprise is located, i represents the individual enterprise, and t represents the corresponding year. Due to the interaction of competition, the estimated coefficient of enterprise competitor response ([image: image]) is usually less than 0, while the parameter of the enterprise’s competitive behavior change ([image: image]) is usually greater than 0. Due to the different impacts of SAM on the market share of enterprises and their competitors in different industries, the sensitivity of business strategy between enterprises is [image: image]. The larger the CS, the more likely the enterprise will be affected by competitor behavior and the more incentive the product market competition is.
The second is to adopt the degree of similarity in business operations between enterprises (NH) (Wu and Wang, 2009).
[image: image]
Where j represents the industry in which the enterprise is located, i represents the individual enterprise, and t represents the corresponding year. From the results in columns 2) and 3) of Table 6, the estimation coefficients of the core explanatory variables and interaction terms are still significantly negative, indicating that the higher the sensitivity of enterprise operations, the greater the negative impact of the implementation of carbon emission trading policies on market structure. Based on the estimated results in Table 6, regulatory costs and business sensitivity will adjust profits through cost, impacting the market structure. This conclusion effectively supports hypothesis 2.
(3)Income mechanism analysis. Concerning Sunaryo D and Lie D’s method, this part will carry out empirical tests from two aspects of the income of carbon-emitting enterprises and the utilization of advertising business: ①Measure the income of carbon-emitting enterprises from two dimensions of total return on assets (RTA) and net return on assets (ROA) (Lie et al., 2020; Sunaryo et al., 2022). The larger the values of the above two indicators, the better the enterprise’s profitability. The results in columns 1) and 2) of Table 7 show that the estimated coefficients of interaction terms are significantly negative, indicating that as the revenue situation of carbon-emitting enterprises improves, the negative impact of the implementation of carbon emission trading policies on market agglomeration increases, which is conducive to breaking the price monopoly status of traditional industry leading enterprises and achieving a gradual transition from centralized monopoly to a situation where monopolistic competition is combined, which is consistent with the theoretical prediction in this article. ②Measure the degree of utilization of enterprise advertising business by the proportion of sales expenses to operating revenue (Nguyen Thi Phuong & Nguyen Thi Vo, 2021). The results in column 3) show that the estimated coefficient of the interaction term is significantly negative, indicating that the greater the sales advertising intensity of carbon-emitting enterprises, the more significant the negative impact of carbon-emission trading policies on market structure through income adjustment. The estimated results in Table 6 further support the conclusion of Hypothesis 2.
TABLE 7 | Regression results.
[image: Table 7]6 DISCUSSION
As the contradiction between environmental protection and economic development becomes increasingly prominent, many countries are facing the dual challenges of irrational market structure and frequent environmental problems. Adopting a high-quality development model has become a global consensus. According to data from the National Bureau of Statistics of China, China’s carbon emissions increased from about 250 million tons of carbon dioxide in 2000 to about 11.48 billion tons of carbon dioxide in 2022. Meanwhile, during the same period, the market concentration of many industries in China has also increased, calculated by operating income. For example, the market concentration of the automotive industry has increased from the top five enterprises accounting for 67% in 2010 to 78% in 2022. Similar situations have also occurred in industries such as petrochemicals and steel. Therefore, the implementation of carbon emissions trading policies plays an extremely important role in the whole process of market structure adjustment. However, China is not the only country using carbon emissions trading policies to influence market structure. Other countries, such as the United States and the European Union, also recognize the importance and necessity of carbon emissions trading policies (Anke et al., 2020; Ayad et al., 2023). Some countries incorporate sustainable development requirements into the regulation of market monopolies and unfair competition. For example, antitrust agencies can consider a company’s environmental benefits and sustainable development measures to assess the impact of market competition on environmental issues and take corresponding regulatory measures (Ansari et al., 2020). This is of great significance for promoting the healthy development of market structure and ecological environment. However, many businesses and economic entities tend to pursue short-term benefits and pay less attention to long-term environmental sustainability. Conflict often exists among different stakeholders when dealing with market structure and environmental issues. Moreover, achieving sustainable development requires addressing various challenges in technology and economics. The high-quality development model that leads to the realization of market structure and energy saving and carbon reduction still faces many severe adjustments.
However, as companies implement green production methods, their expected market share is likely to be affected. As a result, many companies still choose to use production methods that do not prioritize emission reduction unless it is absolutely necessary (Azam et al., 2022). Market-based environmental regulatory policies have emerged in this passive environment (Zhang et al., 2020). Meanwhile, a significant amount of literature primarily focuses on whether market-based environmental regulatory policies have a significant impact on environmental benefits. Many scholars affirm the importance of such policies for energy conservation and emission reduction (Ke et al., 2022; Pan et al., 2021). Lei et al. (2022) believes that the carbon emissions trading policy implemented in 2013 can optimize the manufacturing structure of Guangdong Province by improving technological innovation of enterprises and increasing foreign direct investment. The research findings support the conclusion of this study, which suggests that carbon emissions trading policies have a positive impact on market structure. However, Constantatos & Herrmann, (2011) argue that the introduction of environmental regulatory policies has a weak impact on market share. The effectiveness of environmental regulatory policies depends on the strength of policy implementation, the environmental context, incentive mechanisms, and penalties, among other factors (Peng et al., 2021; Wahab, 2021). Therefore, this study examines the impact of market-based environmental regulation from a new perspective, using the 2013 carbon emissions trading pilot policy as the basis for comparison. It focuses on carbon-emitting companies and non-carbon-emitting companies in the pilot areas, using the DID method to study the influence of carbon emissions trading policies on market structure within the industry. The study found that carbon emissions trading policies can significantly reduce the Lerner Index, effectively alleviating market concentration and adjusting market structure. Through robustness tests, it was discovered that the implementation of carbon emissions trading policies has a clear lagged and incremental effect on market structure. As policy uncertainty increases, the influence of carbon emissions trading policies on market structure also gradually increases. Additionally, Li & Wang, (2022) argues that the dynamic characteristics of policy mechanisms should be considered in studies on the impact of market-based environmental regulation, and the extension of its conclusions is of great significance. This study explores the entire process of the impact of carbon emissions trading on market structure based on its dynamic effects. It shows that the negative impact of carbon emissions trading policies on market structure has already begun to appear within 3–5 years after their implementation, starting in 2013. In 2014, this negative effect significantly increased. This may indicate increased uncertainty among industry-leading companies regarding their expectations of carbon emissions trading policies. However, as the leading companies, which hold the dominant market position, stabilize their expectations of the policy, the negative impact of carbon emissions trading policies on market structure decreases, as seen in the changing trend between 2015 and 2016. From 2015 onwards, this policy effect continues to decrease year by year. The reason for this may be attributed to the Chinese government’s implementation of the “supply-side structural reform” beginning around 2016 (Ren and Miao, 2022). This reform signifies a revolutionary change in the regulatory framework of market structure in various sectors after 3 years of implementing carbon emissions trading policies. Compared to the prior period characterized by “barbaric growth,” future growth in market share for companies is expected to be more focused on the widespread application of environmentally friendly and energy-saving technologies (Huang, 2019).
In terms of the impact mechanism, Dong et al. (2022) analyzes the spatial mechanism of carbon emissions trading, while this study finds that the implementation of carbon emissions trading policies mainly regulates corporate profits through cost mechanisms and revenue mechanisms, thereby significantly affecting market structure. This conclusion aligns with the theoretical basis that businesses aim to maximize profits (Hoque et al., 2018). Due to the ongoing transformation of China’s economic growth model, companies need to thoroughly adjust and transform their business models, replacing environmentally unfriendly and unscientific production methods with energy-saving and green alternatives (Ge et al., 2023). Achieving this goal will not only make a significant contribution to society but also give companies a favorable position to seize market share (Niu et al., 2022). The ranking of industry market shares will be disrupted by this transformation, leading to a reordering and repositioning (Wu, 2022). It can be foreseen that in the near future, more market-based environmental regulatory policies will impact and influence the market structure of various industries. Companies that neglect environmental costs and fail to adopt green production methods will lose their previous market monopolies, and more products from new technology and high-tech enterprises will replace their leading positions in the industry.
7 CONCLUSION AND RECOMMENDATIONS
This study conducts a quasi-natural experiment using the carbon emission trading policy announced in 2013 to empirically examine the impact of the policy on market structure, employing the DID model. The findings of our research indicate that carbon emission trading contributes to reducing market concentration and promotes the development of market liberalization and competition to a certain extent. We performed a series of robustness checks, including placebo tests and parallel trend tests, which consistently support our conclusions. Furthermore, through dynamic analysis, our study reveals that the policy effect of carbon emission trading gradually increases with continuous policy implementation. Thus, further research is needed to explore the short-term and long-term mechanisms of policy effects. It is suggested that the short-term implementation of carbon emission trading policy effectively alleviates market concentration and monopolistic tendencies. Over time, this impact gradually decreases, indicating that short-term policy effects are greater than long-term policy effects. Moreover, mechanism analysis demonstrates that carbon emission trading can influence market concentration and inhibit monopolistic development of market structure by regulating profits through cost and revenue adjustments.
Based on the above research conclusions, the policy recommendations that can be drawn from this article are as follows.
(1) High-quality development requires effective market-oriented mechanisms, which necessitate the implementation of environmental regulations that are more in line with market mechanisms. As demonstrated throughout the text, carbon emissions trading policies can effectively adjust market structures, reduce market concentration, and achieve a win-win situation for the economy and the environment. To achieve economic transformation and upgrading, it is necessary to further refine and rationalize market-oriented environmental regulations. However, considering that the short-term policy effects of carbon emissions trading are greater than the long-term effects, it is important to maintain an efficient regulatory mode based on effective monitoring in future policy implementations. In terms of monitoring:① Establish a comprehensive carbon emissions monitoring system including real-time data collection and monitoring networks to ensure data accuracy and reliability; ② Develop unified data standards and reporting requirements to ensure accurate and consistent carbon emissions data provided by companies; ③ Strengthen data analysis and modeling capabilities to identify potential market trends and risks, and improve monitoring methods and forecasting models.
(2) In terms of regulatory mechanisms, the government should further enhance the intensity of policy implementation to ensure the effective implementation of carbon emissions trading policies. As the implementation intensity can vary due to the different strengths of law enforcement in different regions, strengthening supervision and management can ensure the concrete implementation of policies. Therefore, the following measures are recommended:① Increase surveillance on key regulated companies to ensure complete and timely statistics of carbon emissions; ② For companies that violate regulations, strengthen punishment while providing policy guidance and recommendations, and offer policy training to management to transform their development and operational concepts; ③ Incorporate a range of environmental regulations, including carbon emissions trading policies, into the government’s performance evaluation system to prevent local protectionism from providing protection for non-compliant companies.
(3) Considering the significant impact of the cost/benefit mechanism on market structures, it is important to encourage enterprises to actively participate in carbon emissions trading. While companies strive for profit maximization, relevant departments can provide assistance and guidance in adjusting market structures. Encouraging companies to utilize the eligible tools provided by carbon emissions trading policies and other compliance instruments, such as setting up dedicated energy-saving and emission reduction departments, can help companies undergo a green assessment while adjusting their market structures. This not only provides reasonable guarantees for companies undergoing market structure adjustments but also helps them provide effective compliance evidence when facing environmental regulation. In addition, it is necessary to establish a carbon emissions allocation system that allocates carbon emission quotas based on companies’ emission reduction targets and performance, encourages companies to actively participate in emission reduction actions, and provides economic incentives such as tax benefits, subsidies, and favorable loan interest rates to participating companies. Furthermore, establishing an open and transparent price discovery mechanism in the carbon emissions trading market encourages companies to autonomously determine transaction prices based on market demand.
While this article has achieved some results in theoretical exploration and empirical research, there are still some limitations. Future extensions and analyses can be conducted in the following aspects: ① A comprehensive consideration of the impacts of different environmental regulatory policies on market structure can be undertaken to conduct a more systematic empirical study and analysis.② Due to data constraints, this study primarily focused on the carbon emissions trading policy implemented since 2013, without fully examining the effects of the carbon emissions trading policy implemented nationwide in China in 2021. Future research can consider conducting further analysis under the influence of this policy. ③ Since the market consists of both supply and demand sides, the analysis solely from the supply side may have a narrow perspective. Further analysis of the impact of carbon emissions trading on market structure from the consumer’s perspective is also needed.
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