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Based on the natural experiment of carbon emissions trading pilots in China, this paper investigates the effect of environmental regulation on corporate tax avoidance. The results show that: 1) Market-incentivized environmental regulation significantly increase the level of corporate tax avoidance. 2) Heterogeneity analysis shows that the effect is more obvious on the non-state-owned firms, firms with severe financing constraints, and firms in highly competitive industries. 3) We find that the reduction of cash flow is the channel for environmental regulation to affect corporate tax avoidance. 4) Further analysis shows that government subsidies can alleviate the enhancement of tax avoidance by environmental regulation. The more government subsidies a company receives, the less tax avoidance it has.
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1 INTRODUCTION
Climate change is a global issue, which threatens human production and development, and has received widespread attention from governments. In 2016, The Paris Agreement proposed to achieve the goal of net-zero emissions in the second half of this century, setting off a global wave of “carbon neutrality”. Subsequently, several countries put forward the goal of “carbon neutral”. To control greenhouse gas emissions, governments have introduced a series of environmental regulations (Dong et al., 2018). Countries have favored carbon emissions trading policies for their ability to reduce carbon emissions in the most cost-effectively way. Since the European Union was the first to establish a carbon emissions trading market in 2005, several regional carbon trading systems have played an essential role in reducing CO2 emissions (Peng et al., 2015). The core idea of carbon trading is to impose total emission control on carbon emissions. Specifically, the government allocates carbon emission allowances to firms, which can only emit within the limits of the carbon emission allowances they own and purchase in the trading market. By internalizing the external emission cost into the production cost of firms, the establishment of a carbon emission trading system provides a compelling incentive for carbon emission reduction. Specifically, it reduces the total carbon emission and improves the carbon emission performance of firms (Zhang et al., 2019; Xuan et al., 2020; Zheng et al., 2021; Dong et al., 2022).
Theoretically, carbon emissions trading policy can achieve carbon emission reduction targets at the lowest total cost. However, in the short term, after the establishment of the carbon emissions trading market, carbon emissions will have the cost of compliance for firms in addition to the direct effect of reducing their carbon emissions. Implementing a carbon emissions trading policy is equivalent to imposing new constraints on corporate production and operation decisions. After establishing the carbon emissions market, firms need additional costs for quota trading, investment, innovation, management, and other behavior adjustments. Environmental regulation may also influence the adjustment of corporate tax decisions (Geng et al., 2021; Yu et al., 2021). As local governments pay more attention to environmental governance, the bargaining power of environmental firms increases, which may help firms obtain a more lenient tax collection environment and tax incentives (Mills et al., 2013). When firms have stronger connections with local governments, firms can reduce their own tax burden by exerting political influence (Yu et al., 2021). In addition, there may be a trade-off between corporate tax behavior and corporate environmental performance disclosure as two important CSR elements. Fallana and Fallan (2019) found that firms with the highest mandatory environmental reporting disclosure also have less tax avoidance, while firms with higher voluntary disclosure have more tax avoidance. Sari and Tjen (2016) found that corporate environmental performance strengthens the negative relationship between corporate social responsibility and corporate tax avoidance. Higher corporate environmental performance scores are associated with less corporate tax avoidance. Strict environmental regulations may also cause changes in local taxing behavior by creating fiscal pressure for local governments, affecting corporate tax burden. Ye and Lin (2020) explored the effects of environmental regulations on local government taxing behavior and corporate tax burden in China and found that strict environmental regulations cause tax base erosion and lower local government tax revenues. Under fiscal pressure, local governments will increase tax rates by strengthening inspect, bringing additional tax costs to enterprises, leading to unfair tax distribution.
Environmental regulations can impose costs on firms. When facing liquidity constraints, firms may also adjust their tax avoidance behavior to increase retained earnings and cash flows through tax avoidance activities to undertake endogenous financing, alleviate financing constraints, and cope with external risks (Beck et al., 2014). Geng et al. (2021) found that environmental regulations promote corporate tax avoidance by increasing business risks and financing constraints. The environmental regulation has a spillover effect on corporate tax burden. In terms of costs, when faced with command-controlled environmental regulation, firms focus on end treatment to achieve immediate pollution reduction targets (Shao et al., 2021), while market-incentive environmental regulations can bring long-term compliance cost expectations for firms, and firms may have less incentive to avoid taxes. The “innovation offset effect” (Porter and Linde, 1995) induced by the implementation of carbon emissions trading may reduce or offset its burden on firms and increase their total factor productivity (Peng et al., 2021), improving their financial position and cash flow (Abrell et al., 2008; Oestreich and Tsiakas, 2015). Therefore, its impact on corporate tax avoidance is not clear. Next, based on the carbon emissions trading policy, this paper uses a quasi-natural experiment approach to explore the causal effect of implementing market-incentivized environmental regulation on corporate tax avoidance.
This paper contributes to extant research in the following aspects. First, this paper broadens the understanding of how market-incentivized environmental regulation affect corporate behavior. Existing studies confirm the effects of environmental regulation on industrial structural upgrading (Wang et al., 2021), corporate total factor productivity (Gray, 1987), and corporate behaviors such as innovation, investment, location, export, and labor demand (Porter and Linde, 1995; Hering and Poncet, 2014; Cai et al., 2016; Shen et al., 2017; Shi et al., 2018; Li et al., 2021). Geng et al. (2021) and Yu et al. (2021) validate the effect of command and control on the behavior of firms based on the 11th Five-Year Plan and the Environmental Protection Law in China, respectively. Compared with other policies, market-incentivized environmental regulation can provide strong incentives for firms to sell emission permits that exceed the standards. After implementing the carbon pilot, firms can even sell emission permits that exceed the standard to gain additional revenue and compensate for the cost of environmental regulation (Porter and Linde, 1995). Does market-incentivized environmental regulation affect corporate tax avoidance? Based on a quasi-natural experiment approach, this paper reveals that firms may actively avoid taxes in response to the impact of carbon emissions trading, a market-incentivized environmental regulation policy. Second, the paper broadens the understanding of the external factors of corporate tax avoidance. Tax avoidance is a fundamental challenge commonly faced by developing countries, and even rich countries with strong monitoring systems face high rates of tax avoidance (Pomeranz and Vila-Belda, 2019). Existing research suggests that corporate tax avoidance is influenced by corporate characteristics such as size, the structure of ownership, characteristics of executives, internal control mechanisms, and other internal factors (Rego, 2003; Khurana and Moser, 2013; Richardson et al., 2013; Olsen and Stekelberg, 2016). In addition, there are external factors such as tax systems, collection techniques, product markets, media scrutiny, and economic policy uncertainty (Falkinger, 1995; Kleven et al., 2011; Kubick et al., 2015; Kanagaretnam et al., 2018; Dang et al., 2019). This paper explores the effect of carbon emissions trading policy, which are widely used by governments for carbon emission reduction, on corporate tax avoidance.
The rest of the paper is structured as follows. Section 2 introduces the background of China’s carbon emissions trading policy and presents the research hypothesis. Section 3 presents the model construction and data description. Section 4 is the empirical findings, including baseline results and robustness checks. Section 5 focuses on heterogeneity and the mechanism of influence and analyzes the role of government subsidies, which is followed by conclusion in the last section.
2 INSTITUTIONAL BACKGROUND AND RESEARCH HYPOTHESIS
2.1 China’s ETS Emissions Policy
As the world’s largest carbon emitter, China set the goal of “striving to peak by 2030 and achieving carbon neutrality by 2060” in 2020. According to the World Energy Statistics Yearbook 2020, China’s carbon dioxide emissions reached 9.81 billion tons in 2019, accounting for 28.6% of global emissions, far exceeding the United States, which is the second-largest emitter with 5.03 billion tons of carbon emissions, accounting for 14.6% of global emissions. At present, China’s carbon emission intensity per unit of GDP is about three times the world average, which is still at a high level globally. In 2009, China proposed the goal to achieve a 40–45% reduction in carbon emissions per unit of GDP in 2020 compared to 2005. In response to global climate change and fulfilling its carbon emission reduction commitments, seven pilot carbon emission trading provinces and cities of Shenzhen, Shanghai, Beijing, Guangdong, Tianjin, Hubei, and Chongqing were identified in 2011. The carbon emission trading market was gradually launched in 2013 and20141. As of September 2017, the cumulative quota turnover of the seven pilot carbon markets exceeded 197 million tons of carbon dioxide equivalent, with a turnover of over RMB 4.5 billion. After implementing the pilot carbon emission trading market, China has achieved the carbon emission reduction targets of 17 and 18% per unit of GDP for the 12th and 13th Five-Year Plan periods in 2015 and 2020, respectively. Emission reduction targets were set in 2010 and 2015, respectively. The carbon emission intensity in 2020 will be reduced by 48.1% compared to 2005, fulfilling the carbon emission reduction targets promised to the international community.
Unlike command-controlled environmental regulation, carbon emissions trading policy aim to treat the right to emit carbon emissions as an asset underlying and use market-based trading instruments to achieve CO2 emission reduction targets. The operation of China’s carbon emissions trading policy is Chinese Emission Allowances (CEA), supplemented by Chinese Certified Emission Reduction (CCER). In the specific implementation, the relevant functional departments determine the maximum carbon emissions. Combining the number of regional emission units and the carbon emission intensity of each unit, the carbon emission allowances are decomposed into the compulsory emission companies. If the actual carbon emissions of the emission-controlled firms exceed the quotas, the firms can purchase their carbon dioxide emission rights for the excess emissions from the firms with surplus through the carbon trading platform. When the corporate carbon dioxide emissions are lower than the obtained quotas, they can sell the remaining carbon emission rights in the market. To complement this, a voluntary emission reduction market is introduced in addition to the quota market. Companies that exceed emissions standards are allowed to purchase certified emission reductions from companies that carry out “carbon offset” activities, and voluntary emission reduction companies can sell certified emission reductions to achieve profitability.
2.2 Theoretical Analysis and Research Hypothesis
Based on different logics, the effect of carbon emissions trading on corporate tax avoidance has different expectations. Therefore, we propose two different hypotheses on the effect of carbon emissions trading policy on corporate tax avoidance.
Implementing carbon emissions trading policy may enhance the degree of corporate tax avoidance in the following ways. First, implementing carbon emissions trading pilot breaks the original equilibrium of enterprises and increases the cost of pollution control, allowance trading, or fines. Environmental regulations create additional expenses for firms, inevitably increasing their costs and affecting their competitive advantage (Zhao and Sun, 2015). When facing greater competitive pressure, firms avoid taxes to reserve more money to maintain their market position (Cai and Liu, 2009). Second, establishing the carbon trading market has prompted the public and government to pay more attention to climate change issues. Investors expect stricter regulations in the future, higher required rates of return will be demanded for high-emitting firms. The uncertainty of environmental regulatory policies further exacerbates the difficulty and cost of raising external finance for firms (Koch and Bassen, 2013; Jong et al., 2014). When the cost of exogenous financing is high and internal cash flow is insufficient, firms may use tax avoidance as a way to obtain funds (Beck et al., 2014; Edwards et al., 2016). Third, environmental regulation policy will cause increased uncertainty in the business environment, and the management of firms will become inaccurate in predicting future cash flows. Firms will tend to respond to future adverse risks by hoarding extra cash (Dudley and Zhang, 2016). Tax avoidance can reduce corporate cash outflows and the cost of raising external funds. The degree of corporate tax avoidance for precautionary motives may be enhanced. Fourth, carbon emission policies may enhance corporate social responsibility and reputation, reducing the opportunity cost of reputation loss when corporate tax avoidance is detected, so firms may improve the degree of tax avoidance. The corporate tax avoidance faces the cost of being discovered and penalized by tax authorities and the corresponding loss of reputation (Allingham and Sandmo, 1972). Godfrey (2005) argued that firms can rely on a good social reputation to improve their ability to resist risks, and firms may see the fulfillment of environmental responsibility and disclosure of environmental information as a way to enhance a good reputation. Firms are less negatively affected by tax avoidance risks and thus enhance their tax avoidance activities. Although firms can choose other ways to counteract the risk of carbon emissions trading policies, tax avoidance has less impact on normal production and business activities than cutting expenses and investments (Edwards et al., 2016). In addition, the risk of tax avoidance for firms is not too high due to the large information asymmetry (Cai and Liu, 2009). When corporate liquidity decreases and faces financing constraint dilemmas, the opportunity cost of corporate tax avoidance consequently decreases and, at the margin, induces more corporate tax avoidance. As a result, we propose hypothesis 1.
Market-incentivized environmental regulation represented by carbon emissions trading will enhance corporate tax avoidance.
Implementing carbon emissions trading policies may weaken the degree of tax avoidance of firms in the following ways. First, carbon emissions trading may bring additional benefits to firms. Liu et al. (2021) show that carbon emissions trading policies increase the non-operating income of firms included in carbon emission controls. Meanwhile, existing studies find that carbon emissions trading may increase corporate total factor productivity (Peng et al., 2021), and improve their financial position and cash flow (Abrell et al., 2008; Oestreich and Tsiakas, 2015). Since corporate tax avoidance is not costless, the incentive to avoid taxes will decrease when the financial performance of firms improves. Second, environmental regulations can cause firms to reduce, shut down, or relocate their production, resulting in a potential loss of revenue for local governments and creating fiscal pressure on governments. Unlike other countries that usually take initiatives to cut spending in response to fiscal pressure, local governments in China tend to increase revenue by strengthening tax collection efforts to raise corporate tax rates when facing fiscal pressure from reduced revenue (Chen, 2017; Ye and Lin, 2020). When the tax authorities strengthen inspect, the space for corporate tax avoidance is compressed, and the degree of corporate tax avoidance is reduced (Allingham and Sandmo, 1972). Third, the implementation of carbon emissions trading policy will enhance the environmental information disclosure of enterprises, which will reduce corporate tax avoidance. Although the carbon market disclosure in China is weak in terms of the carbon markets in each pilot region (Dong et al., 2019), implementing the carbon emissions trading policy still strengthens corporate carbon information disclosure to some extent. Environmental information disclosure increases corporate visibility and liquidity, attracting public scrutiny and government regulation. When firms are subject to stricter regulation, the probability of corporate tax avoidance being detected increases and may reduce tax avoidance activities. Wang et al. (2020) found that corporate environmental information disclosure can improve corporate take performance, and the improvement of corporate financial performance may also reduce corporate tax avoidance to some extent. As a result, we propose hypothesis 2.
Market-incentivized environmental regulation represented by carbon emissions trading will decrease corporate tax avoidance.
3 STUDY DESIGN
3.1 Model Settings
Carbon emissions trading policies are implemented gradually at the provincial level with rich temporal and regional differences. This paper explores the effect of environmental regulation on corporate tax avoidance using a quasi-natural experiment with carbon emissions trading policy carried out in seven regions after 2011, using a difference-in-differences approach (DID). The specific model is as follows.
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where [image: image] indicates corporate tax avoidance of firm i in year t. [image: image] represents whether firm i is in the pilot area of carbon emission trading reform in year t. If firm i is in the pilot area in year t, then [image: image] is 1. Otherwise, it is 0. [image: image] is the set of control variables, [image: image] and [image: image] represent firm and year fixed effect, and [image: image] is the error term.
3.2 Variables and Data
3.2.1 The Explained Variable
The explained variable is the extent of corporate tax avoidance. The difference between corporate pre-tax accounting earnings and taxable earnings effectively conveys corporate tax evasion (Wilson, 2009). In general, the greater the degree of corporate tax evasion, the greater the difference between pre-tax accounting earnings and taxable earnings. Desai and Dharmapala (2006) developed a method to measure corporate tax avoidance regarding the difference between pre-tax accounting earnings and taxable earnings after excluding corporate surplus management. The regression model is as follows.
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In model (2), [image: image] indicates tax accounting difference of firm i in year t, measured as the difference between the pre-tax accounting profit and the taxable income of the firm at the end of the year as a share of total assets. [image: image] is the accrued profit of firm i in year t, measured by the difference between net profit and net cash flow from economic activities as a percentage of total assets. The residual term [image: image] is the tax difference after excluding the surplus management factor, which is used to measure the tax avoidance of the firm by regressing the tax difference [image: image] on the total accrued profit [image: image]. The larger the value of [image: image] the larger the corporate tax difference and the higher the degree of corporate tax avoidance.
3.2.2 Explanatory Variable
The explanatory variable is the dummy variable of carbon emissions trading policy implementation ([image: image], which represents whether firm i is in a pilot region of carbon emissions trading policy in year t. [image: image] is the interaction term of the policy dummy variable ([image: image]) and the time dummy variable ([image: image]). [image: image] represents the dummy variable of whether the pilot carbon emission trading policy is implemented in the region where the firm is located, including Beijing, Tianjin, Shanghai, Chongqing, Hubei, and Guangdong (Shenzhen belongs to Guangdong), and [image: image] represents the region where the firm does not implement the pilot carbon emission trading policy. [image: image] represents the dummy variable after implementing carbon emissions trading policy. Specifically, the starting time of carbon emissions trading varies among regions, with Shanghai, Beijing, Guangdong, and Shenzhen starting the pilot in 2012, Hubei, Tianjin, and Chongqing starting their pilot projects in 2013.
3.2.3 Control Variables
Based on previous studies, we also control for other characteristics that may affect tax avoidance, including Size, return on assets (ROA), asset-liability ratio (Leverage), the intensity of fixed assets (Capital), inventory density (Inventory), Age, and level of cash holdings (Cash). Of these, Size is calculated as the log of the corporate total assets, ROA is measured as net income to total assets, Leverage is calculated as total liabilities to total assets, Capital is calculated as fixed assets to total assets at year-end, Inventory is calculated as net inventory to total assets at the end of year, Age is calculated as the log of the corporate years of existence, and Cash is calculated as the balance of cash and cash equivalents as a share of total assets (Stickney and McGee, 1982; Zimmerman, 1983; Gupta and Newberry, 1997; Rego, 2003; Cai and Liu, 2009; Richardson et al., 2016; Yu et al., 2021).
3.3 Data Sources
The firm-level data used in this paper are obtained from the China Stock Market and Accounting Research (CSMAR) database. The sample period of this paper is from 2008–2016. We cleaned the data as follows. First, we only kept the industrial firm because the industries covered by the carbon emission trading market are mainly industrial firms. To ensure the accuracy of the estimation results, we removed the non-industrial firms. Second, we removed the samples with ST and ST* in the current year. Third, we removed the samples with missing main variables. Fourth, we removed the samples with the actual tax burden greater than 1 or less than 0. Fifth, we performed winsorize treatment on continuous variables at the 1 and 99% quartiles. In the section on robustness checks, this paper employs some macro-level variables, and the data are obtained from the China Statistical Yearbook. Table 1 presents the descriptive statistics for main variable.
TABLE 1 | Descriptive statistics.
[image: Table 1]4 EMPIRICAL RESULTS
4.1 Basic Regression Results
4.1.1DID Estimation
Table 2 reports the baseline regression results of model 1). Column 1) of the regression controls only for annual fixed effects and firm fixed effects only. And in column 2), we further control firm-level factors. We find that coefficients are both positive, which are significant at the 5% confidence level. This result suggests that implementing the pilot of carbon emissions trading increases the tax avoidance, indicating that market-incentivized environmental regulation have an elevating effect on corporate tax avoidance. This result verifies hypothesis 1. In terms of control variables, consistent with the findings of existing studies, the coefficient of the corporate profitability variable is significantly positive, indicating that tax avoidance is relatively more frequent among enterprises with higher profitability. The coefficient of the corporate gearing variable is significantly negative, indicating that companies with high gearing have relatively fewer tax avoidance activities and lower tax avoidance. Inventory intensity is negatively correlated with tax avoidance behavior, and the higher the inventory intensity, the lower the degree of corporate tax avoidance. The higher the level of cash flow of the enterprise, the more liquid the enterprise is and the lower the degree of tax avoidance of the enterprise.
TABLE 2 | Baseline results.
[image: Table 2]4.1.2 PSM-DID Estimation
Considering the effect of possible group differences between the treatment and control groups on the policy assessment results, this paper uses PSM-DID for robustness test. Drawing on Blundell and Costa Dias (2020), we use a year-by-year matching method to find a matching treatment group for each year. The specific matching process using PSM is as follows. In each sample year, the propensity score is calculated using Logit model with whether the sample firm is a firm in the carbon trading region as the dependent variable and Size, Age, Leverage, Capital, and ownership nature as the independent variables. Then, based on the calculated propensity score, we use one-to-one neighbor matching to screen out companies similar to the treatment group2. After eliminating the unsuccessful matches, a new treatment group with similar characteristics to the treatment group was obtained, and the DID estimation of the model 1) was re-estimated. The specific results are presented in columns 3) and 4) of Table 2. It can see that the implementation of the carbon emissions trading policy still has a significant elevating effect on the level of corporate tax avoidance. This indicates the results of DID estimation are robust.
4.2 Parallel Trend Test
One of the basic prerequisites for the validity of the DID approach is the assumption of parallel trends, i.e., if the treatment group is not subject to policy interventions, its trend effect should be the same as that of the control group, i.e., the difference between the treatment and control groups should not change over time. Since the “counterfactual” state in which the treatment group is not subject to policy shocks is unobservable, the only way to test for differences in time trends between the treatment and control groups is by looking at the pre-pilot period. To test whether the time trends between the treatment and control groups were the same before the reform, we refer to the time analysis proposed by Jacobson et al. (1993) to determine the dynamic effect of the carbon trading pilot. The model is set up as follows.
[image: image]
Among them, the dummy variable [image: image] is a series of time dummy variables, [image: image] denotes the year when the carbon trading emission rights policy started to be implemented, k represents the k-th year of carbon trading emission rights policy implementation (k ≤ −4, −3, −2,0,1,2,3), and the omitted year is k = −1, so the reported treatment effect is relative to the time of the year before the reform started. By focusing on the coefficient [image: image], it is possible to determine whether there is a pre-existing ex-ante trend between the control and treatment groups. Figure 1 shows the distribution of the coefficient [image: image] for each year before and after the implementation of the carbon emissions trading policy. We see that the coefficient of [image: image] is not statistically significant before implementing the carbon trading emission rights policy, which implies that there is no systematic difference between the treatment group and the treatment group before implementing the policy assumption of parallel trend holds. Meanwhile, after implementing the carbon trading pilot, the effect of environmental regulation on corporate tax avoidance is revealed.
[image: Figure 1]FIGURE 1 | Parallel trend test.
4.3 Contemporaneous Policy Interference
In addition to implementing carbon emissions trading policy, China has adopted several other environmental regulatory policies during the sample period of this paper. Implementing other policies during the sample period may lead to biased estimates, and we test the robustness of our results by excluding these confounding effects.
4.3.1 Excluding the Confounding Effect of the Emissions Trading Reimbursement and Trading Policy (ETRT)
Since 2007, China has gradually implemented a system of paid use and trading of emission rights in 11 regions in Jiangsu, Zhejiang, Tianjin, Hubei, Hunan, Inner Mongolia, Shanxi, Chongqing, Shaanxi, Hebei, and Henan to reduce pollutant emissions. Within the sample interval, Chongqing, Hubei, and Tianjin are pilot regions of both carbon trading rights system and the emissions trading reimbursement and trading system, which may make our observed results not by carbon trading rights system but by emission rights paid use and trading system. Therefore, in column 1) of Table 2, we control for the dummy variable of whether the firm was a pilot of ETRT in the year. The conclusions show that the coefficients of the ETS variables remain significant at the 5% level, and we do not observe a decrease in the coefficients compared to the results in column 2) of Table 2, implying that the baseline results are not affected by the ETRT.
4.3.2 Excluding the Interference of Low-Carbon Provinces and Low-Carbon Cities Pilot Policies
To control greenhouse gas emissions, China launched pilot low-carbon provinces and low-carbon cities in five provinces and eight cities in 2010, with the explicit goal of reducing carbon emission intensity in the pilot areas3. In 2012, the country further expanded the scope of the pilot program and launched the second batch of national pilot low-carbon provinces and low-carbon cities. Implementing of the pilot policies of low-carbon provinces, regions, and cities likewise increases the degree of environmental regulation in the pilot areas, affecting the accuracy of the baseline regression estimates. Column 2) of Table 3 reports the estimation results after controlling for the dummy variable of whether the firm was in a low-carbon province and low-carbon city pilot region in that year. It can see that the coefficients of the ETS variables, although slightly decreasing, are still significant at the 5% level, which indicates that our estimation results are not affected by the low-carbon region policy.
TABLE 3 | Robustness checks.
[image: Table 3]4.3.3 Excluding the Disturbance of “Replace Business Tax With Value-Added Tax Policy”
To reduce double taxation, China started a pilot reform in 2012 to convert firms to replace business tax with Value-Added Tax. The implementation of the reform has changed the phenomenon of industrial firms not being able to obtain credits for services they previously purchased, eliminating tax barriers between upstream and downstream industries such as transportation and manufacturing, and also reducing the tax burden (Liao and Pan, 2015). The reduced tax burden of firms brought by the “replace business tax with Value-Added Tax policy” may offset the effect of the carbon emissions trading policy on corporate tax avoidance, leading to an underestimation of our results. In column 3) of Table 3, we control for the dummy variable of whether or not the “camp reform” was implemented in the year in which the firm is located, and conclude that the coefficient of the ETS variable is still significantly positive, indicating that our results are robust again.
4.4 Further Robustness Tests
4.4.1 Redefining the Treatment and Control Groups
In the basic regressions, we define the firms located in the pilot regions of carbon emissions trading as the treatment group and the firms in the non-pilot areas as the control group. To exclude the differences between provinces, we narrow the study to the pilot regions. Theoretically, the policy effects of the pilot reform of carbon emission trading rights are mainly concentrated on firms in high-carbon industries and have less effect on other firms. Based on the list of key emission control firms announced by each region, we have identified high carbon industries. We set the companies that belong to the high-carbon industry in the pilot area as the treatment group, and the companies that do not belong to the high-carbon industry as the control group. Then re-regress the model 1). The results in column 4) of Table 3 show that the coefficient of ETS is positive and slightly increasing. Significant at the 1% significance level, indicating that implementing the carbon emission trading rights policy significantly enhances the level of tax avoidance of firms affected by the carbon emission trading rights system. The basic conclusion is robustly present.
4.4.2 Replacement of Explanatory Variable
In column 5) of Table 3, we test whether the baseline results depend on the measure of corporate tax avoidance. Instead of the DDBTD indicator after excluding the surplus management factor, we use the ETR indicator, which is also widely used in the literature to measure corporate tax avoidance (Hanlon and Heitzman, 2010; Geng et al., 2021). The lower the value, the higher the level of tax avoidance. Column 5) of Table 3 shows that the regression coefficient of ETS is significantly negative. This indicates that the carbon ETS policy significantly reduces the actual tax burden of firms, i.e., it increases the level of corporate tax avoidance, indicating that our result is not affected by index of corporate tax avoidance.
4.4.3 Adding Control Variables
To reduce the effect of omitted variables on the estimation results, we include an interaction term between the province dummy variable and the time trend term in column 6) of Table 3 to control changes over time across provinces. We control province-level control variables in column 7) of Table 3, such as regional industrial structure, total imports and exports as a share of GDP, and regional tax revenue growth rate. The results show that the baseline results are robust.
4.5 Placebo Test
4.5.1 Substitution for Firms Not Subject to Policy Intervention
In the parallel trend test, we confirm no systematic difference between the treatment and control groups before the carbon trading rights policy pilot. However, if there is an effect of other potentially unobservable factors that make systematic differences between the treatment and control groups after the introduction of the carbon trading pilot, it may result in our baseline results being due to other factors. A reasonable conjecture is that if corporate tax avoidance in pilot and non-pilot areas is affected by other factors, it will inevitably also affect firms not affected by the carbon trading rights policy. As a result, we conducted a placebo test on firms in the pilot and non-pilot regions that are not part of the high-carbon industries, defined as the treatment and control groups according to the definition of high-carbon industries defined in Section 4.4.1. Theoretically, suppose the pilot carbon trading rights cause the increase in tax avoidance. In that case, the newly defined treatment group and control group are not affected by the pilot carbon trading rights. So the coefficient of ETS should not be significant at this time. Column 8) of Table 3 reports the results of the placebo test, and the coefficients of ETS are not significant, indicating that our baseline results are robust.
4.5.2 Configuration of Spurious Treatment Groups
To check whether the results are affected by omitted variables, referring to Chetty et al. (2009) and Li et al. (2016), we randomly assign the implementation of the carbon trading rights policy to each region to conduct the placebo test. By randomly assigning each province’s treatment status, we can make the policy shock of carbon trading rights to firms in each province random and obtain random fictitious treatment groups and random coefficient estimates. If the spurious treatment variables significantly affect tax avoidance, it indicates that our baseline results may be biased. Figure 2 illustrates the distribution of the random coefficient estimates [image: image] extracted by repeating model 1) 500 times, and it can observe that the mean value of the random coefficient estimates is close to zero, and the estimated coefficients reported in column 2) of Table 2 are significant outliers in the placebo test. These observations suggest that the baseline results are driven by carbon emissions trading policy rather than unobserved factors.
[image: Figure 2]FIGURE 2 | Placebo test.
5 FURTHER DISCUSSION
5.1 Heterogeneity Analysis
5.1.1 Nature of Ownership
State-owned enterprises (SOEs) and non-SOEs may differ in terms of their tax avoidance actions. SOEs are naturally more politically connected to the government and have greater bargaining power with regulators. Furthermore, they can absorb the additional costs associated with policies (Huang, 2003). And executives of SOEs have an incentive to please the government by paying taxes generously, with lower incentives to adopt tax avoidance to obtain funds (Bradshaw et al., 2019). In addition, the government-controlled background of SOEs allows them to receive large supportive government subsidies and bank loans, face a more relaxed financing environment and lower financing costs (Liu et al., 2016; Zhang et al., 2019), so SOEs are less likely to be in financial distress. Hering and Poncet (2014) find that China’s Sulphur dioxide emissions trading rights pilot policy significantly reduced exports from the pilot provinces, and the effect is more evident on private firms. Especially because better access to financing made it easier for SOEs to use advanced technologies, thus enabling them to stay in business as environmental regulation tightened. In columns 1) and 2) of Table 4, we regress model 1) on the sample of non-SOEs and SOEs separately, and the findings show that the effect of carbon emissions trading policy on corporate tax avoidance is mainly present in non-SOEs, while it is not significant in SOEs.
TABLE 4 | Heterogeneity analysis.
[image: Table 4]5.1.2 Degree of Financing Constraints
Firms with severe financing constraints have poor access to external financing and higher cost of financing, and are more likely to resort to internal financing such as tax avoidance to save cash flow to alleviate financing constraints when subjected to policy shocks (Law and Mills, 2015; Edwards et al., 2016). We use the SA index, which is commonly used in the literature, as a proxy variable for the degree of a corporate financing constraints (Hadlock and Pierce, 2010). The SA index is calculated using the formula: [image: image]. Where Asset is the logarithm of the corporate total assets and Age is the corporate age. A higher SA index represents a more severe financing constraint. In terms of variable definitions, firms are ranked from the highest to the lowest degree of financing constraint for each industry in each observation year. If a corporate rank is in the top (bottom) 50% of all firms in the industry, the firm is considered the group with a high (low) degree of financing constraint. Columns 3) and 4) of Table 4 demonstrate the groups with high and low financing constraints, respectively. The coefficients of ETS variables are significantly positive only in the group with a high degree of corporate financing constraints. It indicates that the effect mainly exists in firms facing a high degree of financing constraints, while it is not significant in firms with a low degree of financing constraints.
5.1.3 Degree of Industry Competition
Intuitively, the higher competitive pressure a firm faces, the more likely it will avoid taxes to have more cash for investment to compete in the market. Cai and Liu (2009) examined the effect of competitive market pressure on corporate income tax avoidance. They found that the higher competitive market pressure a firm faces, tax avoidance is more severe. Bulan et al. (2009) pointed out that when market competition becomes fierce, the reduction of corporate profit margins weakens the ability of companies to create cash flow and releases signals of decline in debt solvency. Therefore, competition will increase the difficulty of external financing for companies. Furthermore, when firms are subject to policy shocks, the increase in economic burden is not entirely borne by shareholders, but it is passed on to customers under certain conditions. Smale et al. (2006) pointed out that firms in carbon trading pilots can pass on the cost of carbon to consumers by raising prices. However, when the market is highly competitive, it is difficult for companies to pass on. Therefore, firms in a competitive market may have a greater incentive to evade taxes. We use the CR10 index to measure the degree of market competition (Hall and Tideman, 1967; Cai and Liu, 2009), which represents the ratio of the ten largest firms in the industry to industry-wide sales (CR10) as a proxy for the degree of competition in the industry. In the definition of the variable, the industry is ranked from the highest to the lowest level of competitive intensity. If a corporate industry is in the top (bottom) 50% of competitive intensity, the firm is considered in the group with a high (low) level of industry competition. Columns 5) and 6) of Table 4 show the groups with high and low industry competitive intensity, respectively. The findings show that the coefficients of ETS variables are significant in industries with high industry competitive intensity. It indicates that the enhancement effect of environmental regulation on corporate tax avoidance mainly exists in firms with high industry competition and is not significant in firms with low industry competition.
5.2 Mechanism Analysis
5.2.1 Cash Flow Level
The increased intensity of environmental regulations may increase the cost of corporate investment in environmental protection equipment and pollutant treatment improvements, resulting in higher actual product costs, which reduces the competitiveness of corporate products given the same product quality, leading to lower sales or exports of corporate products (Hering and Poncet, 2014), and exacerbating corporate cash flow constraints. Chen et al. (2021) pointed out that China’s carbon emissions trading policy pilot reduced corporate output, operating income, main operating costs, and net cash flow. The reduced level of corporate cash flow after implementing carbon emissions trading policy may be one of the reasons for corporate tax avoidance. In this paper, we use the net cash flow generated by the corporate operating activities after adjusting total assets as a measure of the corporate operating cash flow. In column 1) of Table 5, we replace the explanatory variable in model 1) with cash flow level. The result shows that operating cash flow is significantly lower for firms in the carbon emissions trading pilot region. Further, in column 2) of Table 5, we replace the explanatory variable with the corporate current ratio, calculated by the corporate current assets to current liabilities. In this way, we will examine the changes in the solvency of companies after implementing the carbon emissions trading policy. The result shows that the solvency of firms has declined significantly after the implementation of the trading pilot, which the decline in profitability may cause.
TABLE 5 | Potential mechanisms.
[image: Table 5]5.2.2 Corporate Innovation Capability
The increase in R&D investment demand of the regulated firms after implementing the carbon trading pilot may be one of the channels for firms to avoid taxes. Existing studies have not reached a unanimous conclusion on the research of carbon emissions trading on corporate green innovation (Shi et al., 2018; Wang et al., 2019; Chen et al., 2021). On the one hand, before the establishment of the carbon emission trading rights system, firms faced a more relaxed carbon emission reduction constraint, the cost of carbon emissions was low, and the incentive to reduce emissions was not high. After implementing the carbon emissions trading pilot, firms were forced into the carbon market aggregate control increased the cost of carbon emissions, prompting firms s to tend to reduce their own emission reduction costs by increasing R&D investment to achieve low-carbon technology transformation (Wang et al., 2019). On the other hand, the reduction of corporate cash flow and expected revenue after implementing the carbon emissions trading policy may reduce corporate R&D investment (Chen et al., 2021). We replace the explained variable in column 3) of Table 5 with the corporate green innovation measured by the logarithm of the number of corporate green patent applications, where a larger number of corporate green patent applications represents a higher level of corporate green innovation. The coefficient of the ETS variable is significantly negative, and the result suggests that the carbon emissions trading policy reduces the level of corporate green innovation. After implementing the carbon emissions trading policy, firms did not enhance their R&D investment, indicating that the increase in R&D investment is not a channel for firms to avoid taxes.
5.2.3 Corporate Capital Investment
To reduce the cost of carbon emissions, emission-controlled firms need to invest a large amount of capital for upgrading production equipment, and corporate tax avoidance may be motivated by corporate capital investment needs. Drawing on Richardson (2006) measure of intra-firm investment, we define intra-firm investment as (cash paid for the purchase of fixed assets, intangible assets, and other long-term assets - net cash recovered from the disposal of fixed assets, intangible assets, and other long-term assets - depreciation) as a proportion of total assets. Column 4) of Table 5 explores whether carbon emissions trading policy increase firms’ internal investment by including the amount of internal investment as an explanatory variable. The conclusion shows that the coefficients of the ETS variables are not significant, indicating that the increased level of corporate tax avoidance caused by the carbon emissions trading policy is not due to an increase in the amount of internal investment by the regulated firms.
5.2.4 Corporate Overhead Costs
The increase in business management costs due to the carbon emissions trading policy may motivate corporate tax avoidance. Tightening environmental regulation may impose new constraints on corporate production and management decisions, prompting them to provide environmentally compatible products and services. When external environmental regulation change, firms need to incorporate various environmental policies and plans into their operational strategies and adjust specific behaviors regarding product design, process technology selection, management techniques, production processes, quality management, and other related business management (Gupta, 1995). After implementing carbon emission policies, companies may implement aggressive carbon reduction plans, initiate environment-related performance measures, and adjust their original organizational frameworks, bringing about a significant increase in corporate management costs. We use the share of corporate overhead costs in operating income as a measure of corporate overhead costs, and try to explore whether the facilitation effect of environmental regulation on corporate tax avoidance is due to the increase in overhead costs by the change in overhead costs of pilot firms. The findings in column 5) of Table 5 show that the coefficients of the ETS variables do not show statistical significance, indicating that the carbon emissions trading policy did not increase corporate overhead costs. The increase in the degree of corporate tax avoidance after the post-pilot implementation may not be caused by an increase in corporate overhead costs.
5.2.5 Operational Risk
The existing literature suggests that strict environmental regulation can change firms’ original operating patterns and impose additional constraints on their production decisions, thus increasing their operational risks (Peng et al., 2021). When companies face the effect of carbon emissions trading policy, they may increase tax avoidance activities for preventive motives to withstand the uncertainties and risks they face. Geng et al. (2021) confirmed that after facing stricter environmental regulation brought about by the “11th Five-Year Plan”, companies have increased corporate tax avoidance. We refer to the practice of Dhaliwal et al. (2011) and define the company’s operational risk (OR) as the standard deviation of the company’s return on total assets in the next 3 years, and use OR as the explained variable to explore the effect of carbon trading emissions on affected companies. The effect of operational risks. The regression results in column 6) of Table 5 show that the regression coefficients of the EST variables are not significant, indicating that the implementation of carbon trading emission policies has not had a significant effect on corporate operational risks, and the increase in corporate operational risks is not the primary motivation for corporate tax avoidance.
5.3 Effect of Government Subsidies
Carbon trading emission policy brings additional costs for firms, making firms face more financing constraints and lower liquidity as an important motive for tax avoidance. In contrast, government subsidies can bring direct cash flow to firms and improve their financial liquidity. Government subsidies can reduce a series of sunk costs brought by corporate innovation and R&D and help firms resist the risk and loss of R&D failure, thus reducing the incentive of tax avoidance. In addition to directly supplementing corporate capital, government subsidies can release positive signals to the outside world, attract social resources to gather, alleviate corporate financing difficulties and guide market expectations, further weakening corporate tax avoidance incentives in an environment of economic policy uncertainty. Columns 1) and 2) of Table 6 distinguish between the subsamples with high and low government subsidies levels. The regressions conclude that the effect of carbon emissions trading policy on corporate tax avoidance is mainly found in firms with low levels of government subsidies. Column 3) of Table 6 incorporates the interaction term between government subsidies and ETS in an attempt to explore the moderating effect of government subsidies on environmental regulation and corporate tax avoidance, and the findings indicate that the facilitating effect of environmental regulation on corporate tax avoidance is weakened for firms that receive higher government subsidies.
TABLE 6 | Government subsidies and corporate tax avoidance.
[image: Table 6]6 CONCLUSION
As ecological improvement becomes a global consensus, market-incentivized environmental regulation tools are increasingly. Environmental regulation triggers adjustments in firm behavior. Based on a quasi-natural experiment of carbon trading emission, this paper explored the effect of market-incentivized environmental regulation on corporate tax avoidance using a sample of industrial firms listed in China. The results show that 1) Market-incentivized environmental regulation significantly increase the level of tax avoidance of firms in the region where the carbon trading rights pilot is implemented. Our findings remain robust after conducting robustness tests such as excluding the confounding effects of contemporaneous policies, reclassifying the control and control groups, replacing the measure of corporate tax avoidance, and including more control variables. 2) Heterogeneity analysis shows that tax avoidance significantly increases for non-state-owned firms, firms with severe financing constraints, and firms in competitive industries after a policy shock. 3) Mechanistic analysis suggests that the decrease of cash flow may be a channel affecting corporate tax avoidance. 4) Government subsidies help mitigate the elevated effect of environmental regulation on corporate tax avoidance. The more government subsidies a company receives, the less tax avoidance it has.
The results of this paper provide insights into the implementation of carbon emissions trading policy. When firms face stricter environmental regulation, they resort to tax avoidance to defray the costs associated with the policy. When assessing the cost of carbon policies, governments should also pay attention to the effect of the policies on the tax avoidance behavior of different firms. Based on the results of this paper, we offer the following suggestions: 1) Strengthen the cooperation between environmental protection departments and other departments. Share data and information with tax authorities to increase enforcement against regulated firms and curb unreasonable tax avoidance. 2) Reducing corporate cash flow is the main motivation for corporate tax avoidance. To cope with the crowding out of corporate cash by emissions cost after implementing carbon emissions trading policy, environmental protection departments should help the private firms and financing constraints serious firms to broaden financing channels. 3) To encourage green R&D investment and low-carbon technology innovation, the government should continue to increase tax incentives such as tax deductions for R&D expenses, and give subsidies to regulated firms through various support policies.
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FOOTNOTES
1In December 2016, a carbon emission trading market was also established in Fujian Province. The sample period of this paper is from 2008–2016, so Fujian Province is not taken into consideration
2In order to ensure the reliability of the matching results, we carry out a matching balance test. It is found that the observable variables of the treatment group and the control group are basically not significantly different after matching
3The pilot areas are the five provinces of Guangdong, Liaoning, Hubei, Shaanxi and Yunnan and the eight cities of Tianjin, Chongqing, Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang and Baoding
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