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Introduction: The Chinese government has taken the lead in proposing a carbon trading market policy to address the negative impact of excessive carbon emissions on global climate change. Since this policy’s implementation in 2011, it has had a profound impact on economic development and the structure of the national economy. In this context, we aim to study how environmental regulation and transition risks associated with climate change affect corporate capital structure.
Methods: Based on data provided by listed companies in China’s energy-intensive sector, this study uses a Difference-in-Difference (DID) model to examine the effect of the carbon trading policy on corporate capital structure.
Results: According to our results, we predict that the carbon trading policy will significantly reduce the corporate debt ratio, which remains true even when an instrumental variables approach is used to account for endogeneity and after robustness tests are conducted. This study also shows that the negative effect of the carbon trading policy on corporate capital structure is mainly a product of internal capital demand and external capital supply. In addition, the reduction effect that the carbon trading policy has on the corporate debt ratio is more significant among firms with lower government subsidies and among nonstate-owned firms.
Discussion: These findings imply that under the implementation of a carbon trading market policy, firms’ financial decision-making will change significantly in response to the policy-induced shocks of elevated corporate risk behaviour.
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1 INTRODUCTION
Since the turn of the century, extreme weather events brought about by global climate change have been frequent worldwide, and the resulting ecological degradation has threatened the survival of the human race. It is against this backdrop that world leaders ratified the Paris Agreement, which attempted to establish a shared target for greenhouse gas emission reductions among the ratifying countries. The Chinese government has implemented a number of measures aimed at controlling greenhouse gas emissions, which have prominently involved carbon trading policy in recent years. At the end of 2011, China launched a carbon trading pilot program in seven provinces and cities. Since then, each pilot program has demonstrated a markedly different market profile and implemented their respective policies by actively organizing energy-based enterprises. On July 16 of 2021, the national unified carbon emission trading market was officially launched. The construction of the national carbon market adopts a “twin-city” model; i.e., Shanghai is responsible for the construction of the trading system and Wuhan in Hubei is responsible for the registration and settlement system. Thus, China’s various carbon emissions trading market pilots finally ushered in a unified national system.
The European Commission defines energy-intensive sectors as those where energy consumption is higher than the corresponding average for all sectors over the same period. The energy-intensive sector mainly relies on the production and utilisation of traditional energy sources and generally belongs to the raw material industry. Coal has been the main primary energy source for decades, but its unclean and inefficient nature has contributed to China’s many problems with pollution. Decarbonisation of the energy sector has recently received increasing attention as a key method of reducing carbon emissions, which can be achieved most directly through the increased use of renewable energy sources.
Firms have expressed concerns that they will be forced by the carbon trading policy to purchase carbon emission rights, thereby increasing their research investment in reducing emissions and thus increasing their operating costs. This will in turn stimulate firms to acquire more equity financing and drive down corporate leverage. At the same time, as lenders gradually incorporate carbon-related risks into lending decisions, the cost of corporate debt will increase and firms will subsequently reduce their recapitalisation leverage, which will also drive down corporate leverage. According to capital structure theory, firms will trade off the costs and benefits of debt due to the presence of market frictions (Modglini and Miller, 1958). Carbon trading markets can influence the corporate capital structure by altering its cash flow capacity and financing costs (for example, in the form of operating risk and transition risk). Existing research on carbon trading policy focuses on the impact of carbon constraints on the financial performance of carbon trading market players (Zhang and Liu, 2019), as well as the linkages between carbon trading markets and energy and capital markets (Ma et al., 2020). Some scholars have also studied the impact of the carbon emissions trading pilot program on the total factor productivity of firms (Pan et al., 2022). At the financial market level, there is literature examining the directional predictability of carbon trading prices to stock market prices (Razzaq et al., 2022). However, it remains unclear whether and to what degree the carbon trading policy affects corporate financial decisions and corporate capital structure at the firm level. Whether the carbon trading policy, which is associated with the implementation of China’s carbon peaking and carbon neutrality goals, will influence corporate capital structure, and to what degree, is an important question concerning the ability of financial services to adapt and their subsequent behavioural changes under the green transition. In the context of global climate change and China’s dual carbon targets, the carbon risks faced by energy-intensive firms have come to the fore and are already receiving attention from investors. Our research’s primary focus is how the carbon trading policy’s implementation has impacted these firms’ finances and liabilities as well as their transmission mechanisms. In addition, a core objective of our study is to inform regulators and to see the ways in which firms in different situation adapt to the changes. With this better understanding, more appropriate policy may be set to establish a more sustainable social economy. To this end, this study examines the impact of carbon trading policy on corporate capital structure using a Differences-in-Differences model (DID) and a research sample of Chinese A-share listed firms in the energy sector. This paper finds that the proposed carbon trading policy would significantly reduce the corporate debt ratio, which remains true even after applying an instrumental variables approach with parallel trend and placebo tests. We also find that the effect of the carbon trading policy on the reduction of the corporate debt ratio is more pronounced among privately owned firms and those with lower government subsidies. Meanwhile, the overall effect also varies depending on other related policies. The findings of this study suggest that corporate financial decision-making behaviour in the energy sector will see significant changes under the influence of the carbon trading policy as a response to the higher corporate risk shocks resulting from the energy transition.
This study contributes to the existing literature in at least three ways: First, it examines capital structure from the perspective of the carbon trading policy, providing a new perspective for observing and revealing the drivers of corporate capital structure. The existing literature on the determinants of corporate capital structure has been examined extensively at multiple levels, including firm characteristics, industry characteristics, institutional environment, and macroeconomic policies and uncertainties (Givoly and Hayn, 1992; Rajan and Zingales, 1995; Agrawal and Matsa, 2013). However, very little literature has focused on carbon trading policy in particular. This study finds that carbon trading policy is an important influencing factor on corporate capital structure, an addition which enriches and expands the literature on capital structure determinants.
Second, this paper examines how carbon trading policy affects corporate financial decisions. Existing research on carbon trading policies has focused on analysing the market efficiency of ETS pilots (Zhao et al., 2016; Montagnoli and De Vries, 2020), the relationship between carbon trading policy implementation and the mechanisms behind carbon emission reduction (Lin and Huang, 2022), as well as global economic turmoil and its impact on carbon markets (Perdan and Azapagic, 2011). Meanwhile, existing literature similar to our research focus on the dimension of risks and the impact on financial leverage. Nguyen and Phan. (2020) reported that the increased risk of financial distress due to increased carbon risk could lead to a reduction in financial leverage. Lin and Wu. (2022) concluded that carbon trading policy would increase the corporate risk-taking level of firms involved. Shu et al. (2023) found that carbon policy risk reduces the financial leverage of A-share listed firms in China through three mechanisms: financial constraints, bankruptcy risk, and government power. Our study is different in that focusing on the energy-intensive industries and the carbon trading policy, we present innovative and rigorous theoretical mechanisms: the debt funding mechanism and the demand mechanism for equity issues. We also extend the heterogeneity test in the aspect of corporate nature and government subsidy level to examine the impact of carbon trading policy, which expands the body of knowledge on the influence of carbon trading policy on corporate financial choices.
Third, the cap-and-trade system, as a government regulatory instrument, reflects the indirect effects of climate risk on business. Our study provides guidance for other articles examining climate risk. At the same time, our research has targeted recommendations for capital decisions in China’s energy-intensive and emission-intensive industries, providing the theoretical perspective necessary for a paradigm shift in support of a transition to a low-carbon economy. In the global low carbon transition, developing countries might experience environmental measures comparable to those in China. This study therefore provides a strategic direction for the developing countries to update its transformative policies.
The remaining content is organized as follows. Part 2 provides an overview of the existing literature and proposes relevant hypotheses based on this review, after which Part 3 explains the study design, data, and models. Parts 4 and 5 present the empirical results and mechanism tests, while Part 6 presents the heterogeneity analysis results. The final part provides the conclusions and implications of this research.
2 LITERATURE REVIEW
2.1 Carbon trading market
With the signing of the Kyoto Protocol, the carbon trading market has become an essential measure in the struggle to save energy and reduce emissions at this historic moment. Following the ratification of the Paris Agreement in 2016, global efforts to reduce carbon emissions reached a new level. Carbon trading is a market-based tool for regulating the industrial carbon footprint which also has an effect on other financial markets.
Different industries utilize different calculation methods to define the measurement of carbon emissions. Ji et al. (2022) quantified the carbon intensity (CEI) metric to capture the impact of traffic flow on emissions. Li and Sun. (2021) estimated the total carbon emissions of China’s logistics industry using the IPCC’s carbon accounting method. Chen and Li. (2020) selected the intensity of research and development, value added in agriculture, agricultural labour force ratio, general level of urbanisation, rural disposable income per capita, and the area of cultivated land per capita as influencing factors to measure agricultural carbon emissions.
Carbon trading policy is an efficient environmental regulation tool. As an instrument of government regulation, a carbon emission quota allocation is one of its most basic and essential components. A carbon trading policy makes it possible for participants to exchange excess quotas to reduce emissions, turning environmental protection into typical corporate behaviour (Du et al., 2021). If a firm has a lower carbon quota and is under a higher level of regulation, the impact on the firm’s environmental behaviour will be more significant (Borghesi et al., 2015). Due to being politically feasible, reasonably priced, and having a relatively certain outcome, carbon trading regulation can effectively lead to the best allocation of relevant resources in the economy using carbon price signals (Liu et al., 2022). Carbon trading regulation can help reduce carbon sources and increase carbon sinks by restructuring industries, coordinating low-carbon policies, promoting cultural diffusion, increasing green space construction and reducing energy intensity to achieve a state of carbon neutrality (Wang et al., 2022a).
Carbon permits, one of the main components in China’s carbon trading market, are rapidly developing into a serious financial instrument. In Wang et al. (2019), the authors demonstrate that under established resource and environmental constraints, there is a degree of positive correlation between China’s carbon trading policy and signs of a low-carbon economic transition. The carbon trading pilot policy is expected to exert a significant positive influence on low-carbon innovation by firms that fall under its purview, particularly by reducing barriers to financing low-carbon innovation (Qi et al., 2021a). Qi et al. (2021b) revealed that the carbon trading pilot policy has contributed to greater levels of industrial low carbon competence through the promotion of low carbon technological progress. Empirical results showed that carbon trading mechanisms, R&D intensity, and investment in contamination control have all had a positive impact on the effectiveness of green development (Zhu et al., 2020).
As a form of government intervention, carbon trading regulation plays an essential role in upgrading industries and spurring innovation. Zhou and Wang (2022) concluded that China’s emissions trading scheme can significantly boost sustainable technical innovation in pilot cities. According to the governmental development strategy and policy, environmental regulations may prove their own worth by continuing to significantly increase these beneficial effects. Zhou et al. (2020) found that there is a clear imbalance between China’s carbon efficiency and its upgrades to industrial structures. Guo et al. (2022) concluded that the focus on research and development as well as industrial upgrades serve as a form of intermediation between CETP, IFCER and carbon emissions. Wang et al. (2022b) found in their analysis that from 2000–2017 there was an increasing trend in the coupling of carbon emissions with industrial and technological innovation at the district level. Martin et al. (2016) found that carbon trading regulation positively promoted the decision-making behaviour of enterprises at the environmental level. Enterprises under carbon trading regulation were more inclined to carry out low-carbon technological innovation.
The impact of carbon trading regulation on China’s energy-intensive industries can be reflected in the following concrete areas. Through technological advancement, carbon trading schemes can decrease the carbon intensity of China’s energy-intensive industries and boost carbon efficiency and R&D intensity (Tan and Lin, 2022). Lund. (2007) investigated the effect of the European Emissions Trading System (ETS) on the cost of the energy-intensive manufacturing sector, including both direct costs associated with mandated CO2 reduction requirements and indirect costs arising from the corresponding increase in electricity prices in the power sector. In addition, carbon trading regulation affects land supply as the availability of energy-intensive industrial land is impacted by local governmental decisions (Huang and Du, 2020). In the financial world, Sun et al. (2022) found that carbon trading regulation may cause the dominant market to reverse the cause-and-effect relationship between the carbon market and the stock market. The existing literature on the financial impact of carbon trading regulation on these firms is still relatively small.
2.2 Corporate capital structure
Modern capital structure theory began with the publication of Modigliani and Miller. (1958). In an ideal world, corporate capital structure has no impact on value. Corporate risks are all anticipated by investors and already built into financing costs. Corporate debt to equity ratio is only influenced by its preference for funding sources. Two theories discuss this relationship: the trade-off theory and the pecking order theory. First, trade-off theory suggests that a firm can finance part of its capital structure through debt and part through equity, and therefore must weigh the costs and benefits of each. Trade-off theory ultimately supports the interests of leverage in a capital structure.
Recent literature focuses on the impact of corporate financial characteristics, corporate employee characteristics, corporate governance characteristics and taxation on corporate capital structure from the perspective of the company itself (Givoly and Hayn, 1992; Rajan and Zingales, 1995; Booth et al., 2001; Ozkan, 2001; Gaud et al., 2004; Agrawal and Matsa, 2013; Larkin, 2013). Many researchers have examined the influence of finance, the legal system and culture on corporate capital structure and adjustments in the macro environment in which the firm operates (La Porta et al., 1998; Beck et al., 2004a; Beattie et al., 2006; Serfling, 2016). Other researchers have focused on inter-firm interactions, examining how the behaviour of supply chain firms and the behaviour of firms in the same industry or region affect corporate capital structure (Hoberg and Phillips, 2016; Klasa et al., 2018).
Harris and Raviv. (1991) examined theories of capital structure based on agency costs, informational asymmetry, product market interactions and enterprise control factors. Saif-Alyousfi et al. (2020) verified that profitability, tax-shielding, growth opportunities, liquidity, non-debt tax and the volatility of returns on measures of debt all have a significant impact on debt measures. Board size, equity concentration and corporate size also have a positive effect on capital structure while state ownership and corporate profitability have an opposite effect on capital structure (Feng et al., 2020). Alabdullah et al. (2018) revealed that increasing the number of non-executive positions on the board has a significant negative effect on the financial leverage ratio, while non-executive directors have a negligible impact on the capital structure. The proportion of female directors is the most influential board characteristic in terms of capital structure decisions. This characteristic is negatively correlated with leverage, cost of debt and maturity of debt (García and Herrero, 2021).
As mentioned in Jensen’s (1986) study, capital structure may have a significant impact on corporate performance. Nguyen (2020) stated higher debt utilization in a capital structure would positively improve corporate performance, but this positive impact gradually diminishes. Firm size and profitability are positively related to firm value, while capital structure is a factor negatively influencing firm value (Dang et al., 2019). For short-term debt, capital structure decisions have a positive impact on financial performance (Ngatno et al., 2021).
2.3 Carbon trading market and corporate capital structure
Previous research has posited that firms with worse environmental records, involving more carbon emissions, or that are more exposed to environmental risks, could experience higher capital costs (Sharfman and Fernando, 2008; Chava, 2014). Some academics have considered the financial and investment performance of such companies to be poor (Dowell et al., 2000; Konar and Cohen, 2001; Stefan and Paul, 2008; Matsumura et al., 2013).
Environmental policies may influence corporate financial behaviour. Total factor productivity can be considerably increased by environmental regulation and digitalisation, thereby enabling manufacturing enterprises to modernize (Wen et al., 2022). Xu et al. (2022) found that increased short-term financing for long-term investments by energy-intensive firms may result from the pressure brought on by environmental policies. There is some existing literature that analyses the green credit policy in the category of environmental policies. Green credit policy may raise the cost of debt financing for heavy emitters and polluters but lower the cost of debt for environmentally friendly firms (Xu and Li, 2020). Zhang et al. (2021) concluded that green credit policy encourages high polluting and high emission corporations to obtain funds in the short term, but over time it has a punitive impact and greatly deters investment by such firms.
Environmental policies relating to carbon regulation expose firms to associated uncertainty risks, which are also known as carbon risks. Carbon risks could affect capital structure through a firm’s operating leverage and risk of financial distress. Reduced carbon emissions can possibly reduce business risk and promote access to external capital markets, which may lead to increased debt financing and financial leverage (Sharfman and Fernando, 2008). Nguyen and Phan. (2020) suggested that carbon risk is another important element of corporate capital structure as firms facing higher carbon risks due to strict carbon controls will have lower financial leverage. Furthermore, they state that the impact of carbon risk on capital structure is mainly applied through traditional trade-off mechanisms.
In examining the impact of carbon trading on capital structure, researchers usually view the issue from two perspectives: the cost of equity and the cost of debt. In terms of the cost of debt, studies found that banks only started pricing the risk of stranded fossil fuel reserves after the Paris Agreement was adopted, resulting in higher credit costs for fossil fuel enterprises. Banks are also less concerned with the overall carbon footprint of firms as opposed to their emissions when it comes to premiums (Ehlers et al., 2021). Kleimeier and Viehs. (2016) concluded that there was an obvious positive impact on loan spreads prior to the adoption of the Paris Agreement [54]. Some country-specific studies have found that both total carbon emissions and carbon intensity increase the cost of debt (Kumar and Firoz, 2018; Maaloul, 2018).
In terms of the cost of equity, some studies have argued that the cost of equity capital for high-emitting firms has increased due to financial investors demanding compensation for the increasing regulatory and market risks brought by the economy’s low-carbon transition (Oestreich and Tsiakas, 2015; Trinks et al., 2022). Trinks et al. (2022) explained that a firm’s carbon intensity has an obvious positive impact on its cost of equity. Carbon intensity is positively correlated with the cost of equity capital, but this correlation can be reduced through extensive carbon disclosure (Bui et al., 2020).
In summary, the aforementioned seminal studies have discussed the manners and mechanisms by which environmental records and carbon risks may affect capital structure. As China’s carbon emissions trading policy is still in its initial stage, there has so far been little literature analysing the impact of this policy on the capital structure of firms; furthermore, there has been no in-depth analysis of the mechanisms of its impact and the effects of other factors on capital structure.
The capital structure of the energy sector has been affected by the recent carbon trading policy in the following ways.
First, the implementation of the carbon trading policy may cause firms in the energy sector to purchase carbon credits, thus increasing the cost of operating their assets. This increases the operating leverage of the business and increases the risk of cash flow creation and hence the business’ probability of default. The carbon trading market will also drive firms to reduce high polluting and energy-consuming operations and increase the demand for and conversion to clean technologies, which will create additional transition costs, thereby raising operation risks. All of the above will reduce the demand for debt funding and increase the demand for equity funding risk absorption, which will in turn stimulate companies to acquire more equity financing and thus drive down corporate leverage.
Second, as the government becomes more aware of the economic and social issues brought about by climate change, there will be more regulatory policies related to environmental governance and energy transition enacted, and this regulatory intensity is creating more uncertainty for firms with higher carbon risks. Through financing costs, enterprises’ carbon-related risks are incorporated into lending decisions (Jung et al., 2018). At the same time, bond investors in the financial markets are gradually focusing on carbon risk and incorporating it into the spreads of corporate bond assets. This will push up the cost of corporate debt and reduce fund supply in the bond market. Changes in the funding market will also push firms to reduce their leverage for recapitalisation. The supply effect of debt funding caused by the focus on climate risk in the debt funding market will drive down corporate leverage.
Third, carbon trading, as a form of environmental regulation, can have an impact on a company’s risk assessment, thereby affecting corporate capital structure. Corporate climate risk exposure greatly reduces corporate financial leverage, which is partly due to corporate capital requirements and debt supply effects (Li and Zhang, 2023). Transition risk is also an important component of risk assessment, which refers mainly to the impact of changes in corporate strategy or environmental regulation that will affect the firm’s debt risk and therefore its capital structure (Ilhan et al., 2020).
We propose the following hypotheses:
Hypotheses 1: Carbon trading policy will contribute to the reduction of the corporate debt ratio.
Hypotheses 2: Carbon trading policy will reduce firms’ leverage ratio by influencing its capital demand.
Hypotheses 3: Carbon trading policy will drive down corporate leverage by affecting its capital supply.
Carbon trading policies have a greater impact on energy-intensive industries. This is due to the fact that carbon trading necessitates direct costs associated with CO2 reduction requirements, as well as similarly sized indirect costs arising from electricity price increases triggered by the power sector. Carbon trading also has different impacts on sectors at different points in the supply chain. In petrochemical-related industries, upstream firms profit from carbon trading, while downstream ones have to buy additional emission permits because they fail to meet their emission targets (Lee et al., 2008).
Renewable energy credits as a monetary instrument can help promote the renewable energy market by capturing a premium for the environmental properties associated with electricity. Renewable energy credits can also reduce the cost of meeting portfolio criteria. This benefit arises from the difference in cost of renewable energy projects across different regions. The cost of the portfolio criteria can be reduced if utilities that need to meet the portfolio criteria can source from a variety of suppliers of qualified technologies based on their relative efficiency.
State-owned shares are shares held by the government and relevant authorities, and the control of listed firms in China is relatively dominated by the Chinese governance structure. State-owned enterprises, with their built-in equity financing incentives (Zou and Xiao, 2006), may display a negative association between majority shareholder ownership and firm leverage. The implementation of carbon trading policies thus has less influence over state-owned enterprises’ choice of capital structure.
As a vital means of environmental regulation, the government issues different subsidy projects to support the implementation of its policies. For government-subsidized projects, the determination of government subsidy level should be completed before the determination of the optimal debt ratio. Too low a level of government subsidy may result in the project being unbankable for financial institutions, while too high a level of subsidy may generate excess returns for project investors (Chen, 2020). This makes subsidy level an essential consideration in the study of the impact of carbon trading on capital structure.
Based on the above analysis, we propose the following hypotheses:
Hypotheses 4: Renewable energy credit policies will reduce the extent to which carbon trading policies affect a firm’s choice of capital structure.
Hypotheses 5: Carbon trading policies have differing impacts on capital structure in firms under state ownership and private ownership.
Hypotheses 6: Different levels of government subsidy have differing effects on corporate capital structure.
3 MODEL AND DATA
3.1 Data source
In this paper, data was collected from the CSMAR database and the CNRDS database. In addition, information and indicators related to capital structure and carbon trading policies of A-share Chinese stock market listed energy companies were collected from the years 2005 to 2020. At the same time, by referring to narrative criteria in relevant policy documents regarding the classification of energy sectors, we delineated a range of industries closely related to energy consumption and obtained 9,028 observations at the firm-fixed level.
3.2 Construction and measurement of indicators
The aim of this paper is to investigate the impact of carbon trading policy on the corporate capital structure of firms in the energy sector, and so our focus is on how to select indicators to measure the carbon trading policy and corporate capital structure with relative accuracy.
In terms of the carbon trading policy, we construct indicators based on the Differences-in-Differences (DID) model. From our selection of DID events, we selected the Notice on the Pilot Work of Carbon Emission Trading issued by the National Development and Reform Commission in 2011 as a relevant policy event. This document describes how to use market mechanisms to promote energy-saving emission reductions to address climate change. This policy can also mitigate industries’ negative impact on the climate due to excessive energy consumption, effectively reducing the climate risk level for firms in industries with high energy consumption. Therefore, it will serve as a useful guide to explore the changes in the corporate capital structure involved in relevant energy-related industries before and after the policy’s implementation. The paper notes that Shenzhen, Shanghai, Beijing, Tianjin and Guangdong began implementing the carbon trading policy in 2013; Chongqing and Hubei began in 2014; And Fujian began in 2017. Based on this, we designate the firms involved in the relevant cities as the treatment group firms (Treat) with a value of 1 and the other firms in the sample as the control group with a value of 0. We will also assign the year after the start of the pilot in the firms’ city (Post) a value of 1, otherwise each year will have a value of 0. Finally, the cross-sectional term is obtained by multiplying Treat and Post, which incorporates both time and policy impact factors and provides a better measure of the policy’s yearly impact on each enterprise.
In terms of measuring the corporate capital structure, according to Booth et al. (2001), we chose the debt ratio as the primary indicator for measuring corporate capital structure. The ratio of financial expenses to the difference between total liabilities and accounts receivable is also used as a measure of capital structure in terms of debt financing costs, and the logarithm of the total number of annual equity allotments and issuances by firms is used as a measure of capital structure in terms of external financing. Tables 1, 2.
TABLE 1 | Definition of variables.
[image: Table 1]TABLE 2 | Descriptive statistics.
[image: Table 2]3.3 Empirical modeling
In order to empirically examine whether carbon trading policy affects corporate capital structure, we employ model (1) for testing.
[image: image]
where [image: image] indicates capital structure, which includes Total Liabilities/Book Assets (Lever_B) and Total Liabilities/Market Value of Assets (Lever_M). [image: image] refers to the relative timing of the policy based on the year of implementation and the cross-section of pilot cities by availability, and [image: image] is a vector of control variables reflecting the capital structure of firms. [image: image] represents firm fixed effects, while [image: image] represents year fixed effects. [image: image] represents the random error term.
We select the following six variables as control variables for the regressions based on the relevant literature (Rajan and Zingales, 1995; Booth et al., 2001; Booth et al., 2001; Graham and Rogers, 2002; Fan et al., 2003; Wald and Long, 2007; Bradley et al., 1984). 1) The scale of the firm. We employ the natural logarithm of a firm’s total assets to express its scale. 2) Earnings per share. The annual earnings value of the firm’s individual shares is used as a measure of earnings per share. 3) Tangible assets ratio, where the value of tangible assets over total assets is taken as the tangible assets ratio. 4) Age of firm. We use the fiscal year of the firm minus the year of its listing as an indicator of the firm’s age. 5) Non-debt tax shield. We measure the non-debt tax shield as the ratio of average annual selling and administrative expenses (including depreciation but excluding interest) to average annual sales revenue. 6) Return on Assets (ROA). We use net profit over total assets to express the return on assets of the firm.
Furthermore, in order to investigate the mediating mechanisms of the carbon trading policy on corporate capital structure, we built a two-stage mediating effect model according to Fan et al. (2021). The first stage is to test the effects of policy variables on mediating variables, see model (2). If [image: image] in model (2) is significant, the policy variables have a significant effect on the mediating variables and the second stage will be entered. On the second stage, see model (3), if [image: image] is insignificant, there is no mediating effect. Otherwise, there is a mediating effect regardless the significance of [image: image].
[image: image]
[image: image]
[image: image] represents the intermediation mechanism variables, including indicators of firm financing costs and firm equity issuance. We use firm finance costs, [image: image], to reflect the market supply of debt funds, and firm equity issuance, [image: image], to measure firm financing demand. [image: image] refers to the implementation of carbon trading market policies at the firm level, and the other variables are selected in the same way as the basic regression.
4 EMPIRICAL RESULTS
4.1 Regression analysis
The regression results for model (1) are represented in Table 3. The results indicate that the cross term is negatively associated with the capital structure, and the coefficients of the cross term are significant at the 1% statistical level for both Lever_B and Lever_M. This demonstrates that carbon trading policy can reduce corporate financial leverage. Therefore, Hypothesis one is verified.
TABLE 3 | Baseline results.
[image: Table 3]In terms of control variables, the coefficients of firm size under both regressions are significantly positive, meaning that larger firms have a higher asset-liability ratio, while higher ROA will lead to a lower asset-liability ratio. The coefficients of the non-debt tax shield are significantly positive, meaning that a higher non-debt tax shield will lead to a higher asset-liability ratio.
To determine if the experimental and control groups’ leverage ratios had comparable growth trajectories prior to the carbon trading policy, we conduct a parallel test. The following are the predicted yearly changes in firm leverage ratios before and after the carbon trading policy:
[image: image]
Here, the dummy variable [image: image] denotes the interaction term for the three periods around the carbon trading pilot policy, with [image: image] denoting the year of its implementation. The series of dummy variables is [image: image] = 1 if [image: image], with j = −3, −2, −1, 0, 1, 2, 3. [image: image] compares the performance of the control and experimental groups throughout the initial year of policy implementation. If the temporal trend is calm, it is seen to be compatible with the parallel trend assumption, and vice versa. Figure 1 depicts the findings of this trend test.
[image: Figure 1]FIGURE 1 | Results of parallel test.
To avoid the problem of multicollinearity, we have dropped the pre_1 period. The coefficient of the fold turns negative at the current period, showing that a significant difference is observed after the implementation of the carbon trading policy. It can therefore be verified that Hypothesis one is valid, which states that the carbon trading policy significantly improved the performance of firms in the experimental group.
4.2 Placebo test
To further verify that changes in the corporate asset-liability ratio stemmed mainly from the impact of the carbon trading pilot policy, rather than other confounding factors, we conducted a placebo test on the sample. To ensure the scientific validity of the test, we chose to conduct the placebo test for both the time dimension and the city dimension, respectively.
For the placebo test of the time dimension, we set the pilot time of the firms in the sample for the responding cities to 1 year before the true start time to observe whether the change has a significant effect on the regression results. Table 4 displays the regression outcomes after advancing the policy start date by 1 year. From the results in the first two columns of Table 4, the coefficient of the cross term after time adjustment (did_pre) on the dependent variable Lever_B is negative, but none of the results are significant. While the latter two columns reflect regressions where the dependent variable is Lever_M, it can be seen that the significance of did_pre before and after the inclusion of the control variable non-debt tax shield is significant, while it is insignificant at the 10% statistical level. It can be concluded that changing the start time of the carbon trading policy has a considerable effect on the regression results, indicating that the results of the basic regression were primarily influenced by the carbon trading pilot policy.
TABLE 4 | Placebo test (time dimension).
[image: Table 4]For the placebo test of the city dimension, we replace the cities in the sample that were formerly real pilot carbon trading policies with their nearby provinces of Hebei, Henan, Hunan, Guangxi, Fujian, Sichuan and Zhejiang, as a way to see if these changes have a significant effect on the regression results. The regression results for the pilot city change are shown in Table 5. The results in the first two columns of Table 5 show that the coefficient on Lever_B is negative for the cross term after city adjustment (did_srds), but none of the results are significant. The last two columns reflect the regression of the dependent variable as Lever_M, and the results are still insignificant. These results show that changing the pilot cities for the carbon trading policy also has a significant effect on the regression results, reinforcing the fact that the results of the basic regression are mainly influenced by the carbon trading pilot policy and demonstrating the high overall reliability of this placebo test.
TABLE 5 | Placebo test (city dimension).
[image: Table 5]4.3 Robustness test
The preceding conclusions on the impact of carbon trading policy on corporate capital structure may be influenced by factors such as metric accuracy. Considering that carbon emissions are a possible source of financial risk for a firm, it is possible that the control of financial risk variables may affect the robustness of the study results. To consider this robustness issue, we employ the interest coverage ratio (Intcover) and the corporate financial distress index (Zscore) to show a firm’s financial risk, which are included in separate regression models for robustness testing. We use the ratio of EBITDA to interest expense to measure the interest coverage ratio, and the financial distress index Zscore is calculated according to the method proposed by Altman.
Table 6 shows the outcomes of the regressions with the inclusion of two separate variables reflecting the financial risk indicators of the firm. From the results in the first two columns of Table 6, the relationship between carbon trading policy implementation and Lever_B remains both negative and significant at the 1% and 10% statistical levels, respectively, after the interest coverage ratio and Zscore are placed as control variables in the regression model. We then replace the firm’s capital structure variable with Lever_M, and the results in the last two columns of Table 6 still show a negative relationship between carbon trading policy implementation and Lever_M, which is also statistically significant at the 1% and 10% levels, respectively. This suggests that the effect of carbon trading market policy is not absorbed by the firm’s typical financial risk indicators—Interest coverage ratio and Zscore. Therefore, the basic results of this study can be considered robust.
TABLE 6 | Robustness test 1.
[image: Table 6]In addition, a second robustness test is conducted using a basic regression model that excludes data from a select few firms for all the years in the sample. Considering that these firms, which are not located in the pilot cities of the carbon trading policy, are simultaneously involved in other carbon trading activities, their inclusion may have an impact on the accuracy and rigour of the results.
Table 7 displays the regression results after excluding the data for the firms mentioned above. The results in the first two columns of Table 7 show that there is a negative relationship between carbon trading policy implementation and Lever_B, both of which are statistically significant at the 1% level. Next, we replace the firm’s capital structure variable with Lever_M, and the results in the last two columns of Table 7 still show a negative relationship between carbon trading policy implementation and Lever_M, both of which are also significant at the 1% statistical level. This suggests that the regression results in model (1) are not influenced by those firms participating in carbon trading but not located in the pilot areas. Therefore, the basic results of this study are robust.
TABLE 7 | Robustness test 2.
[image: Table 7]5 MECHANISM TESTING
In order to further investigate the mechanism of carbon trading policy on corporate capital structure, based on the research hypotheses presented in the theoretical analysis, mechanism testing was conducted on both the supply of funds and the demand for funds. First, we empirically investigated whether carbon trading affects the demand for the equity issuance of the firm, thus exhibiting an effect on corporate capital structure. Secondly, we empirically examine whether carbon trading affects the cost of debt funding and hence the firm’s funding supply, which would also represent an influence on corporate capital structure.
Table 8 shows the results of tests on the cost of the debt capital (debt funding) mechanism for corporate capital structure as influenced by carbon trading. The first column of the results shows a positive relationship between the cross term and FinCost, with the coefficient significant at the 1% statistical level. The second and third columns place FinCost as a mediating variable in the basic model with the dependent variables of Lever_B and Lever_M, respectively. The results show that the relationship between FinCost and both Lever_B and Lever_M are all negative as well as statistically significant at the 1% level. This indicates that an increase in the cost of corporate debt financing will significantly reduce a firm’s debt ratio.
TABLE 8 | Carbon trading, debt financing costs and capital structure.
[image: Table 8]Carbon trading can have an impact on corporate finance. In terms of carbon allowances, which reflects the direct impact of the policy on capital demand, entities need to purchase carbon credits to offset their uncovered emissions. If allowances grow less generous and the market for carbon allowances becomes more dynamic, enterprises that fail to remain on the allowance list may face significant expenditures. In addition, the implementation of the carbon trading policy forces firms in energy-intensive sectors to face higher costs for regulatory compliance, which may lead to an increase in the external financing for the firms. Certain firms may also be forced to increase investment in scientific research and readjust their business structure to meet the emission requirements of the policy, which will have an augmentative effect on capital demand as well. This mechanism shows that the implementation of the carbon trading market policy will significantly increase the debt financing cost of firms, that is, it will have a significant positive effect on the capital supply of firms. Therefore, the conclusion of Hypothesis 3 has been fully verified.
Table 9 reports the results of a test of the demand mechanism for corporate equity issuance for carbon trading which affects corporate capital structure. From column 1, the relationship between the cross term and LnStockIss is positive, with the coefficient significant at the 1% statistical level. From columns 2-3, the relationship between LnStockIss and Lever_B and Lever_M are both negative, with their coefficients significant at the 1% statistical level. This implies that a rise in equity issuance will reduce Lever_B, which is consistent with the complementary nature of equity and debt and validates the reasonableness for the selection of this indicator.
TABLE 9 | Carbon trading, equity issuance and capital structure.
[image: Table 9]Carbon trading can have an impact on equity issuance in terms of carbon intensity and carbon risk. ET Index Research explores the link between stock returns and carbon intensity, finding that portfolios of low carbon intensity equities beat portfolios of high carbon intensity stocks by a large margin. Enterprises with low carbon intensity are also observed to earn greater profits than firms with high carbon intensity. Because carbon trading market policy encourages firms to invest in new technologies and equipment to create innovative products with lower carbon intensity, the implementation of carbon trading will encourage the issuance of additional shares and allotments of corporate shares, increasing the level of equity issuance. With investors’ willingness to invest diminishing across the board, the need for external financing for companies will continue to rise. At the same time, companies are also adjusting their capital structure by means of equity financing, thus reducing the impact that carbon trading policies have on these companies. Change in the capital structure results from a change in equity issuance, which raises the number of circulating shares and lowers the percentage of non-tradable shares. It can therefore be seen that the carbon market policy has a significant positive effect on corporate capital requirements. Thus, the findings of Hypothesis two are fully validated.
6 HETEROGENEITY TESTING
The effect of carbon trading policy on corporate capital structure could vary across differing enterprise factor endowments. Some scholars have conducted heterogeneity tests of firm nature and financing under this policy. The carbon emission reduction impact of the policy is more pronounced for non-state-owned enterprises, small-scale enterprises and pilot areas that have adopted a post-employment allowance allocation system (Shen et al., 2020). Li et al. (2009) found that state ownership is positively correlated with leverage and access to long-term debt by firms. Besides that, Xu et al. (2022b) found that government subsidies have a catalytic effect on innovation performance and are more pronounced in carbon trading pilot regions. Wang. (2016) concluded that government subsidies may, to a certain extent, help firms with financing needs and encourage the growth of firms in the new energy sector. A firm’s nature and its level of government subsidies may affect the carbon trading policy’s impact on corporate capital structure. Based on the hypotheses of heterogeneity, we tested whether or not the basic research conclusions differ across varying firm characteristics and policy influences. Heterogeneity is examined in terms of firm nature (physical risk) and financing (level of government subsidies), which serve as heterogeneity categorical variables in a sub-sample.
First, we empirically tested the differences between the implementation of carbon trading and corporate capital structure in different firms with physical risks. Here, the nature of the firm is chosen as the indicator for dividing the total sample of firms into two sub-samples, state-owned and non-state-owned, based on distinct property rights. State-owned enterprises (SOEs) are an important part of China’s socialist market economy development, and as in many cases they are able to receive additional financial support, policy concessions and political patronage from the state, they are more comfortable in dealing with potential physical and transition risks. This means that SOEs are under less pressure to implement carbon trading policies than non-state-owned firms. Therefore, there may be significant heterogeneity in the nature of firms in terms of the impact of carbon trading on their capital structure.
Table 10 shows the impact of carbon trading on corporate capital structure across differences in firm nature. From the results, the coefficients of the cross term on Lever_B and Lever_M are insignificant for state-owned firms, while the coefficients for non-state-owned firms are both noticeably negative and significant at the 1% statistical level. This suggests that the nature of the firm has an influence on the impact of the implementation of the carbon trading policy on corporate capital structure, and also suggests that the corporate capital structure of state-owned firms can effectively withstand the impact of the implementation of the carbon trading policy. This may be a sign of both the competitive advantage that SOEs gain in capital-intensive renewable energy investments through preferential treatment (e.g., lower cost of capital) and the use of SOEs by governments as a tool to implement low-carbon transition targets.
TABLE 10 | Carbon trading and corporate capital structure under different corporate nature.
[image: Table 10]The levels of government subsidies differ across the various regions of China. For different economic development zones and industrial zones, different pilot cities have issued policy circulars for different subsidy funds. For example, the difference between the designation of a national-level green factory and a municipal-level green factory may double the total amount of government subsidy received. Therefore, differences in specific levels of government subsidy could lead to heterogeneity in the effects of the carbon trading policy. Under this background, we examine the differences between the implementation of carbon trading and capital structure among firms with different financing constraints. We have selected the total level of government subsidies as the primary indicator for dividing the total sample of firms, and use the average value of government subsidies received as a proportion of total assets as the dividing point for the sample. The total sample is divided into two sub-samples: firms with a high level of government subsidies, and firms with a low level of government subsidies.
Table 11 shows the impact of carbon trading on corporate capital structure for different levels of government subsidies. From the results, the coefficients of the cross term on Lever_B and Lever_M are not significantly negative for firms with above-average levels of government subsidies, while the coefficients are significantly negative for firms with below-average levels of subsidies, and the coefficients are statistically significant at the 1% level.
TABLE 11 | Carbon trading and corporate capital structure under different government subsidies.
[image: Table 11]The Chinese government is now providing monetary and financial policy assistance for renewable power companies in order to increase investment and financial capabilities in the industry. Higher government subsidies will directly reduce the financial cost burden of firms and serve as a major source of corporate R&D funding. Government subsidies can reduce the negative impact of carbon trading on capital structure to a greater extent by addressing the market inefficiencies present in the process of innovation and reducing the risks and expenses associated with research and innovation.
7 CONCLUSIONS AND DISCUSSIONS
Given that China is one of the largest carbon emitters in the world, examining the impact of the carbon trading market on corporate capital structure decision-making is an important issue to consider for making adaptive changes in micro-firm financial behaviour in the context of China’s push for a dual carbon transition. While much of the previous literature has addressed the mechanism of the effect of carbon emissions on capital structure, little has been written on the mechanism of the effect of environmental regulation on capital structure. To this end, this study complements and refines the theory of capital structure in terms of environmental regulation and physical risk, and examines the impact of corporate carbon trading market policies on firms’ capital choices using a Difference-in-Difference (DID) model with a research sample of Chinese companies listed in the energy sector. The implementation of the carbon trading market policy is found to dramatically lower the corporate debt ratio, and this finding remains true even after using the instrumental variables technique to address endogeneity and after running robustness tests. It is also found that the negative effect of the implementation of carbon trading market policy on the corporate debt ratio is mainly due to the combined effect of internal capital demand and external capital supply. Furthermore, the reduction of the corporate debt ratio by the implementation of carbon trading market policy is more significant in firms which exhibit higher transition and physical risk. The findings of this study suggest that under the carbon trading market policy, firms’ capital structure decision-making behaviour will change to cope with the higher corporate risk shocks caused by the policy. Overall, this research explores the impact of the carbon trading market as a typical policy for limiting carbon emissions worldwide on the financial decision-making of companies, while also detailing the mechanism behind carbon trading policy as a form of environmental regulation in terms of both capital demand and supply, which is relevant to the fields of climate and green finance.
Based on the above results, the findings of this study have certain significant implications. First, the implementation of a firm’s carbon trading market policy will be taken into account not only by financial institutions, but also by investors in the market as a risk factor, thus affecting the supply of external capital and resulting in the need for firms to consider the impact of carbon trading policy implementation on the cost of capital sources in their financing. Therefore, in order to encourage firms to consciously practice behaviours in line with the dual carbon goals, financial regulators need to develop friendlier green financial development policies to alleviate the shortage of external funding that may exist during the green development of firms.
Second, firms’ overall risk is elevated under the carbon trading market policy, and firms need to adjust their financial decisions appropriately to cope with the shocks brought by subsequent risks. This study shows that firms will take the initiative to increase equity issuance to change their capital structure and enhance their ability to absorb the impact brought by carbon trading policy. Therefore, regulators should also seek to vigorously develop equity capital markets, innovate equity instruments and facilitate equity issuance by firms to promote more robust operations under the carbon trading market policy.
Finally, the different financial capabilities of firms reflected by their corporate nature will lead to differences in corporate financial decision-making behaviour under carbon trading market policies. Differences in government subsidies will also affect the heterogeneous performance of firms under different ownership structures. In addition, differences in climate regulation and physical risks faced by distinct firms also plays a key role in financial decision-making. Therefore, in the process of promoting the implementation of the dual carbon targets, the government can differentiate between financial subsidies and green financial policies to encourage the comprehensive green growth of micro-enterprises in response to the differences in financial capabilities of different enterprises.
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