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Exploiting the 2014 Environmental Protection Law (EPL) in China as quasi-natural experiments, we adopt a difference-in-differences approach to examine the impact of environmental regulation on corporate cash holdings. We document that heavy-polluting firms increase their cash holdings 15% more than non-heavy-polluting firms due to stringent environmental regulation. Further tests show that the heightened environmental uncertainty, the limited access to bank loans, and the decline in obtaining government subsidies for heavy-polluting firms are three plausible channels that allow environmental regulation to increase corporate cash holdings. The effects of environmental regulation on cash holdings are stronger for firms without political backgrounds and those in regions with less dependent on the secondary sector. Overall, our results offer original evidence showing how environmental regulation in emerging economies affects firms’ liquidity management decisions and support the precautionary effect of cash holdings.
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1 INTRODUCTION
Sustainable economic development is of great importance, which has received increasing attention in the literature (Saleem et al., 2020; Anser et al., 2021b; Khan et al., 2021a; Muhammad et al., 2021; Ramzan et al., 2021; Sharma et al., 2021f; Yikun et al., 2021). Environmental degradation is one of the most pressing issues, posing serious problems to sustainable development (Adebayo et al., 2021a; Adebayo and Rjoub, 2021; Anser et al., 2021a; Arslan et al., 2021; Jun et al., 2021). The adverse impacts of environmental degradation have motivated governments to pursue a collective remedy and issue a series of environmental regulation policies to protect the environment (Adebayo et al., 2021b; Adebayo and Kirikkaleli, 2021; Kirikkaleli and Adebayo, 2021; Mughal et al., 2022). Thus, both the developing and developed countries must balance financial goals with environmental conservation to achieve sustainable development goals (Sharma et al., 2021b; Sharma et al., 2021c; Sharma et al., 2021d; Sharma and Handa, 2021). Environmental regulation has received considerable attention, but few studies investigate the economic consequences of environmental regulation on corporate-level activities, especially in corporate liquidity.
Environmental regulation is an essential means to achieve sustainable development and to deal with issues of available scarce resources as well as growing environmental pollution (Ouyang et al., 2020). Most developed and transitional countries have adopted a series of environmental policies to mitigate air emissions, regulate water and soil pollution, and reduce energy consumption (García-Quevedo and Jové-Llopis, 2021; Khan et al., 2021b; Villanthenkodath et al., 2021). Various previous studies have investigated the economic consequences of environmental regulation. Most indicate that environmental regulation is beneficial for national health, green growth, and social development (Li K. et al., 2019; Jin et al., 2019; Wang et al., 2019). In addition, a growing number of scholars have extended their research interests to the impact of environmental regulation on corporate-level activities. In particular, several recent studies have focused on the effects of environmental regulation on firms’ innovation activities (Porter, 1991; Liu Y. et al., 2021), productivity (Wang et al., 2019; Cai and Ye, 2020), financing decisions (Caragnano et al., 2020; Ding et al., 2021), investment (Madsen, 2009; Lopez et al., 2017), and exports (Fang et al., 2019; Zhang et al., 2020). Besides, there have been several related studies in the literature about the environmental effects of COVID-19 and its potential implications. Prior studies examine the effects of COVID-19 on environmental concerns and its potential implications on business continuity (Sharma et al., 2021e; Zutshi et al., 2021). Sharma et al. (2022) find that investors would not lose on risk-adjusted returns if they chose to go green post COVID-19. This implication is that there may be immense opportunities in post-COVID world to invest in green energy instead of conventional investments and investors subsequently earn higher financial returns. Yan et al. (2021) also investigate the nexus between the international tourist arrivals, COVID-19 spread, and air quality in Hawaii. However, there are relatively few studies linking environmental regulation to corporate cash holdings, especially in China–the world’s second-largest economy–after its adoption of environmental policies. In this study, we aim to fill this gap in the literature. To our knowledge, our paper is among the first to show how the stringency of environmental regulation could affect corporate cash holdings, especially in a developing country.
In this study, we investigate the causal effect on corporate cash holding behaviors of stringent environmental regulation measures using, China’s Environmental Protection Law (EPL) amended and officially passed in April 2014, which delivered an exogenous shock to the level of environmental regulation in the country. China provides a unique quasi-natural experimental setting for testing the impact of environmental policies. First, China’s rapid economic development over the past 4 decades has come at the expense of severe environmental pollution1 and excessive resource consumption (Zheng and Kahn, 2017; Li K. et al., 2019). As a result, the revised version of EPL, considered as the “strictest” environmental protection law in China (Liu Y. et al., 2021), plays a more crucial role in protecting the environment. This unique exogenous regulatory shock allows us to examine the impact of stricter environmental regulation on corporate cash holdings and identify the causal relationship between them. Second, heavy-polluting industries are affected more by the new EPL than other industries, and thus firms in heavy-polluting industries can be selected as the treatment group and non-heavy-polluting industries as the control group. Therefore, the variations across industries are useful for capturing the heterogeneous effects of the introduction of the new EPL on the institutional environment and corporate behaviors. Third, the new EPL is unlikely to be triggered by corporate cash policy, thus it is an exogenous event to firms’ cash decision making.
Existing studies suggest that the effects of environmental regulation on corporate cash holdings can be governed by two competing hypotheses. The precautionary motive hypothesis predicts a positive impact of environmental regulation on corporate cash holdings. The environment is ever-changing, uncertain, and unpredictable (Sharma et al., 2021a). Stringent environment regulation induces heightened environmental uncertainty (Lanoie et al., 2008) by enhancing the heavy-polluting firms’ environmental risks (Falk and Wee, 2015; Liu X. et al., 2021), making debt financing more difficult and costly (Caragnano et al., 2020; Pizzutilo et al., 2020; Ding et al., 2021). In addition, to achieve the social goal of sustainable development, non-heavy-polluting industries such as new energy industries, typically receive more subsidies (Qiao and Fei, 2022). The limited access to bank loans and government subsidies brings about severe financial constraints for heavy-polluting firms. Thus, the increase in heavy-polluting firms’ environmental uncertainty and financial constraints stemming from the new EPL, implies an increment in the level of cash holdings for higher levels of hedging needs (Opler et al., 1999; Davydova and Sokolov, 2014; Magerakis and Habib, 2021).
In contrast, environmental regulation can decrease corporate cash holdings. There is a negative association between capital expenditures and cash balance (Opler et al., 1999; Jebran et al., 2019). The stringency of environmental regulation encourages firms to enlarge their green investment (Kesidou and Demirel, 2012; Liao and Shi, 2018), R&D investment (Testa et al., 2011), and colossal investment equipment, increasing capital expenditures. Taken together, higher capital expenditures caused by the new EPL lead heavy-polluting firms to hold less cash. As theories offer mixed guidance, the question of how environmental regulation affects cash holdings decisions is, therefore, an empirical one.
This paper attempts to answer this question using a sample of Chinese A-share listed companies from 2010 to 2018. Our findings support the precautionary motive hypothesis. We find that environmental regulation has a significant positive effect on heavy-polluting firms’ cash holdings and the effects of stringent environmental regulation on cash holdings are sustainable. On average, the new EPL brings about an increase in the level of cash holdings by almost 15%, compared with non-heavy-polluting firms. Moreover, the relationship between environmental regulation and corporate cash holdings is more pronounced in heavy-polluting firms without political backgrounds and those in regions with less dependent on the secondary sector. Collectively, our results suggest that environmental regulation not only increases the environmental uncertainty for heavy-polluting firms but also disrupts firms’ access to bank loans and government subsidies, which heightens their liquidity constraints and the need for cash holding. Because holding cash is costly for firms, this result suggests that a hidden cost faced by heavy-polluting firms increases after the promulgation of the new EPL. Thus, while developing environmental rules, governments should take into consideration corporate liquidity.
This paper contributes to the literature in the following ways. First, we supplement the strand in the literature concerned with the impact of environmental regulation on corporate-level activities (e.g., Porter, 1991; Jaffe and Palmer, 1997; Galloway and Johnson, 2016; Shi and Xu, 2018). Compared with settings in other studies, our quasi-natural experiments help alleviate the endogeneity concerns by treating the new EPL as an exogenous shock to the level of environmental regulation across industries and provide causal evidence of the impact of environmental regulation on corporate cash holdings. Second, we add to the literature on the determinants of corporate cash holdings (e.g., Opler et al., 1999; Chang et al., 2021; Lin et al., 2021). To our knowledge, our paper is among the first to show how the stringency of environmental regulation could affect corporate cash holdings, especially in a developing country. Further, we explore the internal mechanisms of the regulatory effect on corporate cash holdings, providing supportive evidence for the precautionary motive. Third, our paper is related to a growing number of studies that take advantage of the new EPL amended and officially passed in April 2014 in China to investigate and understand the impact of environmental regulation on green innovation (Liu Y. et al., 2021), total factor productivity (Cai and Ye, 2020), and audit prices (Liu X. et al., 2021).
The rest of this paper is structured as follows. Section 2 provides the institutional background and hypothesis development. Section 3 discusses the sample and research design. Section 4 shows the main empirical results and robustness checks. Section 5 discusses the economic channels. Section 6 provides the additional analyses. Section 7 concludes the paper.
2 INSTITUTIONAL BACKGROUND AND HYPOTHESIS DEVELOPMENT
2.1 Institutional Background
An earlier version of the Environmental Protection Law implemented in 1989 was of great importance in environmental protection. Over the 2 decades during which the 1989 EPL was issued, there was a huge change in the Chinese economy and society. However, over time, the 1989 EPL began to lag behind the actual needs of society and severely restricted effective environmental protection. In 2006, the environmental performance review of China, released by the Organization for Economic Co-operation and Development (OECD), noted that the effectiveness and efficiency of its existing environmental efforts were inadequate due to the shortfalls in the implementation of environmental policies. Thus, the new EPL was approved in April 2014, which was deemed as the most stringent Environmental Protection Law to date in China.
The new EPL highlights at least three aspects (Falk and Wee, 2015). First, the new EPL strengthens supervision and penalties for polluting firms. According to Article 59 of the new EPL, fines, and penalties of pollutants, including daily fines, grow dramatically. Second, the new EPL increases the accountability of government officials. According to Article 68 of the new EPL, local officials are required to resign in case of eight situations, such as covering up environmental violations, falsifying monitoring data, and failing to disclose environmental information. Third, the firms’ environmental violations can be penalized on individuals such as the managers of firms by administrative detention, which has enhanced the deterrent effect. Overall, the new EPL brings about stringent environmental regulation and higher regulatory costs for heavy-polluting firms.
2.2 Hypothesis Development
Environmental regulation is among the most important institutional policies in China, which affects the specific behavior of heavy-polluting firms (Liu Y. et al., 2021). It is thus logical to expect that environmental regulation affects corporate cash holdings. We propose that the effect of the enactment of the new EPL on corporate cash holdings may be multi-dimensional.
The new EPL has the potential to increase the level of heavy-polluting firms’ cash holdings for several reasons. First, the stringency of environmental regulation results in heightened uncertainty (Lanoie et al., 2008), thus positively affecting corporate cash holdings (Magerakis and Habib, 2021). Stringent environmental regulation induced by the new EPL increases the possibility of heavy-polluting firms being suspended or even forced to close when they fail to comply with environmental protection laws and regulations. This not only increases the uncertainty of heavy-polluting firms’ production and operation (Liu et al., 2018) but also enhances the heavy-polluting firms’ legal risks of pollutants with more potential lawsuits (Falk and Wee, 2015; Liu X. et al., 2021), thereby causing firms to reserve more cash to prevent and resist external liquidity risk timely and effectively in uncertain times (Han and Qiu, 2007). On the other hand, heightened uncertainty increases financial constraints, thereby, forcing firms to hoard cash to buffer them against contingencies (Campello et al., 2010). Firms hoard cash to diminish the possibility of distress, sustain operational efficiency, and enhance profitability (Han and Qiu, 2007; Phan et al., 2019; Magerakis and Habib, 2021). According to the precautionary motive, heavy-polluting firms are more likely to stockpile cash in response to heightened environmental uncertainty2 stemming from environmental regulation. That is, following the precautionary motive, we expect heavy-polluting firms will hold more cash when operating in an environment of high uncertainty arising from the new EPL.
Second, inferences drawn from prior studies suggest that environmental regulation increases heavy-polluting firms’ environmental liabilities and environmental risks (Schneider, 2008), making debt financing more difficult and costly (Caragnano et al., 2020; Pizzutilo et al., 2020; Ding et al., 2021). In the Chinese capital market, bank loans are the main source of external finance for corporations, due to the immature stock and bond market (Cull and Xu, 2000; Shen et al., 2015). In this sense, firms in China are mostly bank-dependent and the borrowings of most firms are supported by bank loans (Firth et al., 2012; Liu et al., 2018). The new EPL disrupts heavy-polluting firms’ access to bank loans because banks which include an appraisal of environmental aspects in the credit risk assessments of their lending decisions (Aintablian et al., 2007), have taken over mortgaged assets that may have lost commercial value because of environmental pollutants or the need for an environmental clean-up by a defaulting borrower (Thompson and Cowton, 2004). The precautionary motive theory states that bank debt and cash holdings are negatively related (Ferreira and Vilela, 2004; Ozkan and Ozkan, 2004). Because of higher external financing costs after the promulgation of the new EPL, heavy-polluting firms decrease their debt-financing and increase internal cash reserves (Gilchrist et al., 2014; Lee and Wang, 2021). Thus, the precautionary motive for holding cash implies that heavy-polluting firms tend to hoard more cash during periods of lower access to bank loans stemming from the enactment of the new EPL.
Third, heavy-polluting firms receive fewer subsidies because they are not expected to pursue social goals such as environmental protection (Lee, 2001; O’Connor et al., 2006), thus positively affecting corporate cash holdings by exacerbating firms’ financial constraints (Girma et al., 2007; Davydova and Sokolov, 2014). Stricter environmental regulation highlights the importance of sustainable development (Falk and Wee, 2015; Li Y. et al., 2019), so the governments encourage the development of non-heavy-polluting industries, such as new energy industries, as part of their energy conservation and emission reduction policies (Qiao and Fei, 2022). To achieve such social policy objectives, subsidies are a policy lever through which governments direct financial resources to favored industries (Brealey et al., 2018; Deng et al., 2021), and thus non-heavy-polluting firms typically receive more subsidies than heavy-polluting firms. Existing studies have provided evidence that subsidies can alleviate financing constraints. In addition, based on signal theory (Spence, 1974), government subsidies serve as a market signal for financial institutions including banks, which can help financial institutions to identify firms’ potential, leading to more funding allocated to those firms. Therefore, heavy-polluting firms receiving fewer subsidies are associated with severe financial constraints, and they are likely to hoard more cash to better deal with the shocks generated by the new EPL.
Considering the above, we propose the following hypotheses:
H1a: Environmental regulation increases corporate cash holdings.
H2: Environmental regulation increases corporate cash holdings through heightened environmental uncertainty.
H3: Environmental regulation increases corporate cash holdings through limited access to banks loans.
H4: Environmental regulation increases corporate cash holdings through limited access to government subsidies.
However, environmental regulation may induce heavy-polluting firms to save less cash for several aspects. Prior studies show that capital expenditures cut down a firm’s cash balance (Opler et al., 1999; Jebran et al., 2019). Kim et al. (2011) also argue that capital expenditures increase the assets, used as collateral for borrowing, which could reduce the need of hoarding cash. That is, there is a negative relationship between capital expenditure and cash holdings. First, local governments’ enforcement of stricter environmental regulation encourages firms to increase their green investment (Leiter et al., 2009; Kesidou and Demirel, 2012; Liao and Shi, 2018), which may cause firms to dilute cash reserves. Second, the Porter hypothesis argues that environmental regulation has a positive effect on technological innovation activities (Porter, 1991; Porter and Van der Linde, 1995). The stringency of environmental regulation provides a positive impetus for R&D investment and innovative products (Testa et al., 2011), which are likely to lead to the reduction in the level of cash holdings. Third, heavy-polluting firms have higher environmental regulation costs under environmental regulation policies, such as colossal investment equipment, high replacement costs, or high cost of equipment modification to reduce pollution, which results in higher demand for funds (Ouyang et al., 2020), thus promoting firms to reduce cash to meet the necessary needs of capital expenditures. Therefore, environmental regulation causes an additional expenditure of heavy-polluting firms’ pollution control costs, and occupies a large amount of technology innovation funds, leading to the decrease in cash holdings.
Considering these arguments, we propose an alternative hypothesis:
H1b: Environmental regulation decreases corporate cash holdings
3 SAMPLE AND RESEARCH DESIGN
3.1 Sample and Data Sources
Our initial sample consists of all Chinese A-share listed firms from 2010 to 2018. Following Cai et al. (2021), our sample begins in 2010 to mitigate the negative shocks of the 2008 global financial crisis and its impact on corporate cash holdings. Our sample ends in 2018 so that we have a symmetry window of 4 years before and after the promulgation of the new EPL in 2014. The firm-level data used in this paper is obtained from CSMAR/WIND, a dataset similar to (and, in fact, fashioned on) the CRSP and COMPUSTAT databases. We further exclude special firms from our sample: 1) firms belonging to the financial industry and real estate industry; 2) firms designated for special treatment (ST) or particular transfer (PT) by the regulatory authorities; 3) firms with missing variables. The final sample contains 19,959 firm-year observations. To mitigate the effects of outliers, all continuous variables are winsorized by year at the 1% level on each tail.
4 METHODOLOGY
We use a difference-in-differences design with firm and year fixed effects and our main model is as follows:
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where i represents the firm, t represents the year, and the dependent variable Cash denotes the cash holdings level. Following the prior literature (e.g., Hasan et al., 2021; Lin et al., 2021; Seo and Han, 2021), we use two continuous variables to measure cash holdings. The first measure (Cash1) is defined as the ratio of cash and cash equivalents to total assets. The second measure (Cash2) is defined as the ratio of cash and marketable securities to total assets. Treat is a dummy variable that equals one for heavy-polluting firms and 0 for other firms. As for the classification of heavy-polluting firms, the 14 polluting industries were selected based on the “List of classified management of environmental protection inspection for polluting industries” issued by the Ministry of Environmental Protection of China in July 2008 (http://www.gov.cn/gzdt/2008-07/07/content_1038083.htm). They include thermal power, iron, and steel, coal, metallurgy, mining, chemical industry, petrochemicals, building materials, papermaking, brewing, pharmaceutical, textile, leather, and fermentation. Post is an indicator variable equal to one for the period after the promulgation of the new EPL in 2014, and 0 otherwise.
The control variables employed in the regressions are firm-specific controls motivated by Opler et al. (1999), Ozkan and Ozkan (2004), Harford et al. (2008), Cai et al. (2021), Xiong et al. (2021), and Nyborg and Wang (2021). They include firm size (Size), the leverage ratio (Lev), capital expenditure (CapEx), firm growth (Growth), Return on equity (ROE), operating cash flow (CF), Tobin’s Q (TBQ), the dividend dummy (Dividend), state ownership (SOE). Table 1 provides the definitions of variables used in the analysis.
TABLE 1 | Variable definitions.
[image: Table 1]4.1 Descriptive Statistics
Table 2 presents the descriptive statistics of the main variables used in the regression analysis. The mean and median of Cash1 (Cash2) are 0.166 (0.188) and 0.127 (0.151), respectively, indicating that many public firms in China have large cash holdings. The average value of Treat is 0.382, indicating that heavy-polluting firms account for around 38.2% of the entire sample. For an average firm in our sample, the firm size is 22.060. The summary results of the other controls broadly align with previous studies (e.g., Cai et al., 2021; Liu X. et al., 2021).
TABLE 2 | Descriptive statistics.
[image: Table 2]5 MAIN EMPIRICAL RESULTS
5.1 Baseline Results
We begin by examining the association between environmental regulation and corporate cash holdings by applying model (1). Table 3 presents the baseline results of the difference-in-differences model. A significantly positive coefficient on Treat×Post indicates an increase in corporate cash holdings. We use two regression specifications. Columns 1) and 2) do not include control variables, while columns 3) and 4) include control variables. Columns 1) and 3) in Table 3 present the results for when the dependent variable is Cash1, and Columns 2) and 4) in Table 3 present the results for when the dependent variable is Cash2. Across all four columns, the estimated coefficients of the interaction term (Treat ×Post) are 0.032, 0.036, 0.025, and 0.029, respectively, and all are significant at the 1% level, suggesting that relative to non-heavy-polluting firms, heavy-polluting firms significantly increase their cash holdings after the promulgation of the new EPL.
TABLE 3 | Environmental regulation and corporate cash holdings.
[image: Table 3]In addition to its statistical significance, these results are also economically significant. Specifically, the results in column 3) [column (4)] show that heavy-polluting firms exhibit a 2.5 (2.9) percentage point increase in cash holdings in the post-regulation period, which translates to a 15.1% (calculated as 2.5%/16.6%) [15.4% (calculated as 2.9%/18.8%)] increase in the mean (16.6%, Cash1) ((18.8%, Cash2)) cash holdings of the sample firms. These results support H1a, confirming the precautionary motives, and indicating that heavy-polluting firms are more likely to stockpile cash in response to heightened environmental uncertainty, limited access to banks loans, and government subsidies stemming from environmental regulation.
5.2 The Parallel Trend and Dynamic Effects of Environmental Regulation on Corporate Cash Holdings
Parallel trends assumption as a precondition for the use of the difference-in-differences model, the treatment and control groups must exhibit similar trends in cash holdings before the promulgation of the new EPL. To test this assumption, we replace the variable Post with eight indicator variables: Year2011, Year2012, Year2013, Year2014, Year2015, Year2016, Year2017, Year2018, where Yearj is an indicator variable equal to one if the firm-year is in year j, and 0 otherwise. We interact these dummy variables with the variable Treat and rerun the regressions using model (1). If the coefficient of Treat×Yearj (j < 2014) is not significant, we can conclude that there is no pre-regulation difference in cash holdings between the treatment and control samples (i.e., the parallel trend assumption holds). If environmental regulation induced higher cash holdings during the period studied, the coefficients of Treat×Yearj (j > 2014) should be significantly positive.
The empirical results for the dynamics of cash holdings are reported in Table 4. The coefficients of Treat×Year2011, Treat×Year2012, and Treat×Year2013 are small and statistically insignificant. The coefficients of Treat×Year2014 are positive but statistically indistinguishable from zero, perhaps because it takes time for the environmental regulation to make a difference. As expected, the coefficients of Treat×Year2015, Treat×Year2016, Treat×Year2017, and Treat×Year2018 are positive and significant at least at the 5% level. Overall, the results of the parallel trend tests suggest that our sample satisfies the parallel trend assumption that heavy-polluting firms and non-heavy-polluting firms exhibit similar cash-holding behavior before the promulgation of the new EPL; significant differences in cash holdings between the two groups only occur after the enactment of the new EPL.
TABLE 4 | The parallel trend and dynamic effects of environmental regulation on corporate cash holdings.
[image: Table 4]5.3 Confounding Events
To alleviate the concern of the influence of confounding factors that may challenge our main results, we conduct additional analyses to investigate two concurrent events around the new EPL. Specifically, to control for the two ongoing policy reforms (Green Credit Guidelines and the Reform of Pollution Levy Standards), we add two control variables to the regression. First, in 2012, the China Banking Regulatory Commission implemented the Green Credit Guidelines (GCG) to curb industrial pollution by financially penalizing polluters. It requires commercial banks to restrict lending to polluting firms and provide financial supports for environmentally friendly firms. Referring to Wen et al. (2021), who studied the treatment effect of policy shock of GCG on firm performance, in columns 1) and 2) of Table 5, we add to the regression an additional control, GCG. The coefficients of GCG are found to be statistically insignificant, suggesting a little effect on our main results. Moreover, the coefficients of our regressor of interest (Treat×Post) remain negative and statistically significant. Second, since 2007, each provincial government in China has determined whether raise SO2 levy standards, which may affect cash-holding behavior. In columns 3) and 4) of Table 5, we add an additional variable PLS to capture the effects of the staggered passage of the Reform of Pollution Levy Standards on firm performance. The coefficients of PLS are close to zero and statistically insignificant, while the coefficients on Treat×Post are consistently significant, indicating our baseline result in Table 3 is robust when controlling for the confounding events. Finally, unobservable provincial trends can be an important source of endogeneities. To rule out this possibility, we include province-by-year fixed effects for all major regressions. The regression results tabulated in columns 5) and 6) of Table 5 indicate that the effects of environmental regulation are qualitatively similar to the baseline results.
TABLE 5 | Controlling for other policy reforms.
[image: Table 5]5.4 Robustness Checks
In this section, we check the reliability and validity of our results by carrying out a battery of robustness tests. First, as a sensitivity analysis, we re-run the regression model 1) using alternative measures of cash holdings and report the results in columns 1) and 2) of Table 6. We define Cash3 and Cash4 as the ratio of cash and cash equivalents to net assets (total assets net of cash and cash equivalents) and the ratio of cash and marketable securities to net assets (total assets net of cash and marketable securities), respectively. Columns 1) to 2) show that the relation between environmental regulation and cash holdings remains positive and significantly significant when alternative measures of cash holdings (e.g., Cash3 and Cash4) are used in the analysis, indicating that the findings from this sensitivity analysis corroborate our baseline results reported in Table 3.
TABLE 6 | A series of robustness tests.
[image: Table 6]Second, to further mitigate the concern that treatment and control firms could be systematically different and thus potentially influence the decisions of holding cash, we use the propensity score matching (PSM) method, proposed by Rosenbaum and Rubin (1983), to construct matched control sample. Firm size (Size), the leverage ratio (Lev), capital expenditure (CapEx), firm growth (Growth), Return on equity (ROE), operating cash flow (CF), Tobin’s Q (TBQ), the dividend dummy (Dividend) and state ownership (SOE) as covariates are helpful to select samples of control group which has similar characteristics with treatment group. Thus, these variables are used as matching variables. Then, we use the 1:4 nearest neighbor matching method (Abadie et al., 2004). The regression results of the PSM-DID method are reported in columns 1) and 2) of Table 53. The coefficients on Treat×Post are positive and highly significant irrespective of the measures of cash holdings, suggesting that polluting firms hold significantly more cash after the promulgation of the new EPL.
Finally, we conduct two placebo tests to investigate the possibility that our results are purely driven by chance or the overall time trend. In the first placebo test, following Chen et al. (2021), we draw a random sample of 1,244 firms (the same number of the treated firms) as treatment firms over the sample period and the dummy variable Post is consistent with our baseline regression. Based on these “pseudo” treatment and control groups, we rerun the regressions using model 1) and save the coefficients on Treat×Post. We then repeat this procedure 1,000 times. Panel A of Figure 1 plots the empirical distribution of the coefficients on Treat×Post based on those pseudo-treatment-group when the dependent variable is Cash1. The actual coefficient on Treat × Post of 0.025 from column 3) of Table 3 lies well to the right of the entire distribution of coefficient estimates from the placebo test. Panel B of Figure 1 plots the empirical distribution of the coefficients on Treat×Post based on those pseudo-treatment-group when the dependent variable is Cash2. The actual coefficient on Treat × Post of 0.029 from column 4) of Table 3 lies well to the right of the entire distribution of coefficient estimates from the placebo test. In the second placebo test, following Cai et al. (2021) and Chen et al. (2021), we re-estimate our baseline regression based on a pseudo-treatment year: 2010 (4 years before the actual year in which the new EPL was promulgated). We obtain the 7 year data around the pseudo-treatment year including 3 years before and 3 years after. We present the results in columns 5) and 6) of Table 6. The coefficients on Treat×Post are -0.000 and 0.000, both of which are close to zero and not significant. Overall, the results of the placebo tests could help alleviate the concern that our results are driven by chance or the overall time trend.
[image: Figure 1]FIGURE 1 | Placebo test.
6 ECONOMIC CHANNELS
Based on our previous theoretical analysis, environmental regulation may affect corporate cash holdings by reducing the access to bank loans, decreasing the access to subsidies, and improving environmental uncertainty. In this section, we try to examine the potential channels through which environmental regulation affects corporate cash holdings.
To examine the economic channel, we use the mediation model pioneered by Baron and Kenny (1986), which has been used extensively in subsequent research (e.g., Avom et al., 2020; Zhu et al., 2020; Huang et al., 2021). Therefore, we construct models 2) and 3) to examine the plausible channels:
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where Mediated is the mediating variable. The first step of mediation model is to examine the significance of coefficient β in model 1), which is statistically significant based on the results from Table 3. If the coefficients of a and b in models 2) and 3), respectively, are all statistically significant, Mediated is the potential channel through which environmental regulation affects corporate cash holdings. Besides, under the above condition, if the coefficient of c is statistically significant, the mediating variables partially mediate the relations between the environmental regulation and corporate cash holdings. Otherwise, the mediating variable plays a completely mediating role.
6.1 The Channel of Environmental Uncertainty
Following prior studies (Ghosh and Olsen, 2009; Huang et al., 2017), we use the CV index as the proxy for environmental uncertainty (CV). We first calculate the raw sales volatility over a rolling 3 year period and then normalize the raw firm-specific environmental uncertainty by dividing it by the average environmental uncertainty for that firm’s industry for the same fiscal year to mitigate time and industry effects. The regression results are shown in column 1) of Table 7, the coefficient on Treat×Post is positive and significant, suggesting that there is a significant increase in environmental uncertainty for heavy-polluting firms after the EPL promulgation. Our results in Columns 2) and 3) of Table 7 show that the heavy-polluting firms hold more cash after the implementation of the new EPL and that the new EPL indeed increases heavy-polluting firms’ environmental uncertainty. These findings are consistent with our conjecture that environmental uncertainty partially mediates the positive relationship between the new EPL and corporate cash holdings, and support H2. That is, the new EPL improves heavy-polluting firms’ cash holdings by increasing their environmental uncertainty.
TABLE 7 | Mechanism analysis: Environmental uncertainty.
[image: Table 7]6.2 The Channel of Access to Bank Loans
We use the ratio of firms’ total amount of bank loans to total assets (e.g., Chang et al., 2021) as the proxy for the bank loans (Loans). Regression results for the mediation model are reported in Table 8. As shown in column 1) of Table 8, the coefficient of the interaction terms of Treat×Post is negative and significant at the 1% level, which means that heavy-polluting firms experience a significant decline in bank loans after the implementation of the new EPL compared to control firms. After controlling Loans, we find that heavy-polluting firms significantly increase the level of their cash holdings and that the coefficients of Loans in columns 2) and 3) are also significant and negative, consistent with our predictions. This suggests that access to bank loans partially mediates the positive relationship between environmental regulation and corporate cash holdings, and supports H3. That is, environmental regulation induces heavy-polluting firms to increase their cash holdings by limiting their access to bank loans.
TABLE 8 | Mechanism analysis: Bank loans.
[image: Table 8]6.3 The Channel of Access to Government Subsidies
Following Chang et al. (2021) and Qiao and Fei (2022), we use the natural logarithm of government subsidies as the proxy for government subsidies (Subsidies). The results in column 1) of Table 9 show that there is a significant decline in government subsidies for heavy-polluting firms after the introduction of the new EPL. In columns 2) and 3) of Table 9, after controlling Subsidies, we still find that environmental regulation can positively affect heavy-polluting firms’ cash holdings and that the coefficients of Subsidies are also significant and negative. These results are consistent with our expectations, indicating that access to government subsidies partially mediates the positive relationship between environmental regulation and corporate cash holdings, and support H4. That is, environmental regulation increases heavy-polluting firms’ cash holdings by hampering their access to government subsidies.
TABLE 9 | Mechanism analysis: Subsidies.
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7.1 Precautionary Motive
To examine whether environmental regulation can positively affect corporate cash holdings through the precautionary effects, we conduct further empirical analyses. According to the precautionary motive, heavy-polluting firms with strong growth potential are less likely to increase their cash reserves as a result of the stringent environmental regulation, and they are inclined to invest capital resources to pursue future growth (Cai et al., 2021). There should be significant differences following a change in environmental regulation between firms with high and low investment growth opportunities in terms of their liquidity management. Following Cai et al. (2021), we measure firms’ investment and growth prospects using Tobin’s Q (TBQ) and the annual growth of capital expenditure (CapexGrowth) and interact with those with Treat×Post to examine whether heavy-polluting firms with high growth prospects are more sensitive to the new EPL shocks. If the precautionary effect holds, we expect the estimated coefficients of the triple interaction term (i.e., Treat×Post×TBQ and Treat×Post×CapexGrowth) to be significantly negative.
The regression results are presented in Table 10. In columns 1) and 2), the coefficients of the triple interaction term Treat×Post×TBQ are negative and statistically significant at the 1% level irrespective of the measures of cash holdings. As reported in columns 3) and 4), the triple interaction term Treat×Post×CapexGrowth is negative and statistically significant at the 1% level. These results suggest that the impact of the environmental regulation on corporate cash holdings is more pronounced among heavy-polluting firms with strong growth prospects, which strongly supports the precautionary motive.
TABLE 10 | The effect of firms’ investment and growth opportunities.
[image: Table 10]7.2 Political Relations-Based
Political connections may weaken the effectiveness of regulation and enforcement for the new EPL (Liu X. et al., 2021). Heavy-polluting firms with strong political connections may be less affected by the new EPL and should experience an insignificantly small change in their cash holdings. However, heavy-polluting firms without political backgrounds can have disadvantages in facing more effective regulation enforcement after the promulgation of the new EPL, leading to a significant increase in cash holdings. We divide our sample into subsamples based on firms’ political connections and estimate the regression model in the model 1) using each of the subsamples. Table 11 presents the estimation results. The coefficients of Treat×Post are close to 0 and statistically insignificant in columns 1) and 3), while they are positive and significant for the other subsamples. These results show that the increase in cash holdings in the post-regulation period to be more evident among heaving-polluting firms with non-politically connections. This finding indicates that heavy-polluting firms with political backgrounds can gain political assistance, and thus they experience an insignificant decline in bank loans and government subsidies, and an insignificant increase in environmental uncertainty, which brings about a smaller change in their cash holdings following the promulgation of the new EPL.
TABLE 11 | Heterogeneous Effects of environmental regulation on corporate cash holdings.
[image: Table 11]7.3 Economic Dependence on Secondary Sector
Compared to the primary sector and tertiary sector, the secondary sector including coal, metallurgy, mining, thermal power, iron, and steel, contributes most to both economic growth and environmental pollution (Hao and Liu, 2016; Zhu et al., 2019; Liu Y. et al., 2021). However, there is a strong linkage between the private interests of provincial leaders and regional economic development (Li and Zhou, 2005; Li X. et al., 2019). That is, regional economic growth matters in determining the promotion of political officials. The “race to the bottom” theory argues that strategic interaction among political jurisdictions inhibits the stringency of environmental regulation (Woods, 2006). Thus, if one province relies more on the secondary sector, government officials tend to reduce the enforcement of environmental regulation to lower the expense of economic growth (Liu Y. et al., 2021). A quantitative proxy for secondary sector intensity is defined as the value-added of the secondary sector divided by the value-added of three sectors. A higher value means that a province has a higher secondary sector intensity. We assign sample provinces to high and low groups of secondary sector intensity based on the median value of each year. In Table 12, the regression results show that the effect of the new EPL appears to be stronger in the sample of the low secondary-sector-intensity group. These results indicate that environmental regulation is less effective in the regions with more dependent on the secondary sector, which leads to the weaker effect of the new EPL on corporate cash holdings.
TABLE 12 | Heterogeneous Effects of environmental regulation on corporate cash holdings.
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8.1 Discussion
This paper analyzes the impact of environmental regulation on heavy-polluting firms’ cash decision-making. Due to data limitations, we only focus on the listed firms in China. Future research can analyze the effects of environmental regulation on different types of firms, such as private companies and foreign firms. On the other hand, we suggest more research studies on the economic consequences of environmental regulation on corporate-level activities in the future, thus providing sufficient scientific support for the formulation of environmental regulation policies and protection of the environment.
8.2 Conclusion
In this study, we investigate how environmental regulation triggered by the new EPL in China affects public firms’ cash decision-making. Exploiting the new EPL as an exogenous shock to environmental regulation, we conduct a quasi-experiment to identify the causal effect of stricter environmental regulation on corporate cash holdings. Our results show that heavy-polluting firms increase their cash holding significantly after the introduction of the new EPL, which provides support for the precautionary effect. We show that the new EPL positively affects firms’ cash holdings mainly through heightened environmental uncertainty and limited access to banks loans and government subsidies. In addition, we show that the stringency of environmental regulation increases the level of heavy-polluting firms’ cash holdings, and the effects are more pronounced for firms without stronger political connections and those in regions with less dependent on the secondary sector.
Our results here have important theoretical and practical implications. First, heavy-polluting firms pursue liquid strategies by maintaining suitable cash reserves because the new EPL leads to heightened uncertainty for them. Because holding cash is costly for firms, this result suggests that a hidden cost of regulation is that it increases the environmental uncertainty faced by firms. Second, the new EPL aiming to strengthen the stringent environmental regulation may have unintended side effects that worsen firms’ financial constraints when there are frictions to finance, especially in developing countries in which businesses rely heavily on bank loans. As a result, while developing environmental rules, governments should take into consideration corporate liquidity. Third, stricter environmental regulation is associated with the re-allocation of government subsidies. To achieve sustainable development and environmental protection, the governments in China prefer to encourage the development of non-heavy-polluting industries, such as new energy industries, instead of heavy-polluting industries. Finally, governments should encourage the banks to provide more loans to heavy-polluting firms according to their environmental performance, so that they have more funds to meet the necessary needs of green investment, R&D investment, and innovative products.
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FOOTNOTES
1China not only is the world’s largest greenhouse gas emitter, but also fails to meet acceptable international health standards, such as the average PM2.5 concentrations amounted to 4.3 times the WHO guideline (Li K. et al., 2019).
2The concept of environmental uncertainty is defined as the variability of change that characterizes environmental activities relevant to a firm’s operations, and government regulation is one of the important factors affecting environmental uncertainty (Huang et al., 2017; Magerakis and Habib, 2021).
3In untabulated tests, we find that there is no significant difference in covariates between the heavy-polluting firms and the control firms, supporting the validity of the PSM approach.
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