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The transition to a green, sustainable economy is largely reliant on corporate investment in the realm of environmental protection. Utilizing the adoption of the third phase of the Golden Tax Project (GTPIII) in China as a quasi-natural experiment, this paper examines how corporate environmental investment changes in response to greater tax enforcement. Our results reveal that tougher tax enforcement significantly lowers corporate environmental investment. Such an effect is stronger for firms faced by high financial constraints and those operating in non-heavy-polluting industries. Moreover, the mechanism analysis indicates that the higher tax burden induced by greater tax enforcement is the potential channel. Overall, this paper shows that stricter tax enforcement could potentially result in adverse spillover effects on corporate environmental investment, which warrants attention in tax collection practices.
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1 INTRODUCTION
Corporate environmental investment (hereafter CEI) is crucial for reducing pollutant emissions and achieving a green transformation of the economy (Zahan and Chuanmin, 2021; Ren et al., 2022). In the past few decades, environmental issues, such as air pollution and waste water, have posed tremendous threats to people’s livelihoods and economic growth (Lu et al., 2023). It is widely recognized that corporates should assume the primary responsibility for environmental protection because pollutants and carbon emissions mainly stem from industrial activities in the corporate sector (IPCC, 2014; Huang and Lei, 2021; Kong et al., 2023a). Thus, corporates are supposed to make substantial investments in environmental protection.
CEI might be sensitive to corporates’ financial condition if corporates are short of internal cash flow. Comparing to conventional corporate investment such as investment in machinery and equipment (Alliance, 2013), CEI produces little short-term economic benefit but consumes great financial resources (Liu et al., 2021; Liu et al., 2022a; Wang et al., 2023b). Many managers face intense short-term performance pressure from investors (Brochet et al., 2015; Kraft et al., 2018). Therefore, profit-driven managers and corporates are likely to cut CEI when there is a lack of internal cash flow.
Tax enforcement, as documented in recent studies, is one factor that might result in greater tax burden and thus tighter financial condition in firms (Slemrod, 2019; Liu et al., 2022a; He and Yi, 2023). Tax enforcement refers to the application of measures to ensure better tax compliance (Slemrod, 2019), with a focus on audit probability and tax evasion penalties (Carrillo et al., 2017). Indeed, many countries such as China are strengthening their tax enforcement in the recent decade, aiming to reduce tax evasion and increase tax revenue (Feng et al., 2022). Given tax enforcement is found to affect corporate performance (He and Yi, 2023), it is critical for policymakers to fully understand the exact impact that tax enforcement may have on corporates. Prior literature generally focus on the governance role of tax enforcement (Desai et al., 2007; Xu et al., 2011; Zhang et al., 2022a), which benefits corporates’ financial reporting quality (Hanlon et al., 2014), the informativeness of earnings (Zhao, 2023), investment efficiency (Zhang et al., 2023), corporate donation (Zhao, 2022), and reduce accounting misstatements (Li and Ma, 2021) as well as financial irregularities (Feng et al., 2023). However, little attention has been paid to the potential adverse effect of tax enforcement in corporates, especially in the domain of corporate environmental performance. Existing studies reveal that greater tax enforcement deters tax evasion, consequently increasing the tax burden borne by corporates (Slemrod, 2019; Li and Ma, 2021; Liu et al., 2022a). This results in a reduction in the availability of financial resources, as their internal cash flow diminishes (Feng et al., 2022). Since CEI is costly, firms facing greater tax burden might also choose to cut such environmental investment in order to save internal cash flow (Liu et al., 2022a; Feng et al., 2022). Despite of great importance to policymakers, unfortunately, whether greater tax enforcement has a detrimental effect on CEI still remains uninvestigated. To fill the gap, this paper investigates the influence of tax enforcement on CEI.
The specific contextual factors that firms operate within might moderate the relation between tax enforcement and CEI. Specifically, we expect that firms’ financial constraints, namely, their inability to access external funds, would amplify the negative effect of tax enforcement on CEI. Companies that face financial constraints rely more on internal financial resources. Therefore, they are more likely to cut environmental investment when there is insufficient internal cash flow resulting from greater tax enforcement. Besides, we anticipate the crowding-out effect of tax enforcement might be weaker in heavy-polluting industries. Since pollutants are primarily emitted by firms in heavy-polluting industries, more stringent regulations apply to these firms (Liu et al., 2022a; Wang et al., 2023b). Therefore, these firms are forced to maintain the essential environmental investment. In contrast, firms in other industries encounter comparatively less environmental supervision (Wang et al., 2023b). Thus, in contrast to firms operating in other industries, firms within heavy-polluting industries are less likely to cut environmental investment because they are more prone to be penalized for violating environmental regulations.
We employ a quasi-natural experiment, i.e., the adoption of the third phase of the Gold Tax Project (GTPIII) in China, to explore the impact of tax enforcement on CEI. GTPIII is a comprehensive digital taxation management system that encompasses all kinds of taxes, aiming to fight tax evasion and enhance tax collection efficiency (Zhao, 2022). During 2013 to 2016, China gradually implemented GTPIII in each region (provinces, autonomous regions, and municipalities). Importantly, GTPIII oversees the complete procedures of tax collection as well as facilitating tax evasion detection in collaboration with third parties (Xiao and Shao, 2020). Using big data as a tool, GTPIII greatly enhances tax inspection and monitoring, thus strengthening tax enforcement of tax authorities. Therefore, many prior studies have used the implementation of GTPIII to capture greater tax enforcement (Li et al., 2020; Zhao, 2023). In line with these studies, we also employ the adoption of GTPIII to proxy more stringent tax enforcement. Since the adoption of GTPIII is independent of local economic circumstances and corporate behaviors (Zhao, 2022), this setting is desirable to test our hypotheses.
Employing the staggered difference-in-differences (DID) approach, we explore the role of tax enforcement in shaping CEI. For observations in each year, the treatment group comprises corporates that are headquartered in regions affected by GTPIII, while the control group includes the rest of the corporates that are not affected by GTPIII. Consistent with our hypothesis, the empirical findings reveal that stronger tax enforcement exerts a significant negative effect on CEI. Specifically, in comparison to the control group, corporates in the treatment group experience a decrease in environmental investment of around 36%, which is economically significant. Our findings hold for PSM-DID approach and a series of robustness tests. Moreover, the influence of tax enforcement is stronger for firms that are financially constrained and those firms operate within non-heavy-polluting industries. Further mechanism analysis indicates that the reduction in CEI could be attributed to the greater tax burden induced by greater tax enforcement.
This paper contributes to three streams of literature. First, we identify tax enforcement as a determinant of CEI, adding to the existing body of research on the factors that affect CEI. While it is well documented that the influencing factors of CEI mainly include stakeholder pressure (Liu and Wu, 2009; Liao and Shi, 2018), firm traits (Bhuiyan et al., 2021), characteristics of top executives and the board (Hu and Yang, 2021; Jia et al., 2021) as well as environmental regulations like tax policies (Liu et al., 2022a; Brown et al., 2022; Cheng et al., 2022; Qian et al., 2023), few studies have considered the role of tax enforcement in influencing corporate environment performance. Comparing to the most relevant studies that concentrate on how environmental tax implementation and tax rate changes affect corporate environmental performance (Li et al., 2021; Liu et al., 2022a; Cheng et al., 2022; Kong et al., 2023b; Qi et al., 2023), this paper focuses on the effect of tax enforcement. Specifically, we show that tax enforcement is a non-negligible factor that reduces CEI, which warrant attention from tax authorities.
Second, this study sheds new light on the effect of tax enforcement at the firm-level. In the literature, most relevant studies center on the governance role that tax enforcement plays in firms (Xu et al., 2011; Zhang et al., 2022b). However, there is a scarcity of research that investigate the potential negative spillover effects at the firm level. To fill this void, two recent studies show that tax enforcement results in a greater tax burden and higher liquidity constraints, which crowds out labor demand (Liu et al., 2022b) and social security contributions (Feng et al., 2022). Building on the idea that tax enforcement might have negative effect on corporate internal financial resources, this paper further demonstrates that stricter tax enforcement might also crowd out CEI.
Third, our study extends the understanding regarding the economic outcomes of adopting big data technology to enhance tax enforcement, which is of great importance for policy implications. Recent research suggests that the utilization of big data technology is conducive to tax collection (Li et al., 2020; He and Yi, 2023). In contrast, this paper uncovers that it might result in undesired outcomes concerning firms’ environmental performance.
2 INSTITUTIONAL BACKGROUND, LITERATURE REVIEW AND HYPOTHESES
2.1 Institutional background
In 1994, the State Administration of Taxation of China (SAT) started the implementation of a new tax system. Value-added tax (VTA) is the principal form of taxation within this system, with VAT invoices serving as the primary tax withheld certificates. To address the tax fraud problem that plagues VTA tax collection, the SAT launched a tax administration information system named Golden Tax Project (GTP), aiming to manage VAT invoices information and strengthen VAT enforcement. The project consisted of three phases, namely, GTPI, GTPII and GTPIII. By integrating the internet and big data, tax authorities are able to utilize timely, comprehensive, and accurate information from multiple sources to monitor corporate tax noncompliance. Indeed, GTP has effectively mitigated false VAT invoices as well as tax evasion practices associated with tax credits (Li et al., 2020; Wang et al., 2023a).
The first and second phases of Golden Tax Project were implemented countrywide in the year of 1996 and 2003 respectively. GTPIII was initially piloted in 2013 in the provinces of Chongqing, Shanxi, Shandong, before being gradually implemented across China. In 2014, GTPIII expanded to three additional provinces: Guangdong, Henan, and Inner Mongolia. In 2015, GTPIII further covered 14 other provinces including Hebei, Ningxia, Guizhou, Yunnan, Guangxi, Hunan, Qinghai, Hainan, Tibet, Gansu, Anhui, Xinjiang, Sichuan, Jilin. By the end of 2016, GTPIII was fully adopted nationwide. The staggered adoption of GTPIII in different regions and years provides us with a quasi-natural experiment setting to test our predictions1.
GTPIII not only enables the tax authority to effectively track corporates’ economic activities by monitoring invoices in a real-time way, but also allows verification using information from third parties such as banks. More importantly, GTPIII has powerful information processing and analysis capabilities. It automatically compares indicators among corporates vertically and horizontally, aiding tax authorities in the identification of firms that pose a high risk of tax sheltering. According to Zhao (2023) and Li et al. (2020), the adoption of GTPIII serves as an exogenous shock that enhances tax enforcement of tax authorities. In particular, GTPIII enhances the tax enforcement of tax administrators by improving the effectiveness of tax inspection and monitoring (Li et al., 2020).
2.2 Influencing factors of CEI
In an effort to address pollution and emissions problems, many studies have examined the driving forces of CEI. According to Ding et al. (2023), the relationship between external influencing factors and CEI can be comprehended as an outcome of evaluating the economic, environmental benefits and costs. Due to negative environmental externalities, most firms are reluctant to engage in environmental investments (Tang et al., 2013; Huang and Lei, 2021; Yang, 2023). Therefore, current research focuses primarily on the factors that exert external pressure on firms to promote CEI.
Pressure from the government, which urges firms to protect the environment, is widely acknowledged as the crucial driving factor of CEI. Existing studies indicate that corporates increase their environmental investment in reaction to government policies, regulations and laws such as carbon emission trading policy (Yang, 2023), government environmental inspection (Wang et al., 2022; Qian et al., 2023) and environment protection tax (Liu et al., 2022a; Brown et al., 2022; Cheng et al., 2022). Likewise, Xu and Yan (2020) document a positive association between firms’ political connections and their environmental investment. Besides pressure from the government, CEI might also be driven by pressure from the public. For example, it is established that public appeal is a key determinant of CEI (Liao and Shi, 2018). Liu and Wu (2009) also show that firms tend to make more voluntary environmental investments as a result of heightened environmental consciousness among consumers.
Except for the aforementioned factors, existing literature has identified some other drivers that affect CEI. Given the boards have the responsibility of overseeing corporate investments, it is plausible that internal governance factors could influence the decision-making process regarding environmental investments. In regard to this, Bhuiyan demonstrate that corporates tend to make more environmental investment when they have environmental committees and a larger percentage of independent directors (Bhuiyan et al., 2021). In addition, characteristics of top executives and the board may also impact CEI. For example, firms with CEOs who have moral names are found to enhance CEI (Jia et al., 2021). Likewise, female board directors are positively associated with CEI (Hu and Yang, 2021).
Moreover, it is straightforward to see that a lack of financial resources in firms may hinder CEI. In line with this notion, Jiang et al. (2022) show that digital finance enables corporates to make more financial investments, which leads to a lack of financial resources for CEI. From the angle of available financial resources, likewise, this paper examines whether tax enforcement crowds out CEI.
2.3 Tax authority enforcement and CEI
In studying how tax enforcement impacts firm outcomes, many researchers have documented that tax enforcement by tax authorities deters tax non-compliance (Hoopes et al., 2012; Gupta and Lynch, 2016; Li et al., 2020; Feng et al., 2023), which increases firms’ tax burden (Carrillo et al., 2017; Slemrod, 2019; Liu et al., 2022a; He and Yi, 2023). For example, Xiao and Shao (2020) demonstrate that stricter tax enforcement induced by the third phase of China’s Golden Tax Projects reduces corporates’ tax noncompliance behaviors and leads to a rise in the income tax burden in the treatment regions. In line with this, Li and Ma (2021) present further empirical support for the positive association between tax enforcement and the tax burden borne by firms.
Due to the increased tax burden resulting from stricter tax enforcement (Feng et al., 2022), corporates may reduce their CEI in order to conserve internal cash flow for other profitable investments. The underlying logic is straightforward. It is well-documented that environmental investment does not yield immediate profits, but rather consumes substantial financial resources and involves a high level of risk (Liu et al., 2021; 2022a; Wang et al., 2023b). As environmental protection investment contributes little to firms’ performance in the short run, profit-oriented firms and managers facing more stringent tax enforcement might opt to reduce environmental investment to save internal financial resources (Brochet et al., 2015; Kraft et al., 2018). Indeed, it has been found that tougher tax enforcement crowds out corporates’ social security contributions and labor demand (Liu et al., 2022a; Feng et al., 2022). Therefore, we propose Hypothesis 1 as follows:
H1:. Stricter tax enforcement has a negative effect on CEI.
2.4 The moderating effect of financial constraints
The financial constrains that firms face may strengthen the relationship between tax enforcement and CEI. Financial constraints refer to financial obstacles that restrict firms from accessing formal external funds. If a firm is financially constrained, it mainly uses its internal cash flows to fund investment activities (Fazzari et al., 1987). According to the literature (Guariglia and Liu, 2014; Zhang et al., 2019a; Tian and Lin, 2019), firm’s capacity to engage in environmental investments is impeded by financial constraints because of inadequate financial resources. In the case that stricter tax enforcement strengthens firms’ tax burden, firms that lack external financial resources are more likely to cut environment protection expenditures to save internal cash flow or to optimize current firm performance. Hence, it is reasonable to believe that firms’ financial constraints would moderate the nexus between tax enforcement and CEI. Therefore, we propose Hypothesis 2:
H2:. The effect of tax enforcement on CEI is stronger for financially constrained firms than for those that are less financially constrained.
2.5 The moderating effect of industry attributes
We anticipate the relation between tax enforcement and environmental investment could be stronger if a firm operates within heavy-polluting industries. In China, firms operating within the heavy-polluting industries are the primary polluters that negatively impact the ecological environment (Liu et al., 2022a; Zhang et al., 2022a). Consequently, these companies are obligated to comply with stringent environmental protection laws and other environmental protection regulations. In addition, they are also closely supervised by external stakeholders who urge companies to fulfill their environmental responsibilities (Wang et al., 2023b). Thus, firms that operate in heavy-polluting industries are more probable to be punished for violating environmental regulations and are obligated to maintain essential environmental investments. In contrast, firms in non-heavy-polluting industries face much less supervision and demands to protect the environment. Therefore, when tax enforcement strengthens firms’ tax burden, firms in heavily polluting industries are less inclined to cut their green expenditures, as compared to firms operating in non-heavy-polluting industries. Hence, we propose:
H3:. The effect of tax enforcement on CEI is stronger for firms in non-heavy-polluting industries than for those in heavy-polluting industries.
3 DATA AND METHODOLOGY
3.1 Data and sample
We use Chinese A-share listed firms from 2009 to 2018 to explore the nexus between tax enforcement and CEI. It allows us to assess the effects of stricter tax enforcement induced by the adoption of GTPIII, while avoiding introducing many confounding factors. Firms operate in the financial sector, and those with abnormal leverage conditions (higher debts than total assets, negative leverage ratios) are excluded. We also drop observations from ST, *ST and PT firms. Consequently, our sample comprises 3372 firm-year observations. The initiation year for the third phase of the Gold Tax Project in each region is manually collected. Other data is retrieved from China Stock Market and Accounting Research (CSMAR) database. To remove the impact of extreme values, all continuous variables are winsorized at the 1% and 99% tails.
3.2 Variables
3.2.1 Tax enforcement (GTP)
Since the phase-in implementation of GTPIII occurred in different regions (provinces, autonomous regions and municipalities) in different years, we capture tax enforcement with [image: image], a dummy variable that takes one if the region where the firm [image: image] was headquartered launched GTPIII in year [image: image], and zero otherwise. Referring to Li et al. (2020), those regions that adopted GTPIII in the second half of the year are considered to start GTPIII in the subsequent year.
3.2.2 Environmental investment (Envlnv)
Referring to Huang and Lei (2021) and Ding et al. (2023), environmental investment ([image: image]) is proxied by the natural logarithm of corporate environmental expenses in a particular year, which is gathered by hand from the “construction in progress” part of firms’ annual report (Huang and Lei, 2021; Ding et al., 2023). Specifically, environmental protection items (such as desulfurization, denitrification, wastewater treatment, exhaust gas treatment, dedusting, energy-saving and greening projects) are identified under this account and all the environmental expenditures are aggregated (Zhang et al., 2019a). In a robustness test, we employ the ratio of total environmental expenditures to total assets ([image: image]) as an alternative measure (Qian et al., 2023). In order to improve the comprehension of the coefficient, we multiply this ratio by 100.
3.2.3 Moderating variables
High financial constraints ([image: image]). We employ the FC index introduced by Hadlock and Pierce (2010) to proxy the financial constraints facing a given firm. A higher FC index indicates that the company is experiencing greater financial constraints. If a firm’s FC index is larger than the sample median, the dummy variable [image: image] has the value one and zero otherwise.
Heavy-polluting industries ([image: image]). Following Zhang et al. (2019b), we classify 19 industries as heavy-polluting industries. Specifically, heavy-polluting industries are identified based on the “Management Directory of Environmental Protection Industry Classification for Listed Firms” issued by the China Ministry of Environmental Protection in 2008. [image: image], a dummy variable, has the value one if a firm operates within the heavy-polluting industries and zero otherwise.
3.2.4 Other variables
Following Zhang et al. (2019a), a vector of variables is controlled for: (1) return on total assets ([image: image]); (2) stock returns ([image: image]); (3) leverage ratio ([image: image]); (4) firm size ([image: image]); (5) property rights, i.e., whether a firm is state-owned or not ([image: image]); (6) sales revenue ([image: image]); (7) environmental protection subsidy ([image: image]); (8) ownership concentration ([image: image]); (8) board size ([image: image]) and (9) executive shareholding ([image: image]). In studying the potential mechanism, we include [image: image] which refers to corporates’ overall tax burden, as a mediator variable.
Table 1 presents the detailed definitions of all variables.
TABLE 1 | Definition of variables.
[image: Table 1]3.3 Methodology
Following Zhao (2023), we use a staggered DID method to estimate the potential impact of tax enforcement on CEI. The specification is as follows:
[image: image]
where [image: image] denotes the environmental investment of firm [image: image] in year [image: image]. [image: image], is a dummy indicator. [image: image] refers to a set of variables that are controlled for. The specification incorporates year and firm fixed effects, and the standard errors are clustered at the firm level. We are interested in coefficient [image: image] which represents the estimated effect of GTPIII on CEI.
4 EMPIRICAL RESULTS
4.1 Descriptive statistics
We report the descriptive statistics in Table 2. The mean logarithmic value of environmental investment is 16.71, equivalent to RMB 18,074,271. In our sample, about 38% of the observations implemented GTPIII. On average, 58% of observations are from firms that operate in heavy-polluting industries. In addition, approximately half of the observations, specifically 49%, are from firms that are experiencing high financial constraints.
TABLE 2 | Summary statistics.
[image: Table 2]4.2 Primary results
Table 3 reports the results of DID estimation. Column (1) of Table 3 only controls for time and firm fixed effects. We additionally account for firm characteristics and firm governance variables in the subsequent two columns. The coefficients of [image: image] in column (1)–(3) are −0.37, −0.36 and −0.36 respectively, which are statistically significant at 5% level. These results suggest that greater tax enforcement leads to a decrease in CEI. According to column (3), firms exposed to greater tax enforcement induced by the implementation of GTPIII invest approximately 36% less than those not exposed, which is sizeable in terms of economic significance. These findings confirm H1.
TABLE 3 | The impact of tax enforcement on CEI.
[image: Table 3]4.3 Robustness checks
4.3.1 Parallel trend checking
The validity of our primary finding is contingent upon the fulfillment of the parallel trend assumption. In other words, the treatment group should exhibit a similar trend of CEI as compared to the control group prior to the adoption of GTPIII, eliminating the concern that pre-existing factors drive our findings. In this regard, dynamic estimation is conducted to examine whether the parallel trend assumption is satisfied. In line with Kong and Zhu (2022), we use the following model:
[image: image]
where [image: image], [image: image], [image: image] (k = 1, 2, 3, 4+) are a battery of variables representing the years that corporates are impacted by the implementation of GTPIII. Specifically, [image: image] (k = 1, 2, 3) is a dummy that equals one when a treatment group observation is [image: image] year(s) before (after) the adoption of GTPIII and zero otherwise. Likewise, [image: image] is a dummy that takes one if a treatment group observation is four or more years before (after) the implementation of GTPIII and zero otherwise. [image: image] is a dummy that equals one if a treatment group observation is in the year of the tax enforcement shock and zero otherwise. We further control for the same control variables and fixed effects as in Eq. 1.
The coefficient estimates of the timeline variables are plotted in Figure 1. We find insignificant estimated coefficients of [image: image], indicating the two groups exhibit similar trends concerning environmental investment before the tax enforcement shock. Consistent with our primary results, the coefficients of [image: image] and [image: image] (k = 1, 2) remain negative and significant at 5% level. Overall, the dynamic estimation provides evidence that our study meets the parallel trend assumption.
[image: Figure 1]FIGURE 1 | Dynamic effects.
4.3.2 Placebo test
We perform a placebo test to eliminate the concern that some confounding factors randomly drive our primary results. Specifically, a pseudo treatment variable [image: image] is introduced through a random assignment of regions and years for the implementation of GTPIII. Then, we re-estimate Eq. 1 utilizing this “false” GTPIII reform variable. The procedure is repeated 500 times. Figure 2 presents the coefficient distribution of [image: image], along with the p-values. As anticipated, Figure 2 shows that the estimates are insignificant and are evidently concentrated around zero, indicating the randomly generated treatment variable has no effect. Therefore, it is unlikely that other confounding factors drive our results.
[image: Figure 2]FIGURE 2 | Placebo test.
4.3.3 PSM-DID results
To tackle the potential selection bias issue and further validate the estimation results of DID analysis, we adopt the Propensity Score Matching (PSM) technique before the DID analysis (PSM-DID). To construct a propensity score that captures the probability of a firm being impacted by GTPIII, we employ non-dummy independent variables described in Section 3.2.4. We conduct Kernel matching to match each treatment firm to a control firm that has the closest propensity score (without replacement). Specifically, we follow prior literature and conduct Kernel matching in two ways: (1) matching by transforming panel data to cross-sectional data (2) matching by each year separately (Böckerman and Ilmakunnas, 2009). The covariate balance test results are shown in Supplementary Table SA1, revealing that firms in the treated group and control group exhibit nearly identical characteristics: t-statistics of the mean difference test are mostly statistically insignificant.
After the PSM procedure, we re-conduct the DID analysis and present the PSM-DID results in Table 4. Specifically, column (1) reports the result using samples matched by transforming panel data to cross-sectional data, while column (2) provides the result using samples matched by year. In column (1)–(2), the coefficients of [image: image] are negative and statistically significant, which is qualitatively consistent with our baseline results.
TABLE 4 | Results of PSM-DID analysis.
[image: Table 4]TABLE 5 | Additional robustness checks
[image: Table 5]4.3.4 Additional robustness tests
Standard errors clustered at region level. In Table 2, the standard errors (SE) are clustered at the firm level, in accordance with the extensive body of literature (Yagan, 2015; Zwick and Mahon, 2017; Li et al., 2020). Since the implementation of GTPIII is launched at the region level, firms within the same region might be correlated. Hence, the standard errors are clustered at the region level as an alternative way of clustering. Column (1) of Panel 5A reports the result, which reveals our main findings are robust to alternative clustering.
Heterogeneity-robust DID. Recent studies suggest that TWFE estimates could be biased (Baker et al., 2022; Roth et al., 2023). We employ the approach proposed by Borusyak et al. (2022) to address this concern and present the result in column (2) of Panel 5A. Clearly, our primary findings still hold.
Control for province fixed effect. In our baseline specification, we further include the province fixed effect and GDP per capita in each province to control for province-level confounding factors. Column (3) of Panel 5A reveals that the influence of tax enforcement on CEI holds to province fixed effect, implying the robustness of our main findings.
Alternative measure of environmental investment. Following Zhang et al. (2019b), we further evaluate the robustness of our main results employing an alternative proxy of CEI ([image: image]) which is calculated as corporate environmental expenditure divided by total assets. In column (4) of Panel 5A, we show that the adverse impact of tax enforcement on CEI still holds, which is in line with our primary findings.
Excluding the impact of other policy shocks. During our sample period, China carried out several other policies to control pollution and carbon emission, including: (1) carbon emission trading policy piloted in 2011, (2) the new Environmental Protection Law introduced in 2015, (3) environmental tax reform launched in20182. Specifically, we construct [image: image], a policy dummy that equals one if firm [image: image] headquartered in the regions where the carbon emission trading policy is piloted in year [image: image], and zero otherwise. Likewise, [image: image] is a dummy variable that takes one if year [image: image] is after the implementation year of the environmental tax reform, and zero otherwise. Column (1)–(2) of Panel 5B report the results controlling for the impact of carbon emission trading policy and environmental protection law respectively3, showing the negative effect of [image: image] still exists. To eliminate the potential influence of the environmental tax, we drop the observations in 2018. As Column (3) of Panel 5B indicates, the negative effect of tax enforcement remains reliable.
4.4 Heterogeneity tests
4.4.1 The moderating effect of financial constraints
We further study the moderating effect of financial constraints facing firms. Firms are categorized into the high (low) financial constraints group if a given firm’s FC index is greater than the sample median. Our results using subsamples with high and low financial constraints are displayed in columns (1)–(2) of Table 6.
TABLE 6 | Subsample regression results.
[image: Table 6]In the high financial constraints group, the coefficient estimate (−0.54) is significant at 1% level. However, we find a smaller and insignificant coefficient in low financial constraints group. We further demonstrate a significant difference in estimated coefficients between subsamples with high and low financial constraints (Permutation test, p = 0.025). These results confirm H2, demonstrating that the more a firm is financially constrained, the stronger the crowding-out effect of stricter tax enforcement.
4.4.2 The moderating effect of industry attributes
Heavy-polluting enterprises are subject to strict environmental protection regulations and supervision. Thus, firms in heavy-polluting industries may respond differently to tougher tax enforcement concerning corporate environmental investment, as compared to those firms in industries with low pollution levels. To explore whether industry attributes moderates the relation between tax enforcement and CEI, we split all firms into two groups based on the classification of firms as being in the heavy-polluting industries or not.
The last two columns of Table 6 present the subsample estimation results, which indicate a much more significant and larger effect of tax enforcement for enterprises in non-heavy-polluting industries. Specifically, as shown in Column (3), the coefficient of [image: image] (−0.12) in heavy-polluting subsamples is insignificant. In contrast, the coefficient of [image: image] (−0.83) in non-heavy-polluting subsamples is significant at 1% level. Further Permutation test shows that there is a significant difference in estimated coefficients between heavy-polluting subsamples and heavy-polluting subsamples (p = 0.002). These findings support H3.
5 POTENTIAL MECHANISM
In sum, our results reveal that stricter tax enforcement results in a decrease in CEI. We propose that the increased tax burden caused by tougher tax enforcement might be the channel whereby tax enforcement takes effect. The idea is that more stringent tax enforcement increases firms’ tax burden (Slemrod, 2019; Feng et al., 2022; He and Yi, 2023). Consequently, firms are inclined to retain internal cash flow by limiting CEI due to its lack of immediate profitability, need for a large amount of financial resources, and high level of risk (Liu et al., 2021; Liu et al., 2022a; Wang et al., 2023a). If this channel works, we anticipate observing that tax enforcement exerts a larger crowding-out impact on CEI in firms with a greater overall tax burden.
Following Liu and Liu (2013) and Li and Ma (2021), we proxy firms’ overall tax burden with a variable [image: image], which is measured as payments of all types of taxes divided by total revenue. Based on whether or not the overall tax burden of a firm exceeds the sample median, we split our sample into high/low tax burden groups and re-run Eq. 1 with the subsamples. The estimated coefficients are displayed in Table 7. The estimates of [image: image] are significantly larger within high tax burden groups (columns (1)), as compared to the coefficients in low tax burden groups (columns (2)), suggesting that the negative effects of tax enforcement increase with firms’ tax burden. Overall, the evidence in Table 7 is consistent with our conjecture that a higher tax burden induced by greater tax enforcement evades CEI.
TABLE 7 | Mechanism tests.
[image: Table 7]6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Research conclusion
Environmental pollution and climate change caused by industrial activities greatly threaten the sustainable development of human society. To deal with the pollution problem, many countries have implemented tax policies to encourage CEI. While tax enforcement largely affects the efficacy of tax policies, the role that tax enforcement plays in influencing CEI remains unknown. Using the adoption of GTPIII in China as a quasi-natural experiment, this study sheds light on the nexus between tax enforcement and CEI. The research sample comprises Chinese listed firms, covering the period from 2009 to 2018. Employing the staggered DID approach, we find that corporates reduce their environmental investment in response to greater tax enforcement. This impact is stronger for corporates that are financially constrained and firms that operate within non-heavy-polluting industries. We present additional evidence about the potential mechanisms. The empirical findings support our conjecture that the heightened tax burden induced by greater tax enforcement acts as the potential channel through which CEI is crowded out.
6.2 Policy implications
Our findings suggest several policy implications that might help promote CEI in China and other developing countries facing similar issues. First, while tougher tax enforcement using big data technology undoubtedly contributes to tax collection, it is important to recognize and address the potential negative spillover effects regarding corporate environmental expenditures. To encourage CEI, it is crucial to take measures to alleviate the increased burden caused by greater tax enforcement. To this end, the government could potentially implement tax credits that encourage environmental investment when strengthening tax enforcement. Another potential policy approach could be the implementation of preferential treatment enacted by governments, such as the provision of environmental subsidies.
Second, our findings indicate the impact of tax enforcement on CEI is greater in financially constrained corporates. It suggests that policies could be designed to ease the financial constraints encountered by firms in order to mitigate the negative effect on CEI. For example, the implementation of policies that facilitate corporates to utilize capital market tools, such as green bonds, could prove beneficial to alleviate the adverse impact of tax enforcement.
Third, the enforcement of environmental regulations and the supervision of polluting activities that contribute to environmental degradation ought to be strengthened. Our study reveals that the adverse influence of tax enforcement centers in non-heavy-polluting firms. This result suggests that stringent environmental supervision is critical to maintaining CEI.
6.3 Limitations
While this paper sheds light on how tax enforcement shapes CEI, nonetheless, we acknowledge there are some limitations that should be considered. First, this study employs listed firms as the research sample, rather than a more comprehensive sample covering unlisted firms. Considering that listed firms generally exhibit lower financial constraints in comparison to unlisted firms, the real impact of tax enforcement on CEI might be underestimated. Second, this paper focuses on the Chinese context, an emerging market where economic growth takes precedence over environmental protection. Therefore, the extent to which the effect of tax enforcement extends to developed nations remains questionable. Future research should investigate the generalizability of our findings by examining larger or cross-national samples.
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FOOTNOTES
1One may worry that the effect of GTPIII is biased by the first and second phases of GTP. We posit that this is not likely to happen as the difference-in-difference method allows us to remove the potential effect of the previous two phases and determine the clean effect of GTPIII.
2It refers to the adoption of the Environmental Protection Tax Law of China.
3The Environmental Protection Law mainly affects the heavy-polluting industries. Therefore, we consider firms in these industries as the treatment group, while firms in the rest of industries as the control group.
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