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Based on balanced panel data from 286 prefecture-level cities across 30 provinces in China spanning 2013–2023, this study employs an intensity difference-in-differences model to systematically evaluate the promoting effect of environmental tax policies on industrial green transformation. It further investigates heterogeneous impact characteristics and underlying mechanisms. Empirical results demonstrate that the implementation of environmental tax policies significantly reduces industrial pollution emission intensity while simultaneously promoting growth in industrial value-added, achieving a “double dividend” effect of both environmental protection and economic growth. This conclusion remains robust after a series of rigorous tests and the exclusion of interference from other policies. Mechanism tests reveal that environmental tax policies primarily drive industrial green transformation through three channels: incentivizing enterprises to increase R&D investment, attracting high-quality foreign direct investment (FDI), and strengthening the efficiency of environmental tax collection and administration. Heterogeneity analysis indicates significant regional disparities in the “double dividend” effect, with it being pronounced only in the economically developed eastern region and the heavy industry-agglomerated northeastern region, while the pollution reduction effect in the central-western regions fell short of expectations. This paper provides crucial empirical evidence for refining environmental tax system design and implementing regionally differentiated environmental governance policies.
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1 INTRODUCTION
Environmental governance has become an active focus in China, evidenced by annual pollution control expenditures representing 10% of its GDP, a proportion exceeding that of other emerging Asian economies and regions (Zhu et al., 2021). A strategic objective to accelerate the green transformation of development modes was put forward at the 20th National Congress of the Communist Party of China. This objective highlights China’s commitment to advancing greener and lower-carbon socio-economic progress and clarifies this transformation as crucial for achieving high-quality development. As a critical driver of China’s economic expansion, industry holds an indispensable position in the nation’s overall economic advancement; whereas the industrial sector’s energy consumption, environmental pollution, and carbon emissions stand in contrast to the aspirations of green development. Therefore, a major challenge confronting China currently is how to sustain continuous industrial growth while realizing green transformation and reducing adverse environmental consequences. This issue is crucial not only for China’s own sustainable development but also constitutes a significant contribution to global environmental governance efforts.
The implementation of the Environmental Protection Tax Law of the People’s Republic of China on 1 January 2018, marked a significant milestone in China’s transition from administrative charging to tax-based legal governance in environmental management. As an upgraded version of the previous pollution discharge fee system, this legislation demonstrates four major institutional innovations: First, elevation of legal hierarchy. The original pollution discharge fee system belonged to the category of administrative charges, while the Environmental Protection Tax Law(Hereinafter referred to as EPTL), enacted by the Standing Committee of the National People’s Congress, represents a higher level of legal authority with stronger binding force, reflecting the legalization process of national environmental governance. Second, transformation of legislative values. Compared with the single objective of administrative fee collection and emission control under the pollution discharge fee system, the Environmental Protection Tax Law establishes multiple value objectives including “protecting and improving the environment, reducing pollutant emissions, and promoting ecological civilization construction,” achieving a paradigm shift from administrative management to environmental governance. Third, optimization of collection mechanisms. Regarding administration subjects, the reform transformed the system from environmental protection departments’ assessment and collection to tax authorities’ unified administration, forming a new collection model featuring “enterprise declaration, tax collection, environmental coordination, and information sharing,” which significantly improves collection efficiency and standardization. Fourth, adjustment of revenue allocation. The reform allocated all environmental protection tax revenues to local governments, replacing the previous 1:9 central-local sharing ratio of pollution discharge fees. This provides more stable financial support for local environmental governance and strengthens fiscal incentives for local governments.
It is particularly noteworthy that China’s pre-2018 pollution discharge fee system only possessed embryonic characteristics of an environmental tax. The implementation of the EPTL, for the first time, legally clarified key tax elements including taxable objects, tax calculation basis, and tax payable, marking the formal establishment of China’s modern environmental tax system and laying an institutional foundation for building a green taxation system.
The effectiveness of environmental protection taxes in driving industrial green transitions, including their mechanisms and broader impacts, necessitates further in-depth exploration. Moreover, China’s environmental protection efforts currently face the pressures of economic deceleration and anti-globalization currents, which are exacerbating the tension between sustainable development and ecological preservation. Accordingly, identifying a synergistic balance between industrial advancement and ecological health represents a significant challenge. Addressing this challenge necessitates collaboration between China’s policymakers and its research institutions. Our research offers an empirical analysis of how eco-fiscal policies affect industrial decarbonization in two ways. Specifically, we evaluate their effectiveness in reducing emissions while expanding value-added in manufacturing. Specifically, this research evaluates whether environmental protection taxes significantly decrease industrial pollution emissions and their associated effect on industrial output growth. Moreover, this study analyzes regional differences to enhance the scientific foundation for policy design and execution.
Arthur Pigou’s influential 1920 work on welfare economics offers the theoretical basis for EPTL; his work initially proposed the concept of taxation to correct externalities. Bovenberg and Mooij (1997) introduced the externalities and distortions associated with environmental protection taxes into a general equilibrium model, expanding upon Pigou’s theory. They argued that the optimal calibration of these taxes should account not only for the negative externalities from pollution but also for the internal distortive effects of taxation within the economic system. This perspective has become central to following analyses exploring the capacity of environmental protection taxes to simultaneously curtail environmental pollution (Ciccone, 2018) and enhance output levels (as in Allan et al., 2017; Lee et al., 2017), thus achieving a “double dividend” effect.
Academic consensus on the existence of the double dividend from environmental taxes remains absent at present. A double dividend from environmental taxes, promoting both economic growth and enhanced environmental quality, was found by Barker et al. (1993) through a multi-model comparative analysis of the UK’s electricity industry. Similarly, Takeda (2007) established a multi-sector dynamic CGE model and discovered a similar double dividend for environmental taxes in Japan, suggesting that Japan’s environmental tax policies can effectively reconcile environmental protection and economic development. Bossier and Bréchet (1995) studied fiscal reforms in Europe during the 1990s and proposed that adjusting the tax structure could achieve the dual goals of employment growth and CO2 emission reduction. Extending the CGE model, Fraser and Waschik (2013) demonstrated through research findings that Australia also experiences a double dividend from environmental taxes, offering additional support for the positive effects of these taxes. In Mexico, Landa Rivera et al. (2016) utilized the ThreeME model and identified a double dividend from environmental taxes, further confirming the general applicability of environmental taxes across diverse countries. Lu and Zhou (2023) demonstrate that China’s Environmental Protection Tax enhances green innovation through dual pathways of legitimacy pressure and legitimacy management.3 Concurrently, the EPT reform achieves a double dividend for energy enterprises by simultaneously reducing CO2 emissions and strengthening corporate resilience.15 Empirical evidence from Deng et al. (2023) corroborates this dual-benefit effect, revealing significant resilience improvements in energy firms alongside emission reductions following EPT implementation.5 Furthermore, studies confirm that the policy drives substantial efficiency gains in manufacturing carbon unlocking, with Wen and Sun (2023) documenting statistically significant improvements in industrial decarbonization trajectories.
However, other studies have reached contrasting results. Bossier and colleagues (citation) conducted a multinational comparative analysis across six Western European economies: Germany, France, Britain, Italy, the Netherlands, and Belgium—and determined that environmental taxes in these countries produced only a blue dividend with respect to employment, without a significant green dividend for environmental quality enhancement. Glomm et al. (2008) analyzed the fuel tax in the United States and identified that it produced a blue dividend in terms of economic growth and improvements in social welfare; however, it performed insufficiently with regard to the green dividend for environmental quality improvement. This implies that, under certain circumstances, environmental taxes may not simultaneously fulfill both environmental and economic goals.
Ekins et al. (2011) observed that while the United Kingdom’s environmental tax derived a green dividend in carbon dioxide emission reduction, its blue dividend concerning economic growth and employment was not significant. Radulescu et al. (2017) argue that while environmental taxes may achieve a double dividend in some countries or regions, more nuanced policy design and adjustments may be necessary in others. This suggests that the economic effects of environmental taxes may vary across different countries or regions. Moreover, Oueslati (2014), employing an endogenous growth model, determined that a double dividend from environmental taxes was absent in the short term, challenging the universality of this phenomenon. Alm and Torgler (2011) note that ethical and moral factors significantly influence tax compliance behavior, which may further impact the effectiveness of environmental tax implementation. A study by Radulescu et al. (2017) reported similar findings, observing no dual benefits from such fiscal measures in Romania or the broader EU. This suggests the impacts of environmental taxes might depend heavily on a nation’s or region’s unique economic and policy characteristics.
In conclusion, the dual benefits of environmental taxes remain a subject of ongoing discussion in the literature. While certain research supports the notion that these taxes can benefit both the environment and the economy, a significant body of work suggests that such dual objectives may not be realized under all conditions. These differing conclusions emphasize the importance of carefully considering the unique economic, social, and environmental circumstances of each country when designing and assessing environmental tax policies to ensure their effectiveness and relevance. The existing literature offers valuable insights for this study. However, continued analysis utilizing advanced research perspectives and methodologies is necessitated to appraise China’s environmental protection tax. As a key environmental economic policy enacted in recent years, the effectiveness of this tax reform in advancing industrial green transitions has gained significant attention from both researchers and policymakers. However, there is a scarcity of systematic evaluations concerning China’s eco-fiscal regulatory framework. Its comprehensive effect on industrial green transitions, in particular, has not been thoroughly assessed. Existing research, exemplified by Hu et al. (2020), concentrates mainly on the environmental consequences of China’s green tax system. The potential economic advantages are frequently overlooked in these studies. Therefore, this paper utilizes an enhanced difference-in-differences (DID) approach to study the effect of EPTL on China’s industrial green transition and its underlying mechanisms. This study makes significant contributions to the existing literature in the following three aspects:
First, methodological innovation. Traditional approaches to measuring environmental regulation—such as qualitative scoring, single-indicator methods, or composite indices—often fail to accurately capture the net policy effects. To address this limitation, this paper innovatively constructs a staggered difference-in-differences (DID) model. This approach effectively mitigates endogeneity issues, particularly estimation bias caused by reverse causality, thereby enhancing the precision of environmental regulation impact assessments.
Second, timeliness and data advancement. Existing studies on environmental regulation predominantly focus on pre-2018 policies, such as the pollution discharge fee system and the Two Control Zones policy, while research on the environmental tax policy implemented in 2018 remains relatively scarce. Moreover, few studies incorporate data beyond 2021 (as in Li et al., 2024). This paper not only systematically examines the effects of the environmental tax policy but also extends the analysis to 2023, filling a critical gap in understanding the policy’s impact amid post-pandemic economic recovery and the expansion of carbon markets.
Third, theoretical and mechanistic insights. By treating China’s 2018 environmental tax reform as a quasi-natural experiment, this study empirically tests the applicability of the “Porter Hypothesis” and the “Pollution Haven Hypothesis” in industrial transformation. More importantly, it uncovers the macro-level transmission mechanism through which environmental regulation promotes industrial green transition from a tax administration perspective. These findings provide both theoretical foundations and practical guidance for the synergistic advancement of environmental policy and industrial upgrading.
The structure of this paper is as follows: the second section presents the empirical research design of the study; the third section provides the empirical results and their analysis; the fourth section concludes with empirical findings and policy recommendations.
2 RESEARCH DESIGN
2.1 Empirical strategy
This investigation assesses the causal impact of EPTL specifically focusing on industrial emissions and productivity metrics at the municipal level. We employ a methodological approach that utilizes the policy’s staggered rollout as a quasi-natural experiment. To isolate the policy’s net effects, an intensity-based difference-in-differences (DID) method is applied. Equation 1 presents the core econometric specification:
yit=α0+α1IntDIDit+∑jβjXjit+μi+vt+εit(1)
where i and t index cities and years respectively. The outcome variable y captures both industrial emissions intensity and productivity measures. The key regressor IntDID identifies the policy’s causal effect through coefficient α1, while Xjit represents control covariates including demographic, investment, financial, and fiscal variables. City fixed effects (μi) account for time-invariant regional heterogeneity, year fixed effects (νt) absorb temporal shocks, and εit represents idiosyncratic error components.
Dependent Variables: Industrial Pollution Intensity (IP) and Per Capita Industrial Output Value (IOV). This paper selects industrial pollution intensity and per capita industrial output value as dependent variables to evaluate industrial green transformation across two dimensions: pollution reduction and industrial growth. Firstly, reducing total pollution emissions stands as a crucial objective for sustainable development, especially considering the national impetus for green development. Therefore, the “pollution reduction” effect in green transformation is measured in this paper utilizing industrial pollution intensity as an indicator. Secondly, maintaining economic growth while curtailing environmental pollution to achieve dual enhancement of environmental and economic benefits constitutes the aim of green transformation. Based on this premise, per capita industrial output value is included as a key indicator to assess the “growth” dimension of industrial green transformation. This dual-metric approach holistically assesses the eco-levy’s simultaneous effects on industrial emission mitigation and economic expansion.
Key Independent Variable: The intensity difference-in-differences (DID) estimator (IntDIDit) measures the eco-levy’s causal effects on industrial decarbonization and value-added growth. This approach accounts for fundamental distinctions between the current EPTL (implemented 2018) and previous pollution discharge fees regarding legal authority, enforcement mechanisms, and fiscal structures. While tax rates remain regionally consistent, all municipalities face standardized environmental compliance requirements and emission-reduction incentives. Following established identification strategies (Chen, 2017), we construct the treatment variable (Treati) by comparing cities’ sulfur dioxide emission thresholds against sample medians (above median = 1, below = 0). The policy period (Timet) is coded 1 for post-2018 observations and 0 otherwise. The interaction term IntDIDit = Treati × Timet isolates the policy’s net impact on sustainable industrial transition, addressing potential selection bias through this quasi-experimental design.
Control Variables. To accurately assess the effect of environmental protection taxes on the green transformation of industries, we select a set of control variables to ensure analytical rigor. These control variables consist of several key economic indicators, intended to explain the diverse factors that may affect industrial green transformations from multiple dimensions. First, we account for regional resident population (Popu), reflecting both the size of the labor market and the potential advantages conferred by demographic dividends for the green transformation of industries. A robust labor market not only supplies adequate human resources to sustain industrial production and innovation activities but also strengthens consumer demand, thereby driving the sustainable development of industry. Second, we employ logged fixed capital formation to control for capital deepening effects on industrial eco-efficiency transitions. Fixed asset investment is a critical determinant of promoting industrial technological progress and augmenting production efficiency. Applying the logarithm allows for more accurately measuring the direct effect of investment scale on the green transformation of industries. Third, we consider the natural logarithm of year-end balances of bank deposits and loans (Fin), which measures the stimulative effect of the level of financial development on industrial green transitions. Robust development of the financial sector can offer essential financial support for industries, facilitating technological innovation and industrial modernization, and thus accelerating the overall process of industrial green transformation. the fiscal autonomy ratio (Fiscal) is incorporated to account for local government budgetary capacity in shaping eco-industrial modernization pathways. A healthy fiscal standing can grant local governments greater autonomy, empowering them to effectively promote the green transformation and sustainable progress of industries through targeted fiscal policies and public investments. Lastly, Environmental Protection Expenditure (EP),this indicator reflects the extent of local government’s investment in environmental protection. A higher level of environmental protection expenditure demonstrates the local government’s emphasis on environmental governance and green development. It can provide the necessary policy support and financial security for the green transformation of industry, thereby promoting industrial enterprises to adopt greener technologies and processes in production, reduce pollutant emissions, and drive the sustainable development of industry. The explanations of all variables are demonstrated in Table 1.
TABLE 1 | Definitions of main variables.	Variable	Meaning	Definition
	IP	Industrial Pollution Emissions	(Industrial SO2 + Industrial Wastewater + Industrial Smoke and Dust + CO2)/GDP
	IOV	Industrial Output Value Growth	Per Capita Industrial Output Value
	Time	Policy mplementation Period Indicator	Post-Policy Period Dummy (1 if Year >2018; 0 otherwise)
	Treat	Policy Dummy Variable	Binary variable: 1 for jurisdictions demonstrating waste management performance exceeding the 50th percentile benchmark; 0 designates remaining regions as the reference group; enables robust comparative evaluation of policy effectiveness across performance tiers
	IntDID	Gradient-Based Interaction Component	Time × Treat
	Popu	Demographic Scale Parameter	Log (Population Size)
	Fin	Financial System Sophistication	Log (Financial Intermediation Measure)
	Fiscal	Fiscal Self-Sufficiency Rate	Fiscal Balance Ratio
	Invest	Capital Formation Intensity	Log (Capital Expenditure)
	EP	Environmental Protection Expenditure	Local Fiscal Environmental Expenditure Quota


2.2 Sample selection and data sources
The primary data sources for this study are the China City Statistical Yearbook, the China Regional Economic Statistical Yearbook, and official statistical yearbooks published by individual municipalities. These authoritative publications offer comprehensive and detailed data that support our research. For any missing data, we utilized a reasonable estimation method based on the average annual growth rate to complete the dataset, ensuring dataset comprehensiveness and analytical continuity. Data regarding adjustments to environmental protection tax collection standards were primarily sourced from the China Environment Yearbook, which offers a detailed record of the tax’s collection status in each province. To obtain more detailed information, we supplemented the data with policy documents concerning changes in industrial sulfur dioxide emission tax collection practices across various provinces, obtained through online searches. This supplementation enhances the temporal relevance and breadth of our data.
To enhance the methodological rigor and empirical reliability of our findings, we implemented rigorous data preprocessing procedures. First, a 1% and 99% winsorization was applied to address potential outliers that could otherwise skew the results. This procedure minimizes the effect of anomalous data points on model estimation and enhances the reliability of our analysis. Second, to address potential issues with data fluctuations and heteroscedasticity, we performed logarithmic transformations on all absolute numerical data. This transformation enhances the stability and explanatory power of the model. Descriptive statistics for core variables are presented in Table 2.
TABLE 2 | Distributional characteristics.	Variable	N	Mean	SD	Min	Max
	IP	2676	48.56	64.58	0.07	384.80
	IOV	3114	6.23	6.81	0.20	40.69
	DID	3114	0.35	0.48	0.00	1.00
	Population	3114	5.90	0.63	4.67	6.91
	Finance	3114	17.23	1.00	15.74	19.38
	Fiscal	3114	0.43	0.21	0.15	0.84
	Investment	3114	6.84	1.03	4.26	8.37
	EP	3114	10.38	9.31	1.17	35.80


Notes: (1) All variables measured in monetary terms have been adjusted for inflation and converted to the price level of the year 2000. (2) Missing values have been imputed using linear interpolation. (3) To exclude the potential impact of extreme values, all continuous variables have been winsorized at the 1% and 99% levels. (4) For other variables measured in currency, the annual average exchange rate data from the National Bureau of Statistics have been used for conversion.
3 EMPIRICAL RESULTS ANALYSIS
3.1 Benchmark regression
Econometric estimates indicating the dual impact of EPTL are presented in Table 3; these quantify effects on both urban industrial pollution intensity and industrial productivity per worker. The table includes baseline estimations in Models (1) and (3), which exclude control variables. Building on these, Models (2) and (4) additionally incorporate controls such as population size, fixed asset investment, financial system sophistication, and local fiscal autonomy. After thorough adjustment for covariates, the econometric results offer confirmation that the EPTL’s effect in reducing pollution is statistically significant (p < 0.01). It also significantly increases per capita industrial output value. This suggests that the environmental protection tax, as a market-based environmental regulation mechanism, can reduce industrial pollution and stimulate industrial output growth, thus driving China’s industrial green transition forward on two critical fronts: “pollution reduction” and “output growth.”
TABLE 3 | Benchmark regression.	Model	(1)	(2)	(3)	(4)
	IP	IP	IOV	IOV
	DID	−10.99***	−11.77***	0.566***	1.085***
	(-4.18)	(-4.43)	(4.56)	(9.89)
	Population		81.87***		−4.564***
		(5.45)		(-5.69)
	Finance		0.576		1.140***
		(0.08)		(2.92)
	Fiscal		−10.49		−0.847
		(-0.50)		(-1.31)
	Investment		5.539**		1.760***
		(2.39)		(11.77)
	EP		−0.481		0.140***
		(-1.51)		(4.36)
	Constant	52.45***	−472.5***	6.030***	0.0111
	(43.67)	(-2.76)	(103.61)	(0.00)
	City FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes
	N	2673	2673	3113	3113
	R2	0.756	0.76	0.943	0.958
	F	17.51	8.52	20.81	63.97


Notes: (1) All regressions employed heteroscedasticity-robust standard errors to mitigate the potential interference of heteroscedasticity on the regression results. (2) t statistics in parentheses.
**p < 0.05.
***p < 0.01.
3.2 Parallel trends test
The benchmark regression findings reported in Table 3 indicate that EPTL also reduces pollution and enhances industrial productivity in China’s manufacturing sectors. We performed pre-treatment trend diagnostics based on Autor’s (2003) methodology to establish causal identification. The validity of this test relies on a fundamental premise: prior to policy implementation, the treatment group impacted by the policy and the control group unaffected by it should exhibit similar trends, while a clear divergence between the two groups should appear after policy implementation.
To verify this premise, an event study approach was employed to test for parallel trends. Event-study diagnostics related to EPTL’s impact on industrial emission intensity and value-added growth appear in Figure 1. Analysis of the pre-treatment period demonstrates coefficients without statistically significant trends (all p > 0.1); their point estimates oscillate within the 95% confidence bounds of the null hypothesis. This indicates consistent trends between the treatment and control groups prior to policy enactment. Following the policy’s implementation, however, a significant decrease in industrial pollution emissions was observed. However, empirical evidence reveals a significant decline in industrial pollution emissions alongside a concurrent increase in per capita industrial output following policy implementation. This suggests that RPTL has generated dual positive effects: simultaneously reducing industrial pollution and stimulating industrial output growth, thereby corroborating the parallel trends assumption essential for the DID method.
[image: Two line graphs compare estimated coefficients over related policy years for IP and IOV. The IP graph shows a declining trend from a peak near year -4. The IOV graph depicts a rise starting around year 0. Both have error bars indicating confidence intervals.]FIGURE 1 | Pre-treatment trend diagnostics.3.3 Robustness tests
We conducted extensive robustness checks aiming to strengthen the causal identification. Estimates derived utilizing alternative outcome measures—specifically, per capita pollution emissions and annualized industrial value-added growth—are demonstrated in Column (1) of Table 4. These results confirmed coefficient stability across different specifications. Columns (3)–(4) of Table 4 address potential confounding factors related to administrative hierarchy. These estimations exclude privileged jurisdictions such as provincial capitals, centrally-administered municipalities, and special economic planning cities as their significant resource advantages could unduly influence economic results.
TABLE 4 | Robustness tests.	Model	Re-specify the outcome variable	Omit administratively privileged municipalities	PSM-DID
	(1)	(2)	(3)	(4)	(5)	(6)
	Pollu_Pop	IO_Growth	IP	IOV	IP	IOV
	DID	−30.54***	0.126***	−11.77***	1.113***	−11.28***	1.171***
	(-3.25)	(6.56)	(-3.97)	(9.18)	(-4.25)	(10.14)
	Constant	−1327.5*	1.761*	−671.6***	0.793	−425.4**	5.174
	(-1.82)	(1.81)	(-3.16)	(0.08)	(-2.49)	(0.53)
	Controls	Yes	Yes	Yes	Yes	Yes	Yes
	City FE	Yes	Yes	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes	Yes	Yes
	N	2673	2830	2288	2717	2644	2644
	R2	0.816	0.302	0.768	0.954	0.759	0.96
	F	11.19	13.01	6.441	41.64	8.623	51.97


Notes: (1) All regressions employed heteroscedasticity-robust standard errors to mitigate the potential interference of heteroscedasticity on the regression results. (2) t statistics in parentheses.
**p < 0.05.
***p < 0.01.
Acknowledging the potential for selection bias arising from the implementation of environmental tax collection standards, and recognizing that higher collection standards are typically set in more economically developed areas, which may lead to non-random assignment of treatment and control groups. A doubly robust Propensity Score PSM-DID approach is utilized in Columns (5)–(6) of Table 4 for evaluating the environmental tax policy’s industrial greening impacts. This analysis involved three sequential steps. Firstly, 1:1 nearest-neighbor caliper matching was performed utilizing logistic regression estimates. Then, all observations lacking a match were excluded to achieve covariate balance (mean standardized bias <5%). The final step implemented the difference-in-differences analysis utilizing only the matched sample.
Across all checks reported in Table 4, the results consistently exhibit EPTL having dual effects. It significantly reduces industrial pollution emissions (p < 0.01) and cultivates growth in industrial value-added (p < 0.05). Coefficient estimates demonstrated stability across these alternative specifications; any variations were marginal and remained well in one standard error of the benchmark findings. Such empirical consistency offers strong validation for the robustness of our conclusions and confirms the policy’s capacity to deliver combined environmental and economic advantages.
3.4 Placebo test
To verify the robustness of the DID estimates and preclude the effect of potential unobservable confounders, we implemented a randomization procedure. Specifically, we randomly reassigned the individuals affected by the policy and their corresponding time points and ensured that the total number of affected samples remained constant, deriving multiple sets of simulated policy shock estimates. Following this, we generated kernel density plots to analyze the sampling distribution associated with the treatment effect estimates. Figure 2 display these results, indicating that the coefficient estimates follow an approximately Gaussian distribution. This distribution is centered near zero (Kolmogorov-Smirnov p = 0.32), which implies that omitted variable bias in the DID framework is likely minimal. The internal validity of our baseline causal estimates receives reinforcement from this diagnostic check. Employing this validation method enhances the credibility of the study’s conclusions and offers a stronger empirical foundation for assessing the impacts of the policy.
[image: Two density plots display coefficient distributions. The left plot, labeled "IP," shows a peak centered around zero with a red dashed line on the far left. The right plot, labeled "IOV," also peaks around zero with a red dashed line on the far right. Both plots have approximately symmetrical distributions and include details: 2,000 repetitions with a reference normal.]FIGURE 2 | Placebo test.3.5 Mechanism tests
Benchmark regressions confirm dual positive effects of China’s eco-levy policy on industrial green transformation, yet its operational channels require clarification. Based on Models (1)–(3) in Table 5, we examine three mechanisms: scientific innovation investment, foreign direct investment (FDI), and tax administration efficiency.
	(1) Innovation-Driven Mechanism

TABLE 5 | Mechanism of action test.	Model	[1]	[2]	[3]
	Innovation	FDI_Percent	Tax
	DID	0.708***	0.00444***	0.392**
	[8.52]	[4.74]	[2.39]
	Constant	−3.721	−0.216***	−49.04***
	[-0.74]	[-3.56]	[-4.71]
	Controls	Yes	Yes	Yes
	City FE	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes
	N	3102	2992	1782
	R2	0.78	0.668	0.667
	F	17.01	13.54	22.52


Notes: (1) All regressions employed heteroscedasticity-robust standard errors to mitigate the potential interference of heteroscedasticity on the regression results. (2) t statistics in parentheses.
**p < 0.05.
***p < 0.01.
According to the Porter Hypothesis, appropriately designed environmental regulations can stimulate corporate innovation—a fundamental driver of sustainable development. Facing increasingly stringent environmental requirements, enterprises may offset compliance costs through technological upgrading and product iteration. Specifically, firms can achieve emission reduction targets via procurement of advanced production equipment or increased investment in green R&D. Long-term innovation expenditures manifest through enhanced production efficiency, reflected in elevated marginal output per unit.
In Model (1), patent applications in the industrial sector serve as the innovation indicator, with logarithmic transformation applied to scale variables to ensure robustness. The results demonstrate that Environmental Protection Tax implementation exerts statistically significant positive effects on corporate R&D expenditure (β = 0.731, p < 0.01), robustly validated through multiple specifications. This empirical evidence substantiates the Porter Hypothesis, indicating that environmental taxation effectively incentivizes innovation-driven industrial growth (Porter and van der Linde, 1995).
	(2) FDI Transmission Mechanism

In Model (2), the level of foreign direct investment (FDI) is measured using the logarithm of FDI inflows. The results indicate that the coefficient of the intensity-based difference-in-differences (DID) estimator remains significantly positive, passing the 1% significance level test. This suggests that the implementation of the environmental tax reform, which replaced pollution fees with taxes, did not lead to the withdrawal of foreign capital. Instead, it attracted more FDI, thereby facilitating industrial upgrading. Since the implementation of the environmental tax policy in 2018, China has exhibited a pronounced “pollution halo hypothesis” effect.
Yu and Li (2020) similarly found that strengthened environmental regulations can significantly enhance the quality of FDI. FDI not only expands the product market of the host country but also drives product upgrading through its brand effect and advanced technological advantages. Moreover, FDI stimulates market vitality through product competition and demonstration effects, compelling firms to engage in technological innovation to increase their market share and product competitiveness.
	(3) Enforcement Enhancement Mechanism

In Model (3), a two-way fixed-effects model is employed to assess the ratio of actual tax burden to the model-predicted value as a measure of tax administration intensity. An increase in this ratio signifies a strengthening of tax administration, which in turn may subject firms to greater tax enforcement pressure. The empirical results from Model (3) in Table 5 reveal that the environmental tax reform, which replaced pollution fees with taxes, has significantly enhanced the intensity of tax administration in the region. The Environmental Protection Tax Law is significantly superior to pollution fees in terms of both tax administration intensity and legal standing. Consequently, in response to the increased tax burden, firms are more likely to adopt advanced and environmentally friendly production technologies. This not only helps reduce environmental pollution but may also promote sustainable economic development. The results suggest that, in China, the implementation of the Environmental Protection Tax primarily promotes the process of industrial green transformation through enhanced tax administration.
3.6 Heterogeneity analysis
The impact of environmental protection tax policy on industrial green transformation may exhibit significant regional heterogeneity. As shown in Table 6 regarding industrial pollution reduction effects, both the eastern and northeastern regions demonstrate statistically significant emission reduction outcomes, with DID coefficients of −15.24 and −91.02 respectively, both significant at the 1% level. These results likely stem from more comprehensive environmental regulatory systems, stronger corporate pollution control capabilities, and more advanced clean production technologies in these regions. In contrast, the central and western regions show statistically insignificant reduction effects, with coefficient values of −1.503 and −1.154 respectively. This discrepancy may be attributed to relatively weaker environmental enforcement, insufficient corporate environmental investments, and industrial structures predominantly featuring resource-intensive and pollution-intensive sectors in these less developed areas.
TABLE 6 | Regional heterogeneity in industrial pollution levels.	Model	East	Middle	West	Northeast
	(1)	(2)	(3)	(4)
	IP	IP	IP	IP
	DID	−15.24***	−1.503	−1.154	−91.02***
	(-7.01)	(-0.31)	(-0.18)	(-5.21)
	Constant	−27.05	−706.4*	−613.1	−143.3
	(-0.24)	(-1.83)	(-1.12)	(-0.72)
	Controls	Yes	Yes	Yes	Yes
	City FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes
	N	913	770	715	275
	R2	0.753	0.697	0.811	0.786
	F	20.62	3.237	1.81	8.307


Notes: (1) All regressions employed heteroscedasticity-robust standard errors to mitigate the potential interference of heteroscedasticity on the regression results. (2) t statistics in parentheses.
**p < 0.05.
***p < 0.01.
Regarding industrial output growth (see Table 7), the environmental tax policy demonstrates a universally positive effect, with all regional DID coefficients being statistically significant at the 1% level. Notably, the magnitude of this stimulative effect exhibits substantial regional variation: the western region shows the most pronounced response (coefficient = 2.148), which may be attributed to its initially weaker industrial foundation allowing for greater marginal improvements and the strong policy-induced stimulus for industrial upgrading. The northeastern region follows with a considerable effect (coefficient = 1.755), reflecting the transformation potential of this traditional industrial base. Although the eastern and central regions exhibit relatively smaller coefficients (0.826 and 0.701 respectively), they still maintain robust growth trajectories.
TABLE 7 | Regional heterogeneity in industrial output growth.	Model	East	Middle	West	Northeast
	(1)	(2)	(3)	(4)
	IOV	IOV	IOV	IOV
	DID	0.826***	0.701***	2.148***	1.755***
	(4.08)	(5.78)	(8.03)	(4.80)
	Constant	−0.642	75.53***	−30.47**	−9.42
	(-0.06)	(4.26)	(-2.10)	(-0.70)
	Controls	Yes	Yes	Yes	Yes
	City FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes
	N	935	847	968	363
	R2	0.986	0.954	0.847	0.863
	F	31.47	27.45	14.01	41.3


Notes: (1) All regressions employed heteroscedasticity-robust standard errors to mitigate the potential interference of heteroscedasticity on the regression results. (2) t statistics in parentheses.
**p < 0.05.
***p < 0.01.
4 CONCLUSION
This study employs an intensity difference-in-differences model to systematically investigate the mechanisms and effects of China’s Environmental Protection Tax policy implemented in 2018 on industrial green transformation. Empirical analysis reveals the following important findings:
First, the Environmental Protection Tax policy demonstrates a significant “double dividend” characteristic. In the environmental dimension, this policy reduces industrial pollution emission intensity by 11.77 units (p < 0.01); in the economic dimension, it increases industrial output by 1.085 units (p < 0.01). This finding provides strong evidence for the synergistic advancement of environmental regulation and economic growth.
Second, the study identifies three underlying mechanisms: (1)The innovation-driven mechanism manifests as a 0.708-unit increase in corporate R&D investment (p < 0.01), preliminarily validating the applicability of the Porter Hypothesis in China; (2)The foreign investment introduction mechanism shows a 0.004-unit growth in foreign direct investment (p < 0.01), confirming the existence of the “pollution halo” effect; (3)The tax administration enhancement mechanism improves tax collection efficiency by 0.392 units (p < 0.05), providing institutional safeguards for policy implementation. These three mechanisms collectively constitute the theoretical framework for China’s environmental tax policy.
Notably, policy effects exhibit significant regional heterogeneity. Eastern and northeastern regions, leveraging well-developed market mechanisms and strong regulatory capacity, achieve synergistic effects across all three mechanisms—significantly reducing pollution emissions (coefficients: 15.24 and −91.02, respectively) while maintaining economic growth. In contrast, central and western regions, constrained by weak innovation foundations and insufficient administrative capacity, primarily rely on the foreign investment introduction mechanism to drive output growth (western region coefficient: 2.148), with limited emission reduction effects. This finding highlights the critical role of mechanism coordination in realizing the “double dividend.”
Based on empirical findings, this paper proposes the following actionable policy recommendations to optimize Environmental Protection Tax policy implementation and advance industrial green transformation:
First, implement regionally differentiated tax rates with supporting incentive measures:For developed eastern regions: Apply progressive tax rates to energy-intensive industries (e.g., steel, cement), setting the baseline rate at RMB 1.8 per pollution equivalent, with a 30% surcharge for enterprises exceeding industry-average emission intensity by 20%. For central-western regions: Adopt “emission reduction rewards”—enterprises achieving ≥5% annual reduction in SO2/COD emissions qualify for up to 30% tax reduction. Simultaneously, allocate 15% of environmental tax revenue to establish a Green Transformation Special Fund, subsidizing 30%–50% of corporate environmental equipment upgrades.
Second, improve innovation incentives to strengthen the Porter effect. Specific measures include: Increasing the super-deduction rate for environmental technology R&D expenses to 150%; Providing 10% tax rebates (capped at RMB 5 million annually) for commercialized patents; Establishing dynamically updated green technology catalogs for key industries, with 20% additional subsidies for catalog-listed technology R&D. These measures will effectively promote corporate investment in green technology innovation.
Third, urgently strengthen tax administration capacity building: Establish a national environmental tax collection platform integrated with ecological environment departments’ monitoring data by 2025; Develop specialized capacity-building plans for central-western regions, ensuring tax officials receive ≥40 professional training hours annually; Create an “environmental credit + tax administration” linkage mechanism: Enterprises maintaining Grade A environmental credit for three consecutive years qualify for 50% reduction in tax inspection frequency.
Finally, establish a scientific policy evaluation and dynamic adjustment mechanism: Construct a quarterly monitoring system containing core indicators (emission intensity, green patent counts, environmental investment ratio, etc.); Introduce third-party institutions to conduct annual policy evaluations; Use evaluation results as the primary basis for tax rate adjustments, establishing a biennial dynamic adjustment mechanism to ensure continuous alignment with economic development and environmental protection requirements.
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