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This study empirically analyzes the synergistic effects of China’s environmental credit evaluation system and carbon emissions trading policy on enterprise carbon emission intensity. Employing a difference-in-differences approach on 27,718 firm-year observations from China’s A-share listed companies over the period 2007 to 2021, the findings indicate that the dual pilot policy (DPP) significantly reduced carbon emission intensity by approximately 0.184 units. This impact is markedly stronger than that observed when either policy is implemented individually, demonstrating a clear synergistic effect. Mechanism tests reveal that the DPP primarily reduces carbon emission intensity through supervisory mechanisms involving multiple governance bodies, such as market oversight, media scrutiny, and public supervision. Furthermore, the DPP drives reductions in carbon emission intensity through corporate behavior adjustment mechanisms, including increasing environmental investment, promoting green technological innovation, optimizing energy consumption, and enhancing green development efficiency. The results of the heterogeneity analysis indicate that the DPP has a greater impact on reducing emissions in non-state-owned enterprises, mature enterprises, high-carbon and high-pollution industries. This study fills a gap in empirical research on the synergistic effects of the environmental credit evaluation system and the carbon emissions trading pilot policy, providing theoretical support and practical reference for optimizing environmental policy and facilitating corporate low-carbon transition.
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1 INTRODUCTION
Governments around the world now share the goal of figuring out how to use effective policy tools to control carbon emissions and promote green economic transformation as the challenges posed by climate change to social and economic development grow more severe (Siriwardana and Nong, 2021). At the same time, the escalating threat of climate change has propelled energy transition and sustainable development to the forefront of the global agenda, with nations committed to achieving significant carbon reductions, often guided by international frameworks such as the Paris Agreement. In this global endeavor, the European Union (EU) has been a prominent leader, championing comprehensive strategies like the EU Green Deal and establishing pioneering market-based instruments such as the EU Emissions Trading System. The EU’s proactive stance and extensive experience in these domains have provided valuable insights, alongside a growing recognition of how broader economic policies, such as the trade liberalization of environmental goods, may also influence emissions outcomes (Bacchetta et al., 2025). These international efforts underscore the ongoing search for effective strategies to foster sustainable economies.
Against this international backdrop, China, as a significant global carbon emitter and a key proponent of green development, has been actively working toward these goals through a number of initiatives in recent years. This includes a strong focus on policy innovation aimed at maximizing environmental benefits (Moon et al., 2021). The environmental credit evaluation system (ECES) and the carbon emissions trading pilot policy (CETPP) are two key policy tools employed by the Chinese government in this context to promote carbon reduction and low-carbon transformation among enterprises (Weng and Xu, 2018). The ECES is a novel regulatory model aimed at guiding enterprises to improve their environmental practices through credit management, thereby enhancing their proactivity in legal compliance and social responsibility. In contrast, the CETPP provides a flexible reduction path for enterprises through market mechanisms, effectively lowering overall emission reduction costs (Xu et al., 2023). While both policies play significant roles in environmental governance, existing research primarily focuses on their separate effects. There remains a lack of systematic empirical analysis on their synergistic impact when combined (Chen et al., 2021), particularly concerning the specific mechanisms driving such synergy. Therefore, this study focuses on the comprehensive impact of the DPP, integrating ECES and CETPP, on the carbon emission intensity of enterprises, exploring their synergistic role and underlying pathways in promoting the low-carbon transformation of enterprises. It seeks to address the following key questions: Do the ECES and CETPP generate a synergistic effect when jointly implemented? Through what mechanisms does this potential synergy affect enterprise carbon emission intensity? Are there significant differences in these policy effects across various types of enterprises and industries? Through empirical analysis, this study aims to uncover the in-depth impact of this policy combination on corporate carbon emissions behavior, providing scientific evidence for policymakers to formulate more effective environmental governance strategies.
To situate this research, it is noted that existing literature on the ECES, while less extensive than that on the CETPP, highlights its unique regulatory approach. ECES utilizes credit scoring and public disclosure of corporate environmental behavior, leveraging information transparency and social supervision to incentivize proactive environmental actions and mitigate risks from credit downgrades (Zhang and Huang, 2023). Conversely, the CETPP is well-documented, with studies confirming its effectiveness in reducing corporate carbon emission intensity and fostering technological innovation through market-based mechanisms (Zhang Y. et al., 2020). However, despite the individual assessment of these policies and a growing interest in policy coherence, a significant research gap persists regarding the synergistic effects of jointly implementing ECES and CETPP. While some studies touch upon policy combinations, they generally lack in-depth empirical analysis of their specific synergistic mechanisms and overall combined impact (Chen et al., 2022). Addressing this gap by systematically exploring the synergistic effects of this DPP on corporate carbon reduction is therefore an urgent and important research endeavor.
The following are the study’s innovations: First, unlike previous research that separately analyzes the ECES or CETPP, this study uniquely incorporates both the ECES and the CETPP into the analytical framework from a policy combination perspective. It tests whether the DPP has a synergistic effect in lowering the carbon emission intensity of enterprises using panel data models and the difference-in-differences method, among other econometric techniques. Second, from a perspective that combines the market-level logic and credit-level logic intrinsic to the DPP, this study deeply analyzes how the DPP achieves comprehensive emission reduction targets through diverse supervisory mechanisms involving government, market, media, and public, as well as through adjustments in corporate behavior. Third, the study uses a multidimensional empirical analysis that not only examines the overall effects of DPP, but also analyzes the heterogeneous effects based on company type, life cycle, carbon emission intensity and pollution level differences, thus providing new insights into the heterogeneous performance of DPP companies in the transition process to a low-carbon economy. Additionally, the study explores the robustness of policy effects through various robustness testing methods to ensure the reliability of the research findings. Ultimately, the results of this study offer a new perspective for understanding the synergistic mechanisms of the DPP and provide scientific evidence for policymakers, aiding them in optimizing environmental governance strategies to achieve more efficient carbon reduction and economic green transformation.
2 THEORETICAL ANALYSIS AND HYPOTHESIS DEVELOPMENT
Environmental economics traditionally categorizes environmental regulation policies into voluntary, market-based incentive, and command-and-control types. However, the increasing complexity of environmental governance reveals limitations in these traditional singular approaches for effectively addressing corporate carbon emissions (Tang et al., 2022). In response, China introduced the ECES, a novel “environmental credit-type” regulation, and has actively utilized the CETPP. The ECES aims to integrate market and credit mechanisms for enhanced oversight (Liu et al., 2022), while the CETPP, a widely adopted market-based tool, has demonstrated significant emission reduction outcomes globally (Xuan et al., 2020).
2.1 DPP and corporate carbon emissions
The CETPP, rooted in the theory of market-based instruments, functions by establishing a carbon market. It allocates emission allowances under a cap-and-trade system, aiming to achieve emission reduction targets at the lowest societal cost as firms trade allowances to find their most cost-effective abatement strategies (Pang and Duan, 2016; Zhou et al., 2015). The carbon price signals the marginal cost of emissions, economically incentivizing firms towards technological upgrades or operational optimizations (Ye et al., 2015). Concurrently, the ECES integrates corporate environmental behaviors into a comprehensive credit assessment. Drawing on information asymmetry theory and signaling theory, ECES reduces the information gap between firms and external stakeholders by disclosing environmental performance (Hu et al., 2019). This rating impacts firms’ market access, financing conditions (Xu and Li, 2020), and reputation, creating potent long-term incentives for proactive environmental management beyond mere legal compliance (Zuo and Wu, 2022; Zhang et al., 2021).
The distinct yet complementary mechanisms of CETPP and ECES suggest that their combined implementation as a DPP can generate synergistic effects. The CETPP provides direct economic incentives targeting emission quantities, while the ECES introduces broader, reputation-based and credit-linked incentives focusing on overall environmental behavior and long-term credibility. This policy complementarity means the DPP can address a wider range of corporate motivations and potential failures than either instrument alone. Specifically, the DPP creates a dual-pressure system: firms face both tangible CETPP and crucial reputational/financial consequences from their ECES. Information from CETPP compliance can inform ECES ratings, making carbon market signals more salient, while ECES standing can influence a firm’s capacity to invest in green technologies for CETPP compliance. This interconnectedness and reinforced regulatory signaling can more effectively curb opportunistic behavior and compel firms towards holistic and stringent carbon reduction strategies. The following hypothesis is proposed in light of this:
H1. The DPP exhibits a synergistic effect, significantly reducing the carbon intensity of enterprises.
2.2 Mechanism of the DPP
As environmental governance objectives become increasingly complex and diverse, single policy instruments often struggle to effectively address complex corporate behaviors and volatile market conditions (Kirschke and Newig, 2017). The CETPP and ECES not only serve as government constraints on corporate behavior but also engage multiple governance actors, including the government, market, media, and public, to form a comprehensive oversight mechanism. This incentivizes enterprises to implement significant behavioral changes that lead to a significant reduction in carbon emission intensity (Xuan et al., 2020). As the formulator and executor of environmental policies, the government imposes strong constraints on enterprises through the DPP. The CETPP provides companies with a market-oriented platform for emissions reduction, enabling them to make decisions that maximize economic benefits under market constraints. At the core of the CETPP is a market-based quota trading system (Yi et al., 2020). The government sets overall control targets and allocates carbon emission quotas, while enterprises acquire or sell carbon emission rights through market transactions. In this process, the market functions as a key mechanism for resource allocation, guiding enterprises toward low-carbon development. Meanwhile, companies participating in the carbon emissions trading platform are subject to extensive attention and oversight. On one hand, the introduction and pilot implementation of policies are continuously under the spotlight and discussion by various sectors of society. On the other hand, platform trading data can be used by a variety of governance entities, including the public, media, government, and market, to track and oversee corporate emissions. Consequently, when firms face insufficient carbon emission allowances or heightened external oversight, they must resort to technological innovation and management optimization to reduce emissions, thereby avoiding high costs associated with purchasing allowances. From this, in order to accomplish a green, low-carbon transition, this mechanism not only incentivizes enterprises to cut their emissions but also pushes them to make environmentally friendly improvements in a number of areas, including supply chain management, operations, sales, and production.
The ECES strengthens corporate environmental responsibility in society and the market through a credit mechanism. The introduction of this credit mechanism means that a company’s environmental performance impacts not only its internal operations but also directly affects its external financing capabilities and market competitiveness (Xu and Li, 2020). The government sets up corporate environmental credit files and assessment systems as the implementing body of the environmental credit evaluation in order to track and evaluate corporate environmental practices on a continual basis (Zhang et al., 2021). This also enhances the government’s efficiency in subsequent environmental supervision of enterprises. Additionally, by making the evaluation results public, external governance entities can effectively supervise corporate environmental behavior. Thus, companies are often proactive in modifying their extensive operational models in favor of cleaner and more efficient green development approaches in this transparent environment, with the goal of maintaining a good market reputation and credit rating. This lowers energy consumption and the intensity of carbon emissions. Overall, under the dual pressure of policy and the collaborative influence of multiple governance entities, companies tend to undergo profound behavioral adjustments. These adjustments are reflected not only in external environmental investments and technological innovations but also in the optimization of internal management models, adjustments in energy consumption structures, and improvements in green production efficiency. To remain competitive in the market and maintain a positive social image, companies must make greater efforts towards green development. These initiatives not only support the company’s overall green transformation and sustainable development, but also aid in lowering carbon emission intensity. Based on this, this paper proposes the following hypothesis:
H2. Through corporate behavioral changes and the oversight mechanisms of various governance actors, such as the government, market, media, and public, the DPP significantly lowers the carbon emission intensity of corporate activities.
3 RESEARCH DESIGN
3.1 Model construction
To evaluate the policy impact of the DPP—combining the CETPP and the ECES—on corporate carbon emission intensity, we adopt a difference-in-differences (DID) model with a two-way fixed effects specification. The econometric model is designed to compare changes in carbon emission intensity between treated and control firms before and after the implementation of the policy. Accordingly, this study constructs model 1.
COIit=α0+α1DIDit+αjXit+ut+vi+εit(1)
The dependent variable, COI, represents corporate carbon emission intensity, while the independent variable, DID, corresponds to the DPP. X denotes the control variables. ut and vi represent year fixed effects and firm fixed effects, respectively, and εit denotes the random disturbance term. Additionally, this study has clustered standard errors at the provincial level.
The DID framework, particularly when augmented with two-way fixed effects, is chosen for its robust capability in evaluating policy interventions within quasi-experimental settings. By effectively differencing out unobserved firm-specific time-invariant factors and common year-specific shocks, this approach generally provides more reliable estimates of the policy effect compared to simpler models like Ordinary Least Squares, which are more susceptible to biases from omitted variables.
However, the validity of DID estimates hinges on several key assumptions and is subject to certain limitations. The cornerstone is the parallel trends assumption, requiring that, absent the DPP, the average outcome for treated and control groups would have followed similar paths over time. This study empirically examines the plausibility of this crucial assumption through graphical analysis of pre-treatment data trends and formal event study specifications.
3.2 Variable definition
3.2.1 Explained variable
This study employs the methodology outlined by Cui et al. (2023) and Zhang et al. (2024) to calculate the direct and indirect carbon emissions generated by a company’s various activities. A company’s total carbon emissions are determined by summing these two categories. Subsequently, the total carbon emissions divided by revenue yields the carbon emission intensity. The majority of the sources for these data are the manually compiled annual corporate disclosures, such as environmental, sustainability, and CSR reports.
3.2.2 Explanatory variable
Since 2013, the ECES has been gradually piloted across provinces, such as Jiangsu, Anhui, Zhejiang, Sichuan, Tibet, etc. Meanwhile, starting in 2013, the CETPP was gradually launched in seven provinces and cities, including Beijing, Shanghai, Tianjin, Guangdong, Hubei, Chongqing, and Shenzhen, whereas Fujian Province initiated its CETPP relatively late, beginning in 2016. This study primarily examines the synergistic effects of the DPP. As the regression analysis in this study is conducted using a difference-in-differences model, the explanatory variable is set as a dummy variable, DID. If a sample firm begins to be affected by the DPP, the DID variable takes a value of 1 from that year onward; otherwise, it is set to 0.
3.2.3 Control variables
Drawing on prior literature (Liu et al., 2023; Chang et al., 2024), this paper accounts for additional variables that might affect a company’s carbon emission intensity. These variables include firm size (SIZE), financial leverage (LEV), return on assets (ROA), sales growth rate (SGR), cash ratio (CASH), firm age (AGE), CEO duality (DUAL), institutional ownership (INST), the proportion of independent directors (IDR), and board size (BSIZE). For detailed definitions of these variables, please refer to Supplementary Appendix A.
3.2.4 Sample selection and data sources
This study utilizes a sample of companies listed on China’s A-share market, covering the period from 2007 to 2021. This specific timeframe was chosen to ensure an adequate pre-policy baseline prior to the broader implementation of the ECES and the CETPP, to encompass their subsequent evolution and potential synergistic impacts, and to provide sufficient post-implementation observation years based on data availability at the time of research.
Following established research practices, the initial sample was screened. Financial sector companies were excluded due to their distinct operational models. Companies designated as ST, ST*, or PT (indicating financial distress or other abnormal conditions) were also omitted. Finally, firms with substantial missing data for key variables essential to the analysis were removed. These procedures resulted in a final dataset of 27,718 firm-year observations. To mitigate the potential influence of extreme values on estimation results, all continuous variables employed in the regression analyses were winsorized at the 1% and 99% percentiles. Enterprise-level financial data were primarily sourced from the CSMAR database, while information related to the ECES and CETPP pilot policies was obtained from official government documents.
4 EMPIRICAL ANALYSIS
4.1 Descriptive statistics
For descriptive statistics tables, the key characteristics of the sample are now elaborated upon.
As illustrated in Table 1, the mean COI is 4.730, indicating that the average carbon emission intensity among the sample firms is relatively high, with a standard deviation of 2.270, suggesting significant variation in carbon emission intensity across firms. The median COI is 4.304, that suggests that the data distribution is reasonably symmetrical because it is near the mean. The DPP variable’s mean is 0.178, which indicates that during the study period, the DPP may have had an impact on 17.8% of the sample firms. The values of the remaining control variables align with realistic expectations and are not elaborated further.
TABLE 1 | Descriptive statistics.	Variable	N	Mean	p50	Min	Max	SD
	COI	27,718	4.730	4.304	1.486	17.03	2.270
	DID	27,718	0.178	0	0	1	0.382
	AGE	27,718	2.831	2.890	1.609	3.497	0.366
	INST	27,718	0.458	0.481	0.003	0.919	0.249
	DUAL	27,718	0.270	0	0	1	0.444
	IDR	27,718	0.373	0.333	0.308	0.571	0.053
	BSIZE	27,718	2.254	2.303	1.792	2.773	0.176
	LEV	27,718	0.423	0.418	0.053	0.872	0.204
	ROA	27,718	0.059	0.055	−0.167	0.239	0.059
	SIZE	27,718	22.18	21.96	19.97	26.27	1.319
	SGR	27,718	0.182	0.122	−0.489	2.259	0.371
	CASH	27,718	0.161	0.124	0.011	0.637	0.127


Source: Authors’ calculations.
4.2 Baseline regression analysis
For main regression results tables, the sign, magnitude, and statistical significance of the key coefficients are now discussed; their economic meaning is interpreted, and they are related to the core research questions.
The effect of DPP on the carbon emission intensity of firms is shown in columns (1) and (2) of Table 2. In column (1), it can be observed that DPP significantly reduces firms’ carbon emissions (A = −0.215, p < 0.01). In column (2), after further controlling for other variables, the DID coefficient slightly decreases to −0.184 while maintaining significance. These findings support the conclusion of Hypothesis 1 by showing that DPP significantly reduces firms’ carbon emission intensity and thereby promotes firms’ transition to low-carbon operations.
TABLE 2 | Baseline regression estimation results.	Variable	(1)	(2)	(3)	(4)
	COI	COI	COI	COI
	DID	−0.215***	−0.184***		
	(-4.032)	(-4.280)		
	didhb			−0.012	
			(-0.194)	
	didco				−0.080*
				(-1.767)
	AGE		−0.657**	−0.644**	−0.652***
		(-2.240)	(-2.170)	(-3.193)
	INST		−0.042	−0.040	−0.037
		(-0.222)	(-0.218)	(-0.298)
	DUAL		0.070	0.072	0.070*
		(1.585)	(1.624)	(1.976)
	IDR		−0.782*	−0.785*	−0.779*
		(-1.941)	(-1.948)	(-1.755)
	BSIZE		−0.166	−0.165	−0.164
		(-1.301)	(-1.292)	(-0.689)
	LEV		0.971***	0.953***	0.965***
		(5.058)	(4.923)	(3.664)
	ROA		−0.160	−0.184	−0.172
		(-0.469)	(-0.534)	(-0.438)
	SIZE		−0.235***	−0.236***	−0.237***
		(-5.117)	(-5.177)	(-11.162)
	SGR		0.883***	0.884***	0.884***
		(12.639)	(12.659)	(18.417)
	CASH		3.093***	3.102***	3.097***
		(7.370)	(7.383)	(12.379)
	cons	4.769***	11.447***	11.415***	11.459***
	(475.707)	(8.831)	(8.846)	(10.884)
	N	27,718	27,718	27,718	27,718
	R2	0.259	0.290	0.290	0.290
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes


Note: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively, with t-values in parentheses. Clustering adjustments are made at the provincial level. This applies to all subsequent tables.
Source: Authors’ calculations.
Table 2 examines how a single pilot program affects corporate carbon emissions intensity in columns (3) and (4). The results in column (3) show that the carbon emission intensity of firms is negatively, but not significantly, impacted by the independent implementation of the ECES (didhb). The regression results in column (4) show that the independent implementation of the CETPP (didco) has some impact on reducing firms’ carbon emission intensity, although it is relatively weak (A = −0.080, p < 0.1). Comparing the regression results of DPP with those of the single pilot policy shows that DPP is significantly more effective than the single pilot policy. This also suggests that combining ECES with the CETPP can create more effective synergies, significantly reducing firms’ carbon emission intensity.
4.3 Robustness checks
This paper performed several tests to confirm the validity of the aforementioned conclusions. These tests included the use of the PSM-DID method, a parallel trends test, a placebo test, consideration of lag effects, removal of samples from municipalities, removal of other policy interferences, and alternative clustering techniques.
4.3.1 Parallel trends test
In conducting a DID analysis, the parallel trends assumption is essential. Thus, to ensure the validity of the analysis results, this study will perform a parallel trends test. The sixth year before the policy implementation (pre_6) is used as the reference period. As shown in Figure 1, the effect values for each period before policy implementation (pre_5, pre_4, pre_3, pre_2, pre_1) are all close to zero and exhibit relatively small fluctuations within the confidence interval. This suggests that the carbon emission intensity of firms did not exhibit any noteworthy trends prior to the implementation of the policy pilot. However, there was a notable drop in the carbon emission intensity after the policy was put into place. This phenomenon suggests that the policy has a significant impact, demonstrating a clear effect on emission reduction.
[image: Line graph showing estimated coefficients over relative periods from negative six to six. Coefficients vary between approximately negative 0.7 and 0.1. A vertical red line indicates the zero period. Error bars are displayed for each data point.]FIGURE 1 | Parallel trend test.4.3.2 Placebo test
This paper aims to verify through a placebo test that the impact of the DPP on corporate carbon emission intensity is not the result of chance. Regression is carried out once more using model (1), with a fresh treatment group and control group being created at random. A thousand times is this process repeated. Figure 2 illustrates the results, where it can be noted that the spread of the estimated values approximates a normal distribution, centered around zero. This symmetry indicates that the estimated policy effect coefficients are generally close to zero. The DPP has a strong effect on corporate carbon emissions, as the placebo test demonstrates.
[image: Density plot showing a bell-shaped curve with the x-axis labeled "beta[DID]" ranging from -0.100 to 0.150 and the y-axis labeled "Density" ranging from 0.000 to 10.000. The peak of the curve is near zero on the x-axis.]FIGURE 2 | Placebo test.4.3.3 PSM-DID
The PSM-DID approach is employed to evaluate the impact of the DPP on corporate carbon emission intensity, with the aim of mitigating the selection bias. With the control variables from the baseline regression acting as covariates, a one-to-one nearest neighbor matching technique is specifically used to match each treatment group company with a control group company.
Column (1) of Table 3 displays the results, demonstrate that the DPP significantly reduces corporate carbon emission intensity. This suggests that even after eliminating sample selection bias, the emission reduction effect of the policies remains significant, further supporting the conclusions of the baseline analysis.
TABLE 3 | Robustness test results.	
Variable	(1)	(2)	(3)	(4)
	PSM-DID	Exclusion of directly-administered municipalities	Exclusion of low-carbon pilot cities	Exclusion of key monitored enterprises
	DID	−0.363*	−0.157***	−0.145**	−0.154***
	(-1.891)	(-3.170)	(-2.044)	(-3.184)
	AGE	−0.415	−0.466*	−0.621	−0.759*
	(-1.118)	(-1.718)	(-1.172)	(-2.036)
	INST	−0.335	0.006	0.465	−0.209
	(-0.920)	(0.027)	(1.507)	(-1.082)
	DUAL	−0.033	0.050	0.076	0.058
	(-0.408)	(1.044)	(0.842)	(1.105)
	IDR	0.441	−0.646	0.487	−0.781
	(0.633)	(-1.341)	(0.585)	(-1.384)
	BSIZE	0.144	−0.099	0.252	−0.150
	(0.418)	(-0.718)	(1.261)	(-0.870)
	LEV	0.651	0.927***	1.301***	1.063***
	(1.505)	(3.971)	(4.326)	(4.826)
	ROA	0.551	−0.210	−0.153	−0.094
	(0.724)	(-0.531)	(-0.242)	(-0.225)
	SIZE	−0.377***	−0.249***	−0.328***	−0.226***
	(-3.902)	(-4.689)	(-3.782)	(-4.364)
	SGR	0.780***	0.836***	0.839***	0.913***
	(8.619)	(10.758)	(6.542)	(11.079)
	CASH	2.959***	3.248***	2.964***	3.366***
	(3.430)	(7.103)	(4.848)	(7.519)
	cons	13.297***	10.965***	11.405***	11.454***
	(6.027)	(7.408)	(4.995)	(7.347)
	N	7,779	22,885	10,233	21,562
	R2	0.403	0.293	0.338	0.307
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes


Source: Authors’ calculations.
4.3.4 Exclusion of directly-administered municipalities
Directly-administered municipalities often have stricter environmental regulations, which may influence the overall results. The regression results after excluding the sample of directly-administered municipalities (see Table 3, column (2)) show that even when directly-administered municipalities are excluded from the sample, the emission reduction effect of the policy remains significant (A = −0.157, p < 0.01). It can be concluded that the policy effect is not confined to specific areas but has broader applicability.
4.3.5 Exclusion of other policy effects
During the sample period, other relevant policies mainly include low-carbon pilot cities and key monitored enterprises1. To ensure that the effects of the DPP are not confounded by other policies, this study excludes samples that could potentially interfere with the policy effects. This allows the analysis to more accurately capture the independent impact of the DPP, ensuring the validity of the analysis results. After excluding these samples, the results again suggest (see Table 3, columns (3) and (4)) that the implementation of the DPP effectively facilitated the low-carbon transition of firms (A = −0.145, p < 0.05; A = −0.154, p < 0.01).
4.3.6 Alternative clustering methods
This study re-estimates the regressions using clustering methods at the firm level, industry level, industry-province level, time-province level, time-firm level, time-industry level, firm-province level, and firm-industry level to ensure the robustness of the results.
Columns (1) to (8) of Table 4 illustrate how the DPP affects firms’ carbon emission intensity, with conclusions remaining unchanged as previously stated.
TABLE 4 | Regression results with alternative clustering methods.	Variable	(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)
	COI	COI	COI	COI	COI	COI	COI	COI
	DID	−0.184**	−0.184**	−0.184***	−0.184***	−0.184**	−0.184*	−0.184***	−0.184**
	(-2.216)	(-2.113)	(-2.933)	(-6.728)	(-2.635)	(-2.011)	(-4.309)	(-2.160)
	AGE	−0.657***	−0.657***	−0.657**	−0.657	−0.657*	−0.657**	−0.657**	−0.657***
	(-2.828)	(-3.144)	(-2.521)	(-1.648)	(-1.839)	(-2.162)	(-2.355)	(-3.268)
	INST	−0.042	−0.042	−0.042	−0.042	−0.042	−0.042	−0.042	−0.042
	(-0.233)	(-0.326)	(-0.269)	(-0.192)	(-0.192)	(-0.243)	(-0.234)	(-0.320)
	DUAL	0.070	0.070*	0.070*	0.070	0.070	0.070	0.070	0.070*
	(1.481)	(1.955)	(1.946)	(1.022)	(1.010)	(1.055)	(1.668)	(2.066)
	IDR	−0.782*	−0.782*	−0.782*	−0.782*	−0.782*	−0.782*	−0.782**	−0.782*
	(-1.719)	(-1.770)	(-1.971)	(-2.086)	(-1.866)	(-1.874)	(-2.055)	(-1.860)
	BSIZE	−0.166	−0.166	−0.166	−0.166	−0.166	−0.166	−0.166	−0.166
	(-0.919)	(-0.706)	(-0.781)	(-0.852)	(-0.710)	(-0.594)	(-1.339)	(-0.738)
	LEV	0.971***	0.971***	0.971***	0.971***	0.971***	0.971***	0.971***	0.971***
	(5.518)	(3.667)	(3.656)	(4.471)	(4.988)	(3.825)	(5.254)	(3.801)
	ROA	−0.160	−0.160	−0.160	−0.160	−0.160	−0.160	−0.160	−0.160
	(-0.466)	(-0.402)	(-0.367)	(-0.458)	(-0.491)	(-0.414)	(-0.489)	(-0.414)
	SIZE	−0.235***	−0.235***	−0.235***	−0.235***	−0.235***	−0.235***	−0.235***	−0.235***
	(-5.250)	(-11.110)	(-9.135)	(-3.974)	(-3.929)	(-6.026)	(-5.325)	(-9.746)
	SGR	0.883***	0.883***	0.883***	0.883***	0.883***	0.883***	0.883***	0.883***
	(15.022)	(18.562)	(15.090)	(13.096)	(14.930)	(19.741)	(13.177)	(18.527)
	CASH	3.093***	3.093***	3.093***	3.093***	3.093***	3.093***	3.093***	3.093***
	(13.043)	(12.275)	(7.454)	(4.686)	(5.411)	(6.188)	(7.800)	(12.804)
	cons	11.447***	11.447***	11.447***	11.447***	11.447***	11.447***	11.447***	11.447***
	(9.554)	(10.936)	(10.581)	(6.420)	(6.666)	(8.535)	(9.304)	(11.313)
	N	27,718	27,718	27,718	27,718	27,718	27,718	27,718	27,718
	R2	0.290	0.290	0.290	0.290	0.290	0.290	0.290	0.290
	Firm FE	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes


Source: Authors’ calculations.
5 POTENTIAL MECHANISM ANALYSIS
In the discussion of Hypothesis 2, this study posits that the DPP significantly reduces firms’ carbon emission intensity through supervisory mechanisms involving multiple governance actors such as the government, market, media, and public, as well as through corporate behavioral adjustments. To this end, this study will conduct an empirical analysis of these supervisory mechanisms and corporate behavioral adjustment mechanisms. The supervisory mechanisms of multiple governance actors include government environmental regulation, market environmental oversight, media environmental oversight, and public environmental oversight; the corporate behavioral adjustment mechanisms encompass environmental investment, green technological innovation, energy consumption, and green development efficiency.
Regarding the testing methods for the mediation mechanisms, although the stepwise regression method is often used as a well-established approach, it is subject to considerable debate due to issues of endogeneity. To address this issue and verify the effectiveness of the aforementioned mechanism, this study adopts the method of Jiang (2022), examining only the impact of the explanatory variable on the mechanism variable.
5.1 Supervisory mechanisms of multiple governance actors
The first is the government environmental regulation mechanism. This refers to the way in which the implementation of the DPP enables the government to acquire more environment-related data from enterprises, thereby increasing its focus on the environmental behavior of local enterprises and enhancing the efficiency of environmental regulation, which in turn affects corporate carbon emissions. To test this mechanism, this study refers to the method used by Chen et al. (2021), utilizing the frequency of words related to environmental regulation such as “pollution” and “smog” in government work reports to measure government environmental regulation. The findings in the first column of Table 5 indicate that the impact of the DPP on government environmental regulation is not significant (coefficient of −0.054). This result suggests that although the DPP aims to enhance corporate environmental responsibility through market and credit mechanisms, its direct impact on the intensity of government environmental regulation is limited. Possible reasons include the influence of various factors on government environmental regulation, such as the economic benefits to local governments and the uneven distribution of regulatory resources. In some regions, governments may prioritize economic development over strict environmental regulation, leading to a lack of significant direct regulatory effects at the government level.
TABLE 5 | Results of testing the supervision mechanisms of multiple governance entities.	
Variable	(1)	(2)	(3)	(4)
	Government environmental regulation	Market environmental supervision	Media environment supervision	Public environmental supervision
	DID	−0.054	0.050**	0.065**	0.110***
	(-0.520)	(2.093)	(2.195)	(5.872)
	AGE	−0.118	−0.012	−0.057	0.014
	(-1.457)	(-0.175)	(-0.558)	(0.921)
	INST	0.004	0.964***	0.135*	−0.022
	(0.097)	(17.739)	(1.941)	(-1.405)
	DUAL	−0.002	0.021	−0.012	0.001
	(-0.163)	(1.239)	(-0.618)	(0.259)
	IDR	0.039	0.170	0.187	−0.057***
	(0.400)	(1.125)	(1.323)	(-3.567)
	BSIZE	0.015	0.038	0.001	−0.045***
	(0.461)	(0.690)	(0.027)	(-3.420)
	LEV	−0.067	−0.503***	0.131**	−0.069***
	(-1.305)	(-8.842)	(2.054)	(-5.332)
	ROA	0.092	3.802***	0.933***	0.022
	(1.083)	(30.273)	(6.575)	(0.751)
	SIZE	0.012	0.445***	0.229***	0.005*
	(1.110)	(31.075)	(11.607)	(1.861)
	SGR	0.004	−0.026*	0.063***	0.006**
	(0.515)	(-1.804)	(4.566)	(2.738)
	CASH	−0.058	0.194***	−0.093*	−0.109***
	(-1.000)	(3.593)	(-1.962)	(-3.672)
	cons	3.853***	−8.613***	−0.273	0.190***
	(13.616)	(-22.498)	(-0.607)	(3.019)
	N	24,354	19,760	27,475	22,064
	R2	0.437	0.656	0.771	0.730
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes


Note: Due to data availability issues and the automatic deletion of singleton observations, the regression sample size slightly differs from that of the baseline regression.
Source: Authors’ calculations.
The second mechanism is market environmental supervision. This refers to the use of environmental credit evaluations and carbon emissions trading data by capital market participants when selecting investment targets, thereby compelling enterprises to enhance their environmental investments and manage carbon emissions. To explore the market environmental supervision mechanism, this paper uses the natural logarithm of the number of analysts following a company (i.e., the number of analyst teams tracking the company in a given year plus one) as disclosed in the CSMAR database to measure market supervision. The specific estimation results, as present in the second column of Table 5, indicate that the DPP significantly increased market supervision of corporate environmental activities (with a coefficient of 0.050, p < 0.05). This outcome implies that the DPP, by improving the transparency of information on corporate environmental performance, encourages external analysts to pay more attention to corporate environmental behaviors. At the same time, the increased scrutiny by analysts may also lead investors to place greater emphasis on corporate environmental risks, making a company’s environmental performance directly affect its market valuation and financing capability, thereby reducing corporate carbon emission intensity.
The third mechanism is media environmental supervision. This refers to the use of environmental credit evaluation results and carbon emissions trading information by online media to monitor corporate environmental behavior. Media reports can influence public perception and exert public opinion pressure, thereby affecting corporate environmental decision-making. Therefore, following the method of Guo and Lu (2021), this study uses the disclosure of online media attention from the CNRDS database (i.e., the natural logarithm of the total number of news stories about the company plus one) to measure media environmental supervision. As indicated in column (3) of Table 5, it is observed that the DPP significantly increased media attention to corporate environmental behavior (coefficient of 0.065, p < 0.05). This suggests that after the implementation of the DPP, the supervisory role of the media was significantly enhanced, possibly because the policy reduced information asymmetry regarding corporate environmental performance and increased media focus on environmental issues. With strengthened media supervision, companies may place greater emphasis on environmental compliance and image maintenance to avoid the market and public pressure from negative reports. Accordingly, the DPP significantly reduced corporate carbon emission intensity through media environmental supervision.
The fourth mechanism is public environmental supervision. Public oversight exerts direct pressure on companies through social opinion and consumer behavior, prompting them to improve their environmental practices. Following the approach of Cheng and Liu (2018), this study conducted keyword searches on the Baidu search engine and used Python tools to scrape the average daily search volumes for terms such as “environmental pollution” and “carbon emissions” at the prefecture-level city scale across the country from 2007 to 2021. These act as proxy indicators for public environmental supervision. The estimation results are found in column (4) of Table 5, where the DPP significantly increased public attention to corporate environmental behavior (coefficient of 0.110, p < 0.01). This suggests that the policy’s implementation increased the exposure of corporate environmental information, while facilitating the public’s ability to obtain pertinent information and participate in supervision. Enhanced public supervision may encourage companies to prioritize environmental issues to avoid reputational damage and loss of market share. Consequently, the DPP significantly reduced corporate carbon emission intensity through public environmental supervision.
5.2 Mechanisms for adjusting corporate behavior
The first aspect is the intensity of corporate environmental investment. As a key form of corporate behavior adjustment, environmental investment reflects the actual commitment of companies to environmental policies, illustrating their willingness to address pollution control and environmental protection. Following the approach of Jin and Xu (2020), corporate environmental investment is measured as the natural logarithm of the total amount invested in environmental projects plus one for listed companies. As shown in column (1) of Table 6, the DPP significantly promotes corporate environmental investment (coefficient of 0.170, p < 0.10). This indicates that, under the multifaceted pressures brought by the DPP, companies have significantly increased their environmental investment efforts to implement cleaner production and enhance environmental compliance, thereby reducing carbon emission intensity.
TABLE 6 | Results of testing the mechanisms of firms’ behavioral adjustments.	
Variable	(1)	(2)	(3)	(4)
	Corporate environmental investment	Green technological innovation	Energy consumption intensity	Corporate green development efficiency
	DID	0.170*	0.022***	−0.003**	0.053**
	(1.934)	(3.405)	(-2.347)	(2.203)
	AGE	−0.311	−0.030	0.002	0.294***
	(-0.935)	(-1.397)	(0.376)	(4.373)
	INST	0.416	−0.020	0.006*	0.026
	(0.961)	(-0.717)	(1.814)	(0.557)
	DUAL	−0.062**	−0.021	0.000	−0.006
	(-2.093)	(-1.359)	(0.414)	(-0.517)
	IDR	−0.133	0.779	0.002	0.112
	(-0.890)	(1.002)	(0.193)	(1.034)
	BSIZE	−0.034	0.134	0.001	0.130***
	(-0.464)	(0.928)	(0.174)	(2.599)
	LEV	1.022	−0.048	−0.005	0.281***
	(1.117)	(-1.380)	(-1.354)	(5.005)
	ROA	0.121	−0.123***	−0.019**	1.819***
	(0.150)	(-4.300)	(-2.184)	(22.205)
	SIZE	0.099**	−0.015***	0.001	0.738***
	(2.599)	(-4.745)	(1.158)	(48.403)
	SGR	−0.387**	−0.024*	−0.001	0.185***
	(-2.321)	(-1.987)	(-0.690)	(24.667)
	CASH	−0.217	−0.001	0.001	−0.090**
	(-1.517)	(-0.040)	(0.186)	(-2.177)
	cons	−1.440*	−0.084	7.144***	−6.449***
	(-1.933)	(-0.144)	(569.993)	(-17.262)
	N	24,394	27,663	25,365	24,788
	R2	0.300	0.157	0.980	0.960
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes


Note: Due to data availability issues and the automatic deletion of singleton observations, the regression sample size slightly differs from that of the baseline regression.
Source: Authors’ calculations.
The second aspect is green technological innovation. Green technological innovation is a crucial strategic choice for firms in response to environmental policies. Advances in green technology can aid firms in optimizing production processes and influence their environmental performance. Following the methodology of Kim et al. (2021) and Liu et al. (2023), the degree of green innovation is determined by taking the natural logarithm of the total number of green patent applications filed by enterprises plus one. A noteworthy positive correlation (coefficient of 0.022, p < 0.05) has been observed between corporate green technological innovation and the DPP, as shown in Table 6 of column (2). This implies that under the impetus of the DPP, firms are striving for green R&D and technological innovation. The improvement in green technological innovation not only helps firms meet current environmental regulations and enhance competitiveness but also provides a technological guarantee for sustainable development, effectively reducing firms’ carbon emission intensity.
The third aspect is energy consumption intensity. Given that one of the primary sources of carbon emissions is energy consumption, a company’s energy consumption intensity directly influences its carbon emission intensity. Higher energy consumption intensity typically indicates more greenhouse gas emissions. Utilizing the methodology of Song et al. (2024), this study uses fossil energy consumption and clean gas consumption as metrics for energy consumption. The “General Principles for Calculation of Comprehensive Energy Consumption” (GB/T2589-2008) specifically state that a firm’s energy consumption intensity is determined by taking the natural logarithm of its standard coal consumption, which is obtained by converting the firm’s fuel oil and coal consumption into standard coal consumption. The empirical analysis in column (3) of Table 6 presents a negative correlation between the DPP and firms’ energy consumption (coefficient of −0.003, p < 0.05). This suggests that the DPP encourages firms to take measures to reduce energy consumption, improve energy efficiency, or shift towards the use of clean energy. This reduction in energy consumption helps firms achieve lower carbon emission intensity and comply with policy requirements.
The fourth aspect is corporate green development efficiency. An essential metric for assessing a company’s environmental responsibility and capacity for sustainable development is green development efficiency. Adopting the method of Wang et al. (2020), this study gauges the effectiveness of green development using the green total factor productivity of firms. According to Chen (2024), this paper employs the SBM-ML method is used to calculate the green total factor productivity index. Positive correlation between the DPP and firms’ green total factor productivity is shown by the results in Table 6 in column (4). (coefficient of 0.053, p < 0.05). This indicates that the DPP has facilitated the overall green transformation of enterprises, improved the efficiency of green development, and strengthened their sustainable development capabilities. In other words, by enhancing the green total factor productivity, enterprises have not only reduced carbon emission intensity but also improved economic benefits while complying with environmental policies, ultimately achieving effective green development.
The mechanism tests in this study indicate that the DPP significantly impacts firms’ carbon emission intensity through the supervision mechanisms of multiple governance entities (such as market, media, and public oversight) and corporate behavioral adjustment mechanisms (such as environmental investment, green innovation, energy consumption, and green development efficiency). As the DPP progresses, the oversight from the market, media, and public has significantly strengthened. Consequently, firms, under pressure from these entities, have actively engaged in environmental investments, green innovation, optimizing energy consumption, and promoting green development. In other words, the DPP has effectively advanced firms’ low-carbon transformation through multiple pathways and significantly reduced their carbon emission intensity.
6 HETEROGENEITY TEST
It is crucial to take into account the heterogeneity at the levels of firm type, lifecycle, carbon emission intensity, and pollution level in order to gain a deeper understanding of the synergistic impact of the ECES and CETPP on firms' carbon emission intensity. Firm type (such as state-owned vs. non-state-owned enterprises), lifecycle stage (such as startup vs. maturity), carbon emission intensity (such as high-carbon vs. low-carbon industries), and pollution level (such as high-pollution vs. low-pollution industries) all influence firms’ behavioral patterns and their responses to policies. Therefore, analyzing these heterogeneities can reveal the effectiveness of the DPP in different contexts, aiding in the formulation of more targeted policy measures and achieving more precise environmental governance.
6.1 Heterogeneity by firm type
Diverse firm types experience different effects from the DPP with regard to carbon emission intensity; in particular, resource allocation, market pressure, and policy enforcement differ significantly between state-owned enterprises (SOEs) and non-state-owned enterprises (non-SOEs). SOEs typically have more resources and stronger market positions, whereas non-SOEs face greater market competition pressure and resource constraints, potentially leading to different responses to the policy. Therefore, this study categorizes the sample into SOEs and non-SOEs for regression analysis. The DPP has no discernible impact on the carbon emission intensity of SOEs, as shown in columns (1) and (2) of Table 7. This might be because, during policy implementation, state-owned enterprises, with their strong risk resistance and resource advantages, exhibit a weaker response to policy pressures. In contrast, among non-SOEs, the policy significantly reduces carbon emission intensity (with a DID coefficient of −0.194, p < 0.01), indicating that these firms more quickly adjust strategies, increase environmental investments, and enhance management efficiency to meet policy requirements. As a result, it is clear that the DPP has a greater influence on non-state-owned enterprises, illustrating the policy’s distinct effects on companies with various ownership arrangements.
TABLE 7 | Heterogeneity analysis results: firm type and lifecycle.	Variable	(1)	(2)	(3)	(4)
	SOEs	Non-SOEs	Startup firms	Mature firms
	DID	−0.109	−0.194***	−0.072	−0.197***
	(-1.470)	(-2.756)	(-0.787)	(-3.717)
	AGE	−0.648	−0.528*	−0.433	−1.407
	(-1.462)	(-1.721)	(-0.991)	(-1.667)
	INST	0.280	−0.160	−0.156	0.104
	(0.799)	(-0.698)	(-0.542)	(0.389)
	DUAL	0.038	0.073	0.065	0.091
	(0.445)	(1.010)	(0.531)	(1.409)
	IDR	−0.716	−0.696	−0.722	−0.974
	(-1.212)	(-1.405)	(-1.123)	(-1.543)
	BSIZE	0.144	−0.375*	0.052	−0.327
	(0.511)	(-2.006)	(0.233)	(-1.176)
	LEV	1.261***	0.829**	0.749**	1.112***
	(3.631)	(2.573)	(2.283)	(4.175)
	ROA	−0.369	−0.004	0.186	−0.405
	(-0.544)	(-0.010)	(0.362)	(-1.064)
	SIZE	−0.387***	−0.169***	−0.164*	−0.299***
	(-4.676)	(-3.290)	(-1.964)	(-5.611)
	SGR	0.997***	0.809***	0.831***	0.900***
	(10.107)	(11.700)	(9.095)	(11.121)
	CASH	1.504***	3.484***	3.865***	2.314***
	(3.606)	(6.829)	(8.202)	(4.089)
	cons	14.127***	10.039***	8.558***	15.782***
	(8.472)	(6.305)	(4.276)	(6.094)
	N	10,539	17,126	12,861	14,822
	R2	0.309	0.296	0.311	0.300
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes
	p-value	p = 0.000***	p = 0.000***


Note: The p-value for the difference in coefficients between groups in the heterogeneity analysis is calculated using the Chow test. In addition, since singleton observations are automatically deleted, the sample size for each group in the grouped regressions slightly decreases.
Source: Authors’ calculations.
6.2 Lifecycle heterogeneity
The stage of a firm’s lifecycle can affect the effectiveness of policies, as startup firms and mature firms exhibit significant differences in resource endowment, technological capability, market positioning, and speed of policy response. Mature firms typically have a strong management and technological foundation, whereas startups, with limited resources, may face greater challenges in responding to policies. Based on this, this study groups firms by the median age for testing. As shown in columns (3) and (4) of Table 7, the DPP has no impact on the carbon emission intensity of start-up companies (with a DID coefficient of −0.072). However, for mature firms, the policy significantly reduces carbon emission intensity (with a DID coefficient of −0.197, p < 0.01). This suggests that startups, often smaller in scale and with limited resources and relatively insufficient technological capabilities, may focus more on basic survival issues and market expansion in their early development stages. They may lack sufficient funds and manpower to implement complex environmental measures and technological improvements. In contrast, mature firms have typically accumulated abundant resources and technical experience, possessing strong financial strength and innovation capability. Therefore, under the influence of the DPP, these mature firms not only have more capital for environmental investments but can also leverage their technological advantages to improve production processes, enhance energy efficiency, and promote comprehensive green development, thereby effectively reducing carbon emission intensity.
6.3 Heterogeneity by carbon emission intensity
Industry type determines the carbon emission characteristics of firms and their ability to respond to policies. High-carbon industries, such as manufacturing, typically have high emission intensity and thus become key targets for policy regulation, while low-carbon industries may have a lower emission baseline and may respond differently to policies. Based on this, this study categorizes the sample into high-carbon and low-carbon industries following the industry classification standards of Yu et al. (2023) and Tang et al. (2022). The regression is then re-run on the subsamples using the difference-in-differences method based on Model (1). As seen from columns (1) and (2) of Table 8, in high-carbon industries, the DPP significantly reduces carbon emission intensity (with a DID coefficient of −0.224, p < 0.10); in low-carbon industries, the policy also significantly reduces carbon emission intensity (with a DID coefficient of −0.176, p < 0.01), but the impact of the DPP is more pronounced in high-carbon industries.
TABLE 8 | Heterogeneity analysis results: carbon emission intensity and pollution level.	
Variable	(1)	(2)	(3)	(4)
	High-carbon industries	Low-carbon industries	Heavily polluting industries	Lightly polluting industries
	DPP	−0.224*	−0.176***	−0.229*	−0.153**
	(-1.792)	(-2.891)	(-1.962)	(-2.423)
	AGE	0.493	−0.928***	−0.161	−0.880**
	(1.603)	(-3.178)	(-0.400)	(-2.658)
	INST	0.076	−0.088	0.021	−0.101
	(0.181)	(-0.510)	(0.064)	(-0.568)
	DUAL	−0.013	0.089*	0.119*	0.039
	(-0.126)	(1.716)	(1.961)	(0.648)
	IDR	−1.056	−0.642	−1.162**	−0.482
	(-1.194)	(-1.173)	(-2.067)	(-0.770)
	BSIZE	−0.787**	0.046	−0.488*	0.061
	(-2.624)	(0.291)	(-1.843)	(0.303)
	LEV	0.592*	1.103***	0.665**	1.154***
	(2.086)	(4.600)	(2.725)	(4.044)
	ROA	−1.627***	0.228	−0.812	0.268
	(-4.039)	(0.568)	(-1.670)	(0.511)
	SIZE	−0.369***	−0.208***	−0.311***	−0.205***
	(-4.150)	(-4.472)	(-3.888)	(-3.728)
	SGR	0.915***	0.872***	0.897***	0.867***
	(6.156)	(10.697)	(11.776)	(10.396)
	CASH	2.728***	3.175***	2.403***	3.445***
	(3.383)	(7.880)	(4.881)	(7.790)
	cons	12.765***	11.059***	12.584***	10.794***
	(5.164)	(8.521)	(6.569)	(7.652)
	N	6,104	21,614	10,112	17,606
	R2	0.241	0.297	0.239	0.303
	Firm FE	Yes	Yes	Yes	Yes
	Year FE	Yes	Yes	Yes	Yes
	 p-value	p = 0.000***	p = 0.000***


Note: The p-value for the difference in coefficients between groups in the heterogeneity analysis is calculated using the Chow test. 
Source: Authors’ calculations.
The explanation for this could be that high-carbon industries (such as steel, chemicals, and power) typically have high carbon emission intensity and a larger emission baseline. This means that policy interventions can achieve greater emission reductions in these industries. Therefore, when the DPP is implemented, firms within these industries face greater pressure to reduce emissions, and the policy impact is more significant. Moreover, high-carbon industries are often the focus of policy regulation, facing stricter emission standards and stronger policy enforcement. To comply with these stringent policy requirements, firms must adopt more proactive emission reduction measures, such as increasing environmental investments, conducting technological upgrades, and improving energy efficiency, which effectively reduce carbon emission intensity.
6.4 Heterogeneity by pollution level
The effectiveness of a policy’s implementation can be impacted by a company’s pollution level and whether or not it is part of a highly polluting industry. Specifically, heavily polluting industries typically face stricter regulation and greater social pressure, whereas lightly polluting industries may have cleaner production processes, face less regulatory intensity, and may respond to policies differently. Referring to Long et al. (2022), this paper categorizes the sample into heavily polluting and lightly polluting industries. As shown by columns (3) and (4) of Table 8, the DPP considerably lowers the carbon emission intensity of highly polluting industries (with a DID coefficient of −0.229, p < 0.10); in lightly polluting industries, the policy also results in a significant emission reduction effect (with a DID coefficient of −0.153, p < 0.05). This suggests that both highly and lightly polluting industries are significantly hampered by the DPP, though the effect is stronger in the former.
The more substantial impact of the DPP on heavily polluting industries is primarily due to the larger baseline of pollution emissions, stronger policy pressure, and more urgent demand for emission reductions. After policy implementation, firms in these industries have undertaken more intensive emission reduction measures, resulting in a greater decrease in carbon emission intensity. In contrast, while lightly polluting industries are also affected by the policy and show significant emission reduction effects, their smaller pollution baseline and relatively lower demand for emission reductions mean that the policy’s inhibitory effect is numerically slightly lower than in heavily polluting industries.
7 DISCUSSION AND CONCLUSIONS
7.1 Discussion
This study’s central finding is the significant synergistic effect of the DPP—integrating the ECES and the CETPP—in reducing corporate carbon emission intensity. This result advances understanding beyond the documented individual effects of CETPP (Zhang W. et al., 2020) and ECES regulations (Guo et al., 2025). The empirical validation of this specific policy combination’s enhanced efficacy supports theoretical propositions on well-designed policy mixes (Rogge and Reichardt, 2016), suggesting that the market-based incentives of CETPP, similar in principle to those in international carbon markets like the EU ETS, are substantially amplified when complemented by the credit constraints and public scrutiny fostered by ECES, reflecting principles of policy complementarity and enhanced regulatory signaling.
The mechanisms through which the DPP operates further illuminate this synergy. The findings indicate that the DPP strengthens both external supervisory pressures (from market, media, and public actors) and promotes internal corporate behavioral adjustments (including environmental investment, green technological innovation, and energy optimization). This aligns with broader literature suggesting that comprehensive and multi-faceted policy signals can trigger more profound corporate responses than single instruments alone (Lambin et al., 2014), consistent with established theories of organizational response to institutional pressures and incentives. The DPP appears to induce a holistic shift in corporate environmental strategy, a comprehensive approach also advocated in some international environmental governance frameworks.
The heterogeneity analysis refines these insights, showing a more pronounced DPP impact on non-state-owned enterprises (non-SOEs), mature enterprises, and firms in high-carbon or heavily polluting sectors. The greater responsiveness of non-SOEs often aligns with literature pointing to their typically higher sensitivity to market incentives and reputational factors compared to state-owned counterparts, a pattern consistent with theoretical expectations based on differing governance structures and market orientations. Similarly, that mature firms and those in high-carbon or heavily polluting sectors exhibit stronger responses is consistent with studies suggesting these firms may possess greater capabilities to adapt (Fesenfeld, 2025) or face more significant pressure and abatement opportunities under such environmental regulations (Chen et al., 2024). These differentiated impacts underscore the importance of considering firm-specific characteristics in policy design and evaluation.
7.2 Conclusions
From the perspective of combining market-incentive and credit-based environmental regulation, this study systematically investigated the synergistic effects of the CETPP and the ECES on corporate carbon emission intensity. The primary conclusions drawn from the theoretical and empirical analysis are as follows:
First, concerning the overall impact, the findings demonstrate that the DPP has a significant suppressive effect on corporate carbon emissions. This confirms the effectiveness of this policy combination in fostering corporate low-carbon transition. Furthermore, when compared to the effects of single pilot policies (i.e., either ECES or CETPP implemented alone), the impact of the DPP is notably more pronounced, verifying that the integrated approach of the DPP more effectively promotes firms’ emission reduction efforts and thus exhibits a clear synergistic advantage.
Second, regarding the transmission mechanisms, the analysis reveals that the DPP influences corporate carbon emission intensity through two primary pathways. These include the enhancement of supervisory mechanisms involving multiple governance bodies (such as market oversight, media scrutiny, and public supervision), and the promotion of substantive corporate behavior adjustments towards environmental responsibility (such as increased environmental investment, fostered green technological innovation, optimized energy consumption, and improved green development efficiency).
Third, in terms of heterogeneous effects, the study identifies that the DPP’s emission reduction impact is significantly stronger in non-state-owned enterprises, mature enterprises, and firms operating within high-carbon and heavily polluting industries. This suggests that the policy’s effectiveness can vary depending on specific enterprise characteristics and sectoral contexts.
7.3 Policy implications
The findings of this study offer several pertinent insights for the design and optimization of environmental governance strategies aimed at fostering corporate low-carbon transition.
First, the demonstrated synergistic effect when the ECES and the CETPP are jointly implemented underscores the value of integrated policy approaches. Policymakers should therefore prioritize the development and coordinated rollout of complementary environmental regulatory instruments, moving beyond a reliance on standalone measures. This necessitates enhanced inter-departmental collaboration to ensure policy coherence and maximize collective impact. Second, understanding the transmission mechanisms of the DPP is crucial for effective implementation. Given that the DPP operates by strengthening multi-stakeholder supervisory pressures and incentivizing proactive corporate environmental behaviors, policy efforts should focus on further empowering these channels. This includes enhancing the transparency and public accessibility of environmental credit information and potentially designing complementary incentives to support enterprises in their green investments and technological upgrading. Third, the heterogeneous impacts of the DPP across different firm types suggest the need for more nuanced and targeted policy application. For instance, the greater responsiveness of non-state-owned enterprises and mature firms, as well as those in high-carbon sectors, indicates where such combined policies can yield the most significant initial results. For other firm categories, policymakers might consider tailored supportive measures or adapted regulatory designs to enhance their engagement and emission reduction outcomes.
7.4 Limitations and future research
While this study reveals the synergistic effects of the DPP from multiple perspectives, certain limitations should be acknowledged. First, this study primarily investigates the combination of ECES and CETPP, without examining the effects of other potential policy combinations, such as interactions with environmental taxes or green subsidies. Second, while the model used in the study effectively reveals the overall impact of the policy, its simplified assumptions may overlook some complex real-world factors. These include variations in local government implementation stringency and the influence of internal corporate governance characteristics on policy responses, which could introduce some unobserved heterogeneity in the results. Third, this paper also does not explore in depth the impact of China’s significant regional economic and institutional disparities on policy effectiveness.
Future research can explore several areas in greater depth. First, by obtaining richer dynamic panel data, researchers can further analyze the impacts of alternative environmental policy mixes and their specific interaction pathways. Secondly, studies could incorporate more micro-level data, considering factors like internal corporate governance mechanisms and managerial decision-making behavior, to explore how specific internal factors (e.g., board composition, CEO incentives) mediate firm strategies under multiple environmental policy pressures and their effects on carbon emissions. Finally, taking into account the differences in regional economic development and policy enforcement, future research should further investigate how varying regional contexts (e.g., industrial structure, marketization level, local enforcement capacity) moderate DPP effectiveness, aiming to identify optimal, context-specific policy implementation paths and provide a scientific basis for the development of more precise and effective environmental policy strategies.
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