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Abstract 

Against the background of China's continuing pursuit of the dual-carbon goals, whether the national carbon 
emissions trading market can promote corporate green innovation through a market-based mechanism has 
become an important question for evaluating the effectiveness of environmental regulation. Using A-share 
listed companies from 2018 to 2023 as the research sample, this study treats the official launch of the national 
carbon market in 2021 as a quasi-natural experiment. Because the first compliance cycle mainly covered the 
power generation sector, firms in industry code D44, namely electricity and heat production and supply, are 
identified as the treatment group. A difference-in-differences model is then constructed to examine the impact 
of the national carbon market on corporate green innovation. The results show that, after the launch of the 
national carbon market, the total number of green patent applications by treated firms increased significantly 
relative to control firms. Mechanism tests indicate that the policy significantly reduced carbon emission 
intensity among treated firms, and carbon emission intensity is negatively associated with green innovation, 
suggesting that carbon constraints are an important channel through which the carbon market affects green 
innovation. Heterogeneity analyses further show that firms with higher pre-policy attention to green 
transformation respond more strongly to the policy. In this sample, firms with higher financing constraints 
exhibit stronger policy responses than firms with lower financing constraints. Dynamic DID estimates show 
no significant pre-policy differential trend between treated and control firms, while the policy effect gradually 
emerges after 2021. Placebo tests using the pre-policy period, an alternative post-policy window, an alternative 
dependent variable, and PSM-DID tests generally support the baseline conclusion. The findings suggest that 
China's national carbon market not only imposes emission-reduction constraints but may also influence 
corporate green innovation through carbon-cost pressure and expectations of low-carbon transition. 
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1. Introduction 
Climate governance is reshaping the external institutional environment and internal strategic choices of 

firms under China's carbon-peaking and carbon-neutrality policy framework [1]. Compared with traditional 
command-and-control environmental regulation, carbon emissions trading schemes transform the scarcity of 
emission rights into observable operating costs and asset opportunities through emission allowances, carbon 
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price signals, and compliance obligations [2]. Firms that continue to rely on high-carbon production modes 
face greater compliance pressure. By contrast, firms that reduce carbon emissions per unit of output through 
energy-saving retrofits, process optimization, and green technology research and development may save 
allowance costs and even obtain additional carbon-asset returns. In this sense, a carbon market is not only an 
emission-reduction instrument, but also a market-based policy tool that may stimulate corporate green 
innovation. 

China's national carbon market officially began trading on 16 July 2021. Its first compliance cycle started 
with the power generation industry [3,4]. Selecting the power sector as the initial coverage industry has clear 
policy significance. On the one hand, the sector has large-scale carbon emissions and a relatively mature 
emissions accounting foundation, making it suitable for piloting a unified national carbon pricing mechanism 
[5]. On the other hand, power enterprises are central actors in energy transition and green technology diffusion, 
and changes in their innovation behavior may affect the electricity structure, energy efficiency, and low-carbon 
transition of downstream industries. 

From the perspective of corporate decision-making, the effect of a carbon market on green innovation is 
not merely a question of whether firms reduce emissions. It involves a comprehensive adjustment of cost 
constraints, technological routes, organizational cognition, and financing conditions. In response to carbon-
market regulation, firms may adopt short-term compliance strategies, such as purchasing allowances or 
reducing output, but they may also adopt long-term transformation strategies, such as equipment upgrading, 
process optimization, and green R&D. Which strategy dominates depends on the intensity of carbon constraints, 
the firm's original emission level, managerial attention to green transformation, and financing constraints. 

This paper contributes to the literature in three ways. First, it focuses on the official launch of China's 
national carbon market, rather than regional pilot programs, and therefore helps explain the micro-level policy 
effects of China's transition from regional carbon pilots to a unified national market. Second, beyond 
estimating the baseline DID effect, the study examines the mechanism of carbon emission intensity and 
explores heterogeneity by pre-policy green-transformation attention and financing constraints. Third, the paper 
conducts dynamic DID analysis, a pre-policy placebo test, and PSM-DID estimation to strengthen the 
credibility of causal identification. 

2. Literature Review and Hypothesis Development 

2.1 Environmental Regulation, Carbon Markets, and Green Innovation 
The relationship between environmental regulation and technological innovation has long been debated. 

The Porter hypothesis argues that well-designed environmental regulation may stimulate innovation and offset 
part of the compliance cost [6]. Empirical studies, however, have found that regulatory effects depend on the 
type of regulation, policy intensity, and firm characteristics [7]. In the field of energy and environmental 
economics, induced innovation theory suggests that changes in relative factor prices can redirect technological 
progress toward technologies that save the now more costly or scarcer factor [8]. Directed technical change 
models further show that policy incentives can affect the direction of innovation in clean and dirty technologies 
[9]. 

Carbon emissions trading is a typical market-based environmental regulatory instrument. By assigning 
scarcity and transaction value to carbon emission allowances, a carbon market can change firms' expected 
costs and returns. Evidence from the European Union Emissions Trading System shows that carbon pricing 
can guide directed technological change and low-carbon patenting [10]. In China, recent studies have examined 
the effects of carbon emissions trading schemes on green technological innovation, carbon performance, and 
carbon-market mechanisms [11,12,13,14]. However, compared with regional pilots, the national carbon 
market has broader institutional significance and requires further firm-level evidence. 

2.2 Carbon Constraints and Innovation Incentives 
Carbon emissions trading incorporates corporate carbon emissions into a market-based cost-accounting 

system through allowance constraints, carbon price signals, and compliance mechanisms. For power-sector 
enterprises, carbon allowances gradually become production factors with opportunity costs. The higher a firm's 
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emission intensity, the greater the compliance pressure and potential carbon costs it faces. After the national 
carbon market is launched, high-carbon production modes are constrained, and the importance of green 
technology R&D and low-carbon transformation increases. 

From the cost-constraint perspective, the carbon market changes the relative prices of production factors. 
When carbon emission allowances become scarce and tradable, firms maintaining high-emission production 
modes need to bear higher compliance costs. In contrast, firms that reduce emissions per unit of output through 
low-carbon combustion, energy-saving dispatch, pollution co-control, and digital energy-efficiency 
management can mitigate carbon-cost pressure. From the incentive perspective, carbon markets also increase 
the expected returns of green innovation. If green innovation lowers carbon emission intensity, firms may 
reduce allowance purchases and compliance expenditures, while potentially generating carbon-asset gains 
from saved allowances. 

Therefore, compared with purely administrative regulation, emissions trading leaves firms with more 
autonomy to choose among emission reduction, technology investment, and allowance trading. The carbon 
market may promote green R&D and patenting through the dual mechanism of cost constraints and expected 
returns. Accordingly, this paper proposes the following hypothesis: 

H1: The launch of the national carbon market significantly promotes green innovation among listed firms 
in the power sector. 

2.3 Mechanism and Heterogeneity 
Carbon emission intensity is an important mechanism linking the national carbon market and green 

innovation. The carbon market first affects firms' emission behavior. To reduce emissions per unit of output 
and lower compliance pressure, firms may increase investment in energy conservation, equipment upgrading, 
and process optimization. These low-carbon transformation activities often require technical support and may 
further appear as increases in green patent applications. Therefore, this study proposes: 

H2: The national carbon market promotes green innovation by reducing corporate carbon emission intensity. 

Organizational attention theory suggests that firms facing external institutional shocks differ in their 
response speed and intensity. Firms that already paid more attention to green transformation, environmental 
responsibility, and low-carbon development before the policy shock are likely to have better information 
foundations, managerial cognition, and resource preparation. After the launch of the national carbon market, 
these firms may be better able to recognize strategic opportunities embedded in carbon price signals and 
transform policy pressure into green R&D action. Thus: 

H3: The higher a firm's pre-policy attention to green transformation, the stronger the promoting effect of 
the national carbon market on green innovation. 

Financing constraints may also shape firms' innovation responses to carbon-market regulation. In general, 
firms with lower financing constraints are better able to support long-term green R&D. However, under a 
carbon-market regime, highly constrained firms that maintain high-carbon production may face stronger 
compliance costs and cash-flow pressure. They may therefore have stronger incentives to reduce future carbon 
costs through technological upgrading and green patent deployment. This leads to the following hypothesis: 

H4: The promoting effect of the national carbon market on green innovation is stronger among firms with 
higher financing constraints than among firms with lower financing constraints. 

3. Methodology 

3.1 Sample Selection and Data Sources 
This study uses A-share listed companies from 2018 to 2023 as the initial sample. The data are obtained 

from the CSMAR database and text-based indicators related to green transformation disclosed in listed 
companies' annual reports. Industry classification follows the Guidelines for the Industry Classification of 
Listed Companies issued by the China Securities Regulatory Commission [15]. After data cleaning, the sample 
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contains 35,628 firm-year observations covering 5,938 listed firms. Among them, 96 firms in industry code 
D44, namely electricity and heat production and supply, are classified as the treatment group. 

Because some financial control variables and carbon emission intensity variables are missing, the baseline 
regression, which jointly controls for firm fixed effects, year fixed effects, and firm-level controls, uses 20,425 
effective observations. The mechanism test for carbon emission intensity uses 14,248 effective observations. 
To reduce the influence of extreme values, continuous variables are winsorized where appropriate. 

3.2 Variable Definitions 
Table 1: Variable Definitions 

Variable type Variable name Definition 
Green innovation ln_green_total ln(1 + green invention patent applications + green utility-model patent 

applications) 
Treatment group Treat Equals 1 for firms in industry code D44, i.e., electricity and heat 

production and supply enterprises; 0 otherwise 
Post-policy period Post Equals 1 for 2021 and subsequent years; 0 otherwise 
Core DID term DID Treat x Post 
Carbon emission 
intensity 

carbon_intensity Corporate carbon emission intensity; used as the mechanism variable 

Green attention attention_base Equals 1 if the firm's pre-policy green-transformation word frequency is 
above the median 

Low financing 
constraints 

lowfc_base Equals 1 if the absolute value of the pre-policy SA index is below the 
median 

Control variables Controls Firm size, growth, cash-to-assets ratio, ownership concentration, ROA, 
and Tobin's Q 

3.3 Model Specification 
The baseline DID model is specified as follows: 

 𝐺𝑟𝑒𝑒𝑛𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛!" = 𝛼 + 𝛽𝐷𝐼𝐷!" + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠!" + 𝜇! + 𝜆" + 𝜀!" (1) 

where GreenInnovation_it denotes corporate green innovation; DID_it is the interaction between the 
treatment group and the post-policy period; Controls_it represents firm-level control variables; μ_i denotes 
firm fixed effects; λ_t denotes year fixed effects; and ε_it is the error term. Standard errors are clustered at the 
firm level to address within-firm serial correlation in DID estimation [16]. A significantly positive β indicates 
that, after the launch of the national carbon market, green innovation among treated firms increased 
significantly relative to control firms. 

The mechanism test is conducted in two steps. First, carbon emission intensity is used as the dependent 
variable to test whether the DID term significantly reduces the carbon emission intensity of treated firms: 

 𝐶𝑎𝑟𝑏𝑜𝑛𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!" = 𝛼 + 𝛽𝐷𝐼𝐷!" + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠!" + 𝜇! + 𝜆" + 𝜀!" (2) 

Second, carbon emission intensity is added to the green innovation model to examine the relationship 
between carbon intensity and green innovation: 

 𝐺𝑟𝑒𝑒𝑛𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛!" = 𝛼 + 𝛽𝐷𝐼𝐷!" + 𝛿𝐶𝑎𝑟𝑏𝑜𝑛𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦!" + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠!" + 𝜇! + 𝜆" + 𝜀!" (3) 

For heterogeneity tests, this study further includes interaction terms between DID and pre-policy green 
attention, and between DID and the low-financing-constraint group: 

 𝐺𝑟𝑒𝑒𝑛𝐼𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛!" = 𝛼 + 𝛽𝐷𝐼𝐷!" + 𝜃(𝐷𝐼𝐷!" ×𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑜𝑟!) + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠!" + 𝜇! + 𝜆" + 𝜀!" (4) 

4. Empirical Results and Analysis 

4.1 Descriptive Statistics 
Table 2 presents the descriptive statistics. The mean value of ln(1 + total green patents) is 0.683, and the 

raw count of total green patents varies substantially across firms, indicating obvious heterogeneity in green 
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innovation. The mean of the DID variable is relatively small because the treated firms account for a limited 
share of all A-share listed companies. The carbon emission intensity variable also shows marked dispersion, 
which provides empirical variation for the mechanism test. 
Table 2: Descriptive Statistics 

Variable N Mean SD Min. Max. 
ln(1 + total green patents) 35,628 0.683 1.079 0.000 4.466 
Total green patents 35,628 5.785 36.666 0.000 1,445.000 
DID 35,628 0.007 0.084 0.000 1.000 
Carbon emission intensity 18,337 0.462 0.587 0.038 2.267 
Firm size 21,963 22.425 1.406 19.616 26.684 
Growth 26,130 0.118 0.381 -0.678 2.189 
Cash-to-assets ratio 33,088 0.166 0.132 0.006 0.640 
Ownership concentration 26,975 0.325 0.147 0.081 0.733 
ROA 33,093 0.039 0.092 -0.411 0.265 
Tobin's Q 26,607 1.904 1.240 0.813 8.310 

4.2 Baseline Results, Mechanism Tests, and Heterogeneity 
Table 3: Baseline Regression, Mechanism Tests, and Heterogeneity Analyses 

Variable Baseline Mechanism 1 Mechanism 
2 

Attention Financing 
constraints 

Dependent variable Green 
innovation 

Carbon emission 
intensity 

Green 
innovation 

Green 
innovation 

Green 
innovation 

DID 0.321*** 
(0.077) 

-0.131*** 
(0.013) 

0.326*** 
(0.078) 

-0.129 
(0.134) 

0.411*** 
(0.099) 

Carbon emission intensity   -0.082* 
(0.044) 

  

DID x High attention    0.470*** 
(0.155) 

 

DID x Low financing constraints     -0.313** 
(0.135) 

Observations 20,425 14,248 14,248 20,425 20,425 
Firm clusters 4,639 3,378 3,378 4,639 4,639 
Firm/year fixed effects Yes Yes Yes Yes Yes 
Controls Yes Yes Yes Yes Yes 
Within R² 0.023 0.038 0.026 0.023 0.023 

Note: Standard errors clustered at the firm level are reported in parentheses. ***, **, and * denote significance at the 
1%, 5%, and 10% levels, respectively. 

Column (1) of Table 3 reports the baseline DID result. The coefficient of DID is 0.321 and is significant at 
the 1% level, indicating that, after the launch of the national carbon market, the total number of green patent 
applications by D44 treated firms increased significantly relative to firms in other industries. Because the 
dependent variable is ln(1 + x), the result has not only statistical significance but also clear economic meaning: 
the carbon market strengthens firms' incentives to conduct green technology R&D and patent deployment 
through allowance constraints and carbon price signals. H1 is therefore supported. 

Columns (2) and (3) report the mechanism test based on carbon emission intensity. In the first step, the DID 
coefficient for carbon emission intensity is significantly negative, with a coefficient of -0.131, indicating that 
the national carbon market reduces the carbon emission intensity of treated firms. In the second step, the 
coefficient of carbon emission intensity is -0.082 and significant at the 10% level, suggesting that lower carbon 
emission intensity is associated with higher green innovation. This result indicates that the carbon market does 
not simply increase firms' compliance burden; rather, it promotes green innovation by lowering emission 
intensity and forcing technological upgrading and low-carbon R&D. H2 is broadly supported. 

Column (4) examines the moderating role of pre-policy attention to green transformation. The coefficient 
of DID x High attention is 0.470 and significant at the 1% level, indicating that firms with greater pre-policy 
attention to green transformation show stronger green innovation responses after the launch of the national 
carbon market. H3 is supported. Column (5) reports the interaction result for financing constraints. The 
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coefficient of DID x Low financing constraints is -0.313 and significant at the 5% level. Because the reference 
group consists of firms with higher financing constraints, this finding means that the policy effect is weaker 
for firms with lower financing constraints, or conversely, that firms with higher financing constraints 
experience a stronger forced-innovation effect. H4 is supported. 

5. Robustness Checks 

5.1 PSM-DID Matching Balance Test 
Table 4: Balance Test after PSM-DID Matching 

Variable Treatment mean Control mean SMD before matching SMD after matching 
Green innovation 1.569 1.568 0.514 0.001 
Firm size 23.581 23.509 0.875 0.050 
Growth 0.081 0.088 -0.022 -0.036 
Cash-to-assets ratio 0.083 0.087 -0.693 -0.075 
Ownership concentration 0.387 0.394 0.395 -0.042 
ROA 0.024 0.021 -0.006 0.081 
Tobin's Q 1.156 1.168 -0.784 -0.040 
SA financing constraints 3.937 3.920 0.149 0.052 
Green attention 0.971 0.971 0.587 0.000 

Table 4 reports the balance test after PSM-DID matching. The matching variables include pre-policy green 
innovation, firm size, growth, cash-to-assets ratio, ownership concentration, ROA, Tobin's Q, the SA 
financing-constraint index, and green attention. Nearest-neighbor matching is conducted within the common 
support region following the propensity-score matching literature [17,18]. After matching, the absolute values 
of standardized mean differences for all covariates are below 0.1, indicating that the treated and control firms 
are relatively comparable in observable characteristics and that the matched sample provides a reasonable basis 
for subsequent PSM-DID estimation. 

5.2 Dynamic DID and Additional Robustness Tests 
Table 5: Dynamic DID and Robustness Tests 

Variable Dynamic DID After 2022 Invention patents Placebo PSM-DID 
Treat x 2018 -0.116 

(0.121) 
    

Treat x 2019 -0.096 
(0.100) 

    

Treat x 2021 0.176* 
(0.106) 

    

Treat x 2022 0.325*** 
(0.102) 

    

Treat x 2023 0.277** 
(0.117) 

    

DID (2022 and after)  0.301*** 
(0.083) 

   

DID (green invention patents)   0.075 
(0.062) 

  

DID (2019 placebo; pre-policy sample)    0.050 
(0.083) 

 

DID (PSM matched sample)     0.245** 
(0.107) 

Observations 20,425 20,425 20,425 8,894 795 
Firm clusters 4,639 4,639 4,639 3,365 136 
Firm/year fixed effects Yes Yes Yes Yes Yes 
Controls Yes Yes Yes Yes Yes 

Note: Standard errors clustered at the firm level are reported in parentheses. ***, **, and * denote significance at the 
1%, 5%, and 10% levels, respectively. 
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Table 5 first reports the dynamic DID results. Taking 2020 as the base year, the coefficients of Treat x 2018 
and Treat x 2019 are not significant, suggesting that the treatment and control groups did not exhibit significant 
differential trends before the policy. The coefficient of Treat x 2021 is positive and significant at the 10% level, 
while the coefficients of Treat x 2022 and Treat x 2023 are significantly positive. These findings support the 
parallel-trends assumption and indicate that the green innovation response emerged gradually after the national 
carbon market began operating. 

Several robustness checks are then conducted. First, when the post-policy period is redefined as 2022 and 
after, the DID coefficient remains significantly positive. This indicates that the baseline conclusion does not 
depend entirely on whether the policy took effect in 2021, the initial year of trading. Second, when the 
dependent variable is replaced with green invention patents, the coefficient remains positive but is not 
statistically significant. This finding does not reject the baseline result; instead, it suggests structural 
differences in the policy effect. After the launch of the national carbon market, firms may first respond through 
the quantity of green innovation, while green invention patents, which represent higher-quality innovation, 
require longer R&D cycles and greater technical difficulty and may not become statistically significant in the 
short run. 

Third, a placebo test is performed using only the pre-policy sample from 2018 to 2020 and setting 2019 as 
a pseudo-policy year. The placebo DID coefficient is insignificant, indicating that the baseline result is not 
mechanically driven by pre-existing trends. Fourth, after PSM matching, the matched sample contains 68 
treated firms and 68 control firms, and the DID coefficient remains significantly positive. Therefore, after 
accounting for possible sample-selection bias, the core conclusion remains robust. 

6. Conclusion and Policy Implications 
Using panel data on A-share listed companies from 2018 to 2023, this paper treats the 2021 launch of 

China's national carbon market as a quasi-natural experiment and applies a difference-in-differences model to 
examine its effect on corporate green innovation. The results show that the national carbon market significantly 
increases the total number of green patent applications by D44 treated firms. The reduction of carbon emission 
intensity is an important mechanism. Firms with higher pre-policy attention to green transformation respond 
more strongly, and firms with higher financing constraints show stronger policy effects than those with lower 
financing constraints. Dynamic DID estimates, a pre-policy placebo test, and PSM-DID analysis further 
support the robustness of the findings. 

The findings have several policy implications. First, China should continue improving the price-discovery 
and compliance mechanisms of the national carbon market, thereby strengthening the stability of carbon price 
signals and helping firms form long-term expectations for green R&D. Second, regulators should enhance the 
quality management of corporate carbon emissions data and assessment of carbon emission intensity, guiding 
firms to shift from passive compliance to active technological upgrading. Third, firms should be encouraged 
to systematically disclose green transformation targets in annual reports, social responsibility reports, and 
strategic plans, so as to strengthen organizational attention and implementation capacity for low-carbon 
transition. Fourth, the green innovation needs of firms facing financing constraints should receive more policy 
support. Green credit, transition finance, and carbon-asset pledge financing may help reduce the financing cost 
of technological transformation [19,20]. 

This study also has limitations. First, the sample period covers only the first three years after the national 
carbon market was launched, and high-quality innovations such as green invention patents may have longer 
time lags. Second, the treatment group is identified mainly by industry code, and the analysis does not further 
distinguish the actual compliance status of listed companies and their subsidiaries. Future studies may use 
firm-level allowance, compliance, and carbon-trading data to identify more precisely the causal mechanisms 
linking carbon prices, allowance constraints, and green innovation. 
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