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To achieve China’s 2030 target for reducing greenhouse gases, the government has implemented a low-carbon pilot city policy. One goal of this policy is to promote the green transformation of local firms; as such, this paper focuses on how the policy influences green innovation among firms. The study analyzed data on the number of green patents held by industrial firms listed in Shanghai and Shenzhen Stock Exchanges in China for the 2007–2017 period. This enabled an investigation of green innovation activity after implementation of the low-carbon pilot city policy, using a Differences-in-Differences model. We found that the low-carbon pilot cities policy has a significant impact on applications for green patents. The relationship is stronger for private owned firms compared to State-owned firms. The direction of the effect was mainly due to green utility patent applications by private owned firms. State-owned firms have strong path dependence and are protected by local governments, so they are less constrained by low-carbon pilot city policies, which makes it difficult for them to improve the green innovation of State-owned firms. Firms in a monopoly position have more motivation to pursue green innovations than firms in competitive settings. Because green innovations have double positive externalities and require cooperation between multiple departments, they are associated with higher risk levels compared to nongreen innovations. It is difficult for firms in highly competitive industries to continuously invest many resources in green environmental R&D. This study provides important data supporting the basis of low-carbon pilot city policy implementation.
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1 INTRODUCTION
The environmental pollution has become an essential threat to the global environment (Jt et al., 2022). Energy consumption is defined as one of the main determinants of environmental degradation (Yu et al., 2022b). Cities play an important role in China’s low carbon development, as urban and industrial development consumes large amounts of energy (Liu Y. et al., 2022). To ensure that China meets its 2030 targets for curbing greenhouse gas emissions, the central government launched low-carbon pilot projects in provinces, regions and cities in 2010. These projects were further expanded in 2012 and 2017, and currently cover 80 cities. These cities have issued low-carbon policy implementation plans based on their own industrial structure, resource endowments, and technological advantages. Most plans clearly promote low-carbon development through technological innovation. Being a low-carbon city means promoting overall low-carbon urban development, by improving energy efficiency, adjusting the energy structure, transforming high carbon industries to low carbon industry, and allocating more environmentally-friendly resources. Green technology innovation is a key force to realize this development model. The government has assigned great importance to pilot low-carbon provinces and cities, and continues to expand the scope of the pilot work. That shows the importance of the pilot policy in developing green and low-carbon environments in China. And many firms focus on emissions reduction activities such as green technologies and sustainable supply chain management, because they are receiving pressure from public and stakeholders (Yu et al., 2022c).
Scholars’ applications of the “Porter Hypothesis” are generally divided into macro and micro levels. Macro-level analyses consider the relationship between environmental regulation and industry productivity. Micro-level analyses consider the relationship between environmental regulation and a firm’s green performance. Different levels of data and these two levels of analyses can lead to different insights, and potentially inconsistent conclusions about environmental regulatory performance. A review of the literature exploring the relationship between low-carbon policy and technological innovation shows that studies about the impact of environmental policy on technological innovation and productivity are usually based on the “Porter Hypothesis,” that environmental regulations can affect enterprises’ production decisions in two ways. First, regulations increase pollution control costs, which may lead to short-term reductions in R&D or investments in other projects. However, companies diversify investments when facing environmental policies, which may include increasing R&D investments to upgrade existing technology (Xia et al., 2022). The second possible impact occurs when environmental policies produce an “Innovative Offset” effect, which yields economic benefits by improving enterprise productivity (Porter and Van der Linde, 1995). Under appropriate regulatory pressure, enterprises are motivated to engage in technological innovation, to improve energy use efficiency and reduce pollution emissions from production processes. Enterprises that conform with emission regulations gain both environmental and economic benefits.
To test the weak Porter hypothesis, existing studies have found that environmental regulations pressure companies to focus on research and development (R&D) expenditures (Milani, 2017; Wang et al., 2019). However, these expenditures reflect inputs to production activities, and do not directly reveal innovation results. Moreover, due to the path-dependent effect of green technology innovation, R&D expenditures do not alone define the types of innovation. Given this challenge, scholars began to use more refined and microscopic patent data to measure enterprise innovation (Popp, 2006; Dong et al., 2019). To address the question of whether environmental policy can induce green technology innovation, research has gradually shifted from the macro level to the more micro level of enterprises.
China’s sulfur dioxide (SO2) emission rights trading policy, which expanded beyond its pilot scope in 2007, as an entry point, and identified that such trading policies significantly induced green technology innovation in polluting industries (Zhang et al., 2019). The carbon emissions trading pilot policy also promoted low-carbon technology innovation at the enterprise level (Tan et al., 2022). However, due to different measurement methods of environmental regulation and the differences in selected samples, studies on these initiatives have reached inconsistent conclusions. Some studies have found that environmental policies advance improvements in the productivity of specific industries (Nesta et al., 2014; Albrizio et al., 2017); other scholars have reached the opposite conclusion (Liu et al., 2015). Some studies have highlighted a nonlinear relationship between environmental regulation and enterprise productivity (Yang et al., 2020; Zhang et al., 2020; Liu et al., 2021). Some papers have shown that voluntary environmental regulations, such as voluntary environmental information disclosure and environmental management system certification, can promote technological innovation in firms (Jiang et al., 2020). Some research shown that technological innovation can reduce environmental pollution (Liu S. et al., 2022; Yu C. M. et al., 2022).
The low-carbon pilot city policy implements an urban level environmental regulation policy to help meet China’s climate action target. The policy imposes weak constraints, relies on industry, and includes a policy mix. In the area of weak constraints, the country does not set targets for low-carbon cities, such as the peak time of carbon emissions or standard measures for products’ carbon emissions in different industries. Rather, local governments advance low-carbon policies based on their own resources. Other environmental regulatory policies express a clear purpose; in contrast, low-carbon pilot cities apply policy using an exploratory approach. This approach highlights the need to evaluate whether weakly restrictive policy encourages technological innovation. The low-carbon pilot city policy is mainly aimed at industries with high energy consumption and high emissions, including industrial, construction, transportation, energy supply, and waste management enterprises (Chen et al., 2021). The goal is to reduce urban greenhouse gas emissions.
Compared with other urban policies, the low-carbon city policy focuses on green technology innovation by enterprises. The policy encourages innovation in the economy, science and technology, education, and social development, by optimizing the allocation of innovative resources, increasing resources for innovation, and improving the level of the innovation environment (Zhang et al., 2021). The pilot smart city policy mainly focuses on reforming the mode of urban governance, created by changes in information technology. It is hoped that the form of urban development may also improve by applying smart equipment and smart technology that help a city achieve innovation in resource allocation, in emerging industries, and in related technologies and products (Zhang et al., 2017). The low-carbon city pilot policy has other policy characteristics. It involves formulating development plans for a low-carbon city, based on local economic development, technological and industrial advantages, and other characteristics. Based on these characteristics, pilot cities have formulated corresponding low-carbon city development programs, containing different types of policy tools, such as command and control, market-driven, and voluntary policies. Pilot cities have also introduced green finance policies, including industry subsidies, preferential loans, and special fiscal funds.
Research on low-carbon city policy generally falls into two main areas. Several studies have evaluated and analyzed the effectiveness of implementing the policy. Some studies have applied a double-difference model to investigate the impact of low-carbon city construction on green GDP of county-level cities. These have found that low-carbon city construction results in different economies of scale and regional characteristics (Albrizio et al., 2017). Some scholars have used the PSM-DID model to investigate the impact of low-carbon city pilot policy on the total factor productivity of enterprises (Chen et al., 2021).
These previous studies have mainly focused on the relationship between low-carbon city policy and city-level emission reductions, but have not considered green performance at a micro firm-level. Therefore, this study focused on the relationship between having a low-carbon city pilot policy and green innovation. Two key research questions were considered:
1.  How does a low-carbon pilot policy impact green innovation performance?
2.  What is the difference between macro- and micro-performance with respect to the impact of a low-carbon pilot policy on green innovation?
A key contribution of this study is identifying the relationship between weak constraint policies and firm green innovation. There is a positive relationship between having a low-carbon city pilot policy and the number of green patents by associated enterprises. This research provides more comprehensive insight into the relationship between environmental policy and innovation, providing a new type of evaluation of the “Porter Hypothesis."
2 CONCEPTUAL FRAMEWORK AND HYPOTHESIS DEVELOPMENT
2.1 Low-carbon pilot city policy and green innovation
The low-carbon pilot city policy is intended to improve energy efficiency, converse energy, and reduce pollution emissions during production processes. It should also support a city’s industrial transformation and upgrades to a low-carbon setting, to reduce overall carbon intensity and total carbon emissions. The policy is intended to incentivize enterprises to develop low-carbon green technology innovations, consistent with “Porter’s hypothesis.” Hence, we hypothesize:
H1:. The low-carbon pilot city policy promotes green technological innovation by enterprises.
2.2 Low-carbon city policy, firm ownership, and green innovation
Environmental policies have different effects on green technology innovation based on the different ownership structures of the enterprises involved. State-owned enterprises (SOEs) and privately-owned enterprises have different characteristics and advantages with respect to green technology innovation. SOEs are usually large and have important responsibilities in contributing to the local economy. They also receive policy support, including fiscal subsidies, tax reductions, convenient financing, and other benefits (Jiang et al., 2020). This enables SOEs to conduct long-term innovation activity. SOEs are generally found in traditional industries and face strong path dependence, because R&D and production activities produce high pollution and emissions. Environmental policies may have weak and limited impacts on green innovation, because of the hidden relationship between SOEs and government.
In contrast, privately-owned enterprises face a more complex market competition environment, which impacts their R&D direction when facing environmental pressure. They can generally reduce the costs of environmental regulation by increasing productivity. Therefore, privately-owned enterprises usually show more flexibility and motivation toward innovation when faced with environmental policy. For example, one study found that policies in the wind power industry significantly impacted invention patents filed by private-owned enterprises, and have a significant advantage with respect to utility patents compared to SOEs (Wang and Mogi, 2017). Hence, we hypothesize the following:
H2:. Compared with SOEs, the low-carbon pilot city policy is more conducive to promoting green technological innovation in privately-owned enterprises.
2.3 Low-carbon city policy, market competition, and green innovation
Research about the relationship between market competition and technology progress can also be traced back to Porter’s Hypothesis. Porter argued that larger (and somewhat monopolistic) firms have a stronger intent to innovate, and are more motivated to engage in R&D. This aligns with Schumpeter’s opinion (Wang et al., 2022). Monopolies engage in more innovative activities (Wang and Mogi, 2017), and such technology progress can promote economic growth. Finding the optimal balance between social gains and monopolistic innovation is an important topic in regulatory economics. However, there is no consensus among researchers about the ideal relationship between market competition and innovation in economics and industrial settings: the relationship is sometimes negative and sometimes positive (Gilbert, 2006; Peroni and Ferreira, 2012). This issue was addressed in research from Arrow and Schumpeter (Song and Wang, 2018). The porter argues that enterprises facing high competition should focus their investments on R&D, while monopolistic enterprises have a lack of flexibility with respect to R&D. Some studies have found a threshold effect with respect to the relationship between market competition and innovation; enterprises take the initiative to invest in R&D when there is a high level of competition within a certain threshold range (Peroni and Ferreira, 2012).
Previous studies have not provided a definitive perspective on the relationship between competition and innovation, but green innovation is more specifically than otherwise. Whether enterprises invest in innovation depends on how the different interests involved divide up the benefits (Gilbert, 2006). In the short term, green innovation may consume significant resources in a competitive context, and enterprises need to balance profits and green development (Liu et al., 2021). The above literature indicates that market competition does affect green innovation, indirectly impacting firm performance and competitive advantage. Hence, we hypothesize:
H3:. The low-carbon pilot city policy has a more significant effect on green innovation by firms in industries where there is low competition.
2.4 Low-carbon city policy, financial agglomeration, and green innovation
Financial intermediaries are key factors influencing green innovation. Green innovation involves significant uncertainty due to immature technology, making it difficult to get loans. An enterprise can obtain a loan more easily for green innovations when there is active interest in financing environmental investments. Many scholars have confirmed that a booming financial environment can promote green innovation (Qu et al., 2020). Financial intermediaries can use technology to screen high-quality green innovation projects, and boost resource allocation efficiencies to focus on green innovation activities (Laeven et al., 2015). Financial development can alleviate information asymmetry associated with green innovation. The financial industry can also facilitate overall reductions in the number of polluting industries and boost green economic benefits; this is grounded in industrial structure evolution theory. Financial industries enhance knowledge dissemination, because they enable development by relevant service industries through an agglomeration effect (Yuan et al., 2019). Financial intermediaries can promote industrial structure upgrades by investing resources to encourage green industry development.
Financial agglomeration can further reassure enterprises and create a sound environment for green innovation. Agglomeration gathers different resources, such as labor and capital, to form a platform where knowledge can be exchanged between industries and enterprises, improving the green technology progress of the whole industry (Yuan et al., 2020). Many scholars have tested the relationship between financial agglomeration and innovation. One key study found that financial agglomeration was significantly correlated with green innovation in prefecture-level cities (Yuan et al., 2019). The discussion above indicates that financial agglomeration affects green innovation, and indirectly improves transfers with respect to industrial upgrades. Hence, we hypothesize:
H4:. The low-carbon pilot city policy has a more significant effect on firm-level green innovation than on the city’s high-level financial agglomeration.
3 SAMPLE AND VARIABLE DESCRIPTION
3.1 Data and sample
We tested the study hypotheses using firm and city-level data from the China Stock Market and Accounting Research Database (CSMAR) and China City Statistical Yearbook. A list of firms was used to construct an initial sample for the years 2007–2017. We used green patent applications to measure a firm’s level of green innovation. Patent data came from the China National Intellectual Property Administration (CNIPA). Green patents were selected based on the IPC Green Inventory of WIPO (World Intellectual Property Organization). There are three types of patents: invention, utility, and design patents. We focused on invention and utility patents to test this study’s hypotheses. To process the 2007–2017 data, we first filtered the data using the China Securities Regulatory Commission’s (CSRC) two-digit industry codes. We only included industrial firms, which applied for the largest number of green patents. We excluded delisting listed companies. Third, invalid data were excluded. The final total effective sample included 12,583 observations representing 1,240 firms. Table 1 provides the summary statistics.
TABLE 1 | Descriptive statistics.
[image: Table 1]3.2 Variables
3.2.1 Outcome variable
The outcome variable in this study was green innovation, and was measured using applications for green patents, invention patents, and utility patents. First, the number of patent applications from the listed companies was collected from the China National Intellectual Property Administration (CNIPA). The green patents were extracted using a green patent classification number from the 2010 “Green List of International Patent Classification” by WIPO. The green list is based on the classification of green patents under the UNFCC, and included seven broad categories.
3.2.2 Treatment variable
The status of a city as a pilot low-carbon policy city was set as the treatment variable for this study. Corporate green technology innovations, measured by patents, require a significant time cycle to complete. The first batch of pilot low-carbon cities may have had a limited initial implementation, and the second batch of pilot cities may have required similar amounts of time to achieve results in the form of new patents. As such, improved green performance by the first two batches of pilot cities may not be reflected in too short a reflective timeframe. Based on this, to accommodate the need for an adequate amount of time to pass to see impacts through patents, the review of the low-carbon pilot city policy focused only on the first two batches of low-carbon provinces and regions engaged in the pilot policy. Each firm in the study was coded as a one if the firm was in the first two groups of pilot low-carbon provinces, autonomous regions, and cities, or 0 if otherwise.
3.2.3 Control variables
Based on previous literature, Table 2 defines the control variables used in this study.
TABLE 2 | Evaluation index of study variables.
[image: Table 2]3.3 Research design
The difference-in-difference model is a commonly used and well-grounded method for modelling and evaluating the impact of policy implementation (Wang et al., 2019). The method first divides subjects into a treatment group and control group. The net effect of policy implementation is identified by assessing differences over time, before and after the policy implementation. The difference between the treatment group and the control group is defined by whether the policy was implemented or not. In this study, firms in the first two batches of pilot low-carbon provinces and cities served as the treatment group. Firms in other cities and provinces were in the control group. To test the causal effects of the low-carbon city policy on green innovation, we estimated the following difference-in-difference model:
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Green innovation is measured by the number of green patents earned by firm [image: image] at time [image: image]. “Post” is set as a dummy variable, which equals one if the year of patent issuance is after 2012, and 0 if otherwise. “Treat” is set as a dummy variable that equals one if the firm is classified into the first two batches of pilot cities, and 0 if otherwise. MC denotes the market competition of industry [image: image] at time [image: image]. FC denotes the financial agglomeration of city [image: image] at time [image: image]. The term [image: image] represents the control variable, measuring the green innovation for listed firm [image: image] at time [image: image]. This term reflects the firm size (size), leverage (lev), age, return on assets (ROA), cash flow ratio (Cash), fixed asset ratio (FAR), and shareholding ratio of the largest shareholder (TOP1). The term [image: image] refers to the fixed effect of year [image: image]; [image: image] is the firm fixed effect; and [image: image] is an error term.
4 RESULTS
4.1 Impact of low-carbon city pilot policy on green innovation
Table 3 shows the regression results for Model (1), which assesses the impact of the low-carbon policy on green innovation. All regressions controlled for firm and year fixed effects, and used city-level cluster standard errors. In Column (1), the variable Treat×Post is 0.087, and is significant at a 10% significance level. This indicates that the logarithm of green patent application of firm increased 12.55% after the low-carbon city policy was implemented. In Column (3), the variable Treat Post is 0.068 is significant at the 10% level, suggesting that the logarithm of green utility patent applications increased 14.66% after implementation of the low-carbon city policy.
TABLE 3 | The impact of low-carbon city pilot policy on green innovation.
[image: Table 3]4.2 Robustness tests
Several robustness tests were conducted to assess and verify results. First, Figure 1 shows the results of a parallel trend test. The horizontal axis is the year, and the vertical axis represents the number of green patent applications at the city level. The dotted line is the number of green patent applications by firms in pilot areas at the city level; the solid line represents the number of green patent applications of firms in non-pilot areas at the city level. The real vertical line is the year when the pilot policy was implemented. In Table 4, we used a dummy variable to measure green innovation. The variable is set at one if number of green patent applications is greater than zero, and 0 if otherwise. The result showed that the low-carbon pilot city policy did impact green utility patent applications. We evaluated the Return on investment (ROI) to determine which adopted which type of green innovation. Green utility patents have lower levels of risk compared to invention patents. Investments in utility patents are done both to relieve regulatory pressure and to improve firm performance (Liu et al., 2021).
[image: Figure 1]FIGURE 1 | Parallel trend test of low carbon city pilot policy.
TABLE 4 | Impact of low-carbon city pilot policy and ownership on green innovation.
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Impact of low-carbon city pilot policy and ownership on green innovation.
The regression results are shown in Table 4, and show the relationship between the low-carbon city policy and green innovation, controlling for firm and year fixed effects, and using clustered standard errors at the city level. The results show that the low-carbon pilot policy increased the green patent applications of privately-owned firms, with regression coefficients of 0.102 at a 5% statistical significance level. The results indicate that the logarithm of green patent applications from privately-owned firm increased 14.72% after the low-carbon cities policy was implemented. The results show that the low-carbon pilot policy increased the green utility patent applications of privately-owned firms, with regression coefficients of 0.103 at a 1% statistical significance level. This indicates that the logarithm of green patent applications from firms increased 22.20% after the low-carbon cities policy was implemented.
The results show that the low-carbon pilot policy only significantly improved the green innovation of privately-owned firms, but not state-owned firms. The direction of the effect was mainly due to green utility patent applications. The low-carbon pilot city policy did not significantly improve the green innovation of state-owned firms. As discussed above, this is because state-owned firms have a stronger path dependence, and because they are protected by local government, they are less constrained by environmental regulations.
Table 5 shows the regression results illustrating the moderating role of market competition on the relationship between the low-carbon city policy on green innovation by firms. Market competition was measured using the Herfindahl-Hirschman-Index (HHI), based on the 2-digit standard industry classification (SIC) codes from listed A-share firms in the CSMAR Database. HHI was measured as the sum of squared market shares:
[image: image]
where Sikt is the market share of company I in industry k in the year t. Market share and firm sales were collected from the CSMAR database. The MC equals one if the HHI index is higher than the industry mean, and 0 if otherwise. The result shows that the coefficients Treat×Post×MC are 0.128 and 0.130, and are significant at a 10% and 5% significance level, respectively. The results indicate that the low-carbon city policy had a more significant effect on the green innovation of firms in industries that face lower levels of competition. In general, green innovations are associated with higher risk levels compared to nongreen innovations, because of the double positive externalities (Yang et al., 2022). Green innovations require cooperation between multiple departments. As such, enterprises in a concentrated market environment are generally more motivated to engage in green environmental R&D than those in competitive environments.
TABLE 5 | Impact of low-carbon city pilot policy and market competition on green innovation.
[image: Table 5]5.1 Impact of low-carbon city pilot policy and financial agglomeration on green innovation
The low-carbon pilot city policy encouraged green financial support for low-carbon transformation. Green financial policies can improve financing convenience for firms, ease the financial pressure involved in technology transformation, and promote green technology innovation. Cities with high financial agglomeration can better implement green financial policies, improve the convenience of financing for enterprises, and ease the financial pressure on firms in the course of technological transformation.
Table 6 shows the regression results assessing the moderating role of financial agglomeration on the relationship between the low-carbon city policy on the green innovation of enterprises. The result in Column 3) shows that the coefficient Treat × Post × FA was −6.016, and was statistically significant at a 10% level. The results show that financial agglomeration did not promote enterprises’ green technology innovation. Financial agglomeration did not improve the financing constraints of firms to promote green technology innovation.
TABLE 6 | Impact of low-carbon city pilot policy and financial agglomeration on green innovation.
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This study tested the relationship between the low-carbon pilot city pilot and green innovation by firms. Using the green patent application data of listed firms for 2007–2017 and the DID methodological approach, we examined how the low-carbon city policy can promote green technology innovation, and transform urban development in a green and low-carbon direction. The results show that the low-carbon city policy somewhat stimulated the overall green technology innovation activities.
Of enterprises. The conclusion remained valid after a series of robustness tests, such as the parallel trend hypothesis, and the substitution of other indicators to measure green technology innovation. At the firm level, the pilot policy had a higher impact on the green technology innovation of privately-owned enterprises compared to SOEs, with privately-owned enterprises filing more green utility patents. Compared with highly competitive sectors, firms in sectors with low competition were more motivated to submit applications for green patents.
We conclude that the low-carbon city policy incentivizes green technology innovation, and that market forces support the development of a green economy. The research conclusions highlight the following policy implications for effectively promoting low-carbon city policies and green technology innovation by firms.
First, the low-carbon pilot city policy includes incentives that increase the number green patent applications, promoting green and low-carbon development in China. When considering city-level environmental governance policy, each pilot city can develop its own low-carbon development implementation plan, based on its actual economic and industrial environment. This is a policy tool with a high degree of freedom and weak binding forces. This paper’s research results show that the low-carbon pilot city policy plays a certain role in inducing green technology innovation. Policy makers can promote low-carbon cities across the country by drawing on these pilot experiences. This may contribute to China’s climate action target of achieving a carbon peak by 2030 and carbon neutrality by 2060. The pilot policy is characterized by imposing weak constraints. Therefore, the government should effectively oversee and guide the pilot cities in implementing the pilot program, to fully induce the green technology innovation of enterprises. This should ultimately achieve carbon emission reductions and economic development through green technology progress.
Second, our results show that privately-owned firms engage in more green innovation behavior under the low-carbon policy, because they face higher environmental pressures than SOEs. Firms in industries with low competition invest more resources in green environmental R&D than firms in highly competitive industries. We speculate that double externalities associated with green patents reduce the associated competitive advantage in domestic markets. Firms can export green goods overseas, where they can prevent competitors from benefitting from the double externalities. As such, corporate managers, especially those in industrial enterprises, should focus on green innovation under the low-carbon city policy, so that the firm can maintain a competitive advantage and improve their future international prospects.
Third, our testing showed that firms with different types of ownership respond differently to the low-carbon pilot city policy. Investors need to consider these differences when starting investment projects. Under the pilot policy, firm characteristics impact which firms react to the policy and invest in environmental innovations.
This paper examined the causal relationship between the low-carbon pilot city policy and green innovation by firms. Like all studies, it had some methodological limitations. First, the low-carbon city pilot policy was implemented in July 2010, and it is difficult to assess how other policies may also impact outcomes. Second, assessing the relationship between the financial environment and policy leads to somewhat limited conclusions, and the approach alone cannot directly prove the financial agglomeration effect on green technology innovation. This highlights the need to collect additional relevant data for further mining and testing. The low-carbon city pilot policy is still being continuously advanced, enabling additional tracking and analysis with more data in the future.
7 LIMITATIONS
This study may have some limitations, as follows. First, this paper uses the number of green patent application to measure green innovative behaviors. Although this method can reflect the green innovation choices of firms under different environmental, it is still not comprehensive. We will use more methods to measure green innovation behavior of firms under different perspectives.
Second, this article only examines green innovation behavior by listed firms. But it fails to consider Small and medium-sized enterprises (SMEs), them are small in scale and difficult to continuously invest resources in green innovation compared with listed companies. Face to environmental policies, there may be obvious differences in the green innovation choices of SMEs. In the further, we will collect green innovation information of SMEs to deepen subsequent research.
Finally, this study demonstrates the relationship between low-carbon policy and firm innovation behavior. But multiple policy affects firms’ green innovation behavior except low-carbon policies. Future research can use appropriate measurement methods to the synergistic effect of different policies and explore the role of low-carbon policy and others, and their impact mechanism on green innovation behavior.
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