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In this paper, panel data from Chinese cities from 2000 to 2020 were used, and the intellectual property pilot was used as a quasi-natural experiment. The double difference model mainly tests the underlying mechanism of the impact of intellectual property rights pilots on urban carbon emissions. This study revealed that IPR pilots play an important role in reducing urban carbon emissions. Heterogeneity experiments reveal that IPR pilots are conducive to reducing carbon emissions in coastal as well as high greening cities and that the underlying mechanism through which IPR pilots affect urban carbon emissions mainly occurs at the level of innovation and the optimization of the industrial structure. In addition, this paper also validates the smoothness of the model by replacing the explanatory variables and performing a placebo test, which further strengthens the reliability of the paper’s conclusions.
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1 INTRODUCTION
In recent years, global climate problems caused by excessive carbon emissions have had negative impacts on human living environments and socioeconomic development, and controlling carbon dioxide emissions has become the consensus of major countries worldwide (Duan and Zhou, 2017). Reducing carbon emissions requires the synergy of technology, environmental awareness and social responsibility, which means that carbon emissions need to be regulated. However, currently, most of the regulation of carbon emissions occurs in the private sector (Reinhard et al., 2023), which is far less efficient and fair than state regulation. Therefore, it is necessary for the State as the main body to formulate effective policies to reduce carbon emissions. According to the World Energy Statistics Yearbook 2021, China’s carbon emissions will increase from 8.83 billion tons in 2011 to 9.90 billion tons in 2021, accounting for a larger proportion of the world’s total carbon emissions; therefore, the conclusions drawn from selecting China’s policies as a quasi-natural experiment can be somewhat representative (Yu et al., 2023).
Curbing carbon emissions is one of the hot topics of current research, and many scholars have focused on the impact of different policies on carbon emissions. Based on the carbon emission trading pilot (CETS) study conducted by selecting firm-level panel data from 2010 to 2018, several scholars have suggested that total factor productivity improvement can be promoted through government policy formulation to achieve the effect of reducing carbon emissions (Pan et al., 2022). Moreover, according to a study on environmental taxes utilizing data from G7 countries from 1994 to 2004, it has been suggested that carbon emissions can be reduced by increasing the cost of corporate emissions through government policies (Doğan et al., 2022). However, another group of scholars has argued that the effect of influencing carbon emissions through policy formulation is limited. For example, carbon tax policies do not necessarily lead to the generation of technological innovations (Fu et al., 2023), and studies based on a large dataset of 32 OECD countries for the period 1997–2018 have shown that the impact of government policies on carbon emissions is unstable at different stages and that there is a rebound effect (Yıldırım et al., 2022).
In addition, studies have shown that the increase in the number of patent applications to prevent climate change is inversely related to carbon dioxide emissions (Yu et al., 2021). It is worth noting that China’s IPR pilot policy was initially implemented in 2012 with the aim of strengthening the economic, cultural and social orientation of IPRs through improved laws and regulations and a sound judicial protection system (Zheng et al., 2023). Since the implementation of the policy, there have been six batches of IPR pilot projects in 77 cities, including 14 subprovincial cities, 54 prefectural-level cities and 9 county-level cities. Therefore, what type of policy effect has the implementation of the IPR pilot program had on carbon emissions? Through what transmission of effects has such an effect been achieved? These questions need to be answered.
The possible marginal contributions of this paper are threefold: 1) Unlike the literature that mainly studies the carbon emission suppression effect of pilot policies on the enterprise or national level, the data in this paper are selected at the city level, integrating the innovation effect and industrial structure optimization effect brought by the pilot policies and exploring their impacts on the city’s carbon emissions. 2) Unlike established studies that conclude that pilot policies produce a single promotion or inhibition, this paper argues that IPR pilot policies have different effects on cities with different levels of greening and different geographic locations, and it develops a heterogeneous study to address these two points. 3) The literature mainly focuses on the innovation effect and industrial structure upgrading effect of the IPR pilot policy (Qian et al., 2023; Song et al., 2023), and few articles directly discuss and study the relationship between the pilot policy and carbon emissions. Therefore, this paper explains the role of the IPR pilot policy in carbon emission reduction on this basis.
The remainder of the study is structured as follows: Section 2 presents the theoretical foundations and research hypotheses; Section 3 presents the research design; Section 4 presents the empirical results and discussion; Section 5 provides further analysis; and Section 6 presents the research conclusions and countermeasure recommendations.
2 THEORETICAL ANALYSIS AND HYPOTHESIS FORMULATION
2.1 Intellectual property pilot policies and carbon emissions
In previous research on the impact of government support on carbon emissions management, scholars have not reached a unified opinion on whether government support can effectively reduce carbon emissions; this paper adopts the perspective of evolutionary economics to explore this issue.
According to the basic idea of evolutionary economics, socioeconomic systems are complex systems that evolve continuously from lower to higher levels (Capellán-Pérez et al., 2014). By summarizing the three industrial revolutions that have taken place, it can be found that the evolution of the socioeconomic system is accompanied by the improvement of the efficiency of resource utilization, and green economy technology, which is mainly embodied by the reduction of carbon emissions, can improve the situation of energy consumption in production and increase the efficiency of energy utilization (Miao et al., 2018). Therefore, the reduction in carbon emissions is one of the important symbols of the evolution of the economic system to an advanced stage. In addition, evolutionary economics also emphasizes that the system is an important force driving economic evolution; institutional innovation plays a key role in this process, and the pilot policy on intellectual property is a typical institutional innovation that reflects the evolution of the property rights system. This will contribute to an increase in patent applications (Lemley and Shapiro, 2005), which in turn will effectively contribute to a reduction in carbon emissions.
From the perspective of evolutionary economics, this article hypothesizes that the IPR pilot policy can have a positive inhibitory effect on carbon emissions through government support, which may be achieved mainly by increasing the emission costs of polluting industries and encouraging the development of green industries. Therefore, Hypothesis 1 is proposed.
H1. Pilot IPR policies can significantly reduce carbon emissions.
2.2 Theoretical mechanisms
The established literature suggests that clearly defining the attribution of intellectual property is the first step in guaranteeing a rational allocation of resources (Restuccia and Rogerson, 2017), affirming that pilot IPR policies have an impact on the level of innovation in cities; however, scholars are divided as to whether IPR protection promotes the development of innovation levels. One group of scholars argues that IPR pilot policies guarantee monopoly gains for inventors (Parra, 2019), make firms more inclined to innovate (Neves et al., 2021), and incentivize firms to invest in R&D (Branstetter et al., 2006), which in turn promotes innovation. On the other hand, another group of scholars argues that IPR pilot policies increase the costs of technology introduction and imitation of innovations (Hurmelinna-Laukkanen and Puumalainen, 2007), thus inhibiting the development of innovation. Although there is some disagreement among scholars on this issue, more scholars still believe that IPR pilots can promote innovation. Moreover, several studies have shown that an increase in innovation level can inhibit carbon emissions (Gerlagh, 2007; Zhou et al., 2010; Wang et al., 2020).
Specifically, for intellectual property rights, the relevant laws and regulations are used to protect the rights of patent inventors. In turn, this policy encourages enterprises and institutions to innovate, and more patented inventions often mean that through the progress of green technology, enterprises can optimize their own production methods, for example, through online queuing, network enrollment, online certificates and other ways to promote “paperless” offices to reduce the level of carbon emissions, and so on, Hypothesis 2 is proposed.
H2. Pilot IPR policies significantly reduce carbon emissions by increasing the level of innovation.
In addition, existing research suggests that IPR pilot policies can improve export trade structures by facilitating the acquisition of competitive advantages by knowledge-intensive firms, thereby contributing to the upgrading of the domestic industrial structure (Markusen et al., 2001). At the same time, academics currently believe that industrial structure upgrading inhibits carbon emissions from energy consumption, technological progress and other paths, and existing studies have shown that industrial structure upgrading inhibits carbon emissions by affecting changes in the structure and efficiency of energy consumption (Brannlund and Persson, 2012).
The specific performance of this mechanism is that the pilot policy of intellectual property rights through the relevant laws and regulations of the clean energy industry to provide financial subsidies to increase the cost of emissions of high energy-consuming industries, which makes the green industry more competitive, to replace the traditional industry by the green industry and to optimize the industrial structure. On the other hand, according to the economic hypothesis, when a green industry shows strong competitiveness and high profits, traditional industry will also be driven by an interest in optimizing its own production methods in the direction of green development to obtain high profits and then upgrading its own industry, which promotes the optimization of the industrial structure. In a city, a higher proportion of green industries represents lower CO2 emissions; thus, Hypothesis 3 is proposed.
H3. Pilot IPR policies significantly reduce carbon emissions by improving the industrial structure.
The underlying mechanism through which the IPR pilot policy reduces regional carbon emissions is illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | Effect of IPR policy on carbon emissions.
3 STUDY DESIGN
3.1 Data description
This paper uses data from China’s prefecture-level cities from 2000 to 2020 as the research sample. Carbon emission data were obtained from the Carbon Emission Accounts & Datasets (CEADs) database, data on IPR pilots were collated from policy texts, all other data were compiled from the China Urban Statistical Yearbook. Due to missing data for some cities, 14 prefecture-level cities, including Sansha and Danzhou in Hainan Province, Bijie and Tongren in Guizhou Province, Suihua city in Heilongjiang Province, all prefecture-level cities in the Tibet Autonomous Region, Haidong in Qinghai Province, and Turpan and Hami in the Xinjiang Uygur Autonomous Region, were excluded from the study. For some missing value data, interpolation and geometric mean were used to fill in the blanks. Finally, 285 cities with 5985 entries were obtained as data samples.
3.2 Definition of variables
Explained variable: carbon dioxide emissions (co2): According to Merz et al. (2021), we used the particle swarm optimization-backpropagation (PSO-BP) algorithm for two sets of nighttime lighting data inversion through the nonlinear modeling method so that the carbon emission inversion data and the energy accounting data fit the superiority data is significantly improved to more accurately estimate the carbon emissions of the cities and, ultimately, the carbon dioxide emissions of the various prefectures (logarithmic) to measure the level of carbon emissions in the city.
Explanatory variable: intellectual property pilot (did). According to the relevant policies and data disclosed by the State Intellectual Property Office of China, the IPR pilot variable is a dummy variable, i.e., for pilot cities, it is set to 1 for the year the policy was implemented and subsequent years and 0 for the remaining years.
Innovation level: In this paper, the total number of patents granted in the city is selected to measure the innovation level of the city by taking the logarithm (patent). There are many indicators for measuring the level of innovation, including R&D capital investment, the output value of new products, trademarks and patents. However, it is difficult for R&D capital investment to reflect the actual innovation effectiveness of a region; moreover, there are differences in the statistical standards of the output value of new products, and the data for these indicators are difficult to obtain at the city level. In addition, to improve their core competitiveness, enterprises often obtain patents through technological innovation before producing products and then registering trademarks. Therefore, compared with trademarks, invention patents can better reflect the nature of technological innovation and measure the accumulation of knowledge in a region; therefore, this paper adopts the “total number of patents in logarithmic terms” to reflect the innovation level of a city (Nie et al., 2021).
Industrial structure upgrading: In this paper, the share of tertiary industry in GDP (gdp3) is selected to measure industrial structure upgrading. The optimization and upgrading of the industrial structure reflects the evolution of the regional industrial level from a low level to a high level, which is mainly reflected in the optimization and upgrading of the nonagricultural industrial structure.
Control variables: With reference to the literature, this paper selects the following variables, mainly including fiscal dependence (fin), a logarithmic measure of local general public budget revenue; human capital (student), measured as the number of college students enrolled at the end of the year (taking a logarithmic value); per capita income level (pgdp), defined as the per capita income level taking a logarithmic value, foreign direct investment taking a logarithmic value (fdi); financial institutions’ loan balances taking a logarithmic value (loans); and the logarithm of the total population (people) and wage income (wage) (Hu et al., 2020; Chen et al., 2021).
Table 1 shows the descriptive statistics of the main variables, which shows the mean value of carbon emissions (co2) is 5.719, and the standard deviation is 1.304, which indicates that there is a large difference in carbon emissions between the sample cities. The maximum value of the proportion of tertiary industry (gdp3) is 0.839, and the minimum value is 0.0858, which indicates that there is a large difference in the proportion of tertiary industry between the sample cities. The mean of the total number of patents taken in logarithm (pantent) is 5.998, and the standard deviation is 3.804, indicating that there are significant differences in the level of innovation among the sample cities. The statistical results for the other variables also indicate that there are significant differences between all the variables.
TABLE 1 | Descriptive statistics of the variables.
[image: Table 1]3.3 Model design
This paper adopts the double difference method to test the impact of the IPR pilot policy on reducing carbon emissions. From the sample of this paper, during the period 2000–2020, a total of 77 cities out of 285 cities were successively approved to become IPR pilot cities, which provides a good quasi-natural experiment for the study of this paper. The 77 cities that were affected by the policy will then become the treatment group, and the remaining cities that have not been approved constitute the control group of the study. Referring to Beck et al. (2010), this paper constructs Model (1).
[image: image]
In Eq. 1, the subscript i denotes the city, t denotes time, [image: image] is the explanatory variable of this paper, which denotes the carbon emissions of city i in year t, [image: image] is the core explanatory variable of this paper, control denotes a set of other control variables that change over time and affect the carbon emissions of the city, and [image: image] is the error term. The coefficient [image: image] is the core parameter of interest in this paper and indicates the effect of the IPR pilot policy on carbon emissions. If the exogenous institutional arrangement of the IPR pilot policy is indeed effective at reducing carbon emissions, then the coefficient [image: image] should be significantly positive.
To further verify the mechanism of action, this paper constructs Model (2) and Model (3) on the basis of Model (1).
[image: image]
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In Eq. 2 to Eq. 3, [image: image] denotes the mechanism variable denoting the mediating variables innovation level (patent) and industrial structure (gdp3), respectively, and [image: image] and [image: image] are the random perturbation terms. The first step is to test the impact of pilot intellectual property policies on carbon emissions (Model 1); the second step is to test the impact of pilot intellectual property policies on mediating variables (Model 2); the third step is to insert pilot intellectual property policies and mediating variables into the equation to test their impact on carbon emissions (Model 3); and if the pilot intellectual property policies and mediating variables pass the test of significance in the three steps mentioned above, the mediating mechanism has been verified.
4 EMPIRICAL RESULTS AND ANALYSIS
4.1 Parallel trend test
The condition that the treatment group and the control group satisfy the parallel trend in time is an important prerequisite for policy assessment using the double difference method. The double difference model with the same time point of policy implementation is used in the parallel trend test. In the present study, there is inconsistency in the year of implementation of the intellectual property pilot policy, which belongs to the multiperiod double difference model; therefore, the parallel trend test of the traditional double difference model cannot be applied. To solve this problem, this paper refers to the research of Beck et al. (2010) to test the multiperiod double-difference parallel trend. In combination with the sample time horizon, a window period of 10 years is set, i.e., 5 years before the approval of the IPR pilot policy and 5 years after the approval. Based on these data, the dynamic effect coefficients of the policy are analyzed to determine whether the year of the policy shock to the cities as well as the carbon emissions prior to that year satisfy the condition of the parallel trend, and the results are shown in Figure 2.
[image: Figure 2]FIGURE 2 | Parallel trend test plot.
As shown in Figure 2, before the implementation of the pilot policy on intellectual property rights, the change in the dynamic effect coefficient of the policy basically shows a horizontal trend, indicating that before the implementation of the policy, the trend in carbon emissions is not obvious, and in the year of the implementation of the policy and the following 5 years, the dynamic effect coefficient of the policy shows a rapid downward trend. Therefore, the double-difference model in this paper satisfies the parallel trend condition, which tentatively suggests that the IPR pilot policy may contribute to the reduction in carbon emissions; however, whether this effect is statistically and mathematically significant still requires further testing. In addition, this article finds that the effect on carbon emission suppression is significantly stronger in the first 2 years of the IPR pilot policy, probably due to the increasing returns to scale in the early years of the implementation of the policy and the greater marginal gains for the pilot cities. Although the policy effects in the following years are smaller than those in the first 2 years after the start of implementation, which seems to be in line with the findings of Yıldırım’s (2022) study, the overall trend of the policy effects in the following years shows a gradual increase. This phenomenon may be attributed to the fact that the policy effects of gradual improvement in IPR protection policies continue to increase over time and that the IPR pilot policies can produce lasting benefits.
4.2 Correlation analysis
This paper uses the method of correlation analysis to test whether there is a correlation between the explanatory variables. If there is a failure to pass the test of significance between the variables, this means that there is autocorrelation in the model, and it is necessary to adjust the explanatory variables; the results of the correlation analysis are shown in Table 2. As shown in Table 2, all the explanatory variables pass the test of significance at the 10% level, and the vast majority of the variables pass the test of significance at the 1% level, indicating that there is no significant correlation among the explanatory variables.
TABLE 2 | Correlation analysis.
[image: Table 2]4.3 Analysis of regression results
On the basis of controlling for both temporal and individual effects, this paper conducts a double difference test of Hypothesis 1 to estimate the direct impact of IPR pilot policies on carbon emissions. Table 3 below shows the main regression results of this paper, in which regression (1) is the regression controlling for only year and individual effect fixed, regression (2) is the regression adding control variables, and its regression coefficient is significantly negative at the 1% level, indicating that the IPR pilot policy can significantly inhibit carbon emissions; thus, Hypothesis H1 is verified. In addition, the coefficients of financial dependence, human capital, per capita income level, the loan balance of financial institutions, the total population at the end of the year, and wage income are all significantly positive, suggesting that city development and an increase in the population may lead to an increase in carbon dioxide emissions (Lei et al., 2011). The coefficient of foreign direct investment is significantly negative, indicating that the utilization of foreign investment can also, to some extent, contribute to the enhancement of local innovation levels through the improvement of the quality of a city’s economic development, and more green technologies are put into use, which in turn reduces carbon dioxide emissions; these findings are the same as those of Mutafoglu’s (2012) study of Turkey.
TABLE 3 | Base regression.
[image: Table 3]4.4 Analysis of intermediary mechanisms
Among the theoretical analyses and hypotheses, this paper concludes that IPR pilot policies significantly contribute to the reduction of carbon emissions by increasing the level of innovation and that the level of innovation plays a mediating role in the process through which IPR pilot policies affect carbon emissions. In accordance with Models (2) to (3) established in this paper, the mediating effect of the level of innovation will be tested empirically, and the results obtained are shown in Table 4.
TABLE 4 | Mediating effects of innovation level.
[image: Table 4]As seen from Table 4, in regression (1), the impact of pilot intellectual property policies on carbon emissions is significantly negative at the 1% level, in regression (2), the impact of pilot intellectual property policies on patent inventions is significantly positive at the 5% level, and in regression (3), the regression coefficients of the impact of pilot intellectual property policies and patent inventions on carbon emissions are significantly negative at the 1% level, which proves that the level of innovation plays an intermediary role in the process of the impact of pilot intellectual property policies on the reduction of carbon emissions, and Hypothesis 2 has been verified. This may be because IPR pilot policies can further promote green technological innovation by firms and organizations through the mechanism of protecting patent applications, and encouraging patent innovation is an effective measure for reducing carbon emissions (Wahab et al., 2021), which in turn reduces carbon emissions.
According to our theoretical analysis and hypothesis, this paper proposes that the pilot policy of intellectual property rights significantly contributes to the reduction in carbon emissions by improving the industrial structure and that the industrial structure has an intermediary effect on the process through which the pilot policy of intellectual property rights affects carbon emissions. According to Model (2) to Model (3) established in this paper, the intermediary effect of the industrial structure will be empirically examined, and the results obtained are shown in Table 5.
TABLE 5 | Mediating effects of industrial structure.
[image: Table 5]As seen from Table 5, in regression (1), the regression coefficient of the impact of intellectual property pilot policy on carbon emissions is significantly negative at 1% level, in regression (2), the regression coefficient of the impact of intellectual property pilot policy on the proportion of the tertiary industry is significantly positive at 5% level, and in regression (3), the regression coefficients of the impact of intellectual property pilot policy and the proportion of the tertiary industry on carbon emissions are significantly negative at 1% level, which shows that the industrial structure of the pilot policy on intellectual property rights plays an intermediary effect on the process of the reduction of carbon emissions, and Hypothesis 3 has been verified. This phenomenon may be due to the pilot policy of intellectual property rights through the protection of patent rights to encourage enterprises and institutions to carry out technological innovation. On the one hand, the progress of green technological innovation has initiated the emergence of green emerging industries with lower carbon emissions. Compared with traditional industries, emerging industries with low costs and high profits that replace the original industry to optimize the industrial structure, encourage more green industries which means fewer carbon emissions are generated (Zhang et al., 2014). On the other hand, green technological innovation also helps traditional enterprises optimize their own production methods, leading them to upgrade their industries and change from their original offline production and sales to online e-commerce and other forms, which in turn reduces carbon dioxide emissions (Zhou et al., 2013).
4.5 Robustness testing
This paper adopts the method of replacing explanatory variables to carry out the robustness test, and the results after re-regression are shown in Table 6. These results show that the empirical results do not largely violate the original conclusions and that the intellectual property pilot policy (did) variable passes the test of significance at the 5% level under the premise of fixed time effects and individual effects, regardless of whether or not the control variables are added. This finding proves that the findings of the present research are robust.
TABLE 6 | Robustness tests for replacing explanatory variables.
[image: Table 6]In this paper, we conduct a placebo test by changing the time point of policy implementation, randomly selecting 3 years in advance of policy implementation as the dummy policy time point for the placebo test, generating a new interaction term, did_2, and then re-regressing. The specific regression results are shown in Table 7. The regression coefficient of did_2 on co2 is −0.018, and the t value is −0.746, which fails the significance test. This finding indicates that the policy time point is nonrandom, the policy effect of the IPR model city is significant only for the given time and for the given city, and the above conclusion again verifies the reliability of the benchmark regression results.
TABLE 7 | Placebo test results.
[image: Table 7]5 FURTHER ANALYSIS
5.1 Heterogeneity of coastal cities
Considering that the development degree and trade and export conditions of the inland cities in the sample are relatively backward compared with those of coastal cities, which may lead to different effects of the IPR pilot policy on carbon emissions, this paper divides the sample into a coastal city group and an inland city group according to the geographic attributes of the cities. The heterogeneity of the effect of IPR pilot policies on reducing carbon emissions is further analyzed across subsamples. As shown in Table 8, for the coastal cities, the regression coefficient of the IPR pilot policy on carbon emissions is −0.075, which is significantly negative at the 5% level; however, for the inland cities, the regression coefficient of the IPR pilot policy on carbon emissions is −0.027, which does not reach the level of significance. These results show that the inhibiting effect of IPR pilot cities on carbon emissions is more obvious. These results indicate that the inhibiting effect of IPR pilot cities on carbon emissions is more obvious in the coastal city group.
TABLE 8 | Heterogeneity test results between coastal and noncoastal cities.
[image: Table 8]In addition, this article demonstrates that the coefficient of the fiscal dependence indicator is significant in both coastal and inland cities; however, in coastal cities, higher fiscal dependence suppresses carbon emissions, while in inland cities, high fiscal dependence corresponds to high carbon emissions. This may be because the high fiscal dependence in coastal cities is due to the low proportion of primary industries and the high proportion of emerging industries, resource-based industries and high value-added industries. A greater share of the above industries can inhibit the production of carbon dioxide, which negatively affects local fiscal dependence and carbon emissions. The high financial dependence of inland cities may be due to their lower level of local development, greater dependence on fiscal revenue to maintain GDP, and greater financial dependence, which means that more energy-consuming enterprises discharge emissions; thus, the financial dependence and carbon dioxide emissions in inland cities are positively related. Compared to inland cities, China’s coastal cities develop faster, so the implementation of IPR pilot policies in such areas has an inherent policy advantage as well as the impetus for industrial structure upgrading, while inland cities are relatively backward in terms of development, and the effect of the implementation of the policy is hampered by the development of the policy, which produces regional policy variability (Qian et al., 2018).
5.2 Heterogeneity in greening levels
Considering that plants consume carbon dioxide during photosynthesis and that areas with higher levels of greening are rich in vegetation and may absorb more carbon dioxide to reduce carbon emissions, this paper divides the samples into a high greening level group and a low greening level group according to the greening level of the city. As shown in Table 9, the regression coefficient of the pilot policy on intellectual property rights on carbon emissions in the group with a high greening level is −0.247, which is significant and negative at the 1% level, while the regression coefficient of the pilot policy on intellectual property rights on carbon emissions in the group with a low greening level is −0.068, which is not significant at the 1% and 5% levels and is significant and negative at the 10% level. The results showed that the inhibitory effect of the pilot policy on intellectual property rights on carbon emissions was more significant in the group with a high greening level. In addition, this article finds that human capital, the loan balance of financial institutions, and population size have significantly more positive impacts on carbon emissions in cities with a low level of greening than in cities with a high level of greening. This phenomenon may occur because cities with a high level of greening have more complete green infrastructure and government policy support, and the capital for urban development is more invested in green technology upgrading and other construction; thus, the relationship between urban development and carbon emissions is not significant. Cities with a low level of greening may represent a city development strategy that focuses more on economic development than on sustainable development, and more funds are invested in energy-consuming enterprises, which aggravates carbon emissions in the development process. Compared with those of cities with low greening levels, the green infrastructure of cities with high greening levels provides a basic guarantee for the carbon reduction effect of the IPR pilot policy, and the tilting of government policy promotes the innovation of green technology and the optimization of the industrial structure, which in turn has a better carbon reduction effect.
TABLE 9 | Heterogeneity test of greening level.
[image: Table 9]6 RESEARCH FINDINGS AND POLICY RECOMMENDATIONS
Through theoretical analysis and empirical tests, this paper proves the inhibitory effect of the IPR-related pilot policy on carbon emissions and its underlying mechanism; specifically, the IPR-related pilot policy has an obvious inhibitory effect on urban carbon emissions, and furthermore, the carbon reduction effect of the IPR-related pilot policy mainly comes from the improvement of innovation levels and the optimization and upgrading of industrial structures. Moreover, the carbon reduction effect of the IPR pilot policy is significant in coastal cities and cities with a high level of greening but not in inland cities or cities with a low level of greening, which is characterized by obvious heterogeneity.
Based on the above research, the policy implications of this paper are as follows:
First, carbon emissions management can be further enhanced by introducing external investment. This paper finds that as local carbon emission restrictions are more stringent due to carbon emission management policies such as intellectual property rights pilots, external investment enhances the dissemination of green technologies while also being restricted from investing in highly polluting industries, thus facilitating the management of carbon emissions.
Second, carbon emission governance needs to adopt policy coordination to enhance effectiveness. For knowledge-intensive pilot policies, simultaneous implementation of policies encouraging innovation, entrepreneurship, and industrial upgrading can further promote the reduction of carbon emissions. Additionally, the level of greenery significantly influences the effectiveness of carbon reduction policies. Encouraging cities to engage in green infrastructure construction and upgrade green technology alongside the implementation of carbon reduction policies can provide robust support, further enhancing policy effectiveness and strengthening the inhibitory effect on carbon dioxide.
Third, cities in different geographical locations should adopt different strategies for carbon emission governance. Our research indicates that due to the higher quality and greater level of development in coastal cities in China, the effects of implementing carbon reduction policies are more pronounced in these areas. Therefore, for cities with good development quality and a high level of development, implementing carbon reduction policies is more suitable. Leveraging policy spillover effects and prioritizing these cities during pilot projects can influence the coordinated development of less developed regions. For cities with low development quality and a lack of development, prioritizing industrial structure optimization and relevant policy support should precede policy pilot projects for carbon reduction to maximize policy effectiveness.
This study has some limitations, and future research in this area is anticipated to address the following:
First, due to missing data, city data were used in this study. Additionally, because of the lack of data, some cities chose to exclude these data, and some of the data used for interpolation and other methods to compensate for the empirical results were affected to some extent. Second, because this paper discusses China’s relevant policies, compared to scholars in other countries, Chinese scholars in this aspect of the number of studies, in this paper as far as possible to select the research of scholars in different countries still appeared in the research literature of various countries in the imbalance between the proportion of the selection of the problem, We hope that in the future more scholars in other countries will research this policy from different perspectives.
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