

  systems-11-00209




systems-11-00209







Systems 2023, 11(4), 209; doi:10.3390/systems11040209




Article



The Impact of Intellectual Property Rights City Policy on Firm Green Innovation: A Quasi-Natural Experiment Based on a Staggered DID Model



Xingneng Xia, Tao Huang and Sheng Zhang *





School of Public Policy and Administration, Xi’an Jiaotong University, Xi’an 710049, China









*



Correspondence: zsheng_xjtu@163.com







Academic Editors: Bao-Jie He, Linchuan Yang and Junqing Tang



Received: 3 March 2023 / Revised: 16 April 2023 / Accepted: 17 April 2023 / Published: 20 April 2023



Abstract

:

Green innovation is considered an important way to promote low-carbon society formation and the sustainable development of environmental engineering. However, few quantitative studies have focused on the impact of intellectual property rights (IPR) on firm green innovation (FGI). This paper constructs a quasi-natural experiment based on the IPR pilot city policy in China. We empirically investigated the influence of IPR policy on FGI using a staggered difference-in-differences (DID) model and Chinese listed company data from 2007 to 2020. The findings of this research are as follows: (1) IPR policy significantly promotes FGI, and its effectiveness is confirmed by a variety of robustness tests. (2) The IPR policy supports both green product and green process innovation, with a stronger effect on green product innovation. (3) The IPR policy encourages green independent R&D but has little influence on green joint R&D. (4) The IPR policy promotes FGI with a high knowledge intensity, state-owned enterprises, and firms in key city groups. (5) The IPR policy supports FGI primarily via two institutional channels: increasing R&D investment and easing financing constraints. This paper broadens the study of green innovation city policy and FGI development, offering new perspectives for achieving social and environmental sustainability.
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1. Introduction


With the establishment of explicit sustainable development targets on the 2030 Agenda for Sustainable Development (UN2030) and the COP 26 UN Climate Change Conference (COP26), it has become more necessary to achieve economic growth while ensuring environmental sustainability. China, as the world’s second-largest economy, with a rapid growth rate, holds significant influence in the global environment administration. However, environmental issues such as resource restrictions, energy shortages, and waste emissions are increasingly appearing as a result of rapid economic expansion. Yale University’s Global Environmental Performance Index 2022 research states that China ranks 160th out of 180 nations with an EPI score of 28.4, indicating that China’s environmental governance is not promising [1]. Industry and academia agree that green innovation is crucial in addressing the challenge of balancing economic growth with environmental preservation in the context of global integrated development. Green innovation refers to innovation activities that are favorable to enhancing environmental performance, such as green products and green process, which may result in a “win-win” scenario for economic growth and environmental management [2,3].



From the standpoint of policy supply, intellectual property right (IPR) policy is seen as a highly significant element influencing green innovation. An effective IPR policy may not only encourage businesses to improve their R&D spending and innovative vibrancy [4] but also alleviate their financing constraints [5,6], reduce their innovation costs [7], and enhance their willingness to protect the environment and engage in green innovation [8].



In order to enhance IPR protection and encourage innovation among market players, as well as promote the transformation of the economy towards high-quality and environmentally-friendly development, China has implemented IPR pilot policies in various cities since 2012. The core requirement of the IPR pilot city policy is to strengthen IPR protection for market players and enhance the green innovation capability of market players [9]. The policy should have an important impact on firms, which are the core elements of market players. Once the IPR pilot city policy has achieved good results, the successful experience will be extended to other cities and contribute to innovation-driven development. However, how effective is the IPR pilot city policy? Is it having an impact on firm green innovation? Through what mechanism of action does it have an impact? This research will utilize the DID model to evaluate this policy shock experimentally and address the problems posed above. The linked literature focuses on the influence of intellectual property rights (IPR) on green innovation and the assessment of green innovation city strategies. Moreover, there are two primary viewpoints on the influence of IPR to green innovation. The main methods for achieving impact include enhancing the value of the product, generating market signals, establishing organizational agreements, and overcoming technological barriers [10,11,12]. However, the second strand of literature argues that IPR can motivate firms to engage in green innovation as a competitive resource and strategic advantage. Specifically, IPR can enhance brand competitiveness, strengthen organizational absorptive capacity, influence corporate reputation, and monopolize excess profits, resulting in a profitable engagement in green innovation [13,14,15].



There is a wealth of research on the evaluation of city policies related to green innovation. In terms of the types of city policies, the studies include smart city policy [16,17], innovative city policy [18], water resource policy, low-carbon city policy, digital economy city policy etc. In terms of research content, it includes practice paths [19], action mechanisms [20], influence factors [21], efficiency evaluation [22], indicator construction [23], and implementation effects [24,25]. In terms of research methods, it includes DID, OLS regression, systematic GMM, event study method, etc. [25]. In terms of research perspectives, it mainly includes industry level, intercity level, regional network level, etc. [26].



The current literature offers excellent resources for the investigation of the effect of IPR strategy on green innovation in businesses, but there are still limitations in the following areas: ① Studies have been conducted to confirm the effect of IPR on green innovation activities, but most of them are based on theoretical constructs and questionnaire data, lacking micro-level data on large samples of firms and observations from the perspective of empirical interventions in IPR policy for testing. ② There has been a wealth of research on green innovation city policies, but there has been little research on IPR city policy: notably, empirical examination of IPR policy on features of green innovation in the firm sector. ③ What processes govern the relevance of intellectual property rights for green innovation? What specific empirical evidence exists? Few studies have addressed this.



In response to the limitations of existing studies, the following are the key marginal contributions of this article: ① For the first time, we utilized the staggered DID model to experimentally explore how IPR city policy affects FGI, using data from 198 Chinese prefecture-level cities and 2047 listed companies from 2007 to 2020 in China. It offers a broad sample of data on the influence of IPR on FGI and supports quantitative studies on IPR policy assessment. ② Using the DDD model, we analyzed and validated the mechanism of the role of IPR policy in inducing FGI from two perspectives: promoting R&D input and alleviating corporate financing constraints. Then, we investigated the pathways via which the pilot policy operates in order to offer micro-level empirical data for the study of the mechanism behind the influence of IPR on FGI. ③ A heterogeneity study of the impact of the IPR pilot city policy was undertaken with regard to the following five dimensions: patent heterogeneity, R&D approach heterogeneity, knowledge intensity heterogeneity, property rights heterogeneity, and firm location heterogeneity, which provides useful suggestions for identifying the primary element of green innovation and policy action direction.



The remainder of this work is structured as follows: Section 2 covers the theoretical examination and development of hypotheses. The third section presents the research design. The empirical outcomes of the benchmark study are examined in Section 4. Section 5 evaluates the reliability of the benchmark analysis’s outcomes. Section 6 is an examination of heterogeneity. The seventh section discusses the mechanism of the IPR pilot city policy for fostering green innovation in firms. followed by a conclusion and policy implications section.




2. Theoretical Analysis and Hypothesis Proposed


2.1. IPR Pilot City Policy and FGI


According to externality theory, there are positive externalities of innovation activities and outputs, which will lead to the free-riding behavior of innovation subjects [27,28]. It is difficult for enterprises to prevent other competitors from imitating and copying their innovations and improving the level of IPR protection can restrain other innovation subjects from copying and spreading the enterprise’s innovations and weakening the positive externalities of innovation [29]. When an enterprise lacks IPR protection, or when IPR protection is limited and the fight against infringement is insufficient, the innovative activities and outputs of green technology innovation subjects cannot be effectively protected [30,31]. On the one hand, competitors will soon imitate the innovation, leading to a decrease in the profit of the innovation subject [32] and making enterprises’ and other innovation players’ willingness to carry out FGI activities decrease continuously [33]. On the other hand, the patent protection for inventions applied by the innovation subject not only cannot be effectively protected but also easily allows the patented technology to leak to competitors. The stronger the IPR protection of an enterprise, the more it can increase the imitation cost of imitators, and the frequency of infringement will decrease. The improvement of the intensity of IPR protection can increase the commercialization revenue of innovation subjects, provide dynamic incentives for innovation subjects to carry out innovation activities, create a favorable innovation environment, and stimulate the vitality of green innovation in enterprises [34,35]. Green innovation subjects are also more willing to apply for patent protection, which enhances the output quantity of green patents.



According to the theory of property rights systems, a rational design of property rights includes incentive restrictions, internalization of spillover, and allocating resource mechanisms, and the property rights system impacts economic performance through influencing resource use choices [36,37,38]. The protection of intellectual property rights promotes green innovation by reducing the uncertainty of R&D returns and internalizing externalities in order to ensure a sensible distribution of R&D supplies. In other words, when organizations can hold and dispose of their innovation outcomes in a consistent manner, they will enhance their innovation investment and, hence, boost their innovation performance. Meanwhile, the internalization of positive externalities minimizes the spillover of R&D results, resulting in a performance boost for R&D. On the other hand, the internalization of negative externalities increases the cost of firms and encourages them to reduce undesirable output [39] and pay higher attention to green innovation.



The level of protection provided by intellectual property rights (IPR) has a direct impact on the extent to which firms can benefit from monopolies, which in turn affects their ability to innovate in green technologies. Furthermore, the effectiveness of the IPR system is a crucial factor in determining firms’ willingness to invest in green innovation, leading to a reallocation of resources towards enhancing their green innovation capabilities. Most studies suggest that intellectual property rights (IPR) protection can aid in the advancement of green innovation within firms. However, there are scholars who contend that excessive IPR protection can impede the spread of green knowledge, resulting in a hindrance to green innovation. Additionally, there may be an optimal range of time for which IP protection should be enforced. The impact of IPR protection on green innovation, whether positive or negative, is dependent on the institutional environment. Factors such as the administrative approval process, patent application accessibility, and enforcement fairness all play a role in determining whether there is a ‘spillover’ or ‘crowding-out’ effect. The IPR pilot policy proposes a range of services aimed at promoting IPR protection, increasing efforts to combat IPR infringement, simplifying the IPR application process, and enhancing IPR education, publicity, and training. These supporting IPR policies will not only protect corporate innovation benefits but also reduce corporate innovation costs while enhancing corporate willingness to participate in green innovation. Hence, we propose:



H1. 

IPR pilot policy has a positive impact on FGI.






2.2. Increasing R&D Input and FGI


The endogenous economic growth theory assumes that scientific and technological innovation can drive the economic growth of society and achieve social progress [40,41,42]. Additionally, R&D input, as the primary metric for measuring and promoting technological innovation activities, is a critical indicator of technological progress and economic growth. Generally, R&D inputs consist of R&D human capital and R&D physical capital inputs [43,44,45]. R&D expenditure and corporate green innovation have been analyzed by a variety of scholars. Some researchers have researched R&D effort and FGI from the standpoint that innovation efficiency as well as capital and institutional variables have a substantial impact on the enhancement of FGI capacities [46,47]. Some scholars have also examined investment in R&D and green innovativeness from the industry’s perspective and found that R&D expenditure boosts green innovation via the “compensation effect” and “induced impact” [48]. As the most influential factor on green innovation, R&D expenditure, particularly green R&D investment, has a significant positive influence on green innovation. In addition, several researchers have confirmed the effect of R&D expenditures on the green innovation of businesses from the viewpoints of patents, environmental legislation, and spatial planning.



The implementation of the IPR pilot city policy indicates that the government now has higher standards and expectations for businesses’ IPR competencies. This, in turn, encourages enterprises to prioritize and invest in their own IPR capabilities. Therefore, they must increase their R&D capital investment and human capital accumulation to enhance their own R&D capability. In contrast, the IPR pilot city strategy facilitates the entrance and growth of innovative talent and capital, enhancing the supply of knowledge elements for innovation activities, and attracting R&D resources to enterprises. Therefore, enterprises can improve their original technology accumulation through “learning by doing”, “learning by using”, and innovation spillover, thus providing sufficient R&D guarantee for green innovation. Hence, we propose:



H2. 

IPR pilot city policy promotes FGI through boosting R&D investment.






2.3. Easing Financing Constraints and FGI


According to the Schumpeter innovation theory, the accessibility of capital is crucial to technical innovation. Due to the unpredictability of returns, the information asymmetry of the innovation process, and the greater regulatory expenses, innovation activities are susceptible to significant external funding limitations, which hinder enterprises’ innovation efforts [49,50,51]. Green technology innovation is characterized by a substantial initial capital investment, a lengthy profit cycle, a high chance of failure, and an uncertain return. Therefore, environmental externalities, route dependence, and market-based asymmetry are examples of market failure concerns that must be addressed for green technology developments to be effective. It means that greater resources must be devoted to the development of green innovations for direction-altering innovation, and thus, firms may be more likely to face financing constraints when conducting green technology innovation.



The IPR pilot city policy proposes several financial policies aimed at enhancing intellectual property rights, such as creating special funds, providing subsidies for enterprise patent applications, promoting IPR pledge financing, and implementing protection and risk warning mechanisms for key industries and product R&D. These financial policies may support firm green innovation by fulfilling the role of capital allocation, decreasing the R&D expenditures of firms involved in green innovation activities, and easing their potential financing limitations. Thus, we propose:



H3. 

IPR pilot city policy promotes FGI by easing financing constraints.







3. Research Design


3.1. Model Development


To investigate the policy effect of the IPR pilot city policy upon that influence of FGI, this article employs the DID method for causal analysis based on the State Intellectual Property Office’s list of IPR pilot cities for 2012, 2013, 2015, 2016, 2018, and 2019. The experimental group consists of the firms in the 60 designated IPR pilot cities, whereas the control group consists of the companies in the other cities. By comparing the two groups, the net effect of policy on the impact of the IPR pilot city policy on FGI was identified. Since there are differences in the time points at which different cities received the title of IPR pilot city, this work utilized the staggered DID model to assess and determine the policy impacts by referencing Beck et al. (2010) and Lin et al. (2022). Meanwhile, to mitigate the impact of time trend changes and eliminate any potential bias resulting from differences in firms and cities, our study employed a fixed effect model with fixed time, firm, and city effects. The type of model is shown in Equation (1).


    G r e e n P a t   i , s , t   =   α   0   +   α   1     d i d   i , s , t   +   α   2     C t r l   i , s , t   +   β   i   +   γ   s   +   δ   t   +   ε   i , s , t    



(1)







In the model, the   i   denotes the city,   s   denotes the firm, and   t   denotes time.   G r e e n P a t   denotes the capacity of FGI. The explanatory variable   d i d   is the DID estimator.   C t r l   denotes the control variables.     β   i     are city fixed effects.     γ   s     are firm fixed effects.     δ   t     are the time fixed effects.   ε   denotes the random disturbance term. Coefficient     α   1     denotes the policy implementation effect of IPR pilot cities on the impact of firm green innovation, and if     α   1     is greater than 0, it means that the policy of IPR pilot city can promote firm green innovation.




3.2. Variable Description


Explained variable. This article’s explanatory variable is “firm green innovation.” To measure firm green innovation (GreenPat), the sum of the number of green invention patents granted and the number of green utility model patents granted by listed companies was utilized based on existing studies. Additionally, to account for the delay in patent grants, we included both green invention patent applications and green utility model patent applications from listed companies as a measure of firm green innovation (GreenPat2) in our robustness test.



Explanatory variable. The core explanatory variable in this paper is the IPR pilot city policy effect (  d i d  ). If the city   i   to which firm   s   belongs is selected as a pilot city for IPR at time   t  , then assign a value of 1 to   d i d  , otherwise assign a value of 0.



Control variables. Considering that some factors at the firm level and city level can affect firm green innovation, we selected the following set of factors reflecting the economic characteristics of firms and city-level influences as control variables. Firm-level control variables: ① Firm size (lnAsset) is expressed using the natural logarithm of the firm’s total assets [52]. ② Firm age (lnAge) is expressed using the natural logarithm of the number of years a firm has been listed [53]. ③ Firm value (lnTobinQ) is expressed as the logarithm of assets using the market value of the firm divided by total assets [54]. ④ Staff intensity (Staff) is expressed as a ratio of the number of employees at the end of the year to the company’s operating revenue for the year [30]. ⑤ The ratio of independent directors (Indirector) is expressed as the ratio of the number of independent directors to the size of the board of directors [55]. ⑥ The current ratio (Current) is expressed as the ratio of current assets to current liabilities [49]. ⑦ The liability-to-assets ratio (LOAR) is expressed using total liabilities divided by total assets [50]. City-level control variables: ① Urban environmental regulation level (Environment) is expressed using the natural logarithm of urban industrial SO2 emissions [56]. ② The level of urban economic development (Economic) is expressed using the natural logarithm of urban GDP per capita [57]. ③ Urban industrial structure (Industry) is expressed using the share of the value added of the urban secondary sector in the GDP [58].




3.3. Data Sources


Data for listed companies and prefecture-level cities in China for the period 2007–2020 were used. The data on control variables for listed companies were obtained from the China Stock Market and Accounting Research Database (CSMAR). The data for city-level control variables were obtained from the China City Statistical Yearbook. Additionally, the data on green patents for listed companies was obtained from the Chinese Research Data Services (CNRDS) database. All continuous variables were winsorized at the 1% level to eliminate the influence of extreme values, and finally, we obtained unbalanced panel data for 198 Chinese prefecture-level cities, 2047 listed companies, and 9577 observations. The descriptive statistics for the primary variables in this article are provided in Table 1.





4. Benchmark Analysis


The findings of the benchmark regression tests evaluating the effect of the IPR policy on FGI are shown in Table 2. All three models adjust for city, time, and firm fixed effects. Moreover, Model (2) is based on Model (1) with the addition of firm-level control variables. Model (3) adds firm-level and city-level control variables.



As shown in Table 2, the coefficients of DID terms in models (1), (2), and (3) are all positive and pass the significance test at a minimum level of 5%, showing that the IPR policy has a catalytic impact on FGI in the pilot area. When firm-level control variables and city-level control variables are all included in models (2) and (3), the magnitudes of the coefficients shift, demonstrating that additional firm-level and regional factors indeed impact firm green innovation. Therefore, it is vital to include firm-level as well as city-level control variables in this paper’s baseline model to more accurately reflect the net effect generated by policy implementation. Model (3) shows that the adoption of the IPR pilot policy can encourage FGI, and after removing any possible confounding factors, the policy has resulted in a 133% increase in the number of green patents awarded to firms listed in the pilot area. Hence, hypothesis 1 has been verified.




5. Robustness Tests


5.1. Parallel Trend Test


To use the DID approach, the benchmark regression model must meet the parallel trend assumption. In other words, there were no substantial differences in FGI between enterprises in IPR pilot cities and those in non-IPR pilot cities prior to the introduction of the legislation. Figure 1 illustrates the parallel trend test for the IPR policy, which is based on the methodology of Beck et al. [59] and Mbanyele et al. [60].



As shown in Figure 1, the horizontal coordinate is the relative time of IPR pilot city policy implementation. We designated the year before policy implementation as the policy base period, and 2012, the year of policy implementation, is represented by the number 0. The vertical coordinate represents the policy impact coefficient of IPR pilot cities. The coefficients for each policy time point in this figure have a significance level of 90%.



Figure 1 demonstrates that the coefficient of the policy impact of the IPR pilot city policy on FGI was not statistically significant before the policy’s implementation but passed the significance test after the policy’s implementation. In other words, before the introduction of this policy, there was no significant difference between FGI belonging to IPR pilot cities and those belonging to non-IPR pilot cities, demonstrating that the IPR policy had a favorable influence on FGI. Hence, the basic model is consistent with the parallel trend concept.




5.2. Placebo Test


To eliminate the possibility of attributing the baseline regression findings to random chance, we conducted a placebo test. In this paper, the policy placebo test was performed by randomly selecting the experimental group and estimating the model 500 times for the above random simulation process. Figure 2 plots the placebo test based on the simulation process described above. The horizontal coordinates represent the estimated coefficients of the policy impacts, while the vertical coordinates represent the kernel density values and p-values, correspondingly, of the calculated coefficients. As shown in Figure 2, the mean value of the calculated coefficients is 0, and most of the p-values are greater than 0.1. Meanwhile, the actual estimated coefficients of the IPR pilot city policy effects are within the range of the small probability events of the above placebo test plots. In other words, the effect of IPR pilot city policy on FGI is not a random chance event, and the findings of the benchmark regression are robust and reliable.




5.3. PSM-DID


While the IPR pilot cities have successfully addressed the endogeneity problem by introducing an exogenous policy shock event, it is worth noting that the pilot city areas may not have been selected through a completely random sampling. Additionally, regional differences and enterprise heterogeneity across cities may introduce some degree of “noise” to the policy evaluation results presented in this paper. Therefore, we used the propensity score matching approach to identify the control group firms that are most comparable to each experimental group firm, and then used the matched sample for model estimation. Specifically, this study matched propensity scores to sample data based on company characteristic factors and city characteristic variables using a logit model. Moreover, we used K-nearest neighbor matching, radius matching, and kernel matching to assure the accuracy of our matching findings. Meanwhile, considering that this paper uses the staggered DID model, a year-by-year matching method was used to screen the control group of firms.



Table 3 reports the model regression estimation results using the PSM-DID method. The model estimation results for the three PSM-DID matching techniques of k-nearest neighbor, radius matching, and kernel matching are shown in lines (1), (2), and (3) of Table 3. Table 3 shows that the policy impacts’ coefficient values are statistically positive at the 1% significance level for all approaches. In other words, after eliminating the differences in firm characteristics and city characteristics, the IPR pilot city policy has a substantial promoting influence on FGI. Consequently, the estimate results of PSM-DID validate the robustness of this paper’s conclusions.




5.4. Lag Variable Model


The potential delay in innovation activities is believed to affect the accuracy of findings and minimize the possibility of endogeneity between variables and IPR pilot city regressions. Hence, we estimated the model with one and two lags of the explanatory variables. The regression findings for the explanatory variables delayed by one and two periods are presented in Columns (1) and (2) of Table 4. The findings indicate that the policy impact coefficient is considerably positive. Hence, the estimation results of our baseline model are robust.




5.5. Substitution of Explanatory Variables


The time lag in granting green patents may introduce bias to the model estimation. However, the application of green patents can significantly mitigate this bias. Hence, to avoid the influence of discrepancies in the measurement of the explanatory variables on the model estimate outcomes, we utilized the number of green patent applications rather than the number of green patents issued for model estimation. Column (3) of Table 4 displays the model estimate results after the explanatory variables have been replaced. The findings indicate that the significance and direction of the estimated coefficients of the model do not change. After controlling for explanatory factors, the impact of the IPR pilot city policy on boosting FGI remains consistent and stable.





6. Heterogeneity Analysis


6.1. Patent-Type Heterogeneity


The measure of heterogeneity in patents often reflects various types of corporate innovation activities. To investigate whether the impact of IPR policies on FGI varies depending on the stage of innovation, we analyzed the type of patent heterogeneity. Patents are classified as innovation patents, utility model patents, and external design patents by the State Intellectual Property Office. Typically, invention patents are seen as a reflection of upstream patents in the innovation chain, which emphasize process R&D and process innovation. Whereas utility model patents and design patents are regarded as representing downstream patents in the chain of innovation activities, which concentrate more on product R&D and product innovation, utility patents and design patents are thought to reflect upstream patents. Due to the low quality of exterior design patents and the availability of data, this study does not contain an examination of external design patents. In this research, green patents representing company green innovation activities were separated into green invention patents (GIP) and green utility model patents (GUP), with GIP used to describe firm green process innovation and GUP used to characterize firm green product innovation. Table 5 displays the specific outcomes.



As can be seen from Table 5, the IPR pilot city strategy has encouraged both green innovation patents and green utility model patents for companies; however, the impact on green utility model patents is substantially bigger than on green invention patents. In other words, the national IPR pilot city strategy enhances both green process innovation and green product innovation among firms. However, the growth impact of green product innovation is greater than that of green process innovation.




6.2. Heterogeneity of R&D Approaches


In order to analyze whether the green-inducing effect of IPR policy changes depending on the R&D approach of firms, we investigated the heterogeneity of R&D approaches. In this paper, we classified firm green patents into independent R&D green patents and joint R&D green patents according to the different R&D approaches of enterprises. The regression findings for the sample of firm green patents with different R&D methodologies are shown in Table 6. The results show that the calculated coefficients for the DID term for green patents of independent firm R&D are significantly positive, indicating that the IPR pilot city policy has a significant impact on promoting FGI of independent R&D. However, the estimated coefficients for green patents of joint firm R&D are not significant, suggesting that the policy does not have a significant effect on enhancing FGI of joint R&D. The possible reason is that the IPR pilot city policy strengthens firm green IPR protection, which makes firms focus more on independent green R&D capability and concentrate more on independent R&D rather than joint R&D.




6.3. Knowledge Intensity Heterogeneity


The innovation capacity and R&D capability of a firm are often reflected by its knowledge density, ultimately influencing its green innovation. To better understand this relationship, we analyzed the heterogeneity of firm knowledge density. Firms are classified into two groups based on their level of knowledge intensity: low knowledge intensity groups and high knowledge intensity groups. Firm R&D personnel are the main producers of firm knowledge disseminators, and their number represents a firm’s knowledge intensity. Therefore, we defined firms with less than 50% R&D personnel as the low knowledge intensity group and those with more than 50% as the high knowledge intensity group.



Table 7 displays the model findings for the IPR pilot city policy on FGI with different knowledge intensities. The findings indicate that the coefficients of the DID term are not notable for firms in the group with low knowledge intensity, whereas the estimated coefficient is notably positive for firms in the group with high knowledge intensity. The IPR policy primarily encourages FGI of high knowledge intensity, while having little to no impact on FGI of low knowledge intensity. The possible reason for this is that high-knowledge-intensity firms have more advantages in knowledge accumulation and their absorption capacity is stronger. Because of IPR policy’s influence on FGI, high knowledge intensity firms have stronger R&D capabilities than low knowledge intensity firms, resulting in more firm green patents.




6.4. Heterogeneity of Firm Property Rights


The ownership attributes of firms usually reflect different corporate management and incentive patterns, which have an impact on FGI. Therefore, this paper analyzed the heterogeneity of corporate property rights. Enterprises are categorized into state-owned enterprises (SOEs) and non-SOEs on the basis of their property rights (non-SOEs). We defined state-controlled enterprises as SOEs and other enterprises as non-SOEs. Table 8 reports the regression results of the IPR pilot city policy on FGI with different natures of property rights. The estimated coefficients of the DID term for SOEs are considerably positive, but the estimated coefficients for non-SOEs are not significant (Table 8). This suggests that the IPR policy has a significant influence on FGI for SOEs while having a negligible impact on non-SOEs. One possible explanation for this is that state-owned enterprises (SOEs) have dual responsibilities of maintaining profitability and fulfilling corporate social responsibilities, which sets them apart from non-SOEs. As a result, SOEs have more motivation for social responsibility and policy incentives to enhance FGI than non-SOEs.




6.5. Heterogeneity of Firm Location


The development of FGI is influenced by the varying resource and policy environments that firms encounter in different cities. As a result, we aimed to explore the heterogeneity of firm locations in our investigation. The cities to which the sample firms belonged were split into key city groups and ordinary city groups based on the locations of the companies. The provincial capital cities are defined as the key city group, and the ordinary prefecture-level cities are defined as the ordinary city group. Table 9 reports the findings of IPR policy on green innovation in urban enterprises in different regions. The results show that the estimated coefficients of the DID term for firms in the key city group are significantly positive, while the estimated coefficients for firms in the ordinary city group are not significant. This suggests that the IPR policy has a strong influence on FGI in the key city group, whereas it is not significant for firms in the ordinary city group. The possible reason for this is that key cities have certain comparative advantages in terms of innovation resources, institutional environments, and economic development levels compared to non-key cities. Enterprises in key cities are more likely to gather green innovation resources, and their transaction costs are lower and more market-oriented, so they are more likely to receive positive feedback on IPR policy incentives. As a result, firm green innovation in key cities is more likely to be enhanced.





7. Mechanism Testing


According to the theoretical analysis in the previous content, the IPR policy mainly promotes FGI through two action paths: increasing R&D investment and alleviating financing constraints. Additionally, we constructed a DDD model based on model (1) by adding R&D input mechanism variables and financing constraint mechanism variables, respectively, as shown in Equation (2).


    G r e e n P a t   i , s , t   =   α   0   +   α   1     d i d   i , s , t   × M +   α   2     d i d   i , s , t   +   α   3     C t r l   i , s , t   +   β   i   +   γ   s   +   δ   t   +   ε   i , s , t    



(2)







In the above equation, M is the mechanism variable. The mechanism variables of R&D investment in this paper are represented by the ratios of R&D personnel to operating revenue (RD1) and R&D investment to operating revenue (RD2). Consequently, the mechanism variables of financing constraints in this paper are characterized by the FC index [41] and the WW index [61]. Table 10 displays the results of the respective mechanism testing.



Mechanism test of increasing R&D investment. Table 10 (Columns 1 and 2) demonstrates the outcomes of the R&D investment mechanism of the IPR policy on FGI. Moreover, the findings indicate that the DDD term coefficient did*RD1 is notably positive at the 10% level and the DDD term coefficient did*RD2 is notably positive at the 5% level. In other words, the IPR policy, indeed, enhances FGI by promoting R&D investment. Therefore, hypothesis 2 is verified.



Mechanism test of easing financing constraints. Table 10 (Columns 3 and 4) demonstrates the findings of the model estimation for testing the financing constraint mechanism of the IPR policy on FGI. The results show that the DDD term coefficients (did*FC index and did*WW index) are both significantly negative at the 1% level. Hence, the IPR policy enhances firm green innovation by alleviating financing constraints. Thus, hypothesis 3 is verified.




8. Conclusions and Policy Implications


8.1. Conclusions


First, this article empirically examined the effect of IPR pilot city policies on FGI using a quasi-natural experiment of IPR policy and the data of Chinese listed companies from 2007 to 2020. We utilized a staggered difference-in-differences (DID) model to examine the impact of IPR policy on FGI. After controlling for variables at both the city and firm levels, the baseline model produced an estimated coefficient value of 1.334 for the policy effect, which was found to be statistically significant at the 1% level. Hence, the IPR policy significantly promotes FGI. Numerous robustness tests, including the parallel trend test, placebo test, PSM-DID test, lag variable model test, and substitution of explanatory factors, all confirm this result.



Second, we examined the heterogeneity of the benchmark model. The heterogeneity results based on GIP and GUP show that the IPR policy has a higher enhancing effect on firm green product innovation than green process innovation. Moreover, the heterogeneity findings based on independent R&D and joint R&D indicate that the IPR policy promotes FGI independent R&D while having no influence on FGI joint R&D. The regression analysis of enterprise knowledge intensity-based heterogeneity shows that the IPR policies encourage FGI with high knowledge intensity but has no effect on firms with low knowledge intensity. In addition, the findings based on the heterogeneity of firm property rights indicate that the IPR policy promotes FGI significantly in SOEs while having no significant effect on non-SOEs. The results based on enterprise location heterogeneity indicate that the IPR pilot city policy significantly promotes FGI in key cities but fails the significance level test for promoting FGI in ordinary cities.



In addition, this paper used the DDD method to empirically test the mechanism of the effect of IPR policy on FGI, based on a theoretical analysis. The findings of the empirical test based on the mechanism of R&D investment show that IPR policy enhances FGI by promoting their R&D investment. The results of the empirical test based on the financing constraint mechanism show that the IPR policy promotes FGI by alleviating the financing constraint for enterprises. Furthermore, the effect of the IPR policy on alleviating financing constraints is more obvious than the effect of the mechanism of increasing investment in R&D.




8.2. Policy Implications


Firstly, the implementation of the IPR pilot city policy can serve as a catalyst for promoting FGI. In order to effectively promote the green transformation of these enterprises and achieve sustainable economic and environmental development, it is imperative to strengthen the institutional design and arrangement of the IPR policy leading to FGI.



Secondly, enhancing FGI is heavily reliant on increasing R&D investment and alleviating corporate financing constraints. To achieve this, IPR policy must be arranged in a way that stimulates enterprises to increase R&D investment. Additionally, it is essential to provide tax incentives and financial subsidies to alleviate enterprise financing constraints, enabling enterprises to allocate more resources towards green innovation.



Lastly, the impact of IPR policies on FGI displays heterogeneity. The policies’ effects on firm green product innovation, firm independent R&D, high knowledge intensity enterprises, state-owned enterprises, and key city firms require policy makers to increase investment continuously to leverage the promotion effect of IPR policies on FGI. Additionally, promoting IPR cities in a categorized and orderly manner based on the city’s economic scale, enterprise types, and production processes is necessary.




8.3. Limitations and Directions for Further Research


This article examines the green innovation effect of IPR pilot city policies, not only expanding the practice of IPR pilot city policy evaluation but also providing empirical evidence of the effect of IPR on green innovation. Future researchers can expand their research in the following aspects: The first is to expand the indicators for measuring FGI with a view to obtaining more accurate green innovation measurement results. The second is to expand the sample scope of urban policy practices. The subject of this paper is urban areas in China, while the applicability of the findings to other developing and developed countries remains to be further verified. The third is that the sample objects of the enterprises studied in this paper are listed companies, and there is no detailed division of enterprise categories. Subsequently, researchers can undertake policy studies on companies to obtain more precise research findings.
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Figure 1. Time trend for IPR cites and non-IPR cities. 
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Figure 2. IPR pilot city policy placebo test. 






Figure 2. IPR pilot city policy placebo test.
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Table 1. Descriptive statistics.






Table 1. Descriptive statistics.





	Variables
	N
	Mean
	Sd
	Min
	Max





	GreenPat
	9577
	5.145
	13.27
	0
	87



	Greenpat2
	9577
	9.118
	24.97
	0
	174



	lnAsset
	9577
	22.27
	1.336
	19.91
	26.36



	lnAge
	9577
	2.070
	0.753
	0.693
	3.219



	lnTobinQ
	9577
	0.614
	0.489
	−0.139
	2.118



	Staff
	9577
	1.395
	1.062
	0.0965
	5.639



	Current
	9577
	2.263
	2.163
	0.332
	14.35



	LOAR
	9577
	0.439
	0.205
	0.0593
	0.922



	Indirector
	9577
	37.44
	5.381
	33.33
	57.14



	Economic
	9577
	11.34
	0.525
	9.713
	12.19



	Industry
	9577
	39.90
	12.52
	16.20
	65.19



	Environment
	9577
	10.19
	1.422
	6.655
	12.81



	FC index
	9577
	0.441
	0.281
	0.00219
	0.928



	WW index
	8741
	−1.021
	0.0759
	−1.242
	−0.857



	RD 1
	5202
	16.31
	14.12
	0.310
	67.34



	RD 2
	8447
	4.523
	4.730
	0.0300
	26.79



	GIP
	9577
	1.439
	4.499
	0
	30



	GUP
	9577
	3.538
	8.939
	0
	56







Notes: N = numbers of observations; Mean = mean value; Sd = standard deviation; Min = minimum value; Max = maximum value.
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Table 2. The regression estimates of the benchmark analysis.
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	Variables
	(1)
	(2)
	(3)





	did
	1.063 **
	1.163 ***
	1.334 ***



	
	(2.534)
	(2.799)
	(3.232)



	lnAge
	
	−1.267 **
	−1.246 **



	
	
	(−2.475)
	(−2.433)



	lnTobinQ
	
	−0.767 **
	−0.746 **



	
	
	(−2.294)
	(−2.227)



	lnAsset
	
	2.575 ***
	2.578 ***



	
	
	(7.470)
	(7.458)



	Current
	
	0.118 **
	0.122 **



	
	
	(2.114)
	(2.175)



	LOAR
	
	2.312 **
	2.315 **



	
	
	(2.353)
	(2.355)



	Indirector
	
	−0.0442
	−0.0443



	
	
	(−1.539)
	(−1.547)



	Staff
	
	0.610 ***
	0.610 ***



	
	
	(4.440)
	(4.419)



	Industry
	
	
	0.0191



	
	
	
	(0.434)



	Economic
	
	
	0.508



	
	
	
	(0.693)



	Environment
	
	
	−0.531 ***



	
	
	
	(−3.723)



	R-squared
	0.787
	0.793
	0.793



	Firm FE
	YES
	YES
	YES



	Year FE
	YES
	YES
	YES



	City FE
	YES
	YES
	YES



	Observations
	9046
	9046
	9046







Notes: ** p < 0.05, *** p < 0.01. Firm FE = fix firm effect. Year FE = fix year effect. City FE = fix city effect.
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Table 3. PSM-DID test for IPR pilot city policy.
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	Variables
	(1)
	(2)
	(3)





	
	K-nearest neighbor matching
	radius matching
	kernel matching



	did
	2.852 ***
	1.262 ***
	1.334 ***



	
	(4.220)
	(2.985)
	(3.232)



	R-squared
	0.720
	0.792
	0.793



	Control variables
	YES
	YES
	YES



	Firm FE
	YES
	YES
	YES



	Year FE
	YES
	YES
	YES



	City FE
	YES
	YES
	YES



	Observations
	3373
	8503
	9046







Notes: *** p < 0.01. Control variables = firm level and city level control variables. 
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Table 4. Robustness test of lag variable and substitution variable.
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	Variables
	(1)
	(2)
	(3)





	
	Variables lag one period
	Variables lag two period
	Variables substitution



	did
	1.877 ***
	1.544 ***
	2.434 ***



	
	(3.675)
	(2.717)
	(3.057)



	R-squared
	0.824
	0.846
	0.790



	Control variables
	YES
	YES
	YES



	Firm FE
	YES
	YES
	YES



	Year FE
	YES
	YES
	YES



	City FE
	YES
	YES
	YES



	Observations
	6481
	5191
	9046







Notes: *** p < 0.01.
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Table 5. Heterogeneity analysis in different patents.
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	Variables
	(1)
	(2)





	
	GIP
	GUP



	did
	0.458 ***
	0.822 ***



	
	(2.774)
	(2.886)



	R-squared
	0.727
	0.763



	Control variables
	YES
	YES



	Firm FE
	YES
	YES



	Year FE
	YES
	YES



	City FE
	YES
	YES



	Observations
	9046
	9046







Note: *** p < 0.01.
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Table 6. Heterogeneity analysis in different R&D approaches.
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	Variables
	(1)
	(2)





	
	Independent R&D green patents
	Joint R&D green patents



	did
	1.274 ***
	−0.0373



	
	(3.849)
	(−0.388)



	R-squared
	0.754
	0.785



	Firm FE
	YES
	YES



	Year FE
	YES
	YES



	City FE
	YES
	YES



	Observations
	9046
	9046







Notes: *** p < 0.01.
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Table 7. Heterogeneity analysis in different knowledge intensity.






Table 7. Heterogeneity analysis in different knowledge intensity.










	Variables
	(1)
	(2)





	
	low knowledge intensity
	high knowledge intensity



	did
	−0.311
	1.331 ***



	
	(−0.317)
	(3.111)



	R-squared
	0.889
	0.856



	Firm FE
	YES
	YES



	Year FE
	YES
	YES



	City FE
	YES
	YES



	Observations
	4401
	4441







Notes: *** p < 0.01.
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Table 8. Heterogeneity analysis in different enterprises.
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	Variables
	(1)
	(2)





	
	SOEs
	non-SOEs



	did
	0.325
	3.868 ***



	
	(0.932)
	(4.495)



	R-squared
	0.681
	0.840



	Firm FE
	YES
	YES



	Year FE
	YES
	YES



	City FE
	YES
	YES



	Observations
	5167
	3701







Notes: *** p < 0.01.
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Table 9. Heterogeneity analysis in different locations.
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	Variables
	(1)
	(2)





	
	Ordinary city groups
	key city groups



	did
	0.325
	2.180 **



	
	(0.772)
	(2.488)



	R-squared
	0.825
	0.668



	Firm FE
	YES
	YES



	Year FE
	YES
	YES



	City FE
	YES
	YES



	Observations
	6600
	2436







Note: ** p < 0.05.
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Table 10. Mechanism testing for R&D investment and financing constraints.
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Variables

	
(1)

	
(2)

	
(3)

	
(4)






	
did*RD1

	
0.0633 *

	

	

	




	

	
(1.854)

	

	

	




	
did*RD2

	

	
0.115 **

	

	




	

	

	
(2.442)

	

	




	
did*FC index

	

	

	
−6.493 ***

	




	

	
(−6.260)

	




	
did*WW index

	

	
−24.37 ***




	

	

	

	

	
(−5.438)




	
R-squared

	
0.887

	
0.815

	
0.795

	
0.798




	
Firm FE

	
YES

	
YES

	
YES

	
YES




	
Year FE

	
YES

	
YES

	
YES

	
YES




	
City FE

	
YES

	
YES

	
YES

	
YES




	
Observations

	
4647

	
7937

	
9046

	
8311








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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