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Abstract

:

The last couple of decades have witnessed growing interest in the academic literature in the conciliation of finance and sustainable development. Foreign direct investment (FDI) faces increasing pressure from both host and home country towards adoptinsg sustainable approaches. Such solutions can be green innovation (GI) for climate change, environmental risks, green processes and products that allow tracking the carbon footprint, as well as many other green technologies. Based on the macro-level data of 31 provinces in China from 2003 to 2020, this paper employed policy environment (PE) and marketization level (ML) as moderating variables to further investigate the impact of FDI on GI. Our results show the following: (1) FDI has a significant positive and dynamic evolution feature of diminishing marginal efficiency on GI. (2) The heterogeneity analysis of regional regression shows that FDI significantly increases GI in the eastern and western regions. In contrast, FDI in the central region inhibits GI but not significantly. (3) Both PE and ML can positively moderate the impact of FDI on GI. Furthermore, our empirical results of the robustness test of 2SLS and GMM are highly consistent with the main test. The conclusions of this paper provide policy implications for local governments to fully and effectively utilize foreign capital for green innovation activities.
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1. Introduction


With the accelerated pace of China’s integration into economic globalization as well as the deepening participation in trade and investment integration, China has attracted a large amount of foreign direct investment (FDI) in last couple of decades. High-level opening up is an effective path to promote economical development, while FDI has always been the main approach and measurement of that (Liu et al., 2014; Jiang et al., 2021) [1,2]. China Commerce Ministry Statistics (CCMS) reports that China’s utilization of FDI amounted to USD 144.369 billion with more than 1,041,630 FDI projects signed in 2020; both are ranked second in the world. However, rapid urban growth also triggered a series of environmental issues, such as carbon emission and air pollution (Wang et al., 2019; Liu et al., 2023) [3,4]. In addition, the huge inflow of foreign capital accompanied by environmental pollution and resource depletion seriously restricts the high-quality development of the local economy (Singhania and Saini 2021; Zhang and Zhou, 2016) [5,6]. Just as the “pollution paradise” hypothesis (Walter and Ugelow, 1979) [7] indicated, developed countries implement stricter environmental regulations than developing countries, resulting in the transfer of polluting industries among them. That would further exacerbate the environmental pollution in developing countries (Sarkodie and Strezov, 2019) [8]. On the other hand, Growth Theory (Feldman, 1999) [9] suggests that FDI is a critical factor in promoting technological progress as well as an important motivation of innovation for local enterprises. In view of this dual effect of FDI on green development and technological progress, green innovation (GI) may alleviate environmental pollution by creating the spatial transfer of highly pollution-intensive industries (Zheng et al., 2022) [10], so green innovation is becoming an essential support for global technological competition which may lead to a new round of industrial revolution. However, can FDI promote China’s green innovation? And how does FDI assist China to carry out more green innovation activities? Scholars have not yet reached a consensus on the above two issues. Thus, exploring the relationship between FDI and GI has practical significance for the government to provide a reasonable decision-making basis for the effective introduction of FDI inflow.



The remaining study structure is as follows: Section 2 analyzes the existing literature, while Section 3 develops our hypotheses. Section 4 focuses on the data sources and main methodological techniques to explain key variables. Section 5 reveals the empirical findings, validating them with several robustness tests. Finally, Section 6 provides the conclusions and policy implications of the overall study.




2. Literature Review


Research on green innovation originated in the 1990s, mainly referring to green and environmentally friendly technology. Braun et al. (1997) [11] took the lead in proposing the concept of green innovation, defining it as a technology that reduces energy resource consumption, reduces environmental pollution, and improves production efficiency, while the general term is used for process and product. So far, the academic community has not reached a unified understanding of the definition of green innovation. James (1997) [12] defined green innovation as new technologies, processes, and products that can significantly reduce the environmental impact and enable individuals and enterprises to realize value-added. Horbach et al. (2012) [13] proposed that green innovation refers to the innovative behavior of products, production processes, marketing methods, and organizational structures that can significantly alleviate environmental problems. More recently, Yi et al. (2019) [14] believed that green innovation is essentially a knowledge-creation process that integrates multiple disciplines and reconstructs a series of knowledge elements. In general, green innovation is critical for China to promote green industrial transformation and high-quality development in the new era.



Many scholars have revealed the influencing factors or motivations of green innovation, mainly at the macro-social and micro-enterprise levels. At the macro-social level, some scholars have conducted research on foreign investment, environmental policy, government subsidy, and industrial agglomeration. Eskeland (2003) [15] found that transnational investment is conducive to improving enterprises’ green innovation ability. Gong et al. (2017) [16] indicated that outward foreign direct investment (OFDI) could promote the efficiency of green industrial innovation via three mechanisms: agglomeration scale economical effect, agglomeration structure lightening effect, and agglomeration resource allocation effect. Li and Zhang (2016), Song and Han (2022), and Liu et al. (2021) [17,18,19] found that there are regional differences and a spillover effect in international R&D investment in China’s green technology innovation, which has a significant role in promoting green technology innovation in the eastern and central regions. The studies of Cary and Shadbegian (2003), Kneller and Manderson (2012), and Luo et al., (2021) [20,21,22] suggested that environmental regulation would increase the pressure on enterprises to reduce pollution and emissions, resulting in an increase in production and operating costs, thereby reducing profits and affecting green innovation activities. Even if environmental regulation may increase the pollution cost of enterprises, these regulations can still achieve innovative compensation and stimulate green innovation activities if properly designed [23]. Szücs (2018) [24] found that government subsidies can provide direct financial support for corporate green innovation activities, thus reducing corporate R&D investment costs and stimulating the enthusiasm of green innovation. Research by Bontoux et al. (2016) demonstrated that the government’s policy framework to support environmental sustainability plays a powerful role in supporting resource efficiency and green ecological innovation [25]. From the perspective of regional industrial agglomeration, Castaldi et al. (2015) [26] pointed out that the green innovation activities of enterprises often occur under better R&D investment and knowledge spillover circumstances. However, Bischi et al. (2003) [27] illustrated that excessive competition offsets the innovation advantages of industrial agglomeration, and it is difficult to bring continuous improvement to green innovation. At the micro-enterprise level, some scholars also researched the enterprise’s external factors and competitive advantages. Pang et al. (2019) [28] found that the external relationship network of enterprises can significantly impact green innovation. Chen et al. (2006) [29] found that the performance of green innovation and process are positively correlated with the competitive advantage of enterprises.



With the in-depth promotion of “bringing in” and “going out” strategies, China has become a developing country attracting the most foreign direct investment in the world for many years, and that has made a significant impact on China’s green innovation (Dai et al., 2021) [30]. The Chinese government has repeatedly mentioned the promotion of domestic green innovation through “bringing in,” because FDI can bring more funds, advanced technology, and management experience (Feng et al., 2019; Zhang et al., 2020) [31,32]. At present, scholars mainly have three different views on the spillover effect of FDI. Firstly, FDI has a positive spillover effect on the host country (Chen and Zhou, 2022) [33]. Kokko (1994) [34] suggested that once foreign firms enter a new market to train local workers and managers, providing technical assistance to local suppliers and customers, the technology and productivity of local firms would increase rapidly. Moreover, the competitive pressure imposed by foreign companies may further force local companies to operate more efficiently and introduce more technologies. Secondly, FDI has a negative spillover effect on the host country. Sasidharan and Kathuria (2010) [35] found that FDI would seize the local market share, hinder the growth of local industries, and intensify competition among local enterprises. Under the pressure of the high risk of external capital, local enterprises would rather choose to acquire knowledge from outside than carry out independent R&D investment, which ultimately inhibits the technological innovation activities of the host country. Thirdly, there is no spillover effect of FDI on the host country. The research of Aitken and Harrison (1999) [36] pointed out that since most technology from foreign companies has been completely captured by joint ventures, the impact of FDI on domestic companies is quite small.



In general, existing studies have conducted in-depth discussions around the spillover effects of FDI on the host country’s technology. However, research on the relationship between FDI and GI is more concerned with the theoretical path; few studies have expanded to the empirical level to verify the existence of the impact mechanism of FDI on GI. There are two main deficiencies in the existing literature on the impact mechanism between FDI and GI. First, existing research focuses more on the national level or case study, which fails to fully measure the differentiation characteristics among regions. Second, previous literature mainly focuses on the theoretical perspective of the investment motivation of FDI as well as possible paths to green innovation activities; few studies have reached the empirical level to verify the impact of FDI on GI in consideration of the regulatory role of external macro factors. Our study contributes towards existing literature by verifying the threshold effect and heterogeneity characteristics from the perspective of the spatial dynamic evolution of GI, by introducing moderators of policy environment (PE) and market level (ML) into the model to fill the gap between national and regional levels. Moreover, it is undoubtedly of great theoretical and practical significance to carry out differentiated FDI activities in promoting green innovation-driven strategy. Our findings have more policy recommendations to implement the “development of green and low-carbon industries” proposed by the 20th National Congress of Communist Party of China (NCCPC) as well as guidelines for the provincial governments by regions to improve the green policy system.




3. Theoretical Hypothesis


From the perspective of Resource-Based Theory, resource heterogeneity can be realized via diverse approaches to sustainability that support inimitability (Ashby et al., 2012; Pagel and Shevchenko, 2014) [37,38], and the FDI activities of enterprises from developing countries bring more competitive advantages and resources (Pang, 2019) [39]. First of all, when foreign companies face strict environmental regulations in their own countries, they have to adopt clean energy and develop advanced green low-carbon production technologies. Therefore, FDI not only provides investment, but also provides incentives and opportunities to adopt new green technologies, therefore improving environmental awareness (Birdsall and Wheeler, 1993) [40]. Secondly, foreign-funded enterprises often implement uniform and strict environmental standards; these international environmental standards can promote the development of environmental protection technology in the host country (Eskeland and Harrison 2003) [41]. That would squeeze out the low efficiency and high consuming local enterprises, stimulate the enthusiasm of local enterprises to carry out green technology activities, and improve the environmental quality of developing countries (Mert and Caglar 2020) [42]. Finally, China is in the critical stage of transforming its development mode accompanied by issues of rising labor costs, increasing resources and environmental constraints. The inflow of FDI has promoted domestic resources to technology-intensive, low-pollution, and high value-added industries. That can improve green production efficiency and give more impetus on shifting to a new stage of high-quality development. Given this, this paper proposes hypothesis H1.



Hypothesis 1 (H1):

Foreign direct investment has a positive impact on green innovation.





According to Resource Dependence Theory, the external resource from policy environment (PE) plays an important role in guiding and driving the green innovation of enterprises; these resources can create a more stable market environment for enterprises (Getz 2002) [43]. In order to obtain more competitive advantages and resources, enterprises will continue to accelerate green transformation, develop green products, and fulfill environmental responsibilities with a more positive attitude. Autant et al. (2013) [44] adopted local knowledge spillover effects to explore the impact of European regional innovation policy. Their results emphasized the path of regional innovation policy to support the generation of knowledge and learning, indicating that policymakers should focus on local and regional characteristics to carry out regional innovation policy. In view of Signal Theory, Lerner (1999) [45] found that the government’s intervention in the innovative activities of enterprises through subsidies will be passed on to private investors as a signal of a favorable investing environment. This helps enterprises to become labeled as recognized by the government, which is beneficial for them to obtain the required innovation resources and improve innovation performance. Bai et al. (2019) demonstrated that government R&D subsidies increased energy-intensive enterprises’ green innovation by 107.3% and 54.1% on trend and performance, respectively [46]. Enterprises can effectively use government subsidies to develop green and low-carbon production technologies, and to increase the enthusiasm for green innovation (Fazzari and Petersen 1988) [47]. Williams and Brian (2021) [48] also found that a preferential tax policy environment can effectively reduce the cost of innovation, alleviate the pressure of expensive financing, and encourage enterprises to invest in green innovation. Low taxes and more subsidies can reduce the financing constraints on enterprises, especially under an imperfect capital market where the cost of external financing is relatively high. Meanwhile, Zhou et al. (2002) [49] indicated that FDI inflows are capable of leaving an impact on Chinese government policy that essentially emphasizes foreign direct investment, resulting in a nonlinear dependence between policy environment and FDI in China. Better policy environment enables enterprises to achieve the optimal condition from foreign investment, thereby avoiding those financing constraints on green innovation. Based on the analysis above, we propose hypothesis H2.



Hypothesis 2 (H2):

Policy environment plays a positive moderating role between FDI and GI.





On the basis of Neoclassical Growth Theory, Tuzun and Kalemci (2017) [50] found that FDI and human capital resource provide a strong push to regional economic growth. A higher level of marketization indicates a higher resource allocation efficiency (Zhang et al. 2013) [51], which is conducive to FDI technology spillovers (Cole and Fredriksson, 2009; Hu et al., 2021) [52,53]. Marketization can further boost the capital allocation effectiveness from financial markets as well as encourage fair competition among financial institutions. That can benefit enterprises by lowering the cost of green financing and igniting the motivation of cutting-edge green technologies (Callon 2016) [54]. Those administrative interventions and the inadequate protection of property rights can reduce the distortion of the market, reduce the competition from foreign-funded enterprises, and provide a more market-friendly environment. Based on that, we propose hypothesis H3.



Hypothesis 3 (H3):

Marketization level plays a positive moderating role between FDI and GI.






4. Model Setting and Data Source


4.1. Model Setting


Based on the panel data of 31 provinces, municipalities, and autonomous regions in China from 2003 to 2020, this paper aims to quantitatively examine the impact of FDI on green innovation. The benchmark regression model (1) is as follows:


lnGIit = β0 + β1lnFDIit + β2lnXit + ηi + γt + εit



(1)







On the basis of verifying the relationship between FDI and green innovation, this paper further examines the moderating effect of government policy and marketization level. The moderating effect model (2) and (3) was constructed:


lnGIit = β0 + β1lnFDIit + β2lnPEit + β3lnPEit × lnFDIit + β4lnXit + ηi + γt + εit



(2)






lnGIit = β0 + β1lnFDIit + β2lnMLit + β3lnMLit × lnFDIit + β4lnXit + ηi + γt + εit



(3)







Among them, the subscript i indicates the province, t indicates the year, ηi represents the province fixed effect, γt represents the year fixed effects, and εit represents the error term. The explained variable of GI indicates the green innovation of the province. The explanatory variable of FDI indicates the foreign direct investment of the province. X indicates control variables including foreign capital dependence (FCD), outward foreign direct investment (OFDI), economic development level (EDL), opening-up level (OUL), human capital level (HCL), R&D investment level (RIL), and urbanization level (URL). PE represents the policy environment and ML represents the marketization level, where the cross term of lnPEit × lnFDIit and lnMLit × lnFDIit represents the moderating impact and is our major concern.



4.1.1. Explained Variables


Referring to the practice of Li and Zheng (2016) [55], this paper employs the number of authorized green patents as a substitute variable for green innovation (GI); data are acquired from Chinese Research Data Services (CNRDS).




4.1.2. Explanatory Variables


The amount of regional foreign direct investment is adopted to measure foreign direct investment (FDI); data are collected from China Stock Market & Accounting Research (CSMAR).




4.1.3. Moderating Variables


In line with the method of Yang and Wei (2021) [56], this paper uses principal component evaluation to calculate the comprehensive score from the dimension of government intervention and corporate tax burden, to estimate the policy environment (PE) of 31 provinces in China, where government intervention is measured by the proportion of local fiscal expenditure in local GDP, and corporate tax burden is measured by the ratio of total taxes and surcharges to profits of main business. We obtained the data from National Bureau of Statistics of China (NBSC).



Drawing on the research of Peng and Chen (2015); Wang et al. (2020) [57,58], we employ the comprehensive marketization scores from National Economic Research Institute (NERI) to measure the marketization level (ML).




4.1.4. Control Variables


Referring to the previous research of [15,16,17,18,19], this paper introduces the following control variables into our models: (1) Foreign capital dependence (FCD). The higher the dependence on foreign capital, the more unfavorable it is to enhance the green innovation of the host country. (2) Outward foreign direct investment (OFDI). Outward foreign direct investment affects the green technology innovation of the home country. (3) Economic development level (EDL). Usually, the higher the level of economic development, the more resources can be obtained to invest in green innovation activities. (4) Opening-up level (OUL). A high level of opening up is conducive to attracting green investment from overseas enterprises. (5) Human capital level (HCL). The improvement of human capital will promote the output of innovation. (6) R&D investment level (RIL). Generally speaking, the more R&D investment there is, the more green innovation vitality will be found in the region. (7) Urbanization level (URL). The improvement of the urbanization level can promote the accumulation of innovative resources such as human capital and material capital, and has a positive effect on green innovation ability. These data can be acquired from National Bureau of Statistics of China (NBSC), China Stock Market & Accounting Research (CSMAR), and China Science and Technology Statistical Yearbook (CSTSY). All variable definitions are shown in Table 1 below.






5. Empirical and Spatial Analysis


5.1. Benchmark Regression


Our research objectives are 31 provinces, municipalities, and autonomous regions in China from 2003 to 2020; all continuous variables are trimmed by 1% and 99% to reduce the impact of outlier fluctuations on the results. The descriptive statistics of variables are shown in Table 2.



The Hausman test result of Prob > chi2 is “0.0000” which rejects the null hypothesis, so we choose the fixed effect (FE) model for benchmark regression. Subsequently, the benchmark regression is carried out and the results are shown in Table 3. Column (1) reports the estimation results of FDI on GI without control variables. The results demonstrate that the coefficient of the variable lnFDI is significantly positive at the 1% level, which is in line with expectations, indicating that FDI has a significant impact in promoting green innovation (Luo et al. 2021) [22]. Column (2) imports all control variables, and the coefficient of lnFDI is still significantly positive at the 1% level, where the parameter estimates the difference between 0.080 and 1.122 of FDI and may be due to the omitted variable bias. It can be seen from the benchmark regression that FDI has a positive and stable impact on GI, so the hypothesis H1 is confirmed.




5.2. Dynamic Evolution and Spatial Heterogeneity


Figure 1a,b describes the linear relationship between FDI and GI in 2003 and 2020, respectively. From the distribution of province-level scatter plots, it can be preliminarily estimated that the increase in FDI has been beneficial for the promotion of GI in each province (Song and Han, 2022) [18]. In addition, from the vertical view, the overall level of GI in each province continued to increase from 2003 to 2020, so we make more regional and spatial estimations to examine the dynamic evolution of GI at the provincial level. From the horizontal view, the overall FDI did not show enough difference while the FDI ranking of these regions changed greatly, so we further analyze the spatial heterogeneity of GI.



5.2.1. Dynamic Evolution of GI


Referring to the practice of Wang et al. (2020); Dai et al. (2021) [30,57], China’s provincial-level administrative regions can be divided into three categories which are the eastern, central, and western regions. In order to accurately capture the dynamic evolution of GI from both the national level and regional level, the kernel density curves of the GI of the whole country and the three major regions in 2003, 2008, 2014, and 2020 are shown in Figure 1. Based on that, we further have drawn the spatial distribution maps of the GI of each province and city from 2003 to 2020 which is displayed in Figure 2; therefore, the evolution characteristics of GI can be summarized.



From Figure 2a, both the distribution center and change interval of the whole country illustrate a trend of moving to the right, and the height of the main peak demonstrates an evolution process from sharply decreasing to slightly rising. The width of the curve in-creases first and then narrows slightly, indicating that the overall GI of China continued to increase during the observation period, and the absolute difference increases first and then narrows to a certain extent. Figure 2b–d describe the dynamic evolution trend of GI in eastern, central and western China. From the view of the distribution position, the curve centers and change intervals of all three regions also show a right-shifting trend, indicating that the GI of all regions is generally rising during the observation period. From the perspective of the distribution pattern, the height of the main peak in the eastern region displays a trend from sharply decreasing to slightly rising, and the width of the curve becomes larger as the years go by, indicating that the absolute difference in the eastern region tends to be expanded. The height of the main peak in the central region has experienced an evolution process of sharp decline to obvious recovery, and the width of the curve increases first and then decreases, indicating that the absolute difference in the central region also tends to be expanded. The height of the main peak in the western region demonstrates a trend from decreasing to rising, and the width of the curve becomes narrower, indicating the absolute difference in the western region has a gradual diminution tendency. Overall, the kernel density estimation of the whole country and the three major regions reflect the regional differences within the evolution of GI, and our results are in line with Song and Han (2022); Liu et al. (2021) [18,19].



We further discuss the method of Geographic Information Science (GIS) in supporting sustainable regional development and exploring novel applications and possibilities of spatio-temporal techniques in sustainable development. Figure 3 shows that during the research period, the improvement of GI in the eastern region is faster than in the central and western regions. In 2003, the GI of all provinces was generally lower than 5.2, and only Liaoning, Shandong, Jiangsu, Zhejiang, Hubei, and Guangdong were relatively high, with index values between 5.2 and 6.6. In 2008, the green innovation levels of the eastern coastal provinces such as Liaoning, Shandong, Jiangsu, Zhejiang, and Guangdong remained at the top, with index values between 6.6 and 7.9, while the GI of most central provinces also improved in comparison with 2003. In 2014, the level of green innovation in Jiangsu and Guangdong increased significantly, followed by Shandong, Zhejiang, Anhui, Henan, Hubei, and Sichuan, while the GI in western provinces such as Xinjiang and Qinghai was still relatively low. In addition to Jiangsu and Guangdong, the GI of Zhejiang and Shandong begins to enter the first echelon by 2020, with an index value exceeding 9.2, while the green innovation level of most central provinces in China remains at 7.9.




5.2.2. Heterogeneity Analysis


Based on the regional division of eastern, western, and central regions above, we adopt the heterogeneity analysis of Song and Han (2022); Liu et al. (2021) [18,19] to explore the regional differences of FDI on GI. In Table 4, the coefficient of lnFDI of the eastern region is significantly positive at the 1% level, the coefficient of lnFDI of the central region is negative but not significant, and the coefficient of lnFDI of the western region is significantly positive at the 5% level. FDI can significantly promote GI in the eastern and western regions, but has an inhibitory effect on GI in the central region, and this inhibitory effect is not significant. Therefore, there is regional heterogeneity within the impact of FDI on GI in China. This heterogeneity may stem from the imbalance of geographical resources, economic development, and policy inclination. Moreover, given the huge differences among provinces in terms of foreign investment rate, economic development level, human capital level, urbanization rate, opening-up level, the R&D investment rate would increase this imbalanced situation, which in turn would lead to this heterogenous mechanism of FDI on GI in various regions of China.





5.3. Threshold Effect


The above empirical results show that FDI can significantly promote GI, but this impact tends to be variable based on the diversity of FDI activities (Song and Han 2022) [18]. Due to the diversity of FDI activities, economically developed regions are more able to absorb the advanced green technology brought by FDI, so FDI would positively impact GI among these regions. As for underdeveloped regions, weak economic foundation and single industrial structures have led to less capacity for introducing advanced green products in the early stage of FDI activities (Liu et al., 2021) [19]. That may cause a spillover effect between FDI and GI, affecting or even hindering the improvement of GI in undeveloped regions (Dai et al., 2021) [30]. Furthermore, with the deepening of FDI activities and the establishment of China’s environmental regulations, the entry of polluting foreign enterprises is increasingly restricted, causing FDI inflow become more green and clean [40], and this fact also implies that the promotion of FDI on GI has a “threshold feature.” In order to further investigate the threshold effect of FDI on GI, this paper draws on the threshold model proposed by Hansen [59] to construct a single threshold measurement shown in model (4):




lnGIit = β0 + β1lnFDIit × I(lnFDIit ≤γ) + β2lnFDIit × I(lnFDIit >γ) + β3lnXit + εit



(4)





Referring to the research of Ersin et al. (2022) [60], we adopt the bootstrap replications method to explore the double and triple threshold effect. In the threshold model, the threshold value of γ is used to test the existence of the threshold effect and the authenticity of the estimated value. I(..) represents the indicative function, and the value in parentheses is 1 when meeting the conditions in parentheses; otherwise it is 0. Considering the multiple thresholds effect, model (4) can be further extended to model (5) as follows:




lnGIit = β0 + β1lnFDIit × I(lnFDIit ≤ γ1) + β2lnFDIit × I(lnFDIit > γ1) + β3lnXit + … +βnlnFDIit × I(lnFDIit ≤ γn) + βn + 1lnFDIit × I(lnFDIit > γn) + εit



(5)





In Table 5, only the single-threshold effect passed the significance test at the 10% level; therefore, we select the single-threshold model for econometric analysis. The estimated threshold value of 10.415 and its corresponding 95% level confidence interval indicate that the threshold recognition effect is significant. Meanwhile, 10.415 is within the 95% level confidence interval, so the threshold effect of FDI in our model is valid.



Based on the threshold estimation of FDI, our regression results of the threshold model are shown in Table 6. Both coefficients of FDI are positive and significant at the 1% level; the estimation results of the threshold model are highly consistent with the main model. The coefficient of FDI > 10.415 is smaller than FDI ≤ 10.415 indicating that the positive impact of FDI on GI is weakened within this threshold range. Overall, FDI has a significant positive dynamic evolution feature with diminishing marginal efficiency on GI, so hypotheses H2 is further confirmed.




5.4. Analysis of Moderating Effects


In order to further verify the impact mechanism of FDI on GI, we introduce policy environment (PE) and marketization level (ML) into the benchmark regression model, where the intersections of lnPE × lnFDI and lnML × lnFDI are our main concerns. Mode (1) and (2) of Table 7 report the moderating effect of PE and ML based on the benchmark model, while the value of R2 of the model (1–3) reflects a strong linear correlation between FDI and GI. Furthermore, both coefficients of the intersection of lnPE × lnFDI and lnML × lnFDI are significant and positive, indicating that FDI will play a more significant role in promoting GI under better policy environment and higher marketization level. Thus, our hypotheses H2 and H3 are confirmed.




5.5. Robustness Test of 2SLS and GMM


A higher level of provincial green innovation may lead to more foreign capital inflows, which cause two-way causal relationship between FDI and GI. Considering more endogenous issues such as omitted variables, this paper takes FDI by 1-period lag as an instrumental variable to examine the robustness of the main test while referring to Li and Liu (2012); Li et al. (2020) [61,62]. As shown in Table 8, both 2SLS and GMM regression results in column (1) and (2) show that FDI significantly affects GI, indicating this promotion effect is robust and stable. Meanwhile, the direction and significance of the moderating effect in the robustness test of PE and ML have mostly adhered to that of the main model, which strongly supports the research hypotheses 2 and 3. Our endogenous analysis results also revealed that the moderating role and significance of PE within the relationship between FDI and GI is more reliable than ML by 2SLS regression.





6. Conclusions and Policy Implications


This paper examines the impact of FDI on GI from both theoretical and empirical levels by using the macro-level data of 31 provinces and cities in China from 2003 to 2020. We use the scatter plot to conduct a preliminary analysis of the relationship between FDI and GI. Kernel density estimation and the spatial distribution map are introduced to investigate the dynamics distribution characteristics of GI from both national and regional levels. Meanwhile, we discuss the moderating effects and heterogeneity analysis to investigate the impact mechanism of FDI on GI, as well as construct 2SLS and GMM regression to test the estimation reliability of empirical results. Furthermore, we adopt the threshold model to examine the threshold effect of FDI on GI. Our results show the following: (1) FDI has a significant positive and dynamic evolution feature of diminishing marginal efficiency on GI in China during the study period. (2) The heterogeneity analysis of regional regression implies that FDI significantly increases GI in the eastern and western regions. In contrast, FDI in the central region inhibits GI but not significantly. (3) Both PE and ML can positively moderate the impact of FDI on GI.



The above conclusions are mainly related to the following policy implications: (1) China should give priority to the impact on environmental quality while introducing foreign capital, paying more attention to green foreign capital as well as gathering domestic green innovation resources. That would promote the transformation of domestic resources into green and low-carbon industries. (2) The central government should improve the regional balance on low-carbon and green development, encourage local companies to actively absorb more advanced green technologies from FDI, and provide greater support for green foreign capital on promoting green innovation activities in eastern and western regions. The provincial governments in central regions also need to pay more attention to green policy to strengthen the investment environment, maximize the innovation knowledge spillover effect of FDI, and stimulate the enthusiasm of local companies for green innovation, thereby narrowing the gap among regions. (3) China’s government should adjust from industry entry barriers to green marketization mechanisms, especially to protect the green innovation activities of foreign-funded enterprises and to create better policy environment for those enterprises to conduct green R&D activities, technology diffusion, and fair competition.



Since green innovation can stimulate the transformation and upgrading of local enterprises to green production, many governments have formulated incentive policies such as issuing green bonds, reducing government intervention, and reducing green taxes. Meanwhile, green transformation is not limited to the introduction and operation of FDI; organizations may need to integrate their external investments with sustainability goals, and their decisions must be data-driven. Addressing the significance of integrating sustainability strategies into digital transformation roadmaps entails thinking beyond profit and placing social and environmental considerations on the same footing with financial objectives. Future research is encouraged to focus on the effectiveness of these behaviors by more quantitative methods.
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Figure 1. (a) linear relationship between FDI and GI in 2003; (b) linear relationship between FDI and GI in 2020. 
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Figure 2. Kernel Density Estimation of National and Regional Green Innovation. Annotations: The three major regions refer to the eastern, central and western regions of China, which are consistent with the regional classifications of China National Bureau of Statistics (CNBS). Among them, 11 provinces of the eastern region include Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan; 8 provinces of the central region include Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan Provinces; 12 provinces of the western region include Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. 
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Figure 3. Spatial distribution of green innovation in various provinces and cities across China. 
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Table 1. Variable definitions.






Table 1. Variable definitions.





	
Type

	
Variable

	
Symbol

	
Measurement

	
Sources






	
Explained variable

	
Green innovation

	
lnGI

	
Sum of authorized green invention patents and authorized green utility model patents

	
CNRDS Database




	
Explanatory variable

	
Foreign direct investment

	
lnFDI

	
Foreign direct investment inflow

	
NBSC Database




	
Moderator variables

	
Policy environment

	
lnPE

	
Calculated by government intervention and corporate tax burden using principal component evaluation

	
CSMAR Database




	
Marketization level

	
lnML

	
Comprehensive marketization scores

	
NERI Database




	
Control variable

	
Foreign capital dependence

	
lnFCD

	
Proportion of foreign direct investment in GDP

	
CSMAR Database




	
Outward foreign direct investment

	
lnOFDI

	
Outward foreign direct investment flow

	
CSMAR Database




	
Economic development level

	
lnEDL

	
Per capital GDP

	
CSMAR Database




	
Opening-up level

	
lnOUL

	
Proportion of total import and export in GDP

	
CSMAR Database




	
Human capital level

	
lnHCL

	
Per capital years of education

	
NBSC Database




	
R&D investment level

	
lnRIL

	
Proportion of R&D expenditure in GDP

	
CSTSY Database




	
Urbanization level

	
lnURL

	
Proportion of urban population in total population

	
NBSC Database
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Symbol
	N
	Average
	SD
	Min
	Max





	lnGI
	523
	6.672
	1.654
	2.565
	9.879



	lnFDI
	523
	14.361
	1.669
	10.067
	16.707



	lnPE
	523
	0.019
	0.68
	−1.639
	5.138



	lnML
	523
	1.967
	0.271
	0.905
	2.479



	lnFCD
	523
	−4.161
	1.085
	−7.444
	−2.255



	lnOFDI
	523
	11.973
	2.318
	5.961
	16.132



	lnEDL
	523
	1.174
	0.721
	−0.438
	2.603



	lnOUL
	523
	−1.657
	0.959
	−4.001
	0.477



	lnHCL
	523
	2.166
	0.111
	1.912
	2.497



	lnRIL
	523
	−4.391
	0.639
	−5.975
	−2.885



	lnURL
	523
	−0.655
	0.261
	−1.246
	−0.113
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Table 3. Regression results of the benchmark model.






Table 3. Regression results of the benchmark model.





	
Variables

	
lnGI




	
(1)

	
(2)






	
lnFDI

	
0.080 ***

	
1.122 ***




	

	
(3.46)

	
(8.48)




	
lnFCD

	

	
−1.082 ***




	

	

	
(−8.39)




	
lnOFDI

	

	
0.046 ***




	

	

	
(3.89)




	
lnEDL

	

	
−0.861 ***




	

	

	
(−6.89)




	
lnOUL

	

	
−0.090 **




	

	

	
(−2.23)




	
lnHCL

	

	
2.508 ***




	

	

	
(5.28)




	
lnRIL

	

	
0.370 ***




	

	

	
(5.93)




	
lnURL

	

	
1.399 ***




	

	

	
(6.67)




	
Constant

	
3.677 ***

	
−17.280 ***




	

	
(11.79)

	
(−6.97)




	
Province fix

	
Yes

	
Yes




	
Year fix

	
Yes

	
Yes




	
Adjusted R2

	
0.956

	
0.943




	
Obs

	
523

	
523








Annotations: *** and ** and represent significance at 1% and 5% levels, respectively. The T value is in parentheses.
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Table 4. Heterogeneity analysis of FDI on GI by region.
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Variables

	
lnGI




	
(1)

	
(2)

	
(3)




	
Eastern Region

	
Central Region

	
Western Region






	
lnFDI

	
1.650 ***

	
−0.006

	
0.419 **




	

	
(7.05)

	
(−0.01)

	
(2.44)




	
lnFCD

	
−1.682 ***

	
0.047

	
−0.372 **




	

	
(−7.15)

	
(0.07)

	
(−2.24)




	
lnOFDI

	
0.027

	
0.024

	
0.060 ***




	

	
(1.51)

	
(1.02)

	
(3.20)




	
lnEDL

	
−1.134 ***

	
0.664

	
−0.415 **




	

	
(−6.42)

	
(1.02)

	
(−2.16)




	
lnOUL

	
−0.349 ***

	
0.064

	
−0.044




	

	
(−3.14)

	
(0.60)

	
(−0.91)




	
lnHCL

	
4.261 ***

	
2.535 **

	
0.810




	

	
(5.89)

	
(2.57)

	
(1.17)




	
lnRIL

	
0.733 ***

	
0.418 *

	
−0.107




	

	
(6.50)

	
(1.92)

	
(−1.16)




	
lnURL

	
1.565 ***

	
1.844 ***

	
0.605




	

	
(5.17)

	
(2.99)

	
(1.13)




	
Constant

	
−28.788 ***

	
3.688

	
−4.937




	

	
(−6.44)

	
(0.29)

	
(−1.50)




	
Province fix

	
Yes

	
Yes

	
Yes




	
Year fix

	
Yes

	
Yes

	
Yes




	
Adjusted R2

	
0.985

	
0.973

	
0.974




	
Obs

	
193

	
140

	
190








Annotations: ***, **, and * represent significance at 1%, 5%, and 10% levels, respectively. The T value is in parentheses.
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Table 5. Threshold estimation of FDI.






Table 5. Threshold estimation of FDI.





	
Threshold Variable

	
Threshold Number

	
F-Statistic

	
p-Value

	
Threshold Estimate

	
95% Level Confidence Intervals

	
10%

	
5%

	
1%






	
lnFDI

	
Single threshold

	
26.09 *

	
0.065

	
10.415

	
[10.409, 10.560]

	
23.909

	
27.154

	
37.168




	
Double threshold

	
25.74

	
0.130

	
12.627

	
[12.577, 12.686]

	
31.142

	
39.694

	
54.801




	
Triple threshold

	
11.73

	
0.550

	
11.867

	
[11.843, 13.655]

	
32.355

	
44.300

	
60.594








Annotations: * represents significance at 10% level, respectively.













[image: Table] 





Table 6. Regression results for a single threshold model.
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	Variables
	Coefficient Estimates
	t-Value
	p-Value





	lnFDI ≤ 10.415
	1.725 ***
	12.63
	0.000



	lnFDI > 10.415
	1.691 ***
	12.40
	0.000



	lnFCD
	−1.695 ***
	−12.95
	0.000



	lnOFDI
	0.044 ***
	2.88
	0.004



	lnEDL
	−0.749 ***
	−4.88
	0.000



	lnOUL
	−0.285 ***
	−5.12
	0.000



	lnHCL
	2.787 ***
	5.67
	0.000



	lnRIL
	0.355 ***
	4.55
	0.000



	lnURL
	1.732 ***
	7.15
	0.000



	Constant
	−28.268 ***
	−11.51
	0.000







Annotations: *** represents significance at 1% level, respectively.
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Table 7. Regression results of the moderating model.
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Variables

	
lnGI




	
(1)

	
(2)






	
lnFDI

	
1.077 ***

	
1.017 ***




	

	
(8.16)

	
(7.37)




	
lnML

	

	
−0.691 *




	

	

	
(−1.67)




	
lnML × lnFDI

	

	
0.090 ***




	

	

	
(2.99)




	
lnPE

	
−0.246

	




	

	
(−1.49)

	




	
lnPE × lnFDI

	
0.022 **

	




	

	
(2.53)

	




	
lnFCD

	
−1.033 ***

	
−1.166 ***




	

	
(−7.96)

	
(−9.17)




	
lnOFDI

	
0.042 ***

	
0.044 ***




	

	
(3.58)

	
(3.80)




	
lnEDL

	
−0.888 ***

	
−0.985 ***




	

	
(−7.10)

	
(−7.90)




	
lnOUL

	
−0.092 **

	
−0.121 ***




	

	
(−2.25)

	
(−2.99)




	
lnHCL

	
2.388 ***

	
2.725 ***




	

	
(5.03)

	
(5.83)




	
lnRIL

	
0.335 ***

	
0.387 ***




	

	
(5.37)

	
(6.15)




	
lnURL

	
1.362 ***

	
1.459 ***




	

	
(6.43)

	
(6.84)




	
Constant

	
−16.406 ***

	
−17.435 ***




	

	
(−6.66)

	
(−6.89)




	
Province fix

	
Yes

	
Yes




	
Year fix

	
Yes

	
Yes




	
Adjusted R2

	
0.972

	
0.973




	
Obs

	
523

	
523








Annotations: ***, **, and * represent significance at 1%, 5%, and 10% levels, respectively. The T value is in parentheses.
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Table 8. Robustness estimation results of 2SLS and GMM regression.
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Variables

	
Benchmark Model

	
Moderating Model




	
2SLS

	
GMM

	
2SLS

	
GMM




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)






	
L.GI

	

	
0.743 ***

	

	

	
0.767 ***

	
0.708 ***




	

	

	
(13.41)

	

	

	
(10.94)

	
(8.54)




	
lnFDI

	
1.122 ***

	
0.227 ***

	
0.654 ***

	
0.652 ***

	
0.191 ***

	
0.274 *




	

	
(4.23)

	
(3.37)

	
(3.84)

	
(3.58)

	
(4.29)

	
(1.81)




	
lnPE

	

	

	
−0.303

	

	
−0.332

	




	

	

	

	
(−0.88)

	

	
(−0.75)

	




	
lnPE × lnFDI

	

	

	
0.013 *

	

	
0.194 **

	




	

	

	

	
(1.82)

	

	
(2.07)

	




	
lnML

	

	

	

	
−0.750

	

	
−1.017




	

	

	

	

	
(−0.75)

	

	
(−1.06)




	
lnML × lnFDI

	

	

	

	
0.317 **

	

	
0.594 **




	

	

	

	

	
(2.24)

	

	
(2.43)




	
Controls

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
AR (1)

	

	
0.000

	

	

	
0.000

	
0.000




	
AR (2)

	

	
0.308

	

	

	
0.265

	
0.387




	
Sargan

	

	
1.000

	

	

	
1.000

	
1.000




	
Obs

	
492

	
492

	
492

	
492

	
492

	
492








Annotations: ***, ** and * represent significance at 1%, 5%, and 10% levels, respectively.
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