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With the proposal of the carbon peaking and carbon neutrality strategy, the concept of green and low-carbon began to take root, and the influence of foreign direct investment on the progress of green technology is attracting more and more attention. Based on the panel data of 30 provinces in China from 2011 to 2020, this study examines the effect of green technology progress on FDI and its geographic and policy heterogeneity by using generalized least square regression method, and discusses its mechanism combined with the moderating effect of trade opening. The results show that: (1) the introduction of FDI has a significant positive effect on green technology progress, while the moderating effect of trade openness weakens the positive effect, which has a negative impact on green technology progress; (2) The results of the heterogeneity analysis suggest that the Belt and Road Initiative is an important factor in the moderating effect of trade openness. Beneficiary provinces along the Belt and Road are able to reap the positive effects of trade in terms of green technological advances, while regional differences based on geographic location gradually weaken. This study provides a new policy reference for boosting green technology progress in China and different provinces and helping to achieve the two-carbon goal from the two aspects of introducing FDI and coordinating trade openness.
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INTRODUCTION
At present, the carrying capacity of global resources and environment is facing severe challenges. China, as a major energy consumer, actively embraced its responsibility for environmental stewardship, formally announcing its ambitious objectives of achieving carbon peaking and carbon neutrality1 in 2020, which puts forward higher requirements for accelerating the green transformation of its development mode. Meanwhile, the realization of green technology progress is considered as an important means of green transformation of economic development (Zhao et al., 2022). By regulating pollution generation, emission and treatment, as well as reducing energy consumption, green technology can effectively improve resource and environmental problems in the process of economic development (Levinson, 2009), thus promoting the realization of the two-carbon goal. What’s more, it has also become an important driving force for China to achieve high-quality economic growth in the new era. The sources of green technology progress are usually divided into two aspects: internal technology innovation and external technology introduction. The former mainly relies on independent innovation, while the latter relies on opening up to the outside world (Luo et al., 2021). Due to the unbalanced regional economic development, relying on green technology independent innovation is easy to cause such problems as underpowered and lagging development. Utilize the green technology advancement effect of opening up will be an essential supplement to improve the level of China’s green technology. As for developing countries, foreign direct investment is an important channel for international technology transfer and capital accumulation (Pan et al., 2020). Since the 1970s, China has begun to vigorously implement the economic policy of opening up to the outside world and continuously expand the introduction of foreign direct investment. As the largest recipient of foreign investment among developing countries, China’s total actual foreign direct investment climbed from US $40.7 billion in 2000 to US $163 billion in 2020, an increase of 300 percent over the past 20 years. Although the scale of foreign investment in China continues to expand, the accompanying environmental effects can not be ignored. On the one hand, foreign direct investment plays an important role in introducing international capital, promoting technological progress and increasing employment opportunities. On the other hand, due to low entry barriers and insufficient supervision at the early stage, the quality of foreign investment introduced in China in recent years is uneven, such as extensive utilization of resources and environmental pollution (Zhang et al., 2020). In the context of resource depletion and environmental degradation, which have severely hampered the current economic growth, the research on the impact of foreign direct investment (FDI) on the environment of the host country has become a hot topic for many scholars.
In studies on environmental effects of FDI, two typical hypotheses are pollution halo hypothesis and pollution paradise hypothesis. The pollution halo hypothesis holds that FDI can improve the environmental quality of the host country and effectively protect the ecological environment, which generally supports the promoting effect of FDI on green technology progress (Copeland and Taylor, 2001; Karen et al., 2004; Huang et al., 2022). The pollution paradise hypothesis, also known as the pollution refuge hypothesis, refers to the concentrated flow of pollution-intensive industries into countries and regions with low environmental standards, which results in concentrated pollution and serious damage to the ecological environment, and holds a negative view on the environmental effect of FDI (Markusen and Venables, 1999; List and Catherine, 2000; Singhania and Saini, 2021). A large number of scholars have tried to verify the validity of the two hypotheses by taking different countries or regions as research samples. Most of the classic studies have chosen developing countries as examples (Blomstrom, 1986; Kokko et al., 1996; Demena and Afesorgbor, 2020; Tian et al., 2023) to verify the pollution transfer behavior of developed countries or the “race to the bottom” behavior of underdeveloped regions. As the largest developing country at present, the research conclusions on whether the pollution halo hypothesis of FDI is true in China are still not uniform. Zhang and Zhou (2016), You and Xiao (2022) confirmed the establishment of the pollution halo hypothesis by studying provincial samples in China, while Lu et al. (2023) and Bakhsh et al. (2017) supported the pollution paradise hypothesis in their research conclusions. Based on the above literature review, a great major number of studies have gathered in the analysis of FDI environmental effects, but few literature have paid attention to the spillovers of FDI on green technology innovation. Indeed, the relevance of green technologies to improving environmental sustainability is well documented. In the latest study of Uche et al. (2023), it is discussed in detail how technological innovation can mitigate the negative impact of FDI on the ecological environment of BRICS countries. The realization path of environmental effect shows that green technological progress is conducive to the upgrading of industrial structure, realizing pollution and carbon reduction, and thus improving the ecological environment (Luo et al., 2020). Therefore, this study intends to analyze the impact of FDI on green technology in China to prove its environmental effect.
This study attempts to answer the following research questions: In the context of two-carbon, can the environmental effects of FDI contribute to the improvement of green technology level in China? In addition, will trade openness in foreign economy affect the effect of green technology progress brought by FDI? In order to answer the above research questions, this study started with the panel data of 30 provinces in China from 2011 to 2020, constructed the green technology level index with the green patent data, measured the FDI level with the actual amount of FDI utilized by each province in that year, and adopted the FGLS model regression in the consideration of the heteroscedasticity of panel data and serial correlation. The possible moderating effects of trade openness are comprehensively considered, and regional heterogeneity is studied by dividing sub-samples according to geographical location and policy influence. Based on the empirical test of FDI on China’s green technology progress, this study finally draws the research conclusion.
Compared with the existing studies, the marginal contribution of this study is as follows. First, trade openness is introduced as the moderating variable of FDI’s influence on green technology progress. Different from the existing literature, which often takes environmental regulation and industrial structure as the moderating or intermediary variables, this study pays attention to trade openness, which is also a component of foreign economy with FDI, and takes it as the moderating variable to observe its role in the process of FDI’s effect on green technology progress. Second, regional heterogeneity is discussed by dividing samples in different dimensions. Most studies often divide regions according to the standards of east, central and west. This study takes into account the dual influence of geography and policy on the introduction of foreign investment in the openness up and divides the total sample into three sub-samples according to the geographical location: coastal, inland and neighboring areas. According to the Belt and Road Initiative2, the provinces along the Belt and Road and other provinces are divided into two sub-samples. By analyzing the effect of FDI on green technology progress, this study discusses the relationship between foreign economy and green development in different regions of China, and makes a contribution to the study on spillover effect and environmental effect of opening up.
The rest of this study is as follows. The second part reviews the relevant literature. In the third part, hypothesis 1 and 2 are proposed based on the analysis of the influence mechanism and the moderating effect. The fourth part establishes the research model and estimation idea, empirically tests the previous hypothesis, and further discussion about the regression results is in the fifth part. The last part summarizes the research conclusions and puts forward some policy suggestions.
LITERATURE REVIEW
Green technology is a general term for all types of modern technologies that reduce environmental pollution, energy consumption, and improve the ecological environment (Braun and Wield, 1994). The modern view prefers to distinguish and contrast green technology with traditional technology, and summarizes green technology innovation as technology innovation that achieves both ecological and economic benefits. There are numerous studies on the factors influencing green technological progress, and two paths exist in general: domestic technological innovation and foreign technology introduction (Wang et al., 2016), and an important way of foreign technology introduction is FDI and trade exchanges in the opening up of the country.
At present, there is a lot of research on the impact of FDI on green technology development, and there are three main views on whether FDI as an important international R&D channel can promote green technology progress in host countries: “promotion theory”, “suppression theory” and “uncertainty theory”. The “promotion theory” supports the pollution halo hypothesis (Letchumanan and Kodama, 2000), while the “suppression theory” is consistent with the pollution paradise hypothesis (Leonard, 1984). The “promotion theory” has been recognized by many scholars. Dating back to Romer (1986) who based on the new growth theory, emphasized the technology diffusion effect of international trade and suggested that foreign economic development could lead to domestic technological progress and thus domestic economic growth, and the “promotion theory” is supported by subsequent empirical studies (Amendolagine et al., 2021; Hasan and Du, 2023). The current consensus in academic research focuses on the flow of green technology and innovation through the movement of people and industry chain linkages in the process of industrial optimization, which can reduce carbon emissions and achieve the pollution halo effect (Ahmad et al., 2021; Luo et al., 2021). With the increasing maturity of green technology, the research directions extended from it are gradually enriched. Many scholars have started to discuss the green technology effect of FDI in cluster distribution from a spatial perspective, which also validates the “promotion theory”. Based on inter provincial panel data, Xu and Deng (2012) investigate the geographical clustering of FDI and environmental pollution in China, and reject the idea that the pollution paradise hypothesis is valid in China. Similar to this study, Yu et al. (2021) chose Chinese prefecture-level city data as a sample to demonstrate that the green technological progress effect of high aggregation of FDI significantly promotes the upgrading and aggregation of green total factor productivity in itself and neighboring cities.
Scholars who hold the “suppression theory” have also explored various directions (Feng et al., 2021; Qiu et al., 2021; Pathak et al., 2013), mainly focusing on the negative spillover effects of FDI. Haddad and Harrison (1993) conclude in their study of a Moroccan sample that there is no significant positive effect of FDI on the technological progress of the host country, and even a negative spillover effect. Combining the effects of environmental regulations, Behera and Sethi (2022) in their study of OECD (Organization for Economic Cooperation and Development) country panel data, empirically test the spillover effects of FDI in the short and long run respectively. The results show that FDI in both the long and short run exhibited negative spillover effects, which were detrimental to green technological progress, just validating this conclusion. Scholars who support the “uncertainty theory” suggest that there is uncertainty about the impact of FDI on green technological progress, and the specific direction of impact needs to consider the combined effect of multiple effects of FDI and many realistic problems in the process of investment inflow (Song and Han, 2022). Grossman and Krueger (1992) were the first to construct a “three-effect” model, which decomposed the environmental effects of FDI into scale effects, structural effects, and technology effects. Since then many scholars have attributed the ultimate impact of FDI on the environment and green technology to the superposition or extension of these three effects (Ning et al., 2023).
In addition to FDI, trade openness is another important area of the external economy. On the one hand, similar to FDI, it can also bring about various effects such as economic growth, technological spillovers, and environmental effects (Huang et al., 2018). The classic study by Copeland and Taylor (1994) analyzed the link between trade and technological progress, and proposed for the first time that the twin goals of pollution reduction and economic growth can only be achieved by accessing green technological advances in the context of openness to the outside world. Then the biased technological progress effect of trade openness thus led to a discussion (Acemoglu, 2015). It has been shown that international trade leads capital-intensive countries to focus on capital-oriented technological progress, while labor-intensive countries focus on labor-oriented technological progress (Miller and Upadhyay, 2000). As a labor-intensive country, China is therefore able to achieve green technological progress in favor of environmental protection in labor-intensive clean production (Cao and Wang, 2017). On the other hand, the interconnection between trade openness and FDI is also an important area of economic research. The relationship between trade and FDI can be regarded as the relationship between trade liberalization and capital flows, and there are two theories of substitution and complementarity in academia. The traditional FDI location choice theory represented by the “tariff jump” theory3 in the early days believed that the rise of tariff and other trade barriers would lead to the substitution effect of FDI on international trade. With the development of trade liberalization, the vertical industry chain argument suggests that expanding trade liberalization can promote FDI inflows to industry-linked countries. The theory of substitution is thus challenged. In recent years, green development has become a hot topic, and discussions related to trade and FDI are gradually linked to environmental standards. The negative outputs such as increased resource pressure and ecological damage caused by trade have pushed up the level of environmental regulations and restricted the inflow of different types of foreign investment into the domestic market. While this type of research cannot strongly support the theory of substitution relationship, it has challenged the theory of complementary relationship. Currently, there are more studies on the relationship between FDI and trade openness, and the relationship between trade openness and green technological progress in the existing literature. But there are still some gaps in the studies involving the enhanced or weakened regulatory role embodied by trade openness in the process of FDI exerting its green technological progress effect.
In summary, the existing literature has not reached a consensus on the study of the green technological progress effect of FDI, and this paper is necessary to examine the green technological progress effect of FDI again using Chinese provincial sample data as the research object. The existing literature provides a certain reference role for this paper, but when studying the green technological progress of FDI affecting host countries, little literature has focused on the direct and indirect impact effects played by trade openness as another important channel of international R&D. As the two major channels of foreign opening, can the green technological progress effect of FDI still exert the expected influence under the limitation of trade level in the host country? At the same time, along with the objective economic structure constraints such as industrial structure upgrading, China is now facing a new period of opening up to the outside world, which is more urgent in the process of achieving green technological progress and promoting green development. The issue of the green effect of FDI in China is worth further investigation.
THEORETICAL MECHANISM
	(1) FDI and Green Technology Progress

The direct impact of FDI on the progress of green technology is mainly reflected in many aspects such as capital, technology and material resources. Firstly, as the world’s largest developing country, China’s green technology development starts late compared with that of developed countries. The capital is relatively more scarce in China. Enterprises, as the main body of technology research and development, have a long-term shortage of technology research and development funds. The introduction of FDI can provide a large amount of financial support for China’s green technology development. Secondly, FDI can realize the flow and spillover of green technology through multinational enterprises, and improves the green technology innovation capability based on imitation and secondary innovation, which drives the overall green technology level of the market (Castellani et al., 2022). Finally, in terms of physical resources, the form of vertical industrial linkage promotes multinational enterprises to introduce advanced production equipment and high-quality raw materials from the parent company directly into the host country subsidiary to accelerate the formation of large-scale enterprise production (Ascani and Gagliardi, 2020). FDI also enhances international talent exchange through multinational corporations and others to improve the quality of green innovation talent and promote green technology progress. In addition, the adjustment of FDI introduction structure also affects the development of domestic green technology. When FDI flows more to high pollution and high energy consumption industries, it will increase environmental pollution and green technology pressure in the host country; while when FDI flows to low pollution and low energy consumption industries, it is beneficial to ecological environmental protection and stimulates green technology innovation (Wang et al., 2021). With the adjustment of China’s industrial structure, the proportion of tertiary industry output value rises, the type of FDI foreign investment flowing to the service industry increases, and the structure of FDI introduction is optimized, which stimulates enterprises’ innovation awareness of green technology.
FDI also brings a series of impact effects. When the difference in green technology level between the foreign capital out-flowing country and the in-flowing country is quite large (which usually occurs between developed and developing countries), as foreign enterprises enter the domestic market, local enterprises are more motivated to further increase R&D investment, focus on market demand orientation, and achieve green technology upgrading and reform based on imitation or seeking cooperation, resulting in a learning effect (Fosfuri and Saggi, 2002; Guo and Chen, 2011). In terms of industry chain linkage, due to the synergistic development of the upstream and downstream of the industry chain, the green production methods of the upstream enterprises link the environmental protection processes of the downstream manufacturers’ raw material supply, which makes them more competitive in order to improve the efficiency of resource utilization. And they are motivated to continuously improve the level of green technology, forming a linkage effect. In terms of market competition, foreign enterprises with advanced green technologies raise the green standards in the market, which may form green barriers and discourage domestic enterprises from green innovation on the one hand. On the other hand, it may also force domestic enterprises and trigger a new round of green technology reform. Therefore, there is a double competition effect of FDI (Bernard et al., 2003; Jin et al., 2019).
Based on the above analysis, this study proposes hypothesis H1: The introduction of FDI will have a catalytic effect on the progress of green technology in the host country.
	(2) Trade Openness, FDI and Green Technology Progress

The influence of trade openness on the effect of FDI on green technological progress is mainly reflected in the following two directions. On the one hand, it is the advantage of attracting capital and competitive effect brought by expanding trade openness. First, when trade is highly open, foreign products and services will flow more to the domestic market, attracting overseas investment to set up factories and enterprises in China. Thus trade openness establishes a good production base for foreign investment, which can further bring into play the comparative advantage of FDI. It will expand the fields and ways of economic and technical cooperation, and promote the development of green technology on the basis of economic construction. Second, expanding trade openness will lead to domestic enterprises facing more overseas competitors, stimulating domestic enterprises to participate in international market competition and forcing green technology progress. On the other hand, trade openness will lead to capital crowding out and competition. First, the over-exploitation of resources and pollutant emissions caused by trade openness will increase production costs, crowd out capital investment in green innovation, and easily lead to high environmental regulations, which will affect the inflow of FDI and hinder the spillover and diffusion of green technology. Second, the expansion of market scale brought by trade openness will prompt some enterprises to take the “low-end” route of comparative advantage, which will also bring about the loss of FDI and inhibit the innovation and progress of green technology. In addition, the implementation of trade policy reflects the level of a country’s openness and is also an important factor affecting capital flows in the international capital market. Along with the frequent occurrence of international problems such as global regional wars, energy crises and the rise of trade protectionism, the trade policies of various countries have been fluctuating and generally tightened, leading to the obstruction of international capital flows, which is not conducive to the progress of green technology in developing countries.
Both trade openness and FDI belong to a country’s foreign economic development, and there are also technology spillover, competition effects and other influence mechanisms on green technology. This study takes trade openness as a moderating variable and introduces the interaction term of FDI and trade openness in the model to test the effect. Based on this, this study proposes the second hypothesis H2: there is a moderating effect of trade openness on the green technology progress effect of FDI, but the direction of the effect is uncertain. Figure 1 is a mechanism diagram that clearly shows the mechanism impact of this section.
[image: ]FIGURE 1 | Interaction mechanism of fdi, trade openness and green technology progress.METHODS AND DATA
	(1) Methods

Since Griliches (1979), Griliches (1986) proposed the theory of knowledge production function, the function has become an important theoretical model basis for studying regional innovation and knowledge flow. Along with the development of endogenous growth theory, the knowledge production function has been widely used to analyze the input-output relationship of innovation activities, involving knowledge spillover effects within different fields. This study draws on the knowledge production function of the following Equation 1:
Yit=AitKitαLitβeεit(1)
Referring to Griliches, the green technology progress effect of FDI is expanded and studied on the basis of technology spillover of FDI, and other influencing factors are summarized into the control variable set. The Equation 2 is obtained:
GTPit=AitFDIitαXitβeεit(2)
To eliminate the effect of heteroskedasticity, the selected data and variables were logarithmically processed and further organized to obtain the following model:
Lngtpit=β0+β1Lnfdiit+∑i=26βiLnXit+εit(3)
Lngtpit=β0+β1Lnfdiit+β2Lnopen+β3Lnfdiit*Lnopenit+∑i=48βiLnXit+εit(4)
Where gtp is green technological progress, fdi is the level of foreign direct investment, open is the trade opening moderating variable, X is the set of control variables, including energy consumption level, environmental regulation level, industrial structure, urbanization level, human capital. The subscripts i, t denoting different regions and years, respectively, ε are random disturbance terms. Equation 3 is the baseline regression model, and Equation 4 is the moderating effect model.
	(2) Variables

Explained variable. Green technological progress (gtp). Existing studies mainly measure green technological progress from two dimensions, one is to construct proxies through green total factor productivity, and the other is the indicator method. Among them, green total factor productivity mainly measures the level of green efficiency, while the indicator method mainly constructs indicators with R&D expenditure or green patent data. The indicator method has the advantages of intuitiveness, specificity and quantifiability in the measurement process. Green patents are an important tool to promote green technology innovation, and referring to Zhu et al. (2019) and Du et al. (2019), this study constructs variables with data on green patent grants in each province to measure the progress of green technology.
Core explanatory variable. Foreign direct investment (fdi). The scale of foreign investment utilized by provinces and cities can reflect the degree of opening up to the outside world, and can also better reflect the spillover effects of capital and technology brought by foreign investment, referring to Dong et al. (2021), the level of foreign direct investment is measured by the actual amount of foreign investment utilized by each province in that year.
Moderating variable. Trade openness (open). There is a mutual influence between trade and FDI, and there is a moderating role in the green technological progress effect of foreign openness, refer to Zhang et al. (2018). The level of trade openness in various regions is usually measured by foreign trade dependence or foreign trade ratio, the former is calculated by the ratio of total import and export to GDP. The latter is calculated using total imports and exports as a percentage of gross national product (GNP). The degree of foreign trade dependence can better reflect the degree of national economy’s dependence on foreign trade, so this paper uses the percentage of total foreign trade in GDP of each province to measure the degree of regional trade openness.
Control variables. By combing through the literature, the efficiency evaluation index system of green technological progress is usually built from three dimensions: financial input, physical input, and human input. In this study, environmental regulation variables measured by pollution control investment and energy consumption variables aimed at resource conservation are selected as indirect measures of governmental capital investment, while physical input is mainly reflected in the transformation and upgrading of industrial structure and the construction and improvement of infrastructure. In this paper, industrial structure variables and urbanization variables are selected to measure the intensity of physical input, and we choose human capital variables to measure human input.
Energy consumption (EC). Green technology progress is conducive to reducing energy consumption level, and energy consumption level in turn puts forward requirements for green technology progress. Under the pressure of achieving the double carbon target, the requirement of reducing energy consumption level will have an incentive effect on green technology progress. This study measures energy consumption level by the consumption of 10,000 tons of standard coal in each province.
Environmental regulation (ER). On the one hand, environmental regulation forces enterprises to carry out green technological innovation, and on the other hand, it restricts the introduction of foreign capital. Since industrial pollution is the main cause of environmental pollution, this study measures the level of environmental regulation by the proportion of the completed investment in pollution control by local governments to the value added of industrial industries.
Industrial structure (str). China’s economic development in the industrial structure continues to adjust and optimize, and the proportion of tertiary industry gradually increased. This rationalization of industrial structure will undoubtedly promote the level of green technology. The value added of the tertiary industry accounts for GDP is selected to measure the level of industrial structure.
Urbanization (urb). Urbanization development is an important indicator of regional economic development, and affects the industrial development process, infrastructure construction and other objective development environment, thus affecting the progress of green technology. This study uses the urbanization rate of resident population to measure.
Human capital (hum). Human capital can reflect the education level and population structure of each region. The popularity of education and the overall level of knowledge have a direct impact on the progress momentum of green technology. The proportion of the population with college education and above in the population aged 6 and above is selected to measure the level of human capital. The metrics of each control variable are referred to common practices in the existing literature (Adeel-Farooq et al., 2021; Morgenstern et al., 2002). Table 1 shows the selection information for all variables.
	(3) Data

This study uses the panel data of 30 Chinese provinces from 2011 to 2020 as the research sample (except Tibet, Hong Kong, Macao and Taiwan). Green technological progress is measured by the number of green patents granted in each province, including green invention patents and green utility model patents, while green design patents are not included due to their low technical innovation. According to the Green Patent List issued by the World Intellectual Property Organization, the international patent classification codes of green patents are obtained, and green patent data can be obtained by searching the patent database of the State Intellectual Property Office of China. Other data are obtained from the China Statistical Yearbook (2012–2021), published by the National Bureau of Statistics of China4. The data of provinces in some years are missing, which have been filled by linear interpolation. The results of descriptive statistics are shown in Table 2.
TABLE 1 | Specific description of variables.	Variable	Abbreviation	Measurement	Prospective effect
	Explained variable	Green technological progress	gtp	Green patent grants in each province	Positive
	Core explanatory variable	Foreign direct investment	fdi	The actual amount of foreign investment utilized by each province in that year	Positive
	Moderating variable	Trade openness	open	The total amount of foreign trade in each province accounts for GDP	Positive
	Control variables	Energy consumption	EC	Ten thousand tons of standard coal consumption	Positive
	Environmental regulation	ER	The proportion of the completed investment in pollution control to the added value of the industrial sector	Positive
	Industrial structure	str	The value added of the tertiary industry accounts for GDP	Positive
	Urbanization	urb	The urbanization rate of resident population	Positive
	Human capital	hum	The proportion of the population with college education and above in the population aged 6 and above	Positive


TABLE 2 | Descriptive statistics of the variables (after the logarithm).	Variable	Obs	Mean	Std.Dev	Min	Max
	ln⁡gtp	300	7.461	1.315	3.714	10.117
	ln⁡fdi	300	14.668	1.686	9.600	16.815
	ln⁡open	300	−1.788	0.941	−4.081	0.338
	ln⁡EC	300	9.440	0.647	7.478	10.606
	ln⁡ER	300	3.142	0.7897	0.689	4.929
	ln⁡str	300	−0.772	0.192	−1.135	−0.214
	ln⁡urb	300	4.058	0.200	3.608	4.492
	ln⁡hum	300	−2.044	0.399	−2.793	−0.765


From Table 2, it can be seen that the average value of green technology level is 7.461, the standard deviation is 1.315, the minimum value is 3.714, and the maximum value is 10.117. Therefore, it can be seen that the green technology level of each region and province in China varies widely. According to the specific sub-provincial patent data, Jiangsu and Guangdong in coastal areas are strong provinces of green technology innovation with high green technology level, while Qinghai and Ningxia in inland areas are relatively lagging behind in green technology development. The changes of green patents in specific provinces can be seen in Figure 2, the changes of FDI in each province can be seen in Figure 3.
[image: ]FIGURE 2 | The changes of green patents in specific provinces.[image: ]FIGURE 3 | The changes of fdi in specific province.RESULTS AND DISCUSSION
	(1) Benchmark Regression

To evaluate the specific impact of FDI on green technological progress, it is essential to adopt appropriate econometric methods. It is worth noting that the FGLS method can maximize the advantage of panel data and minimize the estimation error, and is often used for regression estimation of panel data when heteroskedasticity and serial correlation problems exist in the sample data. In this study, there are large differences in the data between provinces in the research sample, and the disturbance terms may be different in different provinces. Based on the results of the panel stationarity tests, the FGLS is chosen as the benchmark regression method in this study. The results of the benchmark regression are shown in model (3) in Table 3 below, in addition, ordinary least squares (OLS) and generalized least squares (GLS) are also chosen in this study for regression testing again as shown in model (1) and (2) in Table 3 below to ensure the robustness of the regression results. The following specific results analysis are based on the FGLS model.
TABLE 3 | Results of benchmark regression.	Variable	Model (1)	Model (2)	Model (3)
	OLS	GLS	FGLS
	ln⁡gtp	ln⁡gtp	ln⁡gtp
	ln⁡fdi	0.312*** (11.52)	0.312*** (11.65)	0.307*** (14.20)
	ln⁡EC	0.886*** (15.02)	0.886*** (15.20)	0.938*** (20.77)
	ln⁡ER	−0.270*** (−6.26)	−0.270*** (−6.34)	−0.214*** (−6.74)
	ln⁡str	2.789*** (10.83)	2.789*** (10.96)	2.767*** (14.30)
	ln⁡urb	−0.156 (−0.45)	−0.156 (−0.45)	0.104 (0.42)
	ln⁡hum	0.075 (0.45)	0.075 (0.46)	0.057 (0.47)
	Cons	−1.694 (−1.02)	−1.694 (−1.04)	−3.365*** (−2.80)
	Obs	300	300	300
	Province	30	30	30
	R-squared	0.836		
	Wald chi2		1530.35***	2745.30***
	xttest3			1662.71***


Notes: ***, **, * meant that the estimated coefficients were significant at statistical levels of 1%, 5% and 10% respectively; the values in parentheses represent t-statistics.
The regression results of models (1), (2) and (3) show that there is a significant positive promotion effect between FDI and green technology progress, which is consistent with the expectation of hypothesis 1, and also supports the pollution halo hypothesis. In model (3), the regression coefficient of FDI is 0.307 with positive sign and passes the 1% significance level test, indicating that the introduction of FDI is conducive to the improvement of green technology level, which in turn promotes local green development. Starting from 2012, China’s economy gradually enters the transition period of adjusting industrial structure and realizing innovation-driven adjustment, and the economic growth is dominated by medium-high growth rate. Under the influence of this, the amount of foreign capital utilized in China has declined, and the strategic orientation of actual foreign capital utilization has been adjusted. A notable tendency is to encourage foreign investors to introduce advanced technologies, invest in advanced industries, and support them to set up research centers, etc. Meanwhile, to improve the efficiency of resource allocation and reduce pollution and energy consumption, the structure of FDI attraction is adjusted to reinforce the inspection of the introduction of non-clean FDI and encourage the inflow of clean FDI. On the one hand, with the continuous introduction of clean and high quality FDI with high technology content, it will have a direct impact on the industrial environment, promote the continuous optimization of industrial structure, and provide development conditions for green technology progress. On the other hand, with the improvement of the quality of inflow foreign capital, the competition effect drives the green awareness of local enterprises, and the green standards in the economic market compete to improve, so that the realization of green technology progress will be the inevitable result.
The moderating effect of trade openness is tested by adding the interaction term of FDI and trade openness based on the FGLS method. Models (4) and (5) test the direct effect of FDI on green technological progress, and models (6) and (7) test the moderating effect of trade openness on the effect of FDI on green technological progress. The regression results are shown in Table 4.
TABLE 4 | Results of moderating effect tests.	Variable	Model (4)	Model (5)	Model (6)	Model (7)
	ln⁡gtp	ln⁡gtp	ln⁡gtp	ln⁡gtp
	ln⁡fdi	0.607*** (23.35)	0.307*** (14.20)	0.622*** (18.81)	0.331*** (12.20)
	ln⁡open			0.196*** (3.78)	0.091** (2.20)
	ln⁡fdi*⁡ln⁡open			0.148*** (4.60)	0.058*** (3.24)
	ln⁡EC		0.938*** (20.77)		0.912*** (18.71)
	ln⁡ER		−0.214*** (−6.74)		−0.206*** (−6.27)
	ln⁡str		2.767*** (14.30)		2.744*** (13.47)
	ln⁡urb		0.104 (0.42)		−0.526* (−1.79)
	ln⁡hum		0.057 (0.47)		0.175 (1.33)
	Cons	−1.440***
(-3.65)	−3.365*** (−2.80)	−1.357** (−2.37)	−0.638 (−0.44)
	Obs	300	300	300	300
	Province	30	30	30	30
	Wald chi2	545.17***	2745.30***	687.06***	2492.43***
	xttest3	3806.85***	1662.71***	3086.86***	810.66***


Notes: ***, **, * meant that the estimated coefficients were significant at statistical levels of 1%, 5% and 10% respectively; the values in parentheses represent t-statistics.
Models (4) and (5) are the benchmark regression results, and models (6) and (7) are the regression results after adding the trade openness moderating variable and the FDI and trade openness interaction term. The coefficient of FDI is positive when the interaction term between FDI and trade level is not included. After the inclusion of the interaction term, the coefficient of FDI expands, and the sign is still positive and significant at the 1% level. Meanwhile, the coefficient of the interaction term between FDI and trade openness is positive and passes the 1% level of significance test. This verifies and complements hypothesis 2, indicating that there is a reinforcing effect of trade openness as a moderating variable. That means there is a significant positive effect of trade openness on the green technological progress effect of FDI, which is consistent with the findings of Han et al. (2023). This is because: expanding trade openness will achieve a more liberal capital environment and attract more foreign capital inflows, while accelerating the cross-country flow and reallocation of resources, human resources, information and technology, and other factors to promote the green technology level in the home country. In particular, China has been actively participating in the international trade market, expanding the level of openness to the outside world, capturing the positive effects of technology spillovers in terms of trade imports and exports, and striving for a favorable situation in terms of capital flows since it joined the WTO in 2001. With the two-carbon background, green development has become an important issue for all countries. Green service trade and green low-carbon products continue to expand the circulation, leading to an important change in capital flow, and technological innovation has also been promoted. It has been significant that not only China’s domestic total factor productivity improved but also the green technological progress stimulated.
From the perspective of control variables, energy consumption level and industrial structure are significant at the 1% level with positive coefficient sign, which indicates that: energy consumption level push backwards green technology progress. The increasing energy consumption level forces localities to accelerate the R&D and application of green technology, and the influence of this variable is more prominent after the double carbon target is proposed when localities actively seek breakthroughs in carbon reduction and emission reduction. At the practice level, energy consumption anxiety can effectively drive backwards green technology innovation and improve energy use efficiency. The transformation and upgrading of industrial structure is an important force driving the development of green technology. The tertiary industry has low energy consumption, so promoting the development of the tertiary industry can promote the development of energy conservation and emission reduction in the region while the positive impetus exists for green technology progress. The level of human capital does not pass the significance level test of 10%. Referring to the findings of similar literature (Zhang and Hu, 2020), the possible reasons are as below: China’s human structure is not perfect enough to fully adapt to the development of green technology. There is a resource mismatch between high-level talent training and social demand. Creative thinking and innovative practice in higher education is still in short supply, and workers with higher education are unable to effectively translate their knowledge and skills into practical applications for green technology advancement.
Secondly, the regression coefficients of environmental regulation and urbanization are negative and pass the significance level test of 1% and 10%, respectively. As an important factor influencing green technological progress, the reason why environmental regulations inhibit green technological progress is believed to be the increase in production costs in the existing academic views, which weakens the innovation vitality of enterprises and restricts green technological progress. Urbanization inhibits the progress of green technology. The reform of urbanization in China has inevitably promoted the development of local basic industries. This preliminary development of basic industries in urban areas generally suffers from low environmental protection standards, substandard emissions and other problems that easily cause environmental pollution, which is not conducive to green technology progress. At the same time, it is also an urgent problem that we need to solve on the way to achieve the two-carbon goal.
	(2) Heterogeneity Tests

In order to compare the variability of green technological progress and FDI levels in different regions, this study divides the samples of 30 provincial-level administrative regions in China into two dimensions: policy influence and geographical location. First, the samples are divided into two parts: provinces along the “Belt and Road” and other provinces by policy influence5. Tibet, Hong Kong, Macao and Taiwan are not included in the scope of this study.
From the results in Table 5, it is clear that the sub-samples show significant regional heterogeneity when the moderating effect of FDI and trade openness is taken into account in the model. According to the regression results, the sign of the coefficient of the interaction term between FDI and trade openness is positive with a regression coefficient of 0.100 and significant at the 1% level in the provinces along the BRI region. The regression coefficient of FDI increases from 0.314 to 0.347, which again verifies hypothesis 2, indicating that in the provinces along the BRI. There is a positive reinforcement of the green technological progress effect of trade openness on FDI effect, and foreign economic development can have a positive desired impact on green technological progress. Among the sub-samples in other provinces, the sign of the coefficient of the interaction term between FDI and trade opening is negative, and it does not pass the significance test at the 10% level, which cannot verify the moderating effect of trade openness. Furthermore the regression coefficient of FDI decreases from 0.366 to 0.265 after adding the moderating variables with the interaction term, which proves that the conclusion of regional heterogeneity is supported by empirical evidence. This is because the implementation of the BRI helps the trade exchanges of Chinese provinces along the route, accelerates the flow of international capital, and generates effective incentives for FDI as well as trade openness. At the same time, the implementation of cooperative initiatives such as building the Green Silk Road is also conducive to China’s strengthening of green energy investment, promoting green and clean equipment and technologies, etc. The construction of Green BRI not only radiates the sustainable development of the international region, but also brings new opportunities for China’s own green development and international cooperation by advocating green capacity cooperation and sustainable infrastructure construction of Chinese enterprises.
TABLE 5 | The results of sub-samples (divided by policy influence).	Variable	Provinces along the “belt and road”	Other provinces
	Model (8)	Model (9)	Model (10)	Model (11)
	ln⁡gtp	ln⁡gtp	ln⁡gtp	ln⁡gtp
	ln⁡fdi	0.314*** (12.08)	0.347*** (10.47)	0.366*** (8.15)	0.265*** (4.59)
	ln⁡open		0.139** (2.41)		0.256*** (4.21)
	ln⁡fdi*⁡ln⁡open		0.100*** (5.09)		−0.011 (−0.46)
	ln⁡EC	0.884*** (13.52)	0.848*** (13.99)	0.834*** (8.20)	0.882*** (8.60)
	ln⁡ER	−0.226*** (−4.30)	−0.229*** (−4.81)	−0.287*** (−4.50)	−0.296*** (−4.86)
	ln⁡str	2.477*** (6.85)	2.044*** (5.87)	2.553*** (10.84)	2.055*** (8.44)
	ln⁡urb	0.647*** (3.36)	0.509*** (2.96)	−0.383* (−1.75)	−0.581*** (−2.73)
	ln⁡hum	0.144 (0.91)	−0.095 (−0.61)	0.016 (0.44)	0.013 (0.38)
	Cons	−5.142*** (−4.85)	−5.348*** (−5.35)	−1.347 (−1.09)	0.560 (0.45)
	Obs	170	170	130	130
	Province	17	17	13	13
	Wald chi2	969.54***	1169.24***	985.21***	1203.00***
	xttest3	50.16***	137.02***	66.97***	306.55***


Notes: ***, **, * meant that the estimated coefficients were significant at statistical levels of 1%, 5% and 10% respectively; the values in parentheses represent t-statistics.
Although there is still much controversy in the discussion on the topic of the BRI, most studies in the existing literature suggest that the BRI can promote international trade and encourage economic development of participating countries (Razzaq et al., 2021). A study by Yu et al. (2020) shows that BRI has a substantial positive impact on China’s export potential. There are also some studies in the literature that confirm the positive impact of the BRI on introducing FDI, enhancing positive effect of BRI on introducing FDI and enhancing China’s capital attraction structure (Li et al., 2022). Related studies have reached a relative consensus on the role of the BRI on green economic growth or trade export promotion in China and along the route. The results of this study, which examine the heterogeneity of Chinese provinces, are to a certain extent consistent with the findings of this literature. We also innovatively propose a new view with the different dimension: the beneficiary provinces along the BRI in China are also positively influenced in terms of green technological progress. This is a win-win situation for the implementation of the BRI. The findings of this study are positive for the practice of the BRI in China and have some reference value for other countries to deepen economic globalization and green growth.
In addition to the sample division in terms of policy dimensions, this paper further enriches the discussion of regional heterogeneity by dividing the sample by geographical location. Different from the traditional geographical division of East, Central, West and Northeast regions in China, the actual situation of trade and foreign investment introduction is more closely linked to the proximity to the coast and neighboring countries’ contacts. So referring to Shi et al. (2018), the sample is divided into three parts by geographical location: coastal areas, inland areas, and bordering areas with neighboring countries. Among them, the division of coastal areas and bordering areas overlaps in Liaoning Province and Guangxi Province. Considering the actual situation, they are both included in coastal areas and bordering areas6. The sub-sample regressions are shown in Table 6 below.
TABLE 6 | The results of sub-samples (divided by geographical location).	Variable	Coastal areas	Inland areas	Bordering areas
	Model (12)	Model (13)	Model (14)	Model (15)	Model (16)	Model (17)
	ln⁡gtp	ln⁡gtp	ln⁡gtp	ln⁡gtp	ln⁡gtp	ln⁡gtp
	ln⁡fdi	0.873*** (10.32)	0.811*** (8.33)	0.577*** (19.48)	0.641*** (18.52)	0.180*** (5.20)	0.127*** (4.50)
	ln⁡open		0.062 (0.37)		−0.207*** (−3.61)		0.439*** (8.42)
	ln⁡fdi*⁡ln⁡open		−0.257 (−1.63)		0.033 (0.96)		0.115*** (4.92)
	ln⁡EC	0.049 (0.46)	0.095 (0.85)	−0.104* (−1.85)	−0.054 (−0.98)	−0.153*** (−2.85)	−0.116*** (−3.11)
	ln⁡ER	−0.265** (−2.38)	−0.330*** (−2.86)	−0.032 (−0.66)	−0.031 (−0.67)	−0.171*** (−2.87)	−0.046 (−1.05)
	ln⁡str	3.031*** (4.44)	3.175*** (4.35)	1.525*** (4.81)	1.519*** (5.25)	2.925*** (9.86)	3.124*** (14.23)
	ln⁡urb	−1.861* (−1.90)	−1.947 (−1.46)	0.505 (0.98)	0.968* (1.84)	0.093 (0.23)	0.529 (1.60)
	ln⁡hum	−0.138 (−0.36)	−0.224 (−0.54)	0.0415 (0.20)	0.024 (0.12)	0.016 (0.41)	0.004 (0.08)
	Cons	4.690 (1.04)	5.877 (0.89)	−0.676 (−0.25)	−4.451 (−1.61)	8.344*** (4.91)	7.587*** (5.38)
	Obs	110	110	130	130	80	80
	Province	11	11	13	13	8	8
	Wald chi2	201.31***	206.11***	657.66***	894.01***	271.77***	912.93***
	xttest3	1447.13***	3897.76***	543.92***	3425.54***	153.01***	366.18***


Notes: ***, **, * meant that the estimated coefficients were significant at statistical levels of 1%, 5% and 10% respectively; the values in parentheses represent t-statistics.
The regression results in Table 6 show that there are certain differences in the influence of FDI on green technology progress in different geographical locations. The regression coefficient of FDI shows a sequential decline in coastal, inland and border regions, which corresponds to the economic development level of each region. The moderating effect of trade openness cannot be effectively verified in different geographical locations. The interaction terms between FDI and trade openness fail to pass the significance level test of 10% in both coastal and inland regions. Although the regression results of border regions pass the significance level test of 1%, the coefficient of FDI does not expand accordingly. It cannot be concluded that trade openness effectively enhances the effect of FDI on green technology progress.
The results of the discussion on regional heterogeneity in the two dimensions of policy and geography show that: although geographical location is the initial driving force for regional economic development and the spatial effect of FDI has always been proved by various studies, combined with the realistic background of The Times, artificial political factors have achieved a more important position in China’s economic development at the current stage of opening up, while the advantages and disadvantages of geographical factors are constantly being caught up and narrowed. In economic geography, Krugman (1991) pointed out in his classic study that transportation infrastructure can weaken the spatial blocking effect of geographical location on factor flow. Gawer and Cusumano (2008) also showed that with the rise of digital technology and Internet platform, geographical limitations of regional innovation are constantly being broken through. These also support the results of this study.
	(3) Robustness Tests

Based on the previous empirical tests, the OLS, GLS, FGLS methods results and subsample regression results in Table 3 can test the robustness of the conclusions of this study to a certain extent. Considering that the R&D of green patents has long-term effects and the effects of each explanatory variable may have lags, this study uses lagged one-period explained variables and lagged one-period explanatory variables respectively to test the robustness of the regression results, while alleviating the possible endogeneity problem of the model. Table 7 below shows the lagged one-period explained variables in models (18) to (19) and all explanatory variables in models (20) to (21) with one period lag. According to the test results, it can be find that in the regression results of models (18) to (21), the coefficient signs of FDI and interaction terms are the same as the original results and remain significant; the coefficient signs of control variables are basically consistent with the regression results of the benchmark model. Therefore, the regression results have not changed significantly and the original benchmark regressions are robust.
TABLE 7 | Results of robustness tests.	Variable	Model (18)	Model (19)	Model (20)	Model (21)
	L.⁡ln⁡gtp	L.⁡ln⁡gtp	ln⁡gtp	ln⁡gtp
	ln⁡fdi	0.288*** (13.72)	0.287*** (10.25)	0.330*** (14.67)	0.362*** (13.15)
	ln⁡open		0.116*** (2.74)		0.119*** (2.89)
	ln⁡fdi*⁡ln⁡open		0.039*** (2.11)		0.087*** (4.26)
	ln⁡EC	0.981*** (20.57)	0.959*** (18.33)	0.886*** (19.97)	0.845*** (17.98)
	ln⁡ER	−0.261*** (−8.36)	−0.250*** (−7.44)	−0.246*** (−7.86)	−0.248*** (−7.48)
	ln⁡str	2.907*** (14.27)	2.856*** (12.93)	2.507*** (14.52)	2.502*** (13.56)
	ln⁡urb	0.287 (1.13)	−0.174 (−0.54)	−0.155 (−0.69)	−1.008*** (−3.80)
	ln⁡hum	0.003 (0.02)	0.053 (0.38)	0.189* (1.71)	0.325*** (2.70)
	Cons	−4.209*** (−3.41)	−1.932 (−1.22)	−1.811 (−1.62)	1.950 (1.49)
	Lagged explanatory variables	No	No	Yes	Yes
	Obs	270	270	270	270
	Province	30	30	30	30
	Wald chi2	3077.13***	2461.91***	2403.58***	2413.43***
	xttest3	3758.94***	2485.39***	6770.95***	4649.71***


Notes: ***, **, * meant that the estimated coefficients were significant at statistical levels of 1%, 5% and 10% respectively; the values in parentheses represent t-statistics.
CONCLUSION AND POLICY IMPLICATION
Under the Two-carbon background, the realization of green technological progress has become increasingly significant. This study uses data from 30 provinces in China from 2011 to 2020 as a sample and employs the OLS method to verify the impact of FDI on green technological progress, as well as the synergistic effect of FDI and trade openness. The following specific conclusions have been drawn: First, FDI has a significant promoting effect on China’s green technological progress, and the active introduction of foreign investment is conducive to upgrading green technology and promoting China’s green economic development. Second, trade openness has a positive moderating effect on the green technological progress effect of FDI. Expanding foreign trade can strengthen the promoting effect of FDI on China’s green technological progress. Third, the regional heterogeneity results in both policy and geography dimensions show that the policy implementation of the Belt and Road Initiative is an important factor for the moderating effect of trade opening, and the provinces along the Belt and Road Initiative can obtain the positive effect of trade in green technology progress. And the last one, energy anxiety caused by energy consumption and industrial structure upgrading are conducive to the improvement of China’s green technology level.
The policy implications implied in this study are mainly as follow. First of all, China should continue to create a green industrial environment that meets the demand for high-quality foreign investment, guide and regulate the introduction of foreign investment around the country, and promote the upgrading of green technology levels. In order to catch up with the existing gap between China’s actual FDI utilization and that of developed countries, and to make full use of the capital inflow and knowledge spillover effects of FDI, China still needs to actively expand the scale of FDI introduction. Meanwhile it also needs to adjust and improve the structure of domestic FDI introduction actively, and upgrade the green industrial environment, encourage more high-quality, low-pollution, and low-energy FDI inflow. Government should strengthen the local supervision of the introduction of foreign capital, pay attention to the improvement of prevention awareness. Secondly, while introducing FDI, China should coordinate the regulating effects of trade openness, give full play to the policy advantages of the Belt and Road initiative, include more provinces in the radiation of the policy effects, and further break the geographical restrictions of the region, and then make the most of the green technology progress effects of FDI by formulating scientific policies on the introduction of foreign investment. It is committed to expanding the radiation range of low-carbon technologies, and guiding the continuous transformation of the geospatial effect of foreign investment to the economic spatial effect. Thirdly, the national level should actively formulate local FDI encouragement policies, focus on green development fields, and deeply promote the investment attraction work of provinces benefiting from the Belt and Road Initiative. The local level should adjust the investment attraction policies according to the actual situation, reasonably assess the space for green technology development, and formulate different foreign opening policies to promote the inflow of foreign capital while improving the regional green technology innovation capacity should be improved at the same time. Fourthly, the objective environmental requirements for the development of green technology should be coordinated and planned, including the reasonable control of the speed of promoting pollution reduction and carbon reduction, and the promotion of industrial structure transformation and upgrading, etc.
Further research in the future can start from the changes in China’s trade situation, and deeply explore the possible changes in capital flow and the technological innovation brought about by the green effect, the impact of political factors and the influence of economic cycle in global economic development.
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