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Abstract

:

Based on the environmental responsibility of the home country against the background of high-quality development and the “double carbon” goal, with the aid of Difference-in-Differences (DIDs), this study discusses the impact of China’s outward foreign direct investment (OFDI) on the environment of the host country. The sample data of China’s OFDI from 2003 to 2020 is used to analyze its impact on the 162 countries before and after the implementation of the “Belt and Road” Initiative (BRI). The results show that the implementation of the BRI can effectively enhance the positive environmental impact of Chinese OFDI in host countries. Further research shows that with the implementation of the BRI, the environmental effects of Chinese OFDI in developing countries have become more significant. Among developing countries in Asia, the BRI has played a significant and positive role in promoting the environmental outcomes of China’s OFDI.
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1. Introduction


The rapid growth and continuous expansion of China’s OFDI has attracted much attention in recent years. In particular, since the establishment of the BRI (in 2013, Chinese President Xi Jinping proposed the initiative of jointly building the “Silk Road Economic Belt” and the “21st Century Maritime Silk Road”; the initiative is referred to as the “Belt and Road” Initiative, or BRI for short), Chinese OFDI has grown significantly in both scale and speed. China’s OFDI in countries along the “Belt and Road” has increased steadily. From 2013 to 2020, China’s accumulated OFDI in countries along the “Belt and Road” was worth USD 139.85 billion. In 2021, China’s non-financial direct investment in countries along the “Belt and Road” reached USD 20.3 billion, a year-on-year increase of 14.1%, accounting for 17.9% of the total amount in the same period. Since the BRI was put forward, China’s OFDI in countries along the route has continued to increase, and the growth rate of investment is also higher than that of other regions. As a result, China’s OFDI has also demonstrated some new characteristics, especially in terms of high-quality development and “double carbon” (“double carbon” refers to carbon peaking and carbon neutrality). In the context of this target, the investment structure, investment method and investment efficiency of OFDI have been optimized and adjusted, and the impact of OFDI has thereby also become the focus of academic attention.



Since the BRI was proposed, with the improvement of the institutional system and operational level, some problems and defects in the investment projects involved in the initial stages of the BRI have also been gradually solved. The “Belt and Road” cooperative has changed from simply pursuing a high quantity of investment projects, to focusing on their quality. The quality of the construction of various investment projects largely determines the quality of “Belt and Road” construction. Therefore, against the background of the “double carbon” goal, the investment efficiency of various investment projects, especially those concerning the ecological environment and other effects of sustainable development, has become a prominent concern in the process of building the “Belt and Road” toward high-quality development. This is an important guarantee required for China’s OFDI to achieve long-term returns and benefits against the background of the BRI.



In the context of high-quality development and the “double carbon” goal, and in the face of global warming and a complex international environment, whether China’s OFDI can produce positive environmental effects is of great strategic significance. Theoretical circles have carried out many studies on the environmental effects of OFDI, but there are inconsistent views. Some scholars believe that foreign direct investment will improve the ecological environment of the investment destination, while others believe that foreign direct investment will worsen the ecological environment. Some hold the opinion that the environmental effects of OFDI are not static, but dynamically adjusted. Others claim that the environmental effects of OFDI are characterized by an inverted “U” shape [1]; it is believed that there is an “N”-type relationship between OFDI and environmental pollution [2]. The reason for such a difference is that some researchers believe that this issue is closely related to the economic development, human capital, environmental regulation and financial development of the investment destination country [3]. For example, in the initial period of the investment destination country’s economic development, OFDI will increase pollution, and in the transition period, it will reduce pollution [4]. When the intensity of the environmental supervision in the destination country of investment is at a reasonable level, the negative effects of OFDI on environmental efficiency are weakened, and the quality of the OFDI will have a positive effect on the environmental efficiency [5].



Regarding the inconsistencies in the above research conclusions, the existing research is conducted more from the perspective of the investment destination country, by taking into account the economic level of the investment destination country, the quality of the system in the environment, etc., and less from the angle of the home country, for example, considering the environmental responsibility of the home country [6,7]. The responsibility of the home country is more reflective of the specific advantages of the home country, which means that the role that the country can play in OFDI activities has been significantly enhanced, and it has become a basic feature of contemporary international investment. For multinational enterprises lacking the advantage of a monopoly, a country’s corresponding support, guidance and encouragement of OFDI activities, from the perspective of country strategy and interests, can have a positive impact on the OFDI performance of these enterprises [8]. Through empirical analysis, some studies have concluded that China’s specific advantages play an important and key role in promoting foreign direct investment [9]. With the globalization of the market, the role of the country-specific advantages (CSAs) of home countries has been steadily declining, and the impact of the CSAs of home countries is now relatively less important in driving value than their firm-specific advantages [10]. This does not necessarily mean, however, that country-specific advantages do not affect the effectiveness of the OFDI of firms. As economic globalization and international market integration improve, enterprises, as major players in OFDI, in the context of the host country or the home country, cannot ignore the role of their own country [11]. Although the existing literature on country-specific advantages is still immature, the importance of this aspect is growing, especially with regard to home countries. Future research should focus on how to make use of the CSAs of home countries and internalize these advantages to allow enterprises to excel in international competition. The country-specific advantages are a country’s relative advantages manifested in the uneven distribution or asynchronous development of various resources among different countries [12]. Therefore, different countries have different country-specific advantages. In other words, country-specific advantages manifest differently in different countries.



As China’s economy gradually shifts towards high-quality development, country-specific advantages will have some corresponding adjustments and changes. Then, the question is: in the context of the new era, how and to what extent will country-specific advantages affect OFDI activities and the effectiveness of OFDI?



Against the background of high-quality development and the “double carbon” goal, this study, taking the proposal and implementation of the BRI as an opportunity, attempts to explore the environmental impact of China’s OFDI on the investment destination country during the implementation of the BRI, from the angle of CSAs of home countries. Based on the idea of DID, this study establishes an empirical model, and assesses whether the BRI has a significant and promoting effect on the positive ecological and environmental effects of China’s OFDI. Comparing investment destination countries with different levels of economic development, the analysis shows that the BRI has a more positive role in promoting the environmental effect of China’s OFDI in developing countries.



With the high-quality development and the “double carbon” goal as the background, this paper discusses the environmental effects of China’s OFDI during the implementation of the BRI, which can not only enrich the theory of OFDI and sustainable development theories, but also provide corresponding countermeasures for optimizing OFDI structure, improving OFDI efficiency in countries along the “Belt and Road”, and providing corresponding suggestions for countries along the route to improve their ecological environment level, as well as for the development of China’s open economy, new regional economic cooperation and the improvement of the global governance structure. At the same time, this study explores the environmental impact of China’s OFDI on the host country during the implementation of the BRI. On the one hand, it can respond to the international community’s doubts that OFDI will transfer excess capacity and increase the environmental burden of the host country. On the other hand, it can further reflect the concept of high-quality development, and highlight the fact that China pays more attention to the impact of ecological environment and sustainable development in the process of OFDI. Therefore, this study has specific practical and theoretical significance. The main innovations of this study are as follows. At first, with the help of the theory of country-specific advantages, this paper starts from the angle of the home country and studies the impact of China’s OFDI on the environmental pollution of the investment destination during the implementation of the BRI. Second, with the help of the idea of DID, we conduct an empirical analysis and test of the policy effect brought by the implementation of the BRI, providing a realistic sample for assessing the country’s specific advantageous role in the processes of China’s OFDI. Third, with full-sample and sub-sample data to conduct empirical tests, it is concluded that compared with developed countries, against the background of the BRI, China’s OFDI can contribute to the environmental improvement of developing countries, which expands the existing research conclusions. The remaining parts of the paper are arranged as follows: the second section is about the literature review, theoretical analysis and research hypotheses; the third section contains the data and methodology; the fourth section concerns the empirical results; the last section outlines the conclusions and policy implications.




2. Literature Review, Theoretical Analysis and Research Hypotheses


2.1. Literature Review


Regarding the impact of OFDI on the investment destination, in empirical research, economists generally focus on trade creation effects [13,14], employment [15,16,17], domestic investment [18], national income [19,20], economic growth [21,22,23], global value chain advancement [24] and other aspects to test the positive impact of foreign direct investment. However, some studies show that the effect of OFDI on the investment destination is not significant. For example, some scholars believe that there is not an obvious relationship between OFDI and economic development, and capital formation or OFDI has a negative long-term impact [25,26]. Nonetheless, although the negative effects of OFDI cannot be ignored [27], overall, OFDI may have more positive effects on host and home countries.



The existing studies on the environmental impact of OFDI in the investment destination country are mainly divided into three categories based on their conclusions: First, the OFDI will not have a positive impact on the environment. For example, some scholars believe that OFDI will increase the environmental pressure of investment destination countries [28,29,30,31,32,33,34,35]. Second, OFDI will have a positive impact on the environment. For example, some scholars believe that the OFDI will contribute to the reduction of pollutant emissions in the investment destination country and improve the ecological environment [36,37,38,39]. Third, the impact of OFDI on the environmental quality of the investment destination country is not constant. Some scholars believe that the environmental impact of FDI inflow into China is characterized by a “U” shape [4], that is, environmental pollution first declines and then rises with FDI inflow [40]. Another scholar believes that the environmental impact of FDI inflow into China is characterized by an “N” shape [2], that is, the three-stage development trend of environmental pollution as it first deteriorates, then improves, and then deteriorates with the inflow of FDI. The impacts of OFDI on the environments of different countries or regions are quite different. For the explanation of this difference, the existing research focuses more on the factors of the investment destination country, such as the economic levels and stages [3,4], the economic structure [41], environmental regulations [5,42], human capital [43,44] and the level of financial development [3], etc., to explore the differences in the environmental impact of OFDI. However, there are relatively few studies on the impact of OFDI on the environmental quality of the investment destination country from the angle of the specific advantages of the home country.




2.2. Theoretical Analysis and Research Hypotheses


The CSAs were first proposed by Rugman in 1981 [45], who explained that multinational enterprises conduct OFDI based on the CSAs of the home country and their own enterprise-specific advantages. The CSAs of the home country are manifested in providing basic conditions for OFDI [8], and at the same time maintaining important conditions for the specific advantages of multinational enterprises participating in OFDI, including the following: the industry advantages of multinational enterprises, location advantages, scale advantages, organizational advantages, etc. They also provide corresponding support, guidance and encouragement for the OFDI activities of enterprises. With the enhancement of globalization and the degree of international market integration, the important role of the country as the important body of OFDI, whether within the host country or the home country, cannot be ignored [11]. The theory of country-specific advantages emphasizes the importance of countries in foreign direct investment activities, and country-specific advantages are the basic conditions for multinational enterprises to increase their competitiveness.



The pursuit of a higher level of opening up not only shows the sincere desire of the Chinese people to work with people from all over the world to build a global community, but also demonstrates China’s active response to the responsibility of a major country for sustainable development [46]. The concept of the “co-discussion, sharing and co-construction” of the BRI emphasizes the responsibility and the specific advantages of the home country in the process of foreign economic cooperation. After the BRI, China’s OFDI has linked the interests of China and various host countries and has played an important and key role in promoting a community of regional interests.



After the BRI, China’s OFDI, under the influence of the CSAs of the home country, can bring about more investment growth through the policy incentives during the promotion of the BRI. However, the key is whether this kind of investment can bring considerable investment returns. Existing studies have concluded that the CSAs of a home country can promote an increase in overseas investment [47], which can bring economic investment returns to the host country, such as income growth and employment increase. However, while promoting the implementation of a high-quality BRI, China’s OFDI should not only increase in quantity, but also focus on qualitative improvement. It is not only the return on investment at the economic level, but also the sustainable effect that can stand the test of time. Therefore, against the background of the new era, the increase in investment projects and the effectiveness at the economic level alone are not enough to test the effectiveness of OFDI during the implementation of the BRI at the current stage. The investment results in the ecological environment of OFDI are, on the one hand, a positive response to the new international economic situation, and on the other hand, highly consistent with the idea of promoting the implementation of high-quality BRI. Then, during the implementation of the BRI, the investment effectiveness of China’s OFDI in environmental aspects can be used as an important test indicator to measure and test the quality of China’s OFDI projects. On this basis, it is necessary to discuss the impact of OFDI during the implementation of the BRI in terms of environmental effects in combination with high-quality development and the “double carbon” goal, for which the following hypothesis is proposed.



Hypothesis 1.

During the implementation of the BRI, China’s OFDI can promote the improvement of the host country’s environment.





According to the concept of “co-consultation, co-construction, and sharing” proposed by the BRI, it would be biased to ignore the well-being of the host country, or not take the well-being of the host country as a key and important consideration during the OFDI process. The discussion of the environmental effects of China’s OFDI against the background of the BRI can further highlight the concept and principles of the BRI, and also reflect China’s determination and actions in promoting the building of a community. During the OFDI process, it is necessary to fully respect the various resources of the host country (such as management resources, knowledge resources and human resources and their system and culture) and balance the interests of different levels of subjects [12] including both short-term and long-term interest demands. This is the basis for cooperation, gradually forming a common development concept of win–win cooperation and the achievement of each other’s goals, and building an in-depth cooperation mechanism for risk-sharing and benefit-sharing. This enables the host country to obtain more tangible benefits in the process of attracting FDI, not only in the form of short-term economic benefits, but also long-term and sustainable benefits. Since there are more developing countries along the route, during the implementation of the BRI, the environmental effects of China’s OFDI on developing countries have also attracted much attention. The environmental promotion effect can also better highlight the concept of “co-consultation, co-construction and sharing” in the implementation of the BRI. Based on this, the following hypothesis is proposed.



Hypothesis 2.

During the implementation of the BRI, China’s OFDI can better promote the environmental improvement in developing countries than in developed countries.







3. Data and Methodology


3.1. Mechanism Description


The endogenous growth theory and the exogenous growth theory emphasize the corresponding impacts of OFDI on the economic growth, technological progress, employment, income and other aspects of the host country. The endogenous growth theory proposed by Romer [48,49] is taken as representative, which expounds and analyzes the internal mechanism and the correlation between FDI and economic growth. FDI may play a role in economic growth through capital accumulation and knowledge spillovers [25]. The exogenous growth theory [50] assumes that economic growth and development is generated through external factors of production, such as capital accumulation and labor. Therefore, the introduction of technology via new FDI can increase the productivity of the labor and capital stock, which will further increase the return on investment. In general, exogenous growth theory holds that FDI enhances the host country’s capital stock, which then promotes rapid economic growth and development toward a new steady state. The impact of foreign capital introduction on economic growth and development is twofold: firstly, foreign capital introduction can affect economic growth through the introduction of new goods, capital accumulation and foreign technologies, according to exogenous growth theory [25]. Secondly, the inflow of foreign capital can promote economic growth and development by increasing the host country’s knowledge reserves through knowledge transfer, according to endogenous growth theory [51]. Therefore, theoretically speaking, for the host country, the purposes of economic growth can be achieved by introducing and absorbing FDI.



For the host country, firstly, in the process of achieving economic growth by attracting foreign capital, more resources and funds are invested in environmental protection and improving the quality of the country’s environment; secondly, attracting foreign direct investment can not only facilitate the export of more intermediate products to the investing countries, but also promote the absorption of advanced science and technology, production processes and management processes from the investing countries, so as to obtain the benefits brought by positive technology spillovers. Enterprises in the host country can adopt more environmentally friendly production standards to improve production processes, improve production efficiency and save production costs, thereby promoting the optimization of environmental quality [52]. The natural environment of the host country will directly and indirectly reduce industrial environmental pollution through the spillover of ecological technology innovation [4]. It is this positive technology spillover that enables the host country’s enterprises to better exert a local market effect, to promote the upgrading and optimization of the industrial structure, and thus promote the improvement of the investment destination country’s ecological environment. In addition, in the process of OFDI, multinational companies are not only encouraged and supported by the home country’s policy, but also come under the guidance of the home country’s policy and carry out OFDI activities according to its requirements. For example, the German government requires multinational companies that do OFDI to fulfill their corporate social responsibility and abide by specific principles that they have formulated, including high standards in terms of environmental impact [52,53]. With the implementation of the BRI and the expansion of China’s OFDI scale, the Chinese government has also paid more attention to promoting the green development model of green OFDI and cooperation [54]. In 2021, the Ministry of Commerce and the Ministry of Ecology and Environment of China issued the Guidelines for Green Development of Foreign Investment and Cooperation. The guideline provides important guidance for Chinese enterprises to carry out OFDI activities and reflects the clear orientation of the Chinese government towards supporting enterprises to actively contribute to global green development. Against the background of high-quality development and the goal of “double carbon”, to integrate green concepts into the joint construction investment projects of the BRI is to take the new development concept as the guide, and to seek the development of a global ecological civilization [55]. Therefore, in the implementation of the BRI, the OFDI, together with the specific advantages of the home country, has played a positive role (different from that in the traditional period) in promoting the integration of the specific advantages of enterprises and the specific advantages of the host country. The integration effect of these specific advantages can enable the accumulation of more resources and elements, thereby promoting the further improvement of the ecological environment of the host country.




3.2. Model


To consider the environmental impact of OFDI, Panayotou [56] first proposed the “Environmental Kuznets Curve (EKC)”, based on the nonlinear idea of the Kuznets curve. The IPAT model (I = PAT) [57] is used to test the impact of population growth on the environmental quality. However, with the development of OFDI, the limitations of existing models are further highlighted. Therefore, this paper draws on the model STIRPAT (Stochastic Effects of Population, Economic Development Level and Technology by Regression) established by other scholars [39,58,59], as follows:


   I i  = a  P i b   A i c   T i d   e i   



(1)







In Equation (1), I represents the environmental index, and P, A and T represent the factors that affect the environment, including population size, economic level and technological index. The variables a, b, c and d are the estimated parameters, and e is the error term. In this paper, we refer to the practice of some scholars including OFDI as an additional variable, and thus construct an extended version of the STIRPAT model [39]. After rearranging the natural logarithm of the model, some studies [39] formulate a new model for the environmental effects of Chinese OFDI on the host country, as follows:


  l n  I  i , t   =  α 0  +  α 1  l n O F D  I  c i , t   +  α 2  l n  P  i , t   +  α 3  l n  A  i , t   +  α 4  l n  T  i , t   +  α 5  l n  S  i , t   +  ε  i , t      



(2)







In Equation (2), P stands for population size, A stands for GDP level, T stands for technological level, and S stands for industrial structure. In the existing research, it is generally believed that a country’s population size, economic level, technological level and industrial structure are closely related to a country’s ecological environment quality [39]. In different studies, these kinds of variables are represented by different proxy variables. In this study, we use the population of an investment destination country to represent the population size (Pop), the per capita GDP of a country to represent the economic level (GDPper), the proportion of a country’s communications and technology product exports to GDP to represent the technology level (Tech), and the proportion of the country’s industrial added value to GDP represents the industrial structure (Structure).



This paper continues to use the Difference-in-Differences to examine the environmental effects of China’s OFDI during the implementation of the BRI. Difference-in-Differences is a method proposed for counterfactual logic. In the process of its use, the observation objects need to be divided into the treatment group and the control group. The treatment group is the sample group affected by the policy, in which there is a policy change at a certain time point; the control group is the sample group not affected by the policy, in which, at the given time point, there is no policy change. This method mainly tests the effects of policy implementation by comparing the changes in the treatment group and the control group before and after the implementation of the policy. In empirical analysis, in order to avoid bias, it is necessary to find a suitable control group to be used as the counterfactual reference group of the treatment group and obtain the time effect before and after the policy implementation of the control group. Then, the changes in the control group before and after the implementation of the policy are subtracted from the changes of the treatment group before and after the implementation of the policy to obtain the real effect of the policy’s implementation, also known as the treatment effect.



This study examines the impact of the BRI on the environmental effects of OFDI. It is inaccurate to simply analyze the changes in the environmental effects of OFDI before and after the implementation of the BRI. Such a change contains two parts: one is the time effect without the implementation of the BRI, that is, the change in the time trend; the other is the direct policy effect of the BRI. The real policy effect is considered by excluding the time effect. To eliminate the time effect, the usual method is to choose a frame of reference [9], that is, to select a sample affected by the implementation of the BRI and use this sample to obtain the OFDI’s environmental effects before and after the implementation of the BRI. Changes in OFDI environmental effects before and after the implementation of BRI can be obtained by subtracting the change of the sample which is not affected by the implementation of the BRI at the same time. This is the main idea of the DID model.



The idea of DID is generally represented by a linear regression model containing the experimental group dummy variable and the time dummy variable:


   Y  i , t   =  β 0  +  β 1   G i  ×  D t  +  β 2   G i  + γ  D t  +  ε  i , t      (  i = 1 , ... , n ; t = 1 , 2  )   



(3)







In the above regression model, Gi represents the grouping dummy variable (Gi = 1, if i belongs to the experimental group; Gi = 0 if i belongs to the control group); Dt represents the experimental period dummy variable (Dt = 1, if t = 2; Dt = 0, if t = 1), and the coefficient of the multiplication term GiDt is the real measure of the policy implementation effect of the experimental group.



Taking the proposal of the BRI as its focus, this paper considers how the CSAs of the home country can promote the environmental effects of OFDI. Therefore, the BRI, which represents the CSAs of the home country, is taken as the main variable and incorporated into the empirical model to examine whether the BRI can significantly promote China’s OFDI to bring about an improvement in the environmental effects of the host countries. While discussing the environmental effects of China’s OFDI on each investment destination country, this study uses the per capita carbon dioxide emissions proxy variable of each host country (based on the DID model and existing research results [60]) and combines Equations (2) and (3) to construct the following empirical model:


  E  n  i , t   =  α 0  +  α 1  B R  I t  +  α 2  T r e a  t i  +  α 3  l n O F D  I  c i , t   × B R  I t  × T r e a  t i  + γ  X  i , t   + C o u n t r  y i  + Y e a  r t  +  ε  i , t      



(4)







Here,   E  n  i , t     represents the pollution emissions, indicating the ecological environment level of each host country, using the per capita carbon dioxide emissions of each host country as a proxy variable;   O F D  I  c i , t     represents the level of China’s OFDI in each investment destination country, and its value is equal to the stock of China’s OFDI in country i in period t, taking the logarithm in the empirical analysis;   T r e a  t i    is the grouping dummy variable (1 for countries along the “Belt and Road”, otherwise 0);   B R  I t    is the time dummy variable (with a value of 1 after the BRI is proposed, otherwise 0). In the empirical analysis, for years after 2013, the   B R  I t    value is 1; and for the year of 2013 and before, the   B R  I t    value is 0. This paper incorporates the dummy variable   T r e a  t i   , which determines whether the investment destination country is a country along the route, into the model, mainly to compare and analyze the countries along the route and those that are not and use this to exclude the influence of other policy factors during this period. The most important part of the model is the interaction term   l n O F D  I  c i , t   × B R  I t  × T r e a  t i   , which examines whether the value of the regression coefficient    α 3    of the interaction term is negative, and whether it passes the significance test. If the coefficient is significantly negative, it means that the BRI can significantly improve the environmental effects of OFDI on the investment destination country. In addition, in the model,    X  i , t     stands for the control variable, including the population size (Pop), economic development level (GDPper), technological level (Tech), industrial structure (Structure) and the scale of FDI that actually flows into each host country (IFDI).



Equation (4) is specially designed for China’s country-specific advantages and has good applicability in empirical analyses to explain the policy effects of the implementation of the BRI. This is the advantage of this model. However, whether the model can draw consistent conclusions in other application scenarios still needs to be tested in practice.




3.3. Data Source and Description


Taking China’s proposal of the BRI in 2013 as the time node, this paper focuses on whether the implementation of the BRI can promote improvements in the environmental quality of China’s OFDI and compares the changes in the environmental effects of China’s OFDI before and after 2013. The sample data of China’s OFDI from 2003 to 2020 was collected, along with the population, economic level, industrial structure and technological level of each host country, and the scale of FDI that actually flows into each host country. After filtering out and deleting missing values, this paper finally retains data on China’s OFDI in 162 countries, and the relevant information of these 162 host countries. According to the “Statistical Bulletin of China’s OFDI”, the statistics of 63 countries and regions along the “Belt and Road” have been collected. Among these 162 countries, 53 are countries along the “Belt and Road” (the 53 countries are Afghanistan, Albania, United Arab Emirates, Azerbaijan, Bangladesh, Bulgaria, Bahrain, Bosnia and Herzegovina, Belarus, Brunei, Czech Republic, Estonia, Georgia, Croatia, Hungary, India, Iran, Israel, Jordan, Kazakhstan, Kyrgyzstan, Cambodia, Kuwait, Lao PDR, Lebanon, Sri Lanka, Lithuania, Latvia, Moldova, North Macedonia, Myanmar, Mongolia, Malaysia, Nepal, Oman, Pakistan, Philippines, Poland, Qatar, Romania, Russian Federation, Saudi Arabia, Singapore, Serbia, Slovakia, Slovenia, Syria, Thailand, Turkey, Ukraine, Uzbekistan, Vietnam and Yemen). For specific data sources, see Table 1.



	(1)

	
Dependent variable. The per capita carbon dioxide emission of each host country is used as a proxy variable for the explained variable.




	(2)

	
Explanatory variables. The most important core independent variable is the impact of the BRI on the ecological effects of China’s OFDI on each host country, and the specific variable   l n O F D I × B R I × T r e a t   is an interaction item, including China’s OFDI, the implementation of the BRI and countries along the “Belt and Road”. In the process of the concrete empirical analysis, the stock of OFDI is used as a proxy variable for OFDI.




	(3)

	
Control variables. The level of ecological environment is constrained by many factors, such as the level of economic, the population size, the industrial structure, and the technological level. Considering the environmental effects of FDI inflows into each country from others, this paper also controls for the scale of FDI that actually flows into each country. The control variables in this empirical model include the per capita GDP of each country, the total population of each host country, the proportion of each country’s industrial added value in terms of GDP, the proportion of communication and technology exports in GDP and the scale of FDI that actually flows into each host country.







In Table 2, the descriptive statistics of the main variables can be obtained. The treatment group reported the per capita carbon dioxide emissions of the host countries along the “Belt and Road”, the stock of FDI absorbed from China, the size of the population, the per capita GDP, the proportion of communications and technology exports in GDP, the proportion of industrial added value in GDP and the scale of FDI that actually flows into each host country. The control group reported the per capita carbon dioxide emissions of host countries not along the “Belt and Road”, the stock of FDI absorbed from China, the population size, the per capita GDP, the proportion of communications and technology exports in GDP, the proportion of industrial added value in GDP and the scale of FDI that actually flows into each host country.





4. Empirical Results


4.1. Parallel Trend Test


The premise of the DID is the hypothesis of parallel trends—that is, the change trends of the explained variables in the two different groups before the policy shock are parallel—and the test is carried out by setting annual dummy variables. For this purpose, we establish a dynamic effect model. In Equation (5), the superscript of DID is used to indicate the advancement or lagging of the implementation of the BRI. For example, DID−3 represents the third year before the BRI for country i in the treatment group; DID2 indicates the second year after the BRI for country i in the treatment group. In order to avoid multicollinearity, the item DID−1 in the year before the implementation of the BRI was not included in Equation (5).


  E  n  i , t   =  β 0  +  β 1  l n O F D  I  c i , t   +  β 2  D I  D  − 4   +  β 3  D I  D  − 3   +  β 4  D I  D  − 2   +  β 5  C u r r e n t +  β 6  D I  D 1  +  β 7  D I  D 2  +  β 8  D I  D 3   +  β 9  D I  D 4  +  β  10   D I  D 5  + γ  X  i , t   + Y e a  r t  + C o u n t r  y i  +  ε  i , t      



(5)







Table 3 shows the test results of the above Equation (5). The coefficients in the four years before the BRI are not significant. This represents that there is no difference between the two different groups before the BRI. After the BRI, the policy effect is significantly negative, reaching the maximum value (−0.426) five years later. It shows that after the BRI, China’s OFDI has reduced the environmental pollution of the investment destination countries and has a significant and positive effect on the improvement of the environmental quality of the investment destination countries. In other words, the test results conform to the parallel trend hypothesis, which supports the applicability of the DID method.



Figure 1 shows the trend test chart of the investment destination country’s environmental indicators before and after the implementation of the BRI. The abscissa range is the number of annual periods before and after the BRI; the value range is from t − 4 to t + 6, and the ordinate is the regression coefficient of Equation (5). For the countries along the route, the figure intuitively shows that after the BRI, the per capita carbon dioxide emissions will be significantly reduced after the given period, especially in the first year of the BRI, and reach the maximum effect after the fifth year. Taken together, the preliminary results from figures show that with the implementation of the BRI, China’s OFDI has relieved the environmental pressure of the investment destination country.




4.2. Empirical Results


Based on Equation (4), this study used the number of samples from 2003 to 2020 to determine whether there was a corresponding change in the environmental effects of China’s OFDI before and after the BRI was proposed in 2013 through test method of Stata 16.0. The stock data of OFDI in each host country is relatively stable. In the empirical analysis, the stock data of OFDI is used as a proxy variable to measure China’s OFDI in the investment destination countries, so as to analyze and test the environmental effects of China’s OFDI on the investment destination countries during the implementation of the BRI. The specific empirical results can be seen in Table 4.



In Table 4, the coefficient of the interaction term   l n O F D I × B R I × T r e a t   is −0.97, which is significantly negative, and its economic significance is also high. This shows that the BRI has a positive and significant effect on the environmental effects of China’s OFDI in various investment destination countries, which supports hypothesis 1 of this paper.



As regards the control variables, the absorption of FDI by the investment destination country is positively correlated with per capita CO2 emissions, with a coefficient of 0.046. In contrast, population and per capita CO2 emissions are negatively correlated, with a coefficient of −2.863. Per capita GDP, technological level and industrial structure are also positively correlated with per capita CO2 emissions, with coefficients of 1.032, 0.005 and 0.047, respectively.




4.3. Robustness Check


4.3.1. PSM-DID Model Test


Since the selection of sample countries along the “Belt and Road” is not random, this paper adopts the propensity matching score (PSM) method for analysis in order to reduce the possible endogeneity problems of non-random selection. Firstly, the Logit model is used to examine which characteristic host countries may be situated along the “Belt and Road”. Second, Mahalanobis matching was used to derive the four nearest neighbor pairings, and the difference between variables before and after PSM was tested to show that after PSM matching, the difference between the two groups was significantly reduced. Finally, Equation (4) was re-tested using the matched samples. The results are consistent with those of Table 4. The coefficient of   l n O F D I × B R I × T r e a t   is −1.285, which is significantly negative, as shown in Table 5.




4.3.2. Placebo Test


This paper conducted two placebo tests, one before and one after the implementation of the BRI, to compare whether there was a significant difference before and after the implementation year of the randomized quasi-experiment, in order to ensure the paper results actually caused by the implementation of the BRI. First, we use Equation (4), and re-estimate the regressions in Table 4 by arbitrarily shifting the event window two years forward and then two years back. The event window is defined as 2011 vs. 2015. The regression analysis results are reported in Table 6 below, and it can be seen from (2) and (4) that the coefficient of   l n O F D I × B R I × T r e a t   is not significant. Therefore, the empirical results show that the changes in the environmental quality of the investment destination country are indeed caused by the BRI, rather than other factors between the treatment group and the control group. Overall, these results further confirm that the BRI has a significant impact on the potential environmental effects of China’s OFDI. Therefore, robust empirical evidence is provided for the previous findings.





4.4. Further Research


This paper further analyzes the empirical sample and finds that the environmental impact of China’s OFDI in different investment destination countries is inconsistent. For example, the environmental effects produced by China’s OFDI are heterogeneous when the investment destinations are developed and developing countries. Such heterogeneity must be examined. Therefore, this study further divides the 162 countries into developed and developing countries, and adopts Equation (4) for empirical analysis, as shown in Table 7.



The empirical result from Table 7 shows that, during the implementation of the BRI, the potential positive environmental effect of China’s OFDI is significant in developing countries. For developing countries, the coefficient of the multiplication item   l n O F D I × B R I × T r e a t   is −1.885, which is significantly negative. This is consistent with the fact that during the implementation of the BRI, most of the countries that actively participated in and responded to the “Belt and Road” investment projects are developing countries, which supports hypothesis 2 of this paper.



Along the “Belt and Road”, Asian countries and European countries are represented in a large proportion. This paper further divides the developing countries into Asian countries and European countries. The empirical results are shown in Table 8. For the Asian countries and European countries in the sample, the coefficients of the multiplication item   l n O F D I × B R I × T r e a t   are significantly negative, indicating that the BRI can significantly promote the positive effects of China’s OFDI on the environment in these countries. In the sample, the coefficient of   l n O F D I × B R I × T r e a t   for developing countries in the Asian region is more negative, which is closely related to the positive response and participation of Asian countries after the implementation of the BRI.





5. Conclusions and Policy Implications


This study analyzes the environmental effects of China’s OFDI against the background of the “Belt and Road”, from the angle of the CSAs of the home country. With the help of the DID concept, this paper focuses on the impact of the implementation of the BRI on the environmental effects of China’s OFDI in various countries. The basic conclusions are as follows: First, the implementation of the BRI can effectively promote the improvement of the environmental effects of China’s OFDI in the investment destination. That is, after the implementation of the BRI, China’s OFDI can significantly improve the environmental quality of the investment destination. Second, the positive environmental impact of China’s OFDI in developing countries is more significantly affected by the BRI than in developed countries. Third, for developing Asian countries, the BRI has played a more significant and positive role in promoting the environmental effects of China’s OFDI.



After the implementation of the BRI, the specific advantages derived by the home country in the process of China’s OFDI are further enhanced. Firstly, by integrating these specific advantages, China can further optimize the integration and allocation of resources and elements in the process of OFDI, promote the upgrading of the investment destination country’s domestic industry, and bring about an improvement in environmental quality. Secondly, with the implementation of the BRI, China’s OFDI has encouraged host countries to improve quality of their ecological environment, while achieving economic development. To improve the quality of the ecological environment, a relatively large number of projects with high environmental protection standards have been introduced, which reduces the discharging of pollutants and makes the ecological environment less prone to deterioration. Therefore, to a large extent, the influence of China’s OFDI on the environmental quality of the investment destination country is proven. This finding is consistent with the conclusion of [52] that with the implementation of the BRI, China’s OFDI in countries along the route has produced positive environmental effects. This paper further examines the different impacts of BRI implementation on different host countries. Compared with developed countries, the BRI has a more significant positive impact on the environmental improvement effect of China’s OFDI in developing countries. This differs from the conclusions derived in existing studies [61,62] that OFDI reduces CO2 emissions only in high-income countries and regions, and not in middle- and low-income countries and regions. This finding, on the one hand, responds to the international community’s doubts about the implementation of the BRI, and on the other hand, further highlights the positive impact of the implementation of the BRI.



This study has important policy implications for improving the quality and efficiency of China’s OFDI in the context of BRI. On the one hand, it is necessary to increase OFDI in countries along the route, improve the environmental quality of host countries and meet the goal of sustainable development. On the other hand, countries along the route can actively participate in the process of BRI implementation, attract more FDI from China and promote the improvement of their own environment. Therefore, this study shows that the BRI can effectively improve the positive effects of China’s OFDI on the environmental quality of the investment destination, which provides a further reference for adjusting and optimizing the scale and structure of OFDI during the implementation of the BRI. It also provides a reference that will help countries along the route attract FDI from China. The host countries, especially those along the route, can actively participate in the BRI to absorb more FDI from China and improve their own environmental quality.
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Figure 1. Parallel trend test. 






Figure 1. Parallel trend test.



[image: Sustainability 14 12868 g001]







[image: Table] 





Table 1. Variables and Data Sources.






Table 1. Variables and Data Sources.





	

	
Variable Name

	
Variable Abbreviation

	
Variable Meaning

	
Data Sources






	
Dependent variable

	
CO2 emissions per capita

	
En

	
Status of the ecological environment in various countries

	
World Development Indicators




	
Core independent variable

	
China’s OFDI stock, taking the logarithm in the empirical case

	
lnOFDI

	
China’s OFDI

	
2003–2020 “Statistical Bulletin of China’s Foreign Direct Investment”




	
Implementation of the BRI

	
BRI

	
The time node when the implementation of the BRI began

	
China’s Belt and Road Network




	
Countries along the “Belt and Road”

	
Treat

	
Countries along the “Belt and Road”




	
Control variable

	
Population, logarithm when empirical

	
lnPop

	
Population size of each country

	
World Development Indicators




	
GDP per capita in each country, logarithmic when empirical

	
lnGDPper

	
The level of economic development of each country




	
The ratio of total communication and technology exports to GDP by country

	
Tech

	
The technical level of each country




	
Industrial added value as a percentage of GDP

	
Structure

	
Industrial structure of each country




	
FDI inflows

	
IFDI

	
Scale of FDI attracted by countries
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Table 2. Descriptive Statistics.






Table 2. Descriptive Statistics.





	
Treatment Group




	
Variable

	
Obs

	
Mean

	
Std. Dev.

	
Min

	
Max






	
En

	
954

	
6.694

	
7.249

	
0.0417

	
50.95




	
lnOFDI

	
954

	
18.03

	
2.965

	
9.21

	
24.82




	
lnPop

	
954

	
16.28

	
1.537

	
12.78

	
21.05




	
lnPerGDP

	
954

	
8.587

	
1.315

	
5.082

	
11.35




	
Tech

	
954

	
4.914

	
9.306

	
0.000000123

	
49.02




	
Structure

	
954

	
31.93

	
13.31

	
6.861

	
74.81




	
lnIFDI

	
911

	
21.35

	
1.681

	
13.81

	
25.87




	
Control Group




	
Variable

	
Obs

	
Mean

	
Std. Dev.

	
Min

	
Max




	
En

	
1962

	
3.681

	
4.285

	
0.0204

	
25.6




	
lnOFDI

	
1962

	
17.8

	
3.066

	
9.21

	
27.02




	
lnPop

	
1962

	
15.57

	
2.1

	
9.776

	
19.62




	
lnPerGDP

	
1962

	
8.495

	
1.577

	
4.732

	
11.73




	
Tech

	
1962

	
2.705

	
5.396

	
0.0000159

	
51.5




	
Structure

	
1962

	
24.26

	
11.22

	
4.556

	
87.8




	
lnIFDI

	
1838

	
20.5

	
2.677

	
10.36

	
27.32
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Table 3. Parallel Trend Test.
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Variable

	
Coefficient

	
Standard Error






	
DID−4

	
−0.16

	
0.117




	
DID−3

	
−0.0073

	
0.125




	
DID−2

	
−0.105

	
0.146




	
current

	
−0.284 *

	
0.162




	
DID1

	
−0.379 **

	
0.171




	
DID2

	
−0.225

	
0.173




	
DID3

	
−0.21

	
0.181




	
DID4

	
−0.233

	
0.179




	
DID5

	
−0.426 **

	
0.216




	
DID6

	
−0.463

	
0.31




	
lnP

	
−2.626 **

	
1.067




	
lnA

	
1.108 ***

	
0.102




	
T

	
0.0297 ***

	
0.00691




	
S

	
0.00696

	
0.00775




	
lnIFDI

	
0.0706 ***

	
0.0272




	
Fixed Effects

	
Year/Country




	
Observations

	
2062




	
R-squared

	
0.98








*, ** and *** represent significance at the 10%, 5% and 1% levels, respectively. The regression controls for year and country fixed effects.
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Table 4. Empirical Results.






Table 4. Empirical Results.





	

	
(1)

	
(2)






	
BRI

	

	
−0.503 **




	

	
(−2.22)




	
Treat

	

	
10.27 ***




	

	
(3.52)




	
lnOFDI × BRI × Treat

	

	
−0.970 **




	

	
(−2.15)




	
lnPop

	
−2.814 ***

	
−2.863 ***




	
(−3.22)

	
(−3.26)




	
lnGDPper

	
1.006 ***

	
1.032 ***




	
(11.90)

	
(12.08)




	
Tech

	
0.0445 ***

	
0.0466 ***




	
(7.14)

	
(7.37)




	
Structure

	
0.00760

	
0.00567




	
(1.12)

	
(0.87)




	
lnIFDI

	
0.0471 **

	
0.0459 **




	
(2.05)

	
(2.00)




	
_cons

	
41.81 ***

	
37.62 ***




	
(2.90)

	
(2.87)




	
Fixed Effects

	
Year/Country

	
Year/Country




	
N

	
2749

	
2749








Note: ** p < 0.05, *** p < 0.01.
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Table 5. Analysis of PSM-DID Regression Results.
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(1)

	
(2)






	
BRI

	

	
−0.756 ***




	

	
(−2.83)




	
Treat

	

	
9.274 ***




	

	
(2.64)




	
lnOFDI × BRI × Treat

	

	
−1.285 **




	

	
(−2.37)




	
lnPop

	
−2.465 **

	
−2.560 **




	
(−2.37)

	
(−2.43)




	
lnGDPper

	
1.076 ***

	
1.107 ***




	
(10.93)

	
(11.02)




	
Tech

	
0.0254 ***

	
0.0288 ***




	
(3.90)

	
(4.27)




	
Structure

	
0.00914

	
0.00721




	
(1.12)

	
(0.92)




	
lnIFDI

	
0.0728 ***

	
0.0715 ***




	
(2.62)

	
(2.59)




	
_cons

	
35.43 **

	
31.90 **




	

	
(2.06)

	
(2.06)




	
Fixed Effects

	
Year/Country

	
Year/Country




	
N

	
2062

	
2062








Note: ** p < 0.05, *** p < 0.01.
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Table 6. Placebo Test.
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Policy Advance

	
Policy Postponement




	

	
(1)

	
(2)

	
(3)

	
(4)






	
BRI1

	

	
−0.799 ***

	

	
−0.811 ***




	

	
(−2.79)

	

	
(−2.84)




	
Treat

	

	
6.801 **

	

	
6.670 *




	

	
(1.97)

	

	
(1.95)




	
lnOFDI × BRI1 × Treat

	

	
−0.819

	

	
−0.596




	

	
(−1.61)

	

	
(−1.13)




	
lnPop

	
−1.745 *

	
−1.805 *

	
−1.745 *

	
−1.790 *




	
(−1.72)

	
(−1.75)

	
(−1.72)

	
(−1.73)




	
lnGDPper

	
0.975 ***

	
1.000 ***

	
0.975 ***

	
0.987 ***




	
(10.52)

	
(10.45)

	
(10.52)

	
(10.46)




	
Tech

	
0.0421 ***

	
0.0441 ***

	
0.0421 ***

	
0.0432 ***




	
(6.27)

	
(6.57)

	
(6.27)

	
(6.42)




	
Structure

	
0.00825

	
0.00702

	
0.00825

	
0.00733




	
(1.16)

	
(1.02)

	
(1.16)

	
(1.06)




	
lnIFDI

	
0.0523 *

	
0.0500 *

	
0.0523 *

	
0.0526 *




	

	
(1.89)

	
(1.84)

	
(1.89)

	
(1.90)




	
_cons

	
24.39

	
21.59

	
24.39

	
21.43




	

	
(1.45)

	
(1.42)

	
(1.45)

	
(1.41)




	
Fixed Effects

	
Year/Country




	
N

	
2072

	
2072

	
2072

	
2072








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 7. Further Study 1.






Table 7. Further Study 1.





	

	
(1) Developed Countries

	
(2) Developed Countries

	
(3) Developing Country

	
(4) Developing Country






	
BRI

	

	
−2.404 ***

	

	
0.707 *




	

	
(−7.58)

	

	
(2.51)




	
Treat

	

	
−2.598

	

	
12.18 ***




	

	
(−1.59)

	

	
(3.51)




	
lnOFDI × BRI × Treat

	

	
1.047

	

	
−1.885 ***




	

	
(1.34)

	

	
(−3.56)




	
lnPop

	
−4.579 ***

	
−4.435 ***

	
−3.475 ***

	
−3.603 ***




	
(−4.20)

	
(−4.11)

	
(−3.31)

	
(−3.42)




	
lnGDPper

	
2.258 ***

	
2.145 ***

	
0.463 ***

	
0.492 ***




	
(10.47)

	
(8.57)

	
(5.70)

	
(6.22)




	
Tech

	
0.0280 **

	
0.0259 **

	
0.0174 *

	
0.0212 *




	
(3.24)

	
(2.84)

	
(1.98)

	
(2.31)




	
Structure

	
0.0317

	
0.0342

	
0.0147 *

	
0.0118




	
(1.15)

	
(1.21)

	
(2.19)

	
(1.91)




	
lnIFDI

	
−0.0814

	
−0.0822 *

	
0.0814 **

	
0.0768 **




	
(−1.96)

	
(−1.97)

	
(3.19)

	
(3.07)




	
_cons

	
52.69 ***

	
52.19 **

	
54.61 **

	
52.06 **




	

	
(3.32)

	
(3.25)

	
(3.16)

	
(3.25)




	
Fixed Effects

	
Year/Country




	
N

	
655

	
655

	
2046

	
2046








Note: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8. Further Study 2.
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(1) Developing Countries in Asia

	
(2) Developing Countries in Asia

	
(3) Developing Countries in Europe

	
(4) Developing Countries in Europe






	
BRI

	

	
2.782 ***

	

	
−0.198




	

	
(4.38)

	

	
(−0.19)




	
Treat

	

	
28.81 ***

	

	
10.49 *




	

	
(5.32)

	

	
(1.81)




	
lnOFDI × BRI × Treat

	

	
−4.189 ***

	

	
−3.311 **




	

	
(−3.39)

	

	
(−2.17)




	
lnPop

	
−8.269 ***

	
−8.421 ***

	
−7.641 **

	
−8.497 **




	
(−5.12)

	
(−5.23)

	
(−1.98)

	
(−2.26)




	
lnGDPper

	
0.971 ***

	
1.006 ***

	
−0.0150

	
−0.117




	
(5.93)

	
(5.98)

	
(−0.04)

	
(−0.31)




	
Tech

	
0.00365

	
0.00922

	
−0.00721

	
−0.00701




	
(0.48)

	
(1.16)

	
(−0.11)

	
(−0.11)




	
Structure

	
−0.00426

	
−0.00832

	
0.107 ***

	
0.105 ***




	
(−0.34)

	
(−0.66)

	
(3.96)

	
(3.88)




	
lnIFDI

	
0.0395

	
0.0279

	
−0.0936

	
−0.0814




	
(0.48)

	
(0.33)

	
(−0.70)

	
(−0.60)




	
_cons

	
135.4 ***

	
109.3 ***

	
114.9 *

	
117.7 **




	

	
(4.83)

	
(4.84)

	
(1.92)

	
(2.24)




	
Fixed Effects

	
Year/Country




	
N

	
547

	
547

	
232

	
232








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