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China’s Belt and Road Initiative is a significant regional economic cooperation. This paper uses the Belt and Road Initiative (BRI) as a quasi-natural experiment to investigate the impact of regional economic cooperation on environmental quality. Using difference-in-differences (DID) and a series of robustness checks, we find that regional economic cooperation like BRI deteriorates environmental quality in countries along the Belt and Road. The main reason is that the improving effects on environmental quality in the BRI countries are smaller than in the non-BRI countries after the BRI. The ecological impacts of the BRI exist differences in different countries. The results show that the BRI improves environmental quality in South Asia, and Europe and Central Asia. However, the BRI negatively affects environmental quality in East Asia and Pacific, developing and non-OECD countries. We found that, unlike the BRI, the Green BRI improves environmental quality in countries along the Belt and Road. We also discuss the mechanism of the BRI on environmental quality from foreign direct investment (FDI).
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1 INTRODUCTION
The environmental impacts of globalization have caused some concerns from scholars (Shahbaz et al., 2015; Lv and Xu, 2018; Majeed et al., 2021; Onifade et al., 2021; Usman et al., 2021). Some scholars believed that globalization was significant in cushioning environmental degradation by reducing CO2 emissions (Lv and Xu, 2018; Majeed et al., 2021; Onifade et al., 2021), but some scholars found that globalization deteriorated the environmental quality (Shahbaz et al., 2015; Usman et al., 2021). And some scholars have also found that globalization has no (Nan et al., 2022) or U-shape impacts on the environment (Yang et al., 2019). Hence, there exists an uncertain relationship between globalization and the environment, and it is necessary to investigate the impacts of globalization on the environment.
Regional economic cooperation is a necessary stage in the development of economic globalization. As a representative example of regional economic cooperation, the Belt and Road Initiative (BRI) has received global attention since its implementation in 2013 (Liu and Hao, 2018; Bandiera and Tsiropoulos, 2020; Yuan et al., 2021). Nevertheless, the existing literature focused more on the economic effects of the Belt and Road Initiative (BRI) (Yang et al., 2020; Yuan et al., 2021). As the BRI traverses a diverse range of fragile environments (Deng and Du, 2020; Coenen et al., 2021; Yang and Ni, 2022), scholars and civil society organizations have begun noticing the environmental impacts of the BRI (Coenen et al., 2021). A series of studies investigated green development (Huang and Li, 2020; Xu et al., 2021a; Yang and Ni, 2022) and CO2 emission (You et al., 2019; Mahadevan and Sun, 2020; Muhammad et al., 2020; Wang et al., 2020; Li et al., 2021a; Chen et al., 2021; Wang et al., 2021) in BRI economies, but few concerned the environmental effects of the BRI. This paper uses the BRI to analyze whether regional economic cooperation impacts environmental quality.
China’s Belt and Road Initiative, including the Silk Road Economic Belt and the 21st-Century Maritime Silk Road (Ascensão et al., 2018; Chen et al., 2020a; Huang and Li, 2020; Anwar et al., 2021), is China’s primary strategy strengthening its economic integration with countries in Asia, part Europe, and Africa (Tian et al., 2019; Abban et al., 2020; Bastos, 2020; Bird et al., 2020; Li et al., 2021b; Yuan et al., 2021). Meanwhile, as China implements more stringer environmental regulations (Wang and Lin, 2022), environmental quality in China has made significant improvements. However, this causes some concerns that China possibly shifts its polluting industries and excess capacity into less developed countries (Cai et al., 2018). Hence, some politicians and organizations proposed the China environmental threat theory, which says that China’s BRI investment was mainly driven by the transfer of pollution emissions (Cheng and Qi, 2021). As economic cooperation strengthens, less developed countries will become the pollution heaven of developed countries. Developed countries might invest in polluting industries or shift polluting industries into developing countries and obtain profits from that (Benzerrouk et al., 2021; Caetano et al., 2022). Simultaneously, the report released by World Wildlife Fund showed that the BRI overlapped with over 1700 Important Bird Areas or Key Biodiversity and 46 biodiversity hotspots or Global 200 ecoregions. The BRI possibly impacted the environmental quality in the BRI’s areas (Ascensão et al., 2018). However, fewer existing papers discuss the BRI’s effect on environmental quality. Therefore, measuring the BRI’s environmental impact in countries along the Belt and Road is urgent.
We employ a difference-in-differences (DID) method, which has been applied to evaluate the policy effect by comparing the differences between the two groups (Tian et al., 2019; Crost and Felter, 2020; Ren et al., 2020; Jiang et al., 2021a; Bahar et al., 2021) to estimate the environmental effects of the BRI. Then, to check the robustness of the regression results of DID, this paper uses a series of methods, such as employing alternative explained variables, alternative methods, dynamic effects, placebo tests, etc. Different from existing studies, we discuss the heterogeneous impacts of the BRI on environmental quality from four aspects: geographical regions, economic development, OECD countries or not, and the BRI countries or not, to examine whether the BRI has an improving effect on environmental quality. The BRI increased foreign direct investment (FDI) inflows in countries along the Belt and Road (Jin et al., 2021). Moreover, investment impacted the environmental quality and green development (Mahadevan and Sun, 2020; Benzerrouk et al., 2021; Xu et al., 2021b) according to Pollution Halo Hypothesis and Pollution Haven Hypothesis. Based on those, this paper tries to explain the mechanism of the BRI on environmental quality from FDI and compare the differences in the mechanism among different countries. Finally, this paper investigates the environmental effects of the Green Belt and Road.
The contributions of this paper to the literature are threefold. First, unlike existing studies analyzing the averagely environmental effect of the BRI, we discuss the heterogeneous time effects of the BRI on environmental quality using the method of Wooldridge (2021). And considering that existing papers few discuss the green BRI, this paper especially uses the samples before the green BRI and then studies the net environmental effect of the BRI and the Green BRI. Those enrich the studies on the BRI. Second, this paper expanded the regional heterogeneities of the environmental impact of the BRI. We classify the sample countries according to their geographical region, economic development, OECD or not, and the BRI countries or not to investigate the heterogeneous effects of the BRI on environmental quality in countries along the Belt and Road. Third, this paper enriches the mechanism of the BRI on the environment. Existing papers discuss the effect of the BRI on the environment from environmental regulations and the efficiency of resource allocation, which ignore the importance of FDI. This paper discusses the possible mechanism of the BRI on environmental quality from FDI and compares the mechanism’s differences among different economies.
2 LITERATURE REVIEW
2.1 Background of the belt and road initiative
Chinese President Xi Jinping first separately proposed the Silk Road Economic Belt and the 21st-Century Maritime Silk Road (Huang and Li, 2020; Jackson and Shepotylo, 2021; Kong et al., 2021) in September and October 2013. They are officially called the Belt and Road Initiative (Jin et al., 2021). It aims to strengthen China’s economic integration with South-East Asia, Eastern Europe, and Africa (Lall and Lebrand, 2020; Muhammad et al., 2020; Jackson and Shepotylo, 2021; Wang et al., 2021). The BRI proposed by China mainly covered 65 countries in 2013 (Tian et al., 2019; Chen et al., 2020b; Anwar et al., 2021; Yuan et al., 2021). And by 23 March 2022, China has signed more than 200 cooperation documents on the Belt and Road with 149 countries and 32 international organizations1. In addition to economic development, the BRI also encourages green development.
The development of the green Belt and Road began in 2016. Until then, China began to create the green Silk Road and promote environmental cooperation. In 2017, Chinese President Xi Jinping stressed the Green Belt and Road2 in the first Belt and Road Forum for International Cooperation. The Green BRI aims to strengthen cooperation in ecological and environmental protection and build a sound ecosystem to achieve the 2030 Agenda for Sustainable Development (Yang and Yang, 2019; Coenen et al., 2021). Since then, the BRI has officially been framed as green development (Lindberg and Biddulph, 2021), and the countries along the B&R actively deepened the cooperation in green development. By the second Belt and Road Forum for International Cooperation, nearly 50 bilateral and multilateral documents in ecology and environment have been signed by China with other BRI countries and international organizations. On 25 April 2019, the International Coalition for Green Development on the B&R was formally established. The coalition provides a new bridge and link for the cooperation of ecological environment and green development among the BRI countries and regions.
2.2 Literature review
Existing literature focused more on the impact factors of green development in BRI countries. These studies ignored the environmental effect of the BRI from a global perspective. The study reviews the literature on influence factors of green growth in the Belt and Road regions before turning to the environmental effect of the BRI.
Existing studies discussed the impact factors of green development in the BRI countries from trade, economic growth, investment, urbanization, and etc. From the perspective of trade, scholars discussed the impacts of exports, imports, foreign trade, and trade openness on the environment. Some scholars thought foreign trade promoted the green development of the BRI countries (Xu et al., 2021b). However, others believed that trade increased China’s environmental and resource challenges (Tian et al., 2019) and CO2 emissions (Fan et al., 2020). Existing papers investigated the impacts of trade on green development from exports and imports. Exports increased carbon emissions in lower-middle-income countries while decreasing carbon emissions in low-, upper-middle- and high-income countries. Moreover, imports increased carbon emissions in low-income countries but reduced emissions in lower-middle-, upper-middle- and high-income countries (Muhammad et al., 2020). For trade openness, Olivier and Yao (2021) found that trade openness increased the CO2 emission in countries along the Belt and Road. However, Saud et al. (2019a) and Saud et al. (2019b) found that trade openness improved environmental quality. There exists an uncertain relationship between economic growth and the environment. Some scholars found that economic growth had an inverted U-shape effect on CO2 emissions (You et al., 2019; Ahmad et al., 2020). Nevertheless, some scholars thought that economic growth deteriorated the environmental quality (Saud et al., 2019a; Rauf et al., 2020; Shakib et al., 2021; Zhuo and Qamruzzaman, 2021) and accelerated CO2 emissions (Han et al., 2020; Olivier and Yao, 2021) in countries along the Belt and Road. Some scholars analyzed the impact of investment on the environment from green infrastructure investment and FDI. From infrastructure investment, scholars found that increasing green infrastructure investment in energy consumption (Yang and Yang, 2019), FDI (Ahmad et al., 2020; Mahadevan and Sun, 2020), and China’s investment (Li et al., 2021a) improved the environmental quality, in countries along the Belt and Road. However, Muhammad et al. (2020) and Shakib et al. (2021) found that FDI hurts environmental quality by boosting CO2 emissions. On the impacts of urbanization on the environment, scholars obtained different conclusions. Some scholars found that urbanization increased greenhouse gas emissions and deteriorated the environmental quality in BRI countries (Lee et al., 2021; Wu et al., 2021). However, some scholars thought urbanization improved the environmental quality in BRI countries (Saud et al., 2019b). Some scholars thought urbanization had non-linear effects on environment. Urbanization had an inverted U-shape effect on carbon emissions in high-income countries but had U-shape effects on low-, low-middle- and upper-middle-income countries (Muhammad et al., 2020). From energy consumption, scholars found that increasing energy consumption (Rauf et al., 2020; Shakib et al., 2021; Zhuo and Qamruzzaman, 2021), energy intensity, and electricity consumption (Saud et al., 2019a; Saud et al., 2019b; Fang et al., 2020) deteriorated the environmental quality and increased CO2 emissions. But increasing renewable energy consumption reduced CO2 emissions in the BRI economies (Rauf et al., 2020; Anwar et al., 2021; Muhammad et al., 2021). For the impacts of transport on the environment in the BRI economies, scholars found that transport freight deteriorated environmental quality in the BRI countries in the long run (Anwar et al., 2020). But green logistics performance negatively impact environmental quality in the BRI (Li et al., 2021b). Finance and green finance had different impacts on the environment. Financial development deteriorated the environmental quality (Ahmad et al., 2020; Muhammad et al., 2021), but green financing improved environmental consequences (Saud et al., 2019a; Zhuo and Qamruzzaman, 2021). Some papers investigated the impacts of policy on the environment in the BRI economies from fiscal policy, political institutions, and institutional quality. Most scholars found that fiscal policy instruments and effective and fair political institutions reduced CO2 emissions (Ashraf et al., 2021; Muhammad et al., 2021). But scholars believed that the institutional quality increased CO2 emissions and deteriorated the environmental quality in the BRI countries (Muhammad et al., 2021). Scholars discussed the nexus of technology and environment in the BRI countries from innovation and efficiency. They found that technological innovation promoted green development (Xu et al., 2021a), and improvement of pure technical efficiency increased the average value of green total factor productivity (GTFP) in the BRI countries (Chen et al., 2020a).
Additionally, some scholars investigated the changing trend of green development in BRI countries. The BRI countries had a more significant potential reduction in the emission of CO2 (Deng and Du, 2020). But environmental inefficiency loss in the BRI countries was increasing (Chen et al., 2021), and environmental inefficiency had a downward trend in the BRI countries (Yuan et al., 2021). Furthermore, the overall average environmental inefficiency value of GHG emission in the countries along the Belt and Road was caused by energy and environmental variables (Wang et al., 2021). And the carbon emissions and pollution in the BRI economies existed spatial spillover effects (You et al., 2019; Jiang et al., 2021b). Some scholars discussed pollution transfer in BRI countries. Export and import trade transfer to BRI countries increased CO2 emissions (Fan et al., 2020). Cai et al. (2018) found that China became the pollution haven for 22 developed countries and 19 developing countries became the pollution haven for China.
Some scholars used the BRI as a quasi-natural experiment to analyze the environmental effect of the BRI. Cao et al. (2020), using 2005–2017 data, and Yu et al. (2021), employing 2003–2017 data, found that the BRI improved environmental quality in countries along the Belt and Road and China’s cities along the Belt and Road. They believed technological innovation, environmental regulations, and resource allocation efficiency impacted the nexus between the BRI and the environment (Cao et al., 2020; Yu et al., 2021). Jiang et al. (2021a) found that the BRI had a 34.5% energy-saving and 36.4% emission-reduction effect. They found that the technology spillover, the updates of industrial structure, and the promotion of the green trade played the mediating effects of the impacts of BRI on energy saving and carbon emission.
Therefore, the existing literature focuses on the environment and its impact factors on the BRI economies. Even though some scholars discussed the environmental effects of the BRI, the period of these papers covered the Green BRI, and they ignored the net environmental impact of the BRI before the Green BRI and the heterogeneous effects of the BRI on environmental quality. Hence, we analyze the environmental impact of the BRI and its heterogeneous effects from four dimensions. Enriching the literature on the environmental impact of the BRI. We also discuss the possible mechanism of the BRI on environmental quality from FDI inflow and compare the differences in the mechanism in different countries. Finally, we also discuss the impacts of the Green BRI on environmental quality.
3 DATA
This paper uses the panel data of 180 countries spanning from 2007 to 20153 to investigate the causal effects of the BRI on environmental quality due to the availability of data. The 180 countries include 64 BRI countries4 and 116 non-BRI countries. We describe these data below before defining the control variables.
3.1 Environmental quality
Referring to Li et al. (2020), we use a comprehensive environmental performance index (EPI) indicator to measure environmental quality. This indicator contains environmental health and ecosystem vitality, including nine issues and more than 20 indicators. The complete methodological details and indicator-level metadata are available at www.epi.yale.edu. We use the latest EPI panel data and sub-indicators of version 20165. The larger the EPI, the better the environmental quality. The value of the EPI and its sub-indicators range from 0 to 100. We use the EPI as the primary measure of the overall environmental quality and employ some sub-indicators of EPI, such as environmental health and ecosystem vitality, as alternative measures for robustness checks. All environmental indicators are taken as logarithms.
3.2 Belt and Road Initiative status
[image: image] and [image: image] are the two core explained variables. We use dummy variables to present the [image: image] and [image: image]. For [image: image], we collect the list of BRI countries from the website https://www.yidaiyilu.gov.cn/jcsjpc.htm 6. The 63 countries along the Belt and Road and China are considered the BRI countries in this paper. Such countries comprise the treatment group and are assigned a value of 1. If a country is not considered a BRI country, it is assigned a value of 0 as the control group. For [image: image], as Chinese President Xi Jinping first proposed the BRI in 2013 during his visit to Kazakhstan, the years before 2013 are treated as pre-policy years and take 0. And 2013 and the years after 2013 are treated as post-policy ones and assigned a value of 1. Therefore, the interaction of [image: image] denotes whether a country joins the BRI in year t. If a country joins the BRI in year t, the value takes 1 and 0 otherwise.
3.3 Control variables
The control variables in this paper include the level of economic development, industrial structure, country size, population growth, population structure, international trade, government actions, and natural resources. 1) Economic development. Economic development is measured by the logarithm of GDP per capita (He and Wang, 2012; Zhou et al., 2019). According to the environmental Kuznets curve (EKC) (Grossman and Krueger, 1991; Grossman and Krueger, 1995), economic growth has an inverted U-shape effect on environmental pollution. The square term of the logarithm of GDP per capita is added to our model. 2) Industrial structure. We measure the industrial structure by using the proportion of industrial added value in GDP. 3) Population density. Referring to He and Wang (2012), Brajer et al. (2011), and Hao et al. (2016), we use the logarithm of population density to measure population density. 4) Population growth. Referring to Ibrahim and Vo (2021), we employ the growth rate of the population to measure population growth. 5) Population structure. We use the proportion of the female population to measure population structure in gender and the dependency ratio to measure population structure in age. 6) International trade. The logarithm of the net term of trade index is used to measure international trade. 7) Government action. We use the logarithms of government revenue and expenditure (Feng et al., 2020; Zhao et al., 2021). 8) Natural resources. The proportion of the total rent of natural resources in GDP is used to measure natural resources. The data sources of control variables are from World Bank and International Monetary Fund (IMF). Table 1 shows the details of the variables in this paper. The correlation coefficients mainly used in this paper are shown in Supplementary Figure SA2.
TABLE 1 | Summary statistics and variable description.
[image: Table 1]4 EMPIRICAL MODELS
4.1 Main model
We use the difference-in-differences (DID) method combined with a two-way fixed effect of year and country, controlling the time-invariant and time-varying unobserved country characteristics. By calculating the difference between BRI countries and non-BRI countries, the net impact of the BRI on environmental quality is uncovered. The specific model is set as follows.
[image: image]
Where [image: image] denotes the environmental quality of country i in year t [image: image] is the interaction term of [image: image] and [image: image]. It indicates whether the country i joins the BRI in year t. The coefficient of our interest, [image: image], reflects the net effect of the BRI on environmental quality. [image: image] is the vector of the time-varying country characteristics. [image: image] denotes the country dummy variables capturing the unobserved country characteristics. [image: image] is the vector of year dummy variables controlling the factors, such as environmental policy and environmental regulation at the country level, that impact the environmental quality over time. And [image: image] is the error term.
4.2 Parallel trend test
The premise of the difference-in-differences is that the BRI countries have the same time trend as the non-BRI countries over the same period before implementing the BRI. If the common trend assumption is violated, the DID method does not give a satisfying result (Wang et al., 2019). Therefore, referring to Cai et al. (2016), we construct the following model in Eq. 2 to compare the pre-existing environmental quality trend and confirm the assumption’s validity.
[image: image]
[image: image] takes 1 in the [image: image]-th period before the BRI for the BRI country [image: image] and 0 otherwise, and [image: image] takes 1 in the [image: image]-th period after the BRI for the BRI country [image: image] and 0 otherwise. [image: image] takes 1 in the current period of the BRI for the BRI country [image: image] and 0 otherwise. [image: image] is the current treatment effect of the BRI on environmental quality, [image: image] captures the treatment effect in the [image: image]-th period after the implementation of the BRI. The coefficients of our interest, [image: image], show the differences between the treatment and control groups in period [image: image] before the BRI. If the coefficients [image: image]s are insignificant, a common trend exists between the two groups, and the DID method is valid. [image: image], [image: image], [image: image], and [image: image] in Eq. 2 have the same definitions as Eq. 1.
4.3 Heterogeneous time effect
Considering that the treatment effect of the BRI on environmental quality possibly varies by time, we refer to Wooldridge (2021) and construct the model as follows to discuss the heterogeneous time effects of the BRI:
[image: image]
Where [image: image] is a dummy variable equal to 1 of [image: image] and 0 otherwise, this specification allows the BRI effect to be different in each treated period. The coefficient, [image: image], denotes the environmental impact of the BRI in period [image: image]. [image: image], [image: image], [image: image], [image: image], [image: image] and [image: image] in Eq. 3 have the same definitions as above.
4.4 Moderating effects of foreign direct investment
Existing studies showed that globalization, such as trade agreements and tax agreements, impacted the FDI inflow of member states (Baltagi et al., 2008; Doytch and Uctum, 2016; Luo et al., 2022). And FDI inflow could deteriorate or improve the environment of a host country (Hille et al., 2019; Demena and Afesorgbor, 2020; Udemba and Yalçıntaş, 2021). Hence, FDI has uncertain effects on the BRI on the environment, and it is necessary to investigate the impact of FDI on the nexus between the BRI and the environment. Based on those, we construct the following model to discuss the moderating effect of FDI:
[image: image]
Where [image: image] denotes that country [image: image] gains FDI inflow in period [image: image]. The coefficient, [image: image], indicates the effect of FDI on EQ. The coefficient of our interest, [image: image], denotes the effect of the BRI on environmental quality as FDI changes. If [image: image] is significantly positive, the BRI improves the environmental quality in countries along the Belt and Road as FDI inflow increases. If [image: image] is significantly negative, the BRI deteriorates the environmental quality in countries along the Belt and Road following the increase of FDI. If [image: image] does not significantly differ from 0, the inflow of FDI cannot impact the nexus between the BRI and environmental quality. [image: image], [image: image], [image: image], [image: image], [image: image], [image: image] and [image: image] are defined above.
5 RESULTS
5.1 Baseline results
This section aims to estimate the impact of the BRI on environmental quality. The basic regression results are in Table 2. Overall, the coefficients on the “[image: image]” are −0.005 in Table 2, indicating that BRI’s implementation causes a 0.005 standard error decrease in EPI in countries along the Belt and Road. In addition, the results of the control variables show that economic development, population growth, trade, population density, and government expenditure also contribute to the environmental quality in countries along the Belt and Road.
TABLE 2 | Effects of the Belt and Road Initiative on environmental quality: Baseline results.
[image: Table 2]5.2 Robustness checks
5.2.1 Testing for the pre-existing time trends and expectation effects
To address the concerns of the existing time trends and expectation effects, we use Eq. 2 to estimate all the time lags and lead effects of the BRI on environmental quality. The results are in Table 3. All estimated coefficients are insignificant during the pre-treatment period, indicating no systematic differences in pre-trends across the BRI and non-BRI countries. It supports the assumption of a common trend between the BRI countries and non-BRI countries. The results suggest that the previous time trend does not exist and that expectation effects validate.
TABLE 3 | Effects of the Belt and Road Initiative on environmental quality: Parallel trend test.
[image: Table 3]5.2.2 Alternative estimate methods
We employ robust standard errors, PSM-DID, synthesis difference in differences (SDID) and instrumental variable method (IV) as alternative methods to test the robustness. First, to reduce the heteroscedasticity effects between groups and autocorrelation within groups, we report the results with robust standard errors in Table 4. Second, considering that there possibly exist some differences between the treatment and control groups, we also use PSM-DID with caliper matching (see Table 5). Third, considering the control and treatment groups possible are not random, we use SDID to estimate the environmental effect of the BRI (see Table 6). Four, we use the IV to solve the endogeneities caused by omitted variables and the bidirectional causal relation between environmental quality and the BRI. Referring to Jin et al. (2021), we construct two instrumental variables of the “[image: image]”. One is whether the country is the country along the Ancient Silk Road7. If yes, the value takes 1 and 0 otherwise. The other one is the interaction of the Ancient Road countries and the geographical distances8 between the capital of China and the capitals of the Ancient Silk Road countries. The regression results are in Table 7. All results on “[image: image]” in Tables 4–7 are significantly negative at the 5% significant level, indicating that the BRI has robust effects on environmental quality.
TABLE 4 | Effects of the Belt and Road Initiative on environmental quality: Robust standard errors.
[image: Table 4]TABLE 5 | Effects of the Belt and Road Initiative on environmental quality: PSM-DID.
[image: Table 5]TABLE 6 | Effects of the Belt and Road Initiative on environmental quality: SDID.
[image: Table 6]TABLE 7 | Effects of the Belt and Road Initiative on environmental quality: Instrumental variable method.
[image: Table 7]5.2.3 Alternative explained variables
Considering that the environmental performance index (EPI) possibly exists in measurement errors, we employ the sub-indicators of EPI as alternative variables for robustness checks. As EPI ranks countries’ performance on high-priority environmental issues in two areas: protecting human health and ecosystems9, we will discuss the impacts of the BRI on the two areas of EPI and report the regression results in Table 8. The BRI deteriorates environmental health (see columns 1–2) and has no impact on ecosystem vitality (see columns 3–4). Because environmental health contains the environmental risk exposure in health impacts (EHE)10, air quality (EHA)11, and water quality (EHW)12, we regress the “[image: image]” to the three sub-indicators of environmental health to discuss which aspects of environmental health are impacted by the BRI. The results are in columns 5–7 in Table 8. The BRI negatively impacts environmental risk exposure and water quality (see columns 5 and 7). The BRI cannot significantly impact air quality (see column 6). Therefore, the BRI negatively impacts environmental health, especially environmental risk exposure and water quality, in countries along the Belt and Road. However, the BRI does not deteriorate the ecosystem vitality.
TABLE 8 | Effects of the Belt and Road Initiative on environmental quality: Sub-indicators of EPI.
[image: Table 8]5.2.4 Heterogeneous time effects
Using Eq. 3, we estimate the heterogeneous time effects of the BRI on environmental quality. The estimated results are in Table 9. The coefficients of “[image: image]” are not significant at the 10% level, indicating that the BRI did not deteriorate environmental quality in countries along Belt and Road in 2013. But the coefficients of “[image: image]” and “[image: image]” are significantly negative, indicating that the BRI had negative effects on environmental quality in the BRI countries in 2014 and 2015. The coefficients of “[image: image]” are larger than “[image: image]”, indicating that the BRI has a declining negative effect on the environment is declining over time.
TABLE 9 | Effects of the Belt and Road Initiative on environmental quality: Heterogeneous time effects.
[image: Table 9]5.2.5 Placebo tests
Considering that the results are biased due to the omitted variables at the country level, we conducted the same placebo tests as many other papers (Cai et al., 2016; Wang et al., 2019; Jiang et al., 2021a), randomly assigning the BRI status to countries. The sample is divided into the BRI countries and non-BRI countries according to a ratio of 1:3. The regression results are in columns 1–3 in Table 10. In addition, we also set up two temporal dummy variables for the BRI, 2 years ahead and 3 years ahead, respectively, to construct the pseudo-treatment and control groups (Jiang et al., 2021a). The regression results are in columns 4–6 and 7–9, respectively. The coefficients for fake_did, fake_did1, and fake_did2 are not significant at the 10% level, indicating that the baseline results in Table 2 are robust.
TABLE 10 | Effects of the Belt and Road Initiative on environmental quality: Placebo tests.
[image: Table 10]6 DISCUSSION
The above section has shown that the BRI negatively affects environmental quality for countries along the Belt and Road. This section divides the whole samples into sub-samples to test the BRI’s heterogeneous effects and mechanism and investigate the Green BRI’s environmental effects.
6.1 Heterogeneity analysis
6.1.1 Heterogeneous effects of economic-geographical regions
According to the classification of the World Bank, the samples are first divided into four sub-samples: South Asia, Europe and Central Asia, Middle East and North Africa, and East Asia and Pacific, to discuss the heterogeneous effect of the BRI13. The results are in Table 11. The BRI improves the environmental quality in countries along the Belt and Road in South Asia and Europe and Central Asia (see columns 1–4). The BRI has no impact on environmental quality in countries in the Middle East and North Africa (see columns 5–6). And the BRI deteriorates the environmental quality in countries along the Belt and Road in East Asia and the Pacific (see columns 7–8). The possible reason is, the BRI countries in East Asia and the Pacific are at the high-speed development stage, and countries in this stage focus more on economic development and pay less attention to improving the environment. Those might lead to these countries promoting economic growth instead of green development through the BRI, which reduces the improvements in environmental quality in these countries.
TABLE 11 | Effects of the Belt and Road Initiative on environmental quality: Economic-geographical regions.
[image: Table 11]6.1.2 Heterogeneous effects of economic development
Secondly, the BRI differently impacts green development in developed and developing countries (Huang and Li, 2020). We classify the samples into developed and developing countries according to the stage of economic development (Li et al., 2020) to discuss the heterogeneous effects of the BRI on environmental quality in the two groups. The regression results are in Table 12. The BRI has a positive but not robust impact on environmental quality in developed countries along the Belt and Road (see columns 1–2). But the BRI deteriorates environmental quality in developing countries along the Belt and Road (see columns 3–4). We infer that regional economic cooperation like the BRI possibly causes pollution transfer from developed countries to developing countries. And in pursuit of economic growth, the BRI developing countries are willing to undertake the polluting industries from the BRI developed countries. Hence, the BRI positively correlates environment in the BRI developed countries and deteriorates the environment in the BRI developing countries.
TABLE 12 | Effects of the Belt and Road Initiative on environmental quality: Economic development.
[image: Table 12]6.1.3 Heterogeneous effects by OECD countries
Thirdly, referring to the list of OECD countries14, the samples are divided into two groups according to whether the countries are OECD countries or not. The regression results are in Table 13. The BRI has no impact on environmental quality for OECD countries along the Belt and Road (see columns 1–2) and deteriorates environmental quality for non-OECD countries along the Belt and Road (see columns 3–4).
TABLE 13 | Effects of the Belt and Road Initiative on environmental quality: OECD or not.
[image: Table 13]6.1.4 Heterogeneous effects by Belt and Road countries
Fourthly, we employ the single-difference method to discuss environmental quality change in the BRI countries and non-BRI countries before and after the BRI. The estimated results are in Table 14. The BRI improves the environmental quality in the BRI countries (see columns 1 and 3) and non-BRI countries (see columns 2 and 4). Especially, we compare EPI differences in BRI countries and non-BRI countries (see Table 15). The results show that EPI differences in the BRI and non-BRI countries are narrowing after 2013 compared with the years before 2013. And the BRI countries have better environmental quality compared with non-BRI countries. Hence, the negative effect of the BRI on environmental quality in countries along the Belt and Road is because the improvement level of environmental quality in the BRI countries is lower than that in the non-BRI countries after the BRI.
TABLE 14 | Effects of the Belt and Road Initiative on environmental quality: The Belt and Road countries or not.
[image: Table 14]TABLE 15 | The differences in environmental performance index between BRI countries and non-BRI countries.
[image: Table 15]6.2 Mechanism analysis
We have investigated the effects and heterogeneous effects of the BRI on environmental quality in the above sections. This part uses Eq. 4 and discusses the possible mechanism of the BRI on environmental quality from foreign direct investment (FDI). The regression results are in Table 16. The coefficients of the interaction of “[image: image]” are significantly negative, indicating that the negative effects of the BRI on environmental quality in BRI countries increase as the FDI increases. Further discussion found that the BRI does not impact environmental quality through FDI in South Asia and East Asia and Pacific. The BRI improves environmental quality through FDI in Europe and Central Asia countries. But it deteriorates the environmental quality through FDI in countries in the Middle East and North Africa (see Supplementary Table SA2). In addition, the BRI indeed deteriorates the environmental quality through FDI for developing countries (see columns 4–6 in Supplementary Table SA3). The BRI does not have economic and statistical impacts on environmental quality through FDI for developed countries (see columns 1–3 in Supplementary Table SA3). The effects of BRI on environmental quality through FDI are not robust for OECD countries and non-OECD countries (see Supplementary Table SA4).
TABLE 16 | Effects of the Belt and Road Initiative on environmental quality: Mechanism analysis.
[image: Table 16]6.3 The environmental effect of the Green Belt and Road Initiative
Using the data before the Green BRI15, we find that the BRI harms environmental quality. Considering that the Green BRI might have different environmental effects, this part uses 179 countries from 2000 to 2020 to analyze this effect. The environmental data are from the EPI (2020). This edition does not publish the panel data of EPI and its two topics but releases the panel data of EPI’s sub-indicators. Considering that air quality has an essential meaning to human life, we use three indicators16: PM2.5 exposure (lnPM2.5), household solid fuels (lnhsf), and Ozone exposure (lnO3) to denote environmental quality. The results are in Table 17. The Green BRI improves air quality in PM2.5 exposure and Ozone exposure but cannot impact household solid fuels.
TABLE 17 | Effects of the Green Belt and Road Initiative on environmental quality.
[image: Table 17]7 CONCLUSION
This paper uses panel data from 116 non-BRI economies and 64 BRI economies spanning 2007–2015. Taking the BRI as an example, this paper investigates the impacts of regional economic cooperation on environmental quality using the difference-in-differences method. We adopt a series of methods to test the robust effects of the BRI on environmental quality. We also discuss the heterogeneous impacts and the potential channel of the impact of the BRI on environmental quality and investigate the environmental effect of the Green BRI. We draw the following conclusion.
Firstly, the BRI negatively affects environmental quality in countries along the Belt and Road. And a series of robustness checks support this conclusion. Secondly, the BRI has heterogeneous time effects on environmental quality. The BRI in 2014 and 2015 deteriorated the environmental quality in the BRI countries. However, the BRI cannot significantly impact the environmental quality in the BRI countries in 2013. Thirdly, the regional heterogeneities show that the BRI has different impacts on environmental quality. The BRI improves environmental quality in South Asia and Europe and Central Asia, and the BRI has an improving but not robust effect on environmental quality in developed countries. And the BRI has an insignificant impact on environmental quality in the Middle East and North Africa, and OECD countries. However, the BRI deteriorates the environmental quality in East Asia and Pacific, developing countries, and non-OECD countries. Fourthly, environmental quality in the BRI countries and non-BER countries has been improved after the BRI. But compared with the non-BRI countries, the improving effects of the BRI on environmental quality in countries along the Belt and Road are more minor after the BRI. Hence, the BRI negatively impacts environmental quality in BRI countries. Fifthly, the Green BRI improves the environmental quality in countries along the Belt and Road. Finally, the mechanism analysis shows the deteriorating effect of the BRI on environmental quality increases as FDI increases, but the mechanism exists differences among different countries. The BRI cannot impact environmental quality through FDI in South Asia, East Asia and Pacific, and developed countries. The improving effect of the BRI on environmental quality via FDI exists in countries in Europe and Central Asia, and the BRI has an improving but unsound impact on environmental quality through FDI in OECD countries. However, the BRI deteriorates the environmental quality via FDI in countries in the Middle East and North Africa, and developing countries.
Based on the above conclusions, the following policies can be proposed. Firstly, the BRI should take more green actions to protect the environment. Even though the BRI negatively affects the environment, the green BRI improves the environment. Hence, it is necessary to promote the construction of the Green BRI. Secondly, the countries in East Asia and Pacific should strengthen environmental protection and implement stricter environmental regulations to avoid the harm of the BRI to their environment. Thirdly, the countries along the B&R should be paid more attention to the quality of FDI and introduce clean technology and green FDI to avoid the harm of the BRI to the environment. Especially before FDI inflow, the countries should consider the types of FDI, avoid the energy-intensive and pollution-intensive industries inflow, and promote green investment in the Belt and Road.
Some limitations exist in this paper. Firstly, we focus more on the environmental effects of the BRI. It is worth evaluating the impact and mechanism of the green BRI on the environment. The green BRI is more important to the environmental development of the BRI countries. Secondly, we only discuss the impact of FDI on the relationship between the BRI and environment. The further research could examine other channels, such as technology upgrading and environmental regulations, of the effect of the BRI on the environment.
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FOOTNOTES
1https://www.yidaiyilu.gov.cn/xwzx/roll/77298.htm.
2The Green Belt and Road refers to the concept of green, environmental protection, and low carbon in constructing the Belt and Road. It aims to improve the industrialization development capacity, resource utilization, and environmental carrying capacity and promote the balanced development of the economy, environment, and society.
3Because the latest version of environmental quality data only contains 2007–2015, we have to use the period.
4The BRI countries are shown in Supplementary Figure SA1. Due to the missing data on environmental quality, Palestine is not included in the samples.
5This version contains 180 countries from 2007 to 2015.
6See http://www.gdqy.gov.cn/xxgk/zzjg/zfjg/qysswj/tzgga/content/post_533138.html.
7The Ancient Silk Road includes the nations reached by Zhang Qian in Han Dynasty and the countries reached by Zheng He in Ming Dynasty.
8The geographical distances are between the capitals in the two countries from the CEPII database. The detailed website is http://www.cepii.fr/CEPII/en/bdd_modele/bdd.asp.
9The protection of human health reflects the objective of environmental health (EH), and the protection of ecosystems reflects ecosystem vitality.
10Human health includes water and air pollution risks to human health.
11Air quality includes exposure to PM2.5, NO2, and a percentage of the population burning solid fuel indoors.
12Water quality tracks the portion of a population with access to safe drinking water and sanitation infrastructure.
13The BRI countries are not in North America, Sub-Saharan Africa, and Latin America and the Caribbean. Hence, we will not discuss the samples in these regions.
14See https://stats.oecd.org.
15We use 2017 as the implementation time of the Green Belt and Road. For Post, 2017 and the years after 2017 take 1 and 0 otherwise. For the Green Belt and Road Initiative, the treatment group and control group are the same as the BRI.
16The range of EPI is from 0 to 100. The larger the value, the better the air quality.
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Notes: t statistics are in parentheses. *p < 0.10, *p < 0.05, ***p < 0.01. Columns 1-4 use the Ancient Silk Road countries as an instrumental variable. The results in columns 5-8 use the
interaction of the Ancient Silk Road countries with the geographical distances between the capital of China and the capital of other countries. The standard errors in columns 1-7 are
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BRI x Post ~0.015** ~0.010** 0.004 0002 ~0.049*%* -0010 ~0.033*
(-4.25) (-2.87) (1.32) (0.86) (-2.70) (=1.26) (-4.47)
pgdp 0768 0.881% ~0.008 0108 3201 -0.081 2129
(10.06) (10.36) (-0.13) (161) (7.53) (-0.43) (1249)
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pop_gr 0004 0,005 0.000 ~0.001 0.008 0.002 0013
(3.50) (4.06) (0.00) (-1.26) (1.29) (0.86) (497)
nti 0024 0,025 0.000 0003 0.106* 0.021 -0.024
(2.69) (258) (0.03) (-0.37) (2.14) (0.98) (-1.21)
pop_den 0.026 0.069°** 0051 0012 05530 ~0436** 0551
(1.23) (275) (3.05) (0.62) (437) (-7.88) (1092)
gov_rev ~0.000* ~0.001%* ~0.000 ~0.000% ~0.002* -0.001% -0.001
(-2.17) (-3.13) (-0.52) (~1.96) (-1.68) (-1.96) (-1.37)
Female 0.004 ~0.006* 0.017 -0011% 0013
(1.49) (-2.93) (1.30) (-1.94) (247)
IGDP 0.000 0000 0003 -0.001% 0002+
(0.29) (0.78) (2.14) (-1.84) (3.95)
dr 0.000 0000 -0.003 0,005 -0.001
072) (1.33) (-117) (4.42) (-1.23)
nat_rent 0.000 0000 -0.001 0.000 0.000
(044) (0.36) (-0.46) (0.44) (0.75)
Country fixed effect YES YES YES YES YES YES YES
Year fixed effect YES YES YES YES YES YES YES
N 1549 1469 1549 1469 1469 1469 1469
R 0.495 0519 00251 00294 0211 0255 0514

Notes: t stati

ics are in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01.
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Descriptions

The logarithm of the environmental performance index (EPI).
‘The logarithm of environmental health (EH).

The logarithm of ecosystem vitality (EV).

The logarithm of health impacts of environmental health.

‘The logarithm of air quality of environmental health.

The logarithm of water and sanitation of environmental health.
Whether the countries have joined in the Belt and Road Initiative.
‘The logarithm of GDP per capita.

‘The square of the logarithm of the GDP per capita.

The growth rate of the population (%)

The logarithm of the net term of the trade index

‘The logarithm of population density.

The logarithm of government expenditure.

‘The logarithm of government revenue.

The proportion of the female population (%)

The proportion of industrial added value in GDP (%)

The dependency ratio (%)

‘The proportion of the total rent of natural resources in GDP (%)

Notes: The values of EPI, EH, EV, EHE, EHA, and EHW range from 0 to 100.
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2.100
0.000
0.000

Max

4511
4596
4503
4.605
4588
4.605
1.000
11666
136.086
17.510
6.128
8.963
181.949
164.054
54210
96.600
111670
81.950





OPS/images/inline_9.gif





OPS/images/fenvs-10-1020502-t002.jpg
1) ) @) ) ®)
Model 1 Model 2 Model 3 Model 4 Model 5
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(-220) (-2.03) (-2.44) (-223) (-2.37)
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(2.03)
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Female 0.001 0012+
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(-0.61)
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(0.33) (-2.23)
Country fixed effect YES YES YES YES NO
Year fixed effect YES YES YES YES NO
N 1620 1588 1549 1540 1502
R* 0389 0434 0454 0453 0777
adj. R* 0309 0.359 0379 0377 0775

Notes: t stati

ics are in parentheses. *p < 0.10, **p < 0.05, ***p < 0.01. The standard errors in column 5 are clustered at the country level.
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