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Abstract

:

To investigate whether increasing trade openness results in more severe environmental problems, this study investigates the impact of trade openness on carbon dioxide (CO2) emissions using panel data from 64 countries along the Belt and Road from 2001–2019. Fully considering the potential heterogeneity, the panel quantile regression approach is utilized. Moreover, this study explores the three major mediating effects of the process, namely the energy-substitution effect, economic effect, and technology effect. The empirical results indicate that the improvement in trade openness has a significantly positive effect on CO2 emissions, and it also shows that the impact varies with different levels of CO2 emissions. Furthermore, the indirect effect of trade openness on CO2 emissions via the economic effect is positive, while the indirect effect via the energy-substitution and the technology effect is negative. Therefore, it is necessary to improve renewable energy consumption, decrease energy intensity, and formulate related policies to reduce carbon emissions policies in terms of local conditions.
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1. Introduction


The world today is characterized by economic globalization and integration, partly embodied in various regional economic cooperation agreements. One of the most efficient agreements is the Belt and Road Initiative (BRI) launched by China in 2013. As of January 2021, the number of countries that have joined the BRI with China amounted to 140, which accounts for more than 60% of global countries. Although the BRI is devoted to reducing poverty, accelerating technology development, and promoting people’s welfare, some energy and environmental problems such as excessive carbon dioxide (CO2) emissions have accompanied this boom in trade [1]. From 2001 to 2019, the country’s CO2 emissions increased from 24 billion tons to 34 billion tons, based on statistics from British Petroleum Ltd. Such rapid growth of CO2 emissions will not only induce a series of environmental problems, including increasing the temperature of the climate, the risk of natural disasters, and creating more pressure on resources [2], but also economic problems, such as reducing the annual GDP growth as much as 10% after 80 years [3]. Therefore, the excessive CO2 emissions have been a major concern, and mitigating these emissions has also been one of the greatest challenges for the whole world [4].



With regard to the significant role of the BRI, it is considered as China’s general plan of trade openness and international cooperation [5]. Although the novel coronavirus has partially broken the global trade system, in the first four months of 2020 the total trade volume between China and the BRI countries still maintained a positive growth trend. According to statistics from China Customs, China’s total imports and exports to the Belt and Road countries reached USD 388.19 billion, achieving an increase of 0.9%. Meanwhile, exports to the member countries of the Association of Southeast Asian Nations (ASEAN) were worth USD 104.21 billion, with an increase of 3.9%. Therefore, the BRI has significantly promoted the degree of trade openness.



Along with the rapidly increasing trade openness and CO2 emissions, Shahzad et al. [6] suggested that trade openness is one of the positive contributors to CO2 emissions. However, to the best of our knowledge, few studies have explored the relationship between trade openness and CO2 emissions from the perspective of heterogeneity and mediating effects, especially for the case of the BRI countries. Meanwhile, the mediating mechanism has not been systematically examined to date. To be more specific, significant differences exist in CO2 emissions across the Belt and Road countries, and the relationship may be heterogeneous with regard to different levels of CO2 emissions.



Aiming at those literature gaps, this study explores the association between trade openness and CO2 emissions by employing a panel dataset for 64 countries along the Belt and Road from 2001 to 2019, using the approach of panel quantile regression. Furthermore, this study investigates the impact mechanism of trade openness on CO2 emissions through three major potential mediators, which are substitution channel, economic channel, and technique channel. Therefore, the contributions of this study are as follows. Firstly, it explores whether trade openness resulting from the launch of BRI can affect CO2 emissions in the Belt and Road countries; and secondly, it addresses the impact mechanism of trade openness on CO2 emissions. This not only provides a more comprehensive analysis of this issue in those countries along the Belt and Road, but also identifies the factors that can mitigate CO2 emissions. Thirdly, previous studies have ignored the skewed distribution of CO2 emissions, which may result in biased findings. Therefore, the panel quantile regression approach is employed in this study to capture the potential heterogeneity.



The remainder of the study is organized as follows. Section 2 presents the relevant literature about trade openness and CO2 emissions. Section 3 puts forward hypotheses and describes the data description and model specification. Section 4 empirically analyzes the impact of trade openness on CO2 emissions, and considers endogeneity and robustness checks. Section 5 further discusses the mediating effect between trade openness and CO2 emissions. Section 6 provides conclusions and potential implications.




2. Literature Review


2.1. Literature on the Association between Trade Openness and CO2 Emissions


Since the early 1990s, with the rapid increase in trade openness and gradually worsening environmental problem, a large and growing body of literature has investigated the role of trade openness in CO2 emissions. Firstly, several studies indicate that there is a positive relationship between trade openness and CO2 emissions. Empirically, taking Pakistan as an example, Shahzad et al. [6] suggested that the elasticity is 0.122% for the short run and is 0.247% for the long run. However, by inducing square and cubic terms of trade openness, it is found that, in the long run, this positive relationship is linear, but it appears to have a nonlinear cubic-form in the short run [7]. Furthermore, there is not only a one-way causation between trade openness and CO2 emissions, but also a long-run positive feedback relationship—namely, they are a Granger Cause for each other [8]. Moreover, the relationship between trade openness and CO2 emissions is also affected by other factors, such as the level of income and economic growth [9].



Secondly, prior studies suggest a negative association between trade openness and CO2 emissions as well. From the micro firms’ perspective, Cui et al. [10] argued that increased openness to trade will require firms to adopt newer, cleaner, and more renewable energy, which reduces greenhouse gas emissions [10]. Furthermore, trade openness will lead firms to expand their production scale, which supports more investments in abatement emissions [11]. Empirically, taking OECD countries as an example, although a significantly negative relationship is captured, the effect is quantitatively very weak [12]. From the energy demand’s perspective, Rafindadi [13] indicated that trade openness supports financial development, and then lowers CO2 emissions.



Thirdly, results from earlier studies also demonstrate a mixed association between trade openness and CO2 emissions. For instance, the study undertaken in Ghana suggested that there are both positive effects (scale and composition effect) and negative effects (technique effect) of trade openness on CO2 emissions, but the former override the latter [14]. Moreover, the relationship presents heterogeneity with different degrees of development [15] and the types of sectors [16]. Concerning the degrees of development, the association is negative for the developed G-20 member countries, while it is positive for the developing member countries. With regard to the types of sectors, the relationship is negative for the industrial sectors, while it is positive for the export sectors.




2.2. Literature on Other Factors Influencing CO2 Emissions


Apart from trade openness, there are also other factors influencing CO2 emissions, such as population, levels of economic and financial development, and technology. Firstly, the factor of population that plays an important role in CO2 emissions mainly refers to population density [1], population growth [17], and urbanization [18]. Concerning population density, as the population density increases, the total CO2 emissions will increase, but the per capita CO2 emissions will decrease [19]. Regarding population growth, previous studies have not reached a consistent conclusion. Owusu [20] suggested the relationship between population growth and CO2 emissions is positive, but Begum et al. [21] believed it has no significant impact on CO2 emissions. Concerning urbanization, although the significantly positive role of urbanization is demonstrated [22], the strength of the impact depends on other factors as well, such as the number of college graduates [23], regions [24], and per capita GDP [25]. Furthermore, even tourism rather than urbanization will also increase CO2 emissions [26].



Secondly, the relationship between levels of economic and financial development specific to environmental pollution (mainly refers to CO2 emissions) is widely known as the Environmental Kuznets Curve (EKC), which indicates a non-linear inverted U-shape association. Khan et al. [27] and Auci and Trovato [28] empirically examined whether EKC holds for specific regions and periods, indicating that it does not hold for all datasets. Specifically, EKC holds for BRICS economies and BRI countries, but not for EU countries.



Thirdly, some technological factors, such as iron and steel-making processes [29], energy consumption structure [30], and energy intensity [31] also affect CO2 emissions. CO2 emissions are also the most significant among energy-related greenhouse gas emissions [32]. Improving the technology level produces a reduction in CO2 emissions [33]. Quantitatively, taking China as an example, it is found that the effects of energy intensity slow the growth of carbon emissions by 79%. Furthermore, the effect of the energy structure on mitigating CO2 emissions shows a heterogeneity among various sectors, and it is positive only in the agricultural and transportation sectors [34].




2.3. Literature Gap


Although extant studies have made great efforts to focus on the issues related to CO2 emissions, some literature gaps still exist. First, few studies have explored the impact of trade openness on CO2 emissions for the largest economic cooperation platform, the Belt and Road countries. Second, few studies have investigated the mediating impact mechanism of trade openness on CO2 emissions for the Belt and Road countries. Third, significant differences may exist in trade openness and various quantile levels of CO2 emissions. The impact of trade openness on CO2 emissions by quantile can be heterogeneous, which is also overlooked by the existing literature.





3. Methodology and Data


3.1. Hypotheses


In recent decades, a large volume of published studies have described the role of trade openness in CO2 emissions. However, the relationship between trade openness and CO2 emissions is somewhat mixed so far, which partly results from various mediating impact mechanisms (see Section 2.1). This study puts forward three major mechanisms of trade openness and CO2 emissions, namely the energy-substitution channel, economic channel, and technology channel.



The energy-substitution channel refers to “trade openness—renewable energy consumption—CO2 emissions”. It is a systematic theory at the level of energy investment and environmental problems in a sustainable development space. Under the context of globalization, trade openness has made all countries more active in importing, exporting, and foreign direct investment (FDI) [35], and it has also led, more specifically, to a further increase in energy investment from the perspective of energy. From a domestic perspective, the increasing investment in renewable energy with trade openness is transformed into domestic renewable energy consumption. Thus, trade openness will improve the energy consumption structure, and eventually reduce CO2 emissions. Therefore, this study puts forward H1:



Hypothesis 1 (H1).

In the energy-substitution channel, renewable energy consumption is a negative mediating variable, namely, trade openness reduces CO2 emissions by improving renewable energy consumption.





The economic channel refers to “trade openness—GDP—CO2 emissions”. The impact of trade openness on GDP is mainly reflected in two aspects, namely the externalities of technology and economies of scale. Firstly, the effect of knowledge spillovers is an important driving force for innovation growth. Both import trade and export trade can expand the market scale and significantly increase the knowledge stock within the economy, provide a good environment for companies to imitate advanced technology, and thereby form a guiding effect to promote GDP [36]. Secondly, trade openness can also drive the in-depth development of economies of scale, bring the actual output of enterprises closer to the potential maximum output, improve business performance, and promote economic growth [37]. About the relationship between GDP and CO2 emissions, EKC indicates that the association is positive at first but negative in the long run. Therefore, this study proposes H2a and H2b:



Hypothesis 2a (H2a).

In the economic channel, GDP is a positive mediating variable, namely, human economic activities lead to economic growth, through the production of goods and services that frequently produce carbon dioxide and thereby increase CO2 emissions.





Hypothesis 2b (H2b).

In the economic channel, GDP is a negative mediating variable, namely, trade openness promotes GDP, and then economic growth decreases CO2 emissions.





The technology channel refers to “trade openness—energy intensity—CO2 emissions”. In terms of the principles of energy economics, trade openness will reduce energy intensity [38]. This effect can be reflected through the structural effect and technological effect. The former refers to the changes in the industry structure caused by trade openness. For the Belt and Road countries, trade openness has promoted their economic transformation, and more energy-intensive industries will turn to less energy-intensive service industries, which has promoted the optimization and upgrading of their industrial structure and thereby reduced the energy intensity [39]. Moreover, the latter refers to channels such as independent research and development, direct introduction of foreign advanced technologies, and technological diffusion caused by FDI [40]. The use of advanced technologies and production processes, more effective energy-saving, and emission-reducing equipment will reduce industrial energy intensity [41]. In this study, the ratio between primary energy consumption (such as coal, oil, natural gas, and hydropower) and total GDP is employed to measure energy intensity [1]. The relationship between primary energy and CO2 emissions depends on the proportion of fossil fuels in the primary energy [42]. Therefore, H3 is hypothesized as follows:



Hypothesis 3 (H3).

In the technology channel, energy intensity is a negative mediating variable, namely, trade openness decreases CO2 emissions by lowering energy intensity.





The role of trade openness in CO2 emissions may take effect via the energy-substitution channel, the economic channel, and the technology channel. The total effect is the combined effect of the three channels. While both the energy-substitution channel and the technology channel are negative, the economic channel is unclear. Moreover, the relationship between trade openness and CO2 emissions is affected by other factors, so the association may show heterogeneity. These national-level factors will affect the conditional distribution of CO2 emissions, so that the heterogeneity will be reflected in CO2 emissions by quantile [43]. Therefore, this study proposes H4a, H4b, and H5:



Hypothesis 4a (H4a).

The total effect of trade openness on CO2 emissions is positive.





Hypothesis 4b (H4b).

The total effect of trade openness on CO2 emissions is negative.





Hypothesis 5 (H5).

The relationship between trade openness and CO2 emissions shows heterogeneity in terms of CO2 emissions by quantile.






3.2. Econometric Model


In terms of the hypotheses, this study specified the empirical model as follows:


  c o 2 e m   issions   it   =  α 0  +  α 1  t r a d e o p e n n e s  s  it   +   ∑   j = 1  k   β j  C  V  j , it   +  ε  it    



(1)







In Equation (1),   C  V j    is the control variable j, and co2emissions and tradeopenness represent the degree of CO2 emissions and trade openness, which are the dependent variable and the key independent variables, respectively. Besides, to avoid the bias of variables omission, this study chose nine variables as control variables, namely financial development level, fossil fuel energy consumption, urbanization level, net foreign direct investment inflows [44], total fixed capital formation, density of population, annual growth rate of household final consumption expenditure, the number of R&D researchers, and coal rents [45]. Table 1 summarizes the detailed specifications on the variables.




3.3. Data Description


The dataset of this study is from the panel data of 64 Belt and Road countries, which have joined BRI before the end of 2016 (see Table 2). In detail, 2 countries (Mali and Morocco) are from Africa, 2 countries (Mongolia and China) are from Eastern Asia, 10 countries (Singapore, Malaysia, Indonesia, Myanmar, Thailand, Lao, Cambodia, Vietnam, Negara Brunei Darussalam, and Philippines) are from ASEAN, 16 countries (Iran, Iraq, Turkey, Syrian Arab Republic, Jordan, Israel, Saudi Arabia, Yemen, Oman, United Arab Emirates, Qatar, Kuwait, Bahrain, Greece, Cyprus, and Egypt) are from Western Asia, 8 countries (India, Pakistan, Bangladesh, Afghanistan, Sri Lanka, Maldives, Nepal, and Bhutan) are from South Asia, 5 countries (Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan, and Kyrgyz) are from Central Asia, 5 countries (Ukraine, Belarus, Georgia, Azerbaijan, and Armenia) are from the Commonwealth of Independent States (CIS), and 16 countries (Poland, Lithuania, Estonia, Latvia, Czech Republic, Slovakia, Hungary, Slovenia, Croatia, Bosnia and Herzegovina, Montenegro, Serbia, Albania, Romania, Bulgaria, and North Macedonia) are from Central and Eastern Europe.



The result of descriptive statistics is displayed in Table 3. The maximum value of trade openness is 437.33%, which occurs in Singapore, and the minimum value is 0.17%, which is specific to Afghanistan. The mean value of trade openness is 93.34%, and the standard error is as high as 55.12%, which indicates that 64 countries have relatively high differences in trade openness. Meanwhile, the maximum value of CO2 emissions is 43.9083 metric tons per capita, which occurs in Qatar, and the minimum value is 0.0371 metric tons per capita, which occurs in Afghanistan. The mean value of CO2 emissions is 6.4852, and the standard error is 8.3338, which also indicates that the data vary widely. Moreover, the maximum value of financial development level is 255.31%, which occurs in Cyprus, and the minimum value is 0.19%, which occurs in Afghanistan as well. The mean value of financial development is 41.3341, and the standard error is 39.3178, which also indicates quite different levels of financial development.





4. Empirical Analyses


This study utilizes the national panel data from 64 countries along the Belt and Road from 2001 to 2019 to empirically investigate the impact of trade openness on CO2 emissions. Therefore, the dataset is a short panel. However, to avoid estimation bias caused by non-stationarity, especially the unreliable estimation result caused by spurious regression, this study carries out unit root tests as well. In terms of the tests presented in Table 4, the first-order difference terms of most series are stationary, so it can be concluded that the variables in this study follow the I (1) process.



Moreover, this study further examines whether there is a cointegration among the variables by the Kao test. In terms of the result, the Modified Dickey–Fuller t-statistic is −2.2307, and the corresponding p-value is 0.0128. Moreover, the Augmented Dickey–Fuller t-statistic is −9.0229, and the corresponding p-value is 0.0000. Thus, the result indicates that the null hypothesis, no cointegration, is significantly rejected. According to the results of the unit root test and Kao test, this study may further explore the relationship between trade openness and CO2 emissions.



4.1. Empirical Results


Before estimating the relationship between trade openness and CO2 emissions, this study first undertakes normality tests for the dependent variable of CO2 emissions [1]. The summary description for CO2 emissions shows that the skewness is 2.2455, while the kurtosis is 7.9370. Therefore, the distribution of CO2 emissions is right-skewed, rather than normally distributed. The graph of Kernel density estimation is presented in Figure 1. Because the normality of CO2 emissions does not hold, the Ordinary Least Squares (OLS) estimation is not applicable to this study. Thus, the panel quantile regression is employed to capture the heterogeneity of CO2 emissions by quantile.



The panel quantile regression results for the 10th, 25th, 50th, 75th, and 90th percentiles of the conditional distribution of CO2 emissions are reported in Table 5. The coefficients of trapen are all positive, and these coefficients are all significant except for the 10th percentile of CO2 emissions. Besides, the relationships are heterogeneous with CO2 emissions by quantile. In detail, the expansion of trade openness promotes CO2 emissions in those Belt and Road countries, although this impact is significantly heterogeneous across CO2 emissions by quantile, which is consistent with H4a and H5. Specifically, as the quantile of CO2 emissions increases from 25th to 90th, the impact of trade openness decreases from 0.0395 to 0.0282, monotonically.



Meanwhile, it is interesting to note that in a low degree (the 10th percentile, for countries such as Afghanistan, Bhutan, and Mali) of CO2 emissions, the role of trade openness in releasing more CO2 is not statistically significant. This may be because, in the countries with lower levels of CO2 emissions, the import and export trade is less intense, and thus the marginal carbon effect of trade openness is no longer significant.




4.2. The Test of Endogeneity


The degree of CO2 emissions may be affected by many other factors, which have not been taken into account in this study. It implies that there may be an endogeneity problem. Therefore, this study employs two methods to eliminate the estimation bias caused by endogeneity.



Firstly, this study introduces the first-order lag term of the CO2 emissions and performs the dynamic system General Moment Method (SYS-GMM) estimation [46]. The result of the Arellano–Bond test shows that the statistic is 0.4200 and the p-value is 0.6740, which implies that the model in this study can be estimated by the GMM method. Besides, the result of the Sargan test shows that Chi2(187) = 188.6756, and the p-value is 0.4519, which means that the instrumental variables selected in this study are appropriate. The result of the GMM estimation is presented by Model 6 in Table 6. The result indicates that trade openness has a significantly positive impact on CO2 emissions.



Meanwhile, this study introduces the instrumental variable (IV) to correct the estimation bias caused by endogenous trade openness. Specifically, this study selects the first-order lag term of trade openness as an instrumental variable. In detail, if the endogenous variable is stationary, then using the lag term as its instrumental variable can produce a consistent estimator [47]. Moreover, the lag term of trade openness is relevant to itself and irrelevant to the random disturbance term in the present period. Therefore, the instrumental variable used in this study is associated with trade openness and is almost exogenous. Besides, to determine whether there is a weak identification problem, this study enters trade openness as the dependent variable and the instrumental variable as the independent variable. According to the results, the value of the F-statistic was 567.6000, which is larger than 16.3800. Therefore, in terms of the rule of thumb, there is no need to worry about any problems caused by weak instrumental variables. The estimation result is also presented in Models 7 to 11, in Table 6. The result shows that the coefficient of trapen is still significantly positive with heterogeneity, as hypothesized in H4a and H5.




4.3. Robustness Check


To perform the robustness appropriately, this study conducted related checks in three ways. First, it used the approach of fixed effect regression and re-estimated the model, and the result is presented in Model 12, in Table 7. Second, this study changed the method of measuring trade openness by the ratio of the total sum of import and export divided by the gross national income (GNI) (represented by trapen2), and the result is presented in Models 13 to 17, in Table 7.



Thirdly, this study also divided the full sample into two subsamples according to the mean income level, defined as the high-income group and low-income group, and the results are presented in Table 8 and Table 9. In detail, 42 countries belong to the high-income group, namely, China, Armenia, Israel, Iraq, Iran, Bulgaria, Croatia, Hungary, North Macedonia, Qatar, Kazakhstan, Turkmenistan, Turkey, Serbia, Cyprus, Bahrain, Greece, Latvia, Czech Republic, Negara Brunei Darussalam, Slovakia, Slovenia, Singapore, Georgia, Saudi Arabia, Poland, Bosnia and Herzegovina, Thailand, Estonia, Belarus, Kuwait, Lithuania, Jordan, Romania, Azerbaijan, Albania, United Arab Emirates, Oman, Maldives, Malaysia, Mali, and Montenegro.



Simultaneously, the low-income group contains 22 countries, which are Bhutan, Ukraine, Uzbekistan, Yemen, India, Indonesia, Kyrgyz, Tajikistan, Bangladesh, Nepal, Pakistan, Morocco, Sri Lanka, Cambodia, Myanmar, Lao, Philippines, Mongolia, Vietnam, Afghanistan, Syrian Arab Republic, and Egypt. The results indicate that all of the robustness checks support H4a and H5.





5. Further Discussion on the Mediating Effect Between Trade Openness and CO2 Emissions


The empirical results above indicate that there is a positive relationship between trade openness and CO2 emissions. However, countries should try their best to avoid environmental problems caused by CO2 emissions. Therefore, exploring the mediating effect between trade openness and CO2 emissions is necessary for mitigating greenhouse gas emissions. As is mentioned in Section 3.1, the positive association is a mixed result of three channels, which are the energy-substitution channel (renewable energy consumption), economic channel (GDP), and technology channel (energy intensity). To investigate whether the three mediating effects exist and how trade openness plays a role in CO2 emissions through the three channels, this study proposed the products of coefficients test [48]. In detail, we constructed the following three equations:


  Y = cX +  ε 1   



(2)






  M = aX +  ε 2   



(3)






  Y =  c ′ X  + bM +  ε 3   



(4)







In Equation (2), Y represents the dependent variable of CO2 emissions, and X represents the independent variable of trade openness. Moreover, M represents the mediating variables to be tested, namely the energy-substitution channel (renewable energy consumption), economic channel (GDP), and technology channel (energy intensity). Moreover, we tested the null hypothesis: ab = 0 [49]. If this hypothesis is significantly rejected, there is a mediating effect. Specifically, to test this hypothesis, we constructed the following z-statistics:


  z =      a ^     b ^       s  ab      



(5)







In Equation (5),     a ^     represents the estimator of a,    b ^    represents the estimator of b, and    s  ab     represents the standard error of the estimator of      a ^     b ^     . To obtain the relatively accurate standard error, this study utilized the Bootstrap method to estimate the standard error and thereby set up a 95% confidence interval (CI). If 0 is excluded in the CI, the products of coefficients are statistically significant, and the mediating effect exists [49]. Additionally, to produce a more accurate estimation, we repeated the sampling 500 times.



The result of the indirect mediating effect is presented in Table 10. First, concerning the energy-substitution channel, this study chose renewable energy consumption as a mediating variable. The result of the Bootstrap method suggests that the coefficient is negative, the corresponding z-statistic is significantly different from 0, and the 95% CI excludes 0. Therefore, the indirect effect via renewable energy consumption is negative, as expected in H1. Second, about the economic channel, we selected GDP as a mediating variable. The result of the Bootstrap method indicates that the coefficient is negative, the corresponding z-statistic is significantly different from 0, and the 95% CI does not include 0. Therefore, the indirect effect via GDP is significantly positive, which is consistent with H2a. Thirdly, for the technology channel, we utilized energy intensity as a mediating variable. The result of the Bootstrap method reveals that the coefficient is positive, the corresponding z-statistic is significantly different from 0, and the 95% CI does not contain 0. Therefore, the indirect effect via energy intensity is negative, and hence, the result is as hypothesized in H3.




6. Conclusions and Implications


With the accelerating pace of globalization, economic cooperation among countries around the world has played a vital role. In particular, the Belt and Road Initiative proposed by China in 2013 has introduced most countries into a community with a shared future. However, the environmental problems caused by trade openness also stand out gradually. Therefore, this study used 2001–2019 panel data from the Belt and Road countries to empirically explore the impact of trade openness on CO2 emissions. The results indicate that trade openness has a significant promotional effect on CO2 emissions. Furthermore, the role of trade openness varies with different levels of CO2 emissions. Specifically, for the CO2 emissions increased by quantile, the effect of trade openness decreases monotonically. Besides, this study put forward three major mechanisms, namely the energy-substitution channel (renewable energy consumption), economic channel (GDP), and technology channel (energy intensity). Moreover, renewable energy consumption and GDP are negative mediators, whereas energy intensity is a positive mediator.



According to the conclusions of this study, the full use of trade openness to solving environmental problems can be considered from three perspectives. The first is to improve renewable energy consumption. In terms of the empirical results, although the overall effect of trade openness is to increase CO2 emissions, renewable energy consumption will reduce CO2 emissions. Therefore, there is no time to lose in accelerating the consumption of renewable energy in the countries along the Belt and Road. The second strategic recommendation is to decrease energy intensity. Based on the empirical results, the mediating effect of energy intensity is positive. This implies that the lower the degree of energy intensity, the lower the CO2 releases, and subsequently the better the environmental quality. More specifically, in line with this study, the energy intensity is measured by the ratio of primary energy consumption to GDP. Therefore, reducing primary energy consumption is vital to reduce carbon emissions. Thus, there is an urgent need to eliminate backward capacity, resolve excess capacity, and adjust the industrial structure. The third recommendation is to formulate related policies of carbon emission reduction based on local conditions. According to the empirical results, the role of trade openness in CO2 emissions indicates significant differentials, and therefore specific emission-reduction policies should be developed for CO2 emissions by quantile. Specifically, the promotion effect of trade openness on CO2 emissions is not significant in the 10th quantile countries, such as Afghanistan, Bhutan, Lao, Nepal, Syrian Arab Republic, and Yemen, but it is significant in countries with a high quantile of CO2 emissions. Accordingly, countries with high CO2 emissions are encouraged to formulate specific policies on how to avoid environmental problems while ensuring trade openness.
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Figure 1. Kernel density estimation for CO2 emissions. 
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Table 1. Details of variables.






Table 1. Details of variables.











	Types
	Code
	Meaning
	Measurement





	Independent variable
	trapen
	Trade openness
	The total sum of import and export for goods (% of GDP)



	Dependent variable
	co2em
	CO2 emissions
	Per capita CO2 emissions



	
	fasat
	Financial development level
	Domestic private sector credit (% of GDP)



	
	eguse
	Fossil fuel energy consumption
	(%)



	
	spurb
	Urbanization level
	Urban population (%)



	
	dinv
	Net foreign direct investment inflows
	(% of GDP)



	Control

variables
	negdi
	Total fixed capital formation
	(% of GDP)



	
	enpop
	Density of population
	Population (per kilometer of land area)



	
	necon
	Household final consumption expenditure
	(Annual growth rate)



	
	sppop
	The number of R&D researchers
	



	
	nycoal
	Coal rents
	(% of GDP)







Note: The data sources are from the World Development Indicators of World Bank Database (WDI), and British Petroleum Ltd. (BP).
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Table 2. The 64 countries along the Belt and Road.






Table 2. The 64 countries along the Belt and Road.





	Country
	Country
	Country
	Country





	Afghanistan
	Estonia
	Malaysia
	Saudi Arabia



	Albania
	Georgia
	Maldives
	Serbia



	Armenia
	Greece
	Mali
	Singapore



	Azerbaijan
	Hungary
	Mongolia
	Slovakia



	Bahrain
	India
	Montenegro
	Slovenia



	Bangladesh
	Indonesia
	Morocco
	Sri Lanka



	Belarus
	Iran
	Myanmar
	The Syrian Arab Republic



	Bhutan
	Iraq
	Negara Brunei Darussalam
	Tajikistan



	Bosnia and Herzegovina
	Israel
	Nepal
	Thailand



	Bulgaria
	Jordan
	North Macedonia
	Turkey



	Cambodia
	Kazakhstan
	Oman
	Turkmenistan



	China
	Kuwait
	Pakistan
	Ukraine



	Croatia
	Kyrgyz
	Philippines
	United Arab Emirates



	Cyprus
	Lao
	Poland
	Uzbekistan



	Czech Republic
	Latvia
	Qatar
	Vietnam



	Egypt
	Lithuania
	Romania
	Yemen







Note: The content is arranged by the authors.
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Table 3. Descriptive statistics.






Table 3. Descriptive statistics.





	Variables
	Obs
	Mean
	Std. Dev.
	Min
	Max
	Unit





	trapen
	1216
	91.3369
	55.1202
	0.1674
	437.3267
	%



	co2em
	1216
	6.4852
	8.3338
	0.0371
	43.9083
	Metric tons Per capita



	fasat
	1216
	41.3341
	39.3178
	0.1862
	255.3103
	%



	eguse
	1216
	0.5024
	0.4120
	0.0000
	100
	%



	spurb
	1216
	0.5656
	0.2080
	0.1395
	100
	%



	dinv
	1216
	5.5515
	15.9683
	−40.4143
	280.1318
	%



	negdi
	1216
	22.8356
	9.4226
	5.3606
	69.6728
	%



	enpop
	1216
	251.4360
	878.2109
	1.5574
	7952.9980
	People



	necon
	1216
	5.8502
	4.2826
	3.7364
	72.8556
	%



	sppop
	1216
	631.3633
	1107.7210
	12.1546
	7006.6300
	Per million people



	nycoal
	1216
	2.963
	1.2356
	0.0000
	25.3274
	%







Note: The result is arranged by the authors.
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Table 4. Unit root test.






Table 4. Unit root test.





	Variables
	LLC Test
	HT Test
	Breitung Test
	IPS Test
	Fisher Test





	trapen
	−0.9814
	−3.9428 ***
	2.7015
	−4.2101 ***
	327.1814 ***



	D.trapen
	−78.8388 ***
	−20.4134 ***
	−5.3375 ***
	−15.8255 ***
	489.4965 ***



	co2em
	−1.5205 **
	−0.6811
	−0.1646
	−3.4100 ***
	557.8632 ***



	D.co2em
	−15.4362 ***
	−18.6695 ***
	−15.4613 ***
	−16.4455 ***
	987.1120 ***



	sppop
	2.5394
	−8.6838 ***
	21.1815
	13.4773
	298.3623 ***



	D.sppop
	−19.4739 ***
	−34.8949 ***
	18.7267
	3.7596
	254.6861 ***



	spurb
	−6.7269 ***
	9.8447
	18.4546
	10.7576
	380.5033 ***



	D.spurb
	−27.2065 ***
	11.1360
	1.1457
	−3.4913 ***
	288.1503 ***



	negdi
	−5.0643 ***
	1.8225
	3.4967
	−1.7457 **
	352.3466 ***



	D.negdi
	−16.5912 ***
	−16.0497 ***
	−10.1359 ***
	−13.5483 ***
	459.6010 ***



	eguse
	−6.7008 ***
	−18.1889 ***
	−8.5717 ***
	−10.6971 ***
	313.7531 **



	D.eguse
	−24.1172 ***
	−35.2930 ***
	−21.8667 ***
	−20.1537 ***
	597.5104 ***



	necon
	−14.1506 ***
	−26.3955 ***
	−12.3223 ***
	−14.0119 ***
	414.0875 ***



	D.necon
	−53.3830 ***
	−40.8711 ***
	−18.5433 ***
	−20.3546 ***
	617.9352 ***



	nycoal
	−5.4424 ***
	−2.4780 ***
	−6.7129 ***
	−8.1634 ***
	282.4633 ***



	D.nycoal
	−10.6393 ***
	−25.9495 ***
	−16.8364 ***
	−19.8844 ***
	541.2529 ***



	enpop
	45.3962
	103.5968
	29.0601
	19.1853
	351.5903 ***



	D.enpop
	127.1427
	−32.9342 ***
	28.4541
	16.4986
	90.0907



	fsast
	−3.1991 ***
	4.4457
	6.1520
	1.4908
	350.2999 ***



	D.fsast
	−20.8155 ***
	−18.9724 ***
	−9.6367 ***
	−13.5020 ***
	421.5271 ***



	dinv
	−13.7742 ***
	−10.7110 ***
	−9.0316 ***
	−11.0296 ***
	353.1475 ***



	D.dinv
	−29.7284 ***
	−38.0679 ***
	−14.1801 ***
	−20.5195 ***
	477.6492 ***







Notes: *** and ** denote the significance level of 1%, and 5%, respectively. All of the tests add individual fixed effects and linear time trends. The null hypotheses of the five methods are that panels contain unit roots.
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Table 5. Panel quantile regression results.






Table 5. Panel quantile regression results.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)




	
Variables

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em




	
Quantiles

	
10th

	
25th

	
50th

	
75th

	
90th






	
trapen

	
0.0422

	
0.0395 *

	
0.0338 ***

	
0.0306 ***

	
0.0282 **




	

	
(0.0271)

	
(0.0207)

	
(0.0085)

	
(0.0074)

	
(0.0112)




	
sppop

	
0.0015 ***

	
0.0002

	
0.0001

	
0.0001

	
0.0001




	

	
(0.0006)

	
(0.0004)

	
(0.0002)

	
(0.0002)

	
(0.0002)




	
spurb

	
0.0569

	
0.0549

	
0.0505

	
0.0481

	
0.0463




	

	
(0.1116)

	
(0.0855)

	
(0.0352)

	
(0.0304)

	
(0.0461)




	
negdi

	
0.0031

	
0.0033

	
0.0037

	
0.0039

	
0.0041




	

	
(0.0616)

	
(0.0472)

	
(0.0194)

	
(0.0168)

	
(0.0255)




	
eguse

	
0.0000

	
0.0031

	
0.0097 **

	
0.0134 ***

	
0.0162 ***




	

	
(0.0120)

	
(0.0092)

	
(0.0038)

	
(0.0033)

	
(0.0050)




	
necon

	
−0.0010

	
0.0023

	
0.0095

	
0.0135

	
0.0166




	

	
(0.0687)

	
(0.0527)

	
(0.0217)

	
(0.0187)

	
(0.0284)




	
nycoal

	
0.1623

	
0.0921

	
−0.0618

	
−0.1467

	
−0.2111




	

	
(0.3656)

	
(0.2802)

	
(0.1163)

	
(0.0996)

	
(0.1515)




	
enpop

	
0.0182 ***

	
0.0130 ***

	
0.0002

	
−0.0004

	
−0.0009




	

	
(0.0056)

	
(0.0043)

	
(0.0018)

	
(0.0015)

	
(0.0023)




	
fsast

	
0.0152

	
0.1336 ***

	
0.0094 *

	
0.0071

	
0.0055




	

	
(0.0170)

	
(0.0130)

	
(0.0054)

	
(0.0046)

	
(0.0070)




	
dinv

	
0.0008

	
0.0015

	
0.0032

	
0.0041

	
0.0048




	

	
(0.0110)

	
(0.0084)

	
(0.0035)

	
(0.0030)

	
(0.0045)




	
Observations

	
1216

	
1216

	
1216

	
1216

	
1216








Notes: The numbers in parentheses are standard errors. ***, **, and * stand for the significance level of 1%, 5%, and 10%, respectively.
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Table 6. The test of endogeneity.






Table 6. The test of endogeneity.





	

	
(6)

	
(7)

	
(8)

	
(9)

	
(10)

	
(11)




	
Variables

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em




	
Quantiles

	
---

	
10th

	
25th

	
50th

	
75th

	
90th






	
L.co2em

	
0.9873 ***

	

	

	

	

	




	

	
(0.0072)

	

	

	

	

	




	
trapen

	
0.0018 ***

	
0.0469 ***

	
0.0439 ***

	
0.0373 ***

	
0.0338 ***

	
0.0314 ***




	

	
(0.0006)

	
(0.0140)

	
(0.0107)

	
(0.0062)

	
(0.0074)

	
(0.0094)




	
sppop

	
0.0001***

	
0.0001

	
0.0001

	
0.0001

	
0.0000

	
0.0000




	

	
(0.0000)

	
(0.0003)

	
(0.0002)

	
(0.0001)

	
(0.0001)

	
(0.0002)




	
spurb

	
−0.0254 ***

	
0.0470

	
0.0458

	
0.0432 *

	
0.0419

	
0.0409




	

	
(0.0046)

	
(0.0533)

	
(0.0406)

	
(0.0234)

	
(0.0282)

	
(0.0357)




	
negdi

	
0.0036 **

	
−0.0012

	
−0.0003

	
0.0018

	
0.0028

	
0.0035




	

	
(0.0017)

	
(0.0287)

	
(0.0218)

	
(0.0126)

	
(0.0152)

	
(0.0192)




	
eguse

	
0.0014 **

	
0.0011

	
0.0038

	
0.0095 ***

	
0.0126 ***

	
0.0146 ***




	

	
(0.0007)

	
(0.0054)

	
(0.0041)

	
(0.0024)

	
(0.0029)

	
(0.0036)




	
necon

	
−0.0012

	
−0.0047

	
−0.0010

	
0.0072

	
0.0115

	
0.0144




	

	
(0.0049)

	
(0.0308)

	
(0.0234)

	
(0.0135)

	
(0.0163)

	
(0.0206)




	
nycoal

	
−0.0001 ***

	
0.1523

	
0.0800

	
−0.0767

	
−0.1596

	
−0.2147 *




	

	
(0.0000)

	
(0.1880)

	
(0.1433)

	
(0.0840)

	
(0.0994)

	
(0.1264)




	
enpop

	
0.0026 **

	
0.01398 ***

	
0.0097 ***

	
0.0001

	
−0.0004

	
−0.0007




	

	
(0.0012)

	
(0.0024)

	
(0.0018)

	
(0.0010)

	
(0.0012)

	
(0.0016)




	
fsast

	
−0.0025 **

	
0.0156 **

	
0.0134 **

	
0.0085 **

	
0.0060

	
0.0043




	

	
(0.0012)

	
(0.0078)

	
(0.0059)

	
(0.0034)

	
(0.0041)

	
(0.0052)




	
dinv

	
0.6792 ***

	
−0.0001

	
0.0009

	
0.0032

	
0.0045

	
0.0053




	

	
(0.1488)

	
(0.0053)

	
(0.0040)

	
(0.0023)

	
(0.0028)

	
(0.0036)




	
Constant

	
0.9873 ***

	

	

	

	

	




	

	
(0.0072)

	

	

	

	

	




	
Observations

	
1152

	
1152

	
1152

	
1152

	
1152

	
1152




	
Wald’s statistic

	
748,582.6300

	

	

	

	

	




	
Number of countries

	
64

	

	

	

	

	








Notes: In Model 6, the approach of the dynamic generalized moment is employed. In Models 7 to 11, panel quantile regression is performed, and the constant item, Wald’s statistic, and the number of countries are not reported. The numbers in parentheses are standard errors. ***, **, and * denote the significance level of 1%, 5%, and 10%, respectively.
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Table 7. Robustness check.
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(12)

	
(13)

	
(14)

	
(15)

	
(16)

	
(17)




	
Variables

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em




	
Quantiles

	
---

	
10th

	
25th

	
50th

	
75th

	
90th






	
trapen2

	
0.0351 ***

	
0.0415 ***

	
0.0355 ***

	
0.0276 ***

	
0.0205 **

	
0.0164




	

	
(0.0032)

	
(0.0105)

	
(0.0073)

	
(0.0059)

	
(0.0084)

	
(0.0108)




	
sppop

	
0.0001

	
0.0000

	
0.0000

	
0.0000

	
0.0001

	
0.0001




	

	
(0.0001)

	
(0.0003)

	
(0.0002)

	
(0.0002)

	
(0.0002)

	
(0.0003)




	
spurb

	
0.0515 **

	
0.0144

	
0.0068

	
−0.0031

	
−0.0120

	
−0.0172




	

	
(0.0252)

	
(0.0670)

	
(0.0463)

	
(0.0371)

	
(0.0538)

	
(0.0691)




	
negdi

	
0.0036

	
0.0560

	
0.0589 *

	
0.0626 **

	
0.0660 *

	
0.0680




	

	
(0.0093)

	
(0.0487)

	
(0.0336)

	
(0.0270)

	
(0.0391)

	
(0.0502)




	
eguse

	
−0.0082 ***

	
−0.0121 *

	
−0.0145 ***

	
−0.0177 ***

	
−0.0205 ***

	
−0.0221 ***




	

	
(0.0018)

	
(0.0069)

	
(0.0048)

	
(0.0038)

	
(0.0056)

	
(0.0071)




	
necon

	
0.0079

	
−0.0064

	
−0.0041

	
−0.0010

	
0.0018

	
0.0034




	

	
(0.0136)

	
(0.0414)

	
(0.0286)

	
(0.0229)

	
(0.0333)

	
(0.0427)




	
nycoal

	
−0.0262

	
−0.2026

	
−0.2336 *

	
−0.2742 ***

	
−0.3103 **

	
−0.3317 *




	

	
(0.0636)

	
(0.1905)

	
(0.1316)

	
(0.1055)

	
(0.1529)

	
(0.1964)




	
enpop

	
0.0004 *

	
0.0021

	
0.0014

	
0.0004

	
−0.0005

	
−0.0010




	

	
(0.0002)

	
(0.0033)

	
(0.0023)

	
(0.0018)

	
(0.0027)

	
(0.0034)




	
fsast

	
0.0103 ***

	
−0.0059

	
−0.0034

	
0.0000

	
0.0030

	
0.0048




	

	
(0.0029)

	
(0.0094)

	
(0.0065)

	
(0.0052)

	
(0.0076)

	
(0.0097)




	
dinv

	
0.0028

	
0.0028

	
0.0031

	
0.0035

	
0.0039

	
0.0041




	

	
(0.0045)

	
(0.0064)

	
(0.0044)

	
(0.0035)

	
(0.0051)

	
(0.0066)




	
Constant

	
0.0351 ***

	

	

	

	

	




	

	
(0.0032)

	

	

	

	

	




	
Observations

	
1216

	
972

	
972

	
972

	
972

	
972




	
F-statistics

	
43.37

	

	

	

	

	




	
R-square

	
0.4270

	

	

	

	

	




	
Number of countries

	
64

	

	

	

	

	








Notes: Model 12 is estimated by the approach of the fixed effect regression, and Models 13 to 17 are estimated by the method of panel quantile regression. Hence, the constant item, F-statistics, R-square, and the number of countries are not reported in Models 13 to 17. The numbers in parentheses are standard errors, and ***, **, and * denote the significance level of 1%, 5%, and 10%, respectively.
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Table 8. Panel quantile regression results: High-income group.






Table 8. Panel quantile regression results: High-income group.





	

	
(13)

	
(14)

	
(15)

	
(16)

	
(17)




	
Variables

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em




	
Quantiles

	
10th

	
25th

	
50th

	
75th

	
90th






	
trapen

	
0.0506 ***

	
0.0494 ***

	
0.0471 ***

	
0.0457 ***

	
0.0446 ***




	

	
(0.0143)

	
(0.0108)

	
(0.0075)

	
(0.0096)

	
(0.0126)




	
sppop

	
0.0001

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	

	
(0.0002)

	
(0.0002)

	
(0.0001)

	
(0.0002)

	
(0.0002)




	
spurb

	
0.0451

	
0.0487

	
0.0556 *

	
0.0600

	
0.0633




	

	
(0.0550)

	
(0.0413)

	
(0.0288)

	
(0.0371)

	
(0.0484)




	
negdi

	
0.0026

	
0.0064

	
0.0137

	
0.0185

	
0.0220




	

	
(0.0407)

	
(0.0307)

	
(0.0213)

	
(0.0275)

	
(0.0359)




	
eguse

	
−0.0005

	
−0.0033

	
−0.0085 **

	
−0.0119 ***

	
−0.0144 ***




	

	
(0.0062)

	
(0.0047)

	
(0.0033)

	
(0.0042)

	
(0.0055)




	
necon

	
−0.0326

	
−0.0241

	
−0.0082

	
0.0022

	
0.0098




	

	
(0.0557)

	
(0.0419)

	
(0.0292)

	
(0.0375)

	
(0.0490)




	
nycoal

	
0.2890

	
0.2622

	
0.2115

	
0.1785

	
0.1542




	

	
(0.2457)

	
(0.1849)

	
(0.1286)

	
(0.1657)

	
(0.2164)




	
enpop

	
0.0018

	
0.0013

	
0.0003

	
−0.0003

	
−0.0008




	

	
(0.0019)

	
(0.0014)

	
(0.0010)

	
(0.0013)

	
(0.0017)




	
fsast

	
0.0229 **

	
0.0192 ***

	
0.0122 **

	
0.0076

	
0.0042




	

	
(0.0090)

	
(0.0068)

	
(0.0048)

	
(0.0061)

	
(0.0079)




	
dinv

	
0.0306

	
0.0271 *

	
0.0203 *

	
0.0159

	
0.0127




	

	
(0.0206)

	
(0.0155)

	
(0.0108)

	
(0.0139)

	
(0.0181)




	
Observations

	
741

	
741

	
741

	
741

	
741








Notes: The numbers in parentheses are standard errors. ***, **, and * stand for the significance level of 1%, 5%, and 10%, respectively.
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Table 9. Panel quantile regression results: Low-income group.
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(18)

	
(19)

	
(20)

	
(21)

	
(22)




	
Variables

	
co2em

	
co2em

	
co2em

	
co2em

	
co2em




	
Quantiles

	
10th

	
25th

	
50th

	
75th

	
90th






	
trapen

	
0.0089

	
0.0082 **

	
0.0069 ***

	
0.0060 **

	
0.0053




	

	
(0.0056)

	
(0.0042)

	
(0.0024)

	
(0.0030)

	
(0.0041)




	
sppop

	
0.0005

	
0.0004

	
0.0003

	
0.0002

	
0.0001




	

	
(0.0004)

	
(0.0003)

	
(0.0002)

	
(0.0002)

	
(0.0003)




	
spurb

	
0.0485

	
0.0560

	
0.0693 **

	
0.0788 **

	
0.0854 *




	

	
(0.0642)

	
(0.0475)

	
(0.0279)

	
(0.0341)

	
(0.0464)




	
negdi

	
−0.0180

	
−0.0178

	
−0.0175 *

	
−0.0173

	
−0.0172




	

	
(0.0211)

	
(0.0156)

	
(0.0091)

	
(0.0112)

	
(0.0152)




	
eguse

	
−0.0048

	
−0.0066

	
−0.0099 ***

	
−0.0123 ***

	
−0.0139 ***




	

	
(0.0056)

	
(0.0042)

	
(0.0025)

	
(0.0030)

	
(0.0041)




	
necon

	
−0.0058

	
−0.0005

	
0.0090

	
0.0157

	
0.0205




	

	
(0.0298)

	
(0.0221)

	
(0.0130)

	
(0.0158)

	
(0.0215)




	
nycoal

	
0.2270

	
0.1237

	
−0.0608

	
−0.1917

	
−0.2839




	

	
(0.2557)

	
(0.1904)

	
(0.1158)

	
(0.1362)

	
(0.1850)




	
enpop

	
−0.0001

	
−0.0000

	
0.0001

	
0.0002

	
0.0003




	

	
(0.0013)

	
(0.0009)

	
(0.0006)

	
(0.0007)

	
(0.0009)




	
fsast

	
0.0097

	
0.0081 *

	
0.0052 *

	
0.0031

	
0.0017




	

	
(0.0062)

	
(0.0046)

	
(0.0027)

	
(0.0033)

	
(0.0045)




	
dinv

	
0.0000

	
0.0012

	
0.0033

	
0.0048

	
0.0059




	

	
(0.0070)

	
(0.0052)

	
(0.0030)

	
(0.0037)

	
(0.0050)




	
Observations

	
475

	
475

	
475

	
475

	
475








Notes: The numbers in parentheses are standard errors. ***, **, and * stand for the significance level of 1%, 5%, and 10%, respectively.
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Table 10. Mediating effects.






Table 10. Mediating effects.





	Channel
	Mediating Variable
	Coefficient
	Bootstrap

Standard Error
	z-Statistic
	p-Value
	95% CI





	The substitution channel
	renewable energy consumption
	−0.0087
	0.0013
	−6.7200
	0.0000
	[−0.0112, −0.0061]



	The economic channel
	GDP
	0.0786
	0.0058
	13.5100
	0.0000
	[0.0672,0.0899]



	The technology channel
	energy intensity
	−0.0129
	0.0022
	−5.6600
	0.0000
	[−0.0173, −0.0084]
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