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Abstract

:

China attaches great importance to international cooperation on climate change, especially working with the Belt and Road Initiative relevant partners. From a perspective on carbon emissions and economic spillover effects, this study explores how China and the Belt and Road Initiative countries can work together to cope with climate change. It applies a three-region spillover effects model, based on the multi-regional input-output table and satellite extensions data of the Eora database, to examine mutual carbon emissions and economic spillover effects between China and the Belt and Road Initiative countries. The results show that: (1) Mutual carbon emissions spillover effects exist between China and the BRI countries, which is an important premise for them to cooperate responding to climate change. (2) There are great differences in carbon emission spillover effects among different sectors. Thus, optimizing the trade structure can bring benefits to carbon reduction for both sides. (3) The sectoral order of carbon emissions spillover effects, and economic spillover effects, is not consistent. In order to achieve an economic and environmental win-win, it is necessary to increase bilateral trade in those sectors with large economic spillover effects, and reduce other sectors with large carbon emissions spillover effects.
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1. Introduction


With economic activities strengthening, the resulting effects on climate change have emerged as a threat to the long-term, stable, and sustainable development of social and eco-systems. On 4 April 2022, the United Nations Intergovernmental Panel on Climate Change (IPCC) issued the third part of the Sixth Assessment Report, Climate Change 2022: Mitigation of Climate Change, the Working Group III contribution. In the past decade, global greenhouse gas emissions have reached unprecedented heights, but the growth rate is declining [1]. Balancing the relationship between economic development and climate change has become an urgent focus of global conversations. As an important factor affecting climate change, the massive increase of carbon dioxide emissions is a severe and immediate global problem. Global carbon emissions have continuously grown since 2013, reaching a record high of 34.36 billion tons in 2019 [2].



In response to the mounting climate crisis, more than 100 countries around the world have established carbon neutrality goals [3]. Among them, China is one of the most active countries to promote carbon neutrality. On 22 September 2020, China first proposed a vision of achieving the carbon peak by 2030, and carbon neutrality by 2060, at the 75th General Debate of the United Nations General Assembly [4,5]. On 27 October 2021, China released a white paper, Responding to Climate Change: China’s Policies and Actions. The white paper emphasizes that China attaches great importance to jointly building the Green Silk Road with other countries, in order to address climate change. [6]. Since the Belt and Road Initiative (BRI) was proposed in 2013, trade links between China and participating countries have become closer and closer. The total import and export of products between China and the BRI countries increased from US$1.04 trillion to US$1.34 trillion between 2013 and 2019, with a growth rate of 28.85% [7].



On 12 December 2015, nearly 200 parties to the United Nations Framework Convention on Climate Change reached the Paris Agreement at the Paris Climate Change Conference. In this context, the issue of carbon emissions has received widespread attention from various countries. Trade can promote economic growth and generate embodied carbon emissions [8,9,10,11,12,13]. This paper aims to address the issue of the cooperation between China and BRI countries to tackle climate change, from the perspective of trade-related economic and carbon emission spillover effects. We address two questions: First, what kind of spillover effects will trade between China and BRI countries have on their carbon emissions and economies? Second, from the perspective of weighing carbon emissions and economic spillover effects, how can trade cooperation between China and BRI countries work together to address climate change? The novelty of this paper mainly lies in two aspects. First, from the perspective of trade-related spillover effects, this paper analyzes the correlation of economy and carbon emissions between China and BRI countries. Second, on the basis of comparing the differences of economic and carbon emission spillover effects in different sectors, this paper explores the policies for China and BRI countries to cooperate when dealing with climate change.



The rest of the paper is organized as follows. Section 2 briefly reviews the existing related literature. Section 3 presents methodology and data sources. Section 4 analyzes and discusses the results. Section 5 outlines main conclusions, puts forward some policy suggestions, and points out the direction for future research.




2. Literature Review


2.1. Response to Climate Change under the Belt and Road Initiative


Since the Belt and Road Initiative (BRI) was launched in 2013, economic and trade cooperation among participating countries has continued to strengthen [14,15]. Noting that “win-win” is the core goal of the BRI [16], many studies have focused on whether a mutually beneficial situation of economy and environment can be achieved by participating countries. In particular, concerns over the BRI’s potential impacts on environment as well as global climate change, have gathered force [17]. Some studies raised concerns about possible carbon emissions impacts of the BRI [18,19]. They believe that the Belt and Road Initiative may worsen the environment of the countries along the route, and even lead to “energy plunder” [18,19].



Other studies found that the BRI will promote carbon emission reduction and environmental improvement of participating countries, through trade and investment [20,21]. In particular, the countries participating in the Belt and Road Initiative have expressed positive views on this issue. Siti Nurhasanah (2019), an Indonesian scholar, believes that the project has benefited all participants and helped poor areas [22]. Lao scholar Visansack Khamphengvong (2022) said that the Belt and Road Initiative plays a crucial role in mobilizing economic and social development, and improving national and international connectivity [23]. Other scholars have also argued for the positive effects of the Belt and Road Initiative in terms of economic development [24], ecological protection [25], and food security [26]. In the context of the growing trade between BRI countries, carbon emissions embodied in trade have become the focus of discussion. The volume of carbon emissions embodied in trade has been measured at the national or regional level in BRI countries [27]. The factors which affected carbon emissions embodied in trade changes have been analyzed by using structural decomposition analysis method [28,29,30].



Carbon emission reduction under the BRI is of great significance to China and other participating countries in addressing climate change [31]. If China and the BRI carry out green cooperation, it will not only help the two sides to jointly cope with climate change [32], but also benefit the whole world in many ways [33]. Greening infrastructure and energy investments in the BRI will have an important impact on carbon emission reduction globally [34]. Promoting transition to a low-carbon energy system is an important measure for China and BRI countries to deal with climate change together [35]. In short, promoting international cooperation between China and BRI countries through deepening green trade and investment is of great significance to tackling global climate change.




2.2. Economic and Carbon Emissions Spillover Effects


Spillover and feedback effects are important manifestations of inter-regional interactions. Economic spillover effects are the unidirectional influence of the economic development of region A on the economic development of other regions. Feedback effects refer to the influence of other regions on the development of region A [36]. Carbon emission spillover and feedback effects are the products of economic interaction between different countries, or regions. Spillover and feedback effects models were first proposed by Miller [37,38] and gradually developed by scholars such as Round [39,40,41] and Sonis [42,43,44,45], who further clarified the economic meaning of intra-regional multiplier effect, inter-regional spillover effect, and inter-regional feedback effect. He pointed out their interrelationships and the consistency of multiplicative and additive decompositions. Furthermore, he proposed a unified approach to measure various types of effects using final demand as the starting point. Finally, Zhang [46,47] extended spillover and feedback effects to the value-added perspective, and discussed inter-regional interactions on the supply and demand sides, respectively.



Initially, spillover and feedback effect models were mainly used to analyze the interlinkage effects of economies between different areas. Later, with the growing prominence of environmental issues, spillover and feedback effects models were expanded to the environmental domain [48]. Some scholars have discussed the interactions of environmental factors such as carbon, water, and land among different regions in a country [49,50], or different countries [51]. It is found that the spillover effects are much larger than the feedback effects [52,53,54]. Interregional trade contributes to economic output, as well as causing significant carbon emissions. Some studies have begun to discuss the relationship between economic spillover effects and carbon emissions spillover effects [55]. A few studies have focused on the economic or carbon emissions spillover and feedback effects in BRI countries. Wang et al. [56] found an overall upward trend in the contribution of China’s economic development to the economic growth of BRI countries, with regional heterogeneity among countries. Wang et al. [57] presented that the mutual carbon spillover effects differed among seven BRI regions.



Although existing research can provide reference for the formulation of international cooperation policies to deal with climate change under the BRI, there are still two aspects of limitation. On the one hand, there is no in-depth analysis of why China should cooperate with BRI countries to cope with climate change. On the other hand, there is little literatures on how China and BRI countries achieve economic win-win, as well as environmental win-win in trade. To fill these gaps, from the perspective of spillover effects, this paper investigates the close economic and carbon emission linkages between China and BRI countries, which is the premise for the two sides to work together to cope with climate change. Based on the above literature analysis, two hypotheses are proposed in this paper.



Hypothesis 1.

Trade between China and BRI countries brings carbon spillovers to both sides and is significantly heterogeneous between regions and sectors.





Hypothesis 2.

Trade between China and BRI countries also brings economic spillover effects to both sides, and is not fully consistent with the aggregate and sectoral characteristics of carbon spillover effects.





Further, from the perspective of green trade, we put forward policy recommendations for China and BRI countries to jointly cooperate to cope with climate change, and achieve environmental win-win, as well as economic win-win. Accordingly, this study contributes to the literature in two main aspects: First, although it is emphasized that we jointly cope with climate change in the context of the BRI, the links of economic and carbon emissions between China and BRI countries are still unclear. This paper provides empirical evidence on the economic and carbon emissions spillover effects. This contributes to the current literature on the foundations for international cooperation in addressing climate change. Second, due to significant differences in the rate of added value and energy consumption per unit output among the different sectors, the economic spillover benefit and carbon emission spillover costs, from different sectors for the trade partners, may show heterogeneity. This paper investigates the heterogeneity by exploring the differences in economic and carbon emission spillover effects among different sectors. This provides a reference for China and BRI countries to jointly address climate change and achieve economic and environmental win-win, by optimizing trade structure.





3. Methodology and Data


3.1. Carbon Emissions and Economic Spillover Effects Model


For the tri-regional input–output model, the I-O accounting relationship x = Ax + y becomes as follows:


         X C         X B         X O        =        A  C C        A  C B        A  C O          A  B C        A  B B        A  B O          A  O C        A  O B        A  O O                X C         X B         X O        +        Y C         Y B         Y O         



(1)




where region C represents China, region B represents BRI countries, and region O represents other countries. Xr is the output vector of region r (r = C, B, O), Yr is the final demand vector of region r (r = C, B, O), and Ars is the intermediate use coefficient matrix of product supply from region r (r = C, B, O) to region s (s = C, B, O). Equation (1) can be morphed into the following equation:


         X C         X B         X O        =         ( I −  A  C C   )   − 1      0   0     0      ( I −  A  B B   )   − 1      0     0   0      ( I −  A  O O   )   − 1              0     A  C B        A  C O          A  B C      0     A  B O          A  O C        A  O B      0             X C         X B         X O         



(2)







Define Mrr = (I − Arr)−1 and Drs = MrrArs, Equation (2) can be written as follows:


         X C         X B         X O        =      0     D  C B        D  C O          D  B C      0     D  B O          D  O C        D  O B      0             X C         X B         X O        +        M  C C      0   0     0     M  B B      0     0   0     M  O O                Y C         Y B         Y O         



(3)







Then Equation (3) can be revealed as follows:


         X C         X B         X O        =        F  C C      0   0     0     F  B B      0     0   0     F  O O              I     U  C B        S  C O          S  B C      I     U  B O          U  O C        S  O B      I             M  C C      0   0     0     M  B B      0     0   0     M  O O                Y C         Y B         Y O         



(4)




where SCO = (DCBDBO + DCO) (I − DOBDBO)−1, UCB = DCB + SCODOB, and FCC = [I − DCB DBC − SCO (DOBDBC + DOC)]−1. Likewise, the expressions of FBB, FOO, UBO, UOC, SBC, and SOB can be presented.



MCC can be interpreted as an intra-regional multiplier, representing the impact of a unit of final product in region C on its own output through intra-regional industrial linkages. SCO and UCB can be interpreted as an inter-regional spillover multiplier, representing the spillover effect of a unit final demand in regions B and O with output from region C. FCC is an inter-regional feedback multiplier, representing the feedback effect of a unit final demand in region C on its own output through cyclical inter-regional economic linkages, with similar explanations for all other variables.



Further, Equation (4) can be decomposed as follows:


          X C         X B         X O        =        M  C C    Y C         M  B B    Y B         M  O O    Y O        +        U  C B    M  B B    Y B  +  S  C O    M  O O    Y O         S  B C    M  C C    Y C  +  U  B O    M  O O    Y O         U  O C    M  C C    Y C  +  S  O B    M  B B    Y B          +       (  F  C C   − I ) (  M  C C    Y C  +  U  C B    M  B B    Y B  ) +  S  C O    M  O O    Y O        (  F  B B   − I ) (  M  B B    Y B  +  S  B C    M  C C    Y C  ) +  U  B O    M  O O    Y O        (  F  O O   − I ) (  M  O O    Y O  +  U  O C    M  C C    Y C  ) +  S  O B    M  B B    Y B          



(5)







The right side of Equation (5) consists of three parts. The first part represents the intra-regional multiplier effect, the second part represents the inter-regional spillover effect and the third part represents the inter-regional feedback effect.



In general, if the sum of the three effects is considered to be 1, the multiplier effect is greater than 0.90, the spillover effect is greater than 0.09, and the feedback effect is less than 0.01 [46,47,52]. The inter-regional spillover coefficients are far greater than the inter-regional feedback coefficients [58,59]; therefore, we only analyze the spillover effects of carbon emissions between China and BRI countries.



First, the inter-regional carbon emission spillover effects can be measured by adding the carbon emission coefficient vector E based on Equation (5). For example, the carbon emission spillover effects (CSE) from region C to region B can be composed as follows:


  C S  E  C B   =  E B   S  B C    M  C C    Y C   



(6)




where EB denotes the carbon emission coefficient vectors of B regions, which is obtained by dividing the amount of carbon emission by the total output.



Second, the inter-regional economic spillover effects can be measured by adding value-added coefficient vector E based on Equation (5). For example, the economic spillover effects (ESE) from region C to region B can be set up as follows:


  E S  E  C B   =  V B   S  B C    M  C C    Y C   



(7)




where VB denotes the value-added coefficient vector of the B regions, which is obtained by dividing the value-added volume by the total output.



Similarly, carbon emission and economic spillover effects from B regions to region C are calculated.




3.2. Data Sources


Data of multi-regional input–output table and CO2 emissions are from the Eora database [60,61,62,63]. Compared to other input–output databases, the Eora database contains the largest number of countries and the most up-to-date data. The latest database includes 190 countries or regions in 2016 (includes ROW area), with each area containing 26 sectors (as shown in Appendix A). In September and October 2013, Chinese President Xi Jinping proposed building the “New Silk Road Economic Belt” and the “21st Century Maritime Silk Road”, respectively, referred to as the Belt and Road Initiative. The Belt and Road Initiative has had an even greater impact in promoting economic cooperation among countries, and has attracted more than 140 countries since its inception [64]. We initially chose the 65 countries that first joined the BRI [65], finally including 61 countries from Asia, Europe, and Africa in the analysis due to the lack of data (removing Timor-Leste, Macedonia, Montenegro, and Palestine), as shown in Appendix B.





4. Results and Discussion


4.1. Characteristics of Trade between China and BRI Countries


Existing studies have found that trade is closely related to economic growth and carbon emissions. As an important trading partner of BRI countries, bilateral trade cooperation between China and BRI countries has a pulling effect on promoting economic growth along the route. Overall, the total import and export commodities between ALL-BRI and China amounted to US$88.246 billion, of which, the intermediate trade volume was US$66.489 billion and the final trade volume was US$21.757 billion, accounting for 75.34% and 24.66% of the total trade volume between China and BRI countries, respectively.



In terms of trade spatial pattern, AS-BRI has the strongest trade ties with China, followed by EU-BRI, and AF-BRI. In 2016, the total bilateral trade between AS-BRI and China reached US$73.387 billion, accounting for 83.16% of the total trade between BRI countries and China. The total bilateral trade between EU-BRI and AF-BRI and China were US$138.39 billion and US$1.020 billion, accounting for 15.68% and 1.16% of the total trade between BRI countries and China, respectively.



In terms of sectoral structure, China’s bilateral trade with BRI countries shows concentration and symmetry. Specifically, textiles and wearing apparel (S5), petroleum, chemical and non-metallic mineral products (S7), metal products (S8), electrical and machinery (S9), transport (S19), and financial intermediation and business activities (S21), the total trade of these six sectors exceeds 70% of China’s total bilateral trade with BRI countries. Among them, the bilateral trade between China and BRI countries in the electrical and machinery (S9) sector is 25.063 billion USD, and the trade in intermediate goods accounts for 93.94%. The petroleum, chemical and non-metallic mineral products (S7) sector accounted for US$17.586 billion, with 94.16% of the trade in intermediate goods. The metal products (S8) sector accounted for $7.876 billion, with intermediate trade accounting for 67.81%. Other sectors, such as electricity, gas, and water (S13), public administration (S22), and private households (S26) accounted for a lower share of 0.20%, 0.14%, and 0.74%, respectively. The structure of China’s trade with BRI countries by sectors is shown in Figure 1.




4.2. Carbon Emissions Spillover Effects


4.2.1. Regional Carbon Emission Spillover Effects


Similar to the above study, we calculated a multiplier effect coefficient of 0.90, a spillover effect coefficient of 0.08, and a feedback effect coefficient of 0.006. We use the method presented in Section 3.1 to measure the mutual CSE between China and BRI countries, the results are presented in Figure 2. First, mutual CSE are evident between China and BRI countries. The CSE from China to all BRI countries is 260.38 Mt, which is slightly lower than those from all BRI countries to China with 275.19 Mt. Second, the largest mutual CSE are between China and Asian BRI countries (AS-BRI), followed by European BRI countries (EU- BRI), and finally African BRI countries (AF-BRI). The CSE from China to AS-BRI, E-BRI, and AF-BRI are 179.21 Mt, 80.17 Mt, and 0.99 Mt, respectively, and the CSE from AS-BRI, EU-BRI, and AF-BRI to China are 228.24 Mt, 42.87 Mt, and 4.07 Mt, respectively. The mutual CSE between China and AS-BRI are the largest due to the large number of AS-BRI countries, and the considerable mutual spillover effect between each AS-BRI and China, on average.



Although CSE between regions are the result of multiple factors, they are primarily related to trade links of intermediate goods (Zhang et al., 2016) First, as demonstrated in Table 1, the volume of intermediate products from China to all BRI countries is US$323.30 billion, which is less than that from BRI countries to China (US$341.59 billion). Therefore, CSE from all BRI countries to China are slightly higher than from China to all BRI countries. Second, whether in terms of total or average or one-way or mutual, the trade volume of intermediate products between China and AS-BRI is the largest, followed by EU-BRI and AF-BRI. For example, the average volume of intermediate goods trade between China and each AS-BRI is US$13.68 billion, exceeding twice the EU-BRI (US$5.49 billion) and AF-BRI (US$5.36 billion) average level. Consequently, bidirectional CSE between China and AS-BRI are the largest, followed by EU-BRI and AF-BRI.




4.2.2. Sectoral Carbon Emission Spillover Effects


Further analysis of the sectoral distribution of mutual CSE between China and BRI countries reveals the following two characteristics, as shown in Figure 3, Figure 4, Figure 5 and Figure 6. First, the sectoral distribution of bidirectional CSE is symmetrical, indicating that the sectors wherein China spills over more carbon emission to BRI countries, are also the sectors wherein BRI countries spillover more carbon emissions to China. Whether between China and all BRI countries or between China and individual BRI countries on various continents, the sector with the highest mutual CSE is electricity, gas, and water (S13), followed by petroleum, chemical, and non-metallic mineral products (S7) (Figure 2). Second, the sectoral distribution of bidirectional CSE is highly concentrated. As shown in Figure 1, CSE from BRI countries to China are concentrated in five sectors, including electricity, gas, and water (S13), petroleum, chemical, and non-metallic mineral products (S7), electrical and machinery (S9), mining and quarrying (S3), and metal products (S8), and vice versa. From the perspective of all BRI countries to China, CSE from these five sectors account for 84.33% of the total. Among them, the proportion of these five sectors in AS-BRI, EU-BRI, and AF-BRI is 85.04%, 76.15%, and 83.23%, respectively, and the proportion of the five sectors from China to all BRI countries is 81.00%. Among them, the proportion to AS-BRI, EU-BRI, and AF-BRI is 80.15%, 82.87%, and 64.40%, respectively.



As noted previously, the magnitude of the spillover effects primarily depends on the closeness of intermediate product trade linkages. Consistent with the concentration and symmetry of CSE, the sectoral distribution of intermediate product trade between China and BRI countries also show strong agglomeration and symmetry. As shown in Table 2, in both China and BRI countries, the five major sectors account for more than 60% of intermediate product trade in all sectors, including mining and quarrying (S3), petroleum, chemical and non-metallic mineral products (S7), metal products (S8), electrical and machinery (S9), and electricity, gas and water (S13). In particular, the three sectors of petroleum, chemical and non-metallic mineral products (S7), metal products (S8), and electrical and machinery (S9) are not only the most intermediate products exported by China to BRI countries, but also the most intermediate products exported by BRI countries to China.





4.3. Economic Spillover Effects and Its Comparison with Carbon Emission Spillover Effects


Similar to the carbon emission results, we calculated an economic multiplier effect factor of 0.94, an economic spillover effect factor of 0.054, and an economic feedback effect factor of 0.006. The mutual trade between China and BRI countries not only causes mutual CSE, but also leads to mutual ESE. Analyzing ESE and comparing them with CSE, we find the following characteristics.



First, from the overall perspective, such as carbon emissions, there are mutual ESE between China and BRI countries. Unlike carbon emissions, the ESE from China to all BRI countries are slightly larger than those from all BRI countries to China; the former is US$260.38 billion, and the latter is US$227.25 billion. CSE are not always positively correlated with ESE. Both are affected by multiple factors, such as production technology and carbon emission intensity. The comparison shows that China’s carbon emission coefficient (carbon emission per unit output) is 0.38 kg/US$, which is higher than 0.41 kg/US$ for all BRI countries, and China’s value-added coefficient (value-added per unit output) is 0.40, also lower than 0.48 for all BRI countries. Further comparison of the three continents reveals that the economic spillover effect remains the largest in Asia, followed by EU-BRI, and the smallest is in AF-BRI, which is the same as carbon emissions. The total amount of mutual ESE reaches US$366.58 billion between China and AS-BRI countries, followed by EU-BRI and AF-BRI, with US$116.66 billion and US$4.38 billion, respectively.



Second, from the sectoral perspective, ESE also exhibit the characteristics of concentration, echoing the findings for CSE. Table 3 demonstrates that ESE between BRI countries and China are concentrated in six sectors, including petroleum, chemical and non-metallic mineral products (S7), mining and quarrying (S3), electrical and mechanical (S9), financial intermediation and business activities (S21), metal products (S8), and financial intermediation and business activities (S21). These sectors account for about 70% between all BRI countries, AS-BRI, EU-BRI, AF-BRI, and China.



Third, further comparing the sectoral proportion between CSE and ESE, it can be found that in 26 sectors, the proportion of ESE in 21 sectors is higher than that of CSE, particularly financial intermediation and business activities (S21); and the proportion of CSE in five sectors is higher than that of economic spillover, particularly electricity, gas and water (S13). As shown in Figure 7, the share of mutual economic spillover is 4.23% greater than that of carbon emissions in the financial intermediation and business activities (S21), whereas the share of mutual carbon emissions spillover is 19.68% greater than that of economies in electricity, gas, and water (S13).



Why is the gap of CSE and ESE between above two sectors so different? There is huge difference in the coefficient of carbon emissions (CCE), as well as a discrepancy in the coefficient of value-added (CVA). Table 4 demonstrates that the coefficient of carbon emissions of electricity, gas, and water (S13) is the highest in all sectors in both China and BRI countries, exceeding 3 kg/US$. This is consistent with Wang et al.’s (2021) findings. The coefficient of carbon emissions of financial intermediation and business activities (S21) is far less than electricity, gas, and water (S13) in both China and BRI countries. Furthermore, Table 3 reveals that the coefficient of value-added (CVA) of financial intermediation and business activities (S21) is the highest in China, and ranks the second in AS-BRI and fourth in EU-BRI; however, the coefficient of value-added (CVA) of electricity, gas, and water (S13) is relatively low, ranking medium among all sectors in China and all BRI countries.





5. Conclusions


5.1. Main Conclusions


The goal of the BRI is to build a community of shared interest, destiny, and responsibility with mutual political trust, economic integration, and cultural inclusion. If all participants involved in the BRI can achieve a win-win situation in economy and environment, it is of great significance to the world’s sustainable development. In order to achieve the above goals, China is working with BRI countries to deal with climate change. Increasingly, trade ties have led to a close relationship between China and BRI countries in terms of economy and carbon emissions. It is of great significance to investigate the mutual carbon emission spillover effects between China and BRI countries for a common future of sustainable development in BRI regions. From the perspective of regions and sectors, we measured and analyzed the two-way carbon emission spillover effects between China and BRI countries, based on an input–output spillover and feedback effects model. The similarities and differences between carbon emission spillover effects and economic spillover effects were further discussed. The following four conclusions were obtained.



First, there are mutual carbon emission spillover effects between China and BRI countries, which is an important basis for them to work together responding to climate change. The carbon emission spillover effects from China to BRI countries are slightly lower than those from BRI countries to China. Two-way carbon emission spillover effects are the largest between China and Asian BRI countries in both total and average, followed by European BRI countries and African BRI countries. The overall characteristics and regional distribution of the above carbon emission spillover effects are closely related to the trade links of intermediate goods.



Second, the sectoral carbon emission spillover effects between China and BRI countries have the characteristics of concentration and symmetry, because of the sectoral agglomeration of intermediate goods trade. The carbon emission spillover effects of both sides are highly concentrated in several sectors, such as electricity, gas, and water (S13), petroleum, chemicals, and non-metallic mineral products (S7), electrical and machinery (S9), mining and quarrying (S3), and metal products (S8). Therefore, China and BRI countries need to focus on these industries in the process of joint efforts to address climate change and reduce emissions.



Third, just like carbon emissions, there are also mutual economic spillover effects between China and BRI countries. The economic spillover effects from China to all BRI countries are slightly larger than those from all BRI countries to China, differing from carbon emissions. The mutual economic spillover effect remains the largest between China and Asian BRI countries, followed by European and African BRI countries. It is of great significance for BRI participants to achieve economic and environmental win-win through trade.



Fourth, as with carbon emissions, economic spillover effects from sectors also exhibit the characteristics of concentration and symmetry, due to the sectoral agglomeration of intermediate goods trade. Notably, the sector with the largest mutual carbon emission spillover effects is not the sector with the largest mutual economic spillover effects. This is primarily related to differences in carbon emission and value-added coefficients between sectors. Therefore, it is necessary to increase trade in sectors with large economic spillover effects, and reduce trade in sectors with large carbon emission spillover effects, in the process of China’s joint efforts with BRI countries to combat climate change.




5.2. Policy Implications


It is for this reason that China and BRI countries need to work together to tackle climate change, receiving economic spillover benefits of trade and the costs of carbon emission spillover at the same time. Key to cooperation when dealing with climate change is in how both China and BRI countries can obtain more economic spillover benefits, as well as reducing the cost of carbon emission spillover. China and BRI countries are bound to encounter many obstacles in the process of cooperation in addressing climate change. For example, interests are divided and cooperation is not effectively guaranteed. However, contradiction between economic development and environmental protection is the most prominent. Based on the above reasons, we make the following suggestions.



First, it is suggested that BRI countries strengthen trade links of intermediate products with China, by improving the division of global value chains, which is beneficial to their sustainable development, as they can get more economic spillover effects and assume less carbon emission spillover effects. Moreover, while strengthening trade ties, China and BRI countries can comprehensively strengthen green cooperation, prioritizing the development of renewable energy, and promoting cleaner production technology, which is of great significance to global climate governance. For example, in the future, further strengthening resource cooperation with Laos/Vietnam and other Southeast Asian countries, to develop hydroelectric power generation by making full use of abundant local hydro resources. Also, developing photovoltaic power generation in AS-BRI, where solar energy is abundant.



Second, close trade cooperation has been carried out between China and Asian BRI countries; therefore, trade between China and other BRI countries can be further strengthened in the future. Bilateral trade between China and European BRI countries can focus more on those high-tech and service sectors, with high value-added rates as well as low energy consumption and carbon emissions per unit output. In particular, to further increase cooperation in this area in the future, China should strengthen its cooperation with economically underdeveloped regions, such as Southern Africa. For example, in recent years, Sida Times has started off-grid micro-PV businesses in Kenya and Zambia, and the company is gradually expanding its business to other countries in Africa.



Third, optimizing bilateral trade structure between China and BRI countries is conducive to low-carbon development for both sides. Increased trade between those sectors with high value-added but low-carbon emission coefficients, such as financial intermediation and business activities (S21), is highly recommended. Meanwhile, trade should be reduced between other sectors with a low value-added coefficient but high carbon emissions coefficient, such as electricity, gas, and water (S13). Exploring the possibility of further deepening cooperation, optimizing trade structure can help achieve win-win situations between China and BRI countries; that is, promoting economic development, while also reducing carbon emissions for both sides would be beneficial for both. For example, in March 2022, the Belt and Road International Alliance for Green Development (BRIGAD) conducted an exchange on ASEAN green finance to support green and low-carbon energy transition.



Fourth, each country should strive to reduce their domestic carbon emission coefficient and increase the value-added coefficient of key sectors, by improving technological and energy efficiency. In the case of the same trade volume, if the country’s domestic carbon emission coefficient is low and the value-added coefficient is high, the country can obtain more economic spillover effects and bear less carbon emission spillover effects than other countries, and this would also have a positive impact on other countries. Of course, the fundamental reason is to improve the level of education in BRI countries, to encourage the innovation of enterprises, and to develop the level of science and technology. Therefore, these are important ways for climate governance of BRI regions—and even the world—that each country improves its technological level and energy efficiency.




5.3. Further Study


The authors analyze why and how China and the BRICS countries are working together to address climate change in terms of trade-related carbon emission and economic spillover effects. Further research could be improved in three ways. First, internal coefficients are a key factor affecting the structure of trade [66], and the impact of internal coefficients on spillover effects could be further explored in the future. Second, this study treats final demand as a whole, which may be better if multiple demands, such as household consumption, are treated separately. Third, the relationship between findings and resource decoupling can be further discussed in future research plans.
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Table A1. Sectors and their corresponding codes.






Table A1. Sectors and their corresponding codes.





	Code
	Sector





	S1
	Agriculture



	S2
	Fishing



	S3
	Mining and Quarrying



	S4
	Food & Beverages



	S5
	Textiles and Wearing Apparel



	S6
	Wood and Paper



	S7
	Petroleum, Chemical and Non-Metallic Mineral Products



	S8
	Metal Products



	S9
	Electrical and Machinery



	S10
	Transport Equipment



	S11
	Other Manufacturing



	S12
	Recycling



	S13
	Electricity, Gas and Water



	S14
	Construction



	S15
	Maintenance and Repair



	S16
	Wholesale Trade



	S17
	Retail Trade



	S18
	Hotels and Restaurants



	S19
	Transport



	S20
	Post and Telecommunications



	S21
	Financial Intermediation and Business Activities



	S22
	Public Administration



	S23
	Education, Health and Other Services



	S24
	Private Households



	S25
	Others



	S26
	Re-export & Re-import
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Table A2. The BRI countries studied in this paper.






Table A2. The BRI countries studied in this paper.





	Region
	Number
	Countries





	Asia
	41
	Afghanistan, United Arab Emirates, Armenia, Azerbaijan, Bangladesh, Bahrain, Brunei, Bhutan, Georgia, Indonesia, India, Iran, Iraq, Israel, Jordan, Kazakhstan, Kyrgyzstan, Cambodia, Kuwait, Laos, Lebanon, Sri Lanka, Maldives, Myanmar, Mongolia, Malaysia, Nepal, Oman, Pakistan, Philippines, Qatar, Saudi Arabia, Singapore, Syria, Thailand, Tajikistan, Turkmenistan, Turkey, Uzbekistan, Vietnam, Yemen



	Europe
	18
	Albania, Bulgaria, Bosnia and Herzegovina, Belarus, Czech Republic, Estonia, Croatia, Hungary, Lithuania, Latvia, Moldova, Poland, Romania, Russia, Serbia, Slovakia, Slovenia Ukraine



	Africa
	1
	Egypt










References


	



Shukla, P.R.; Skea, J.; Slade, R.; Al Khourdajie, A.; van Diemen, R.; McCollum, D.; Pathak, M.; Some, S.; Vyas, P.; Fradera, R. Climate Change 2022: Mitigation of Climate Change. In Contribution of Working Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; Cambridge University Press: Cambridge, UK; New York, NY, USA, 2022. [Google Scholar] [CrossRef]

	



BP. BP Statistical Review of World Energy 2021; BP: London, UK, 2021. [Google Scholar]

	



Wei, L.Y.; Li, M.Y.; Zuo, J.; Wang, X.; Wang, Z.; Wang, J.; Yan, H.; Liu, S.N.; Peng, S.; Hong, S.; et al. Carbon spillover and feedback effects of the middle class in China. J. Clean. Prod. 2021, 329, 129738. [Google Scholar] [CrossRef]

	



Xi, J.P. Building on the past to start a new journey in the global response to climate change—Speech at the Climate Ambition Summit. People’s Dly. 2020. (In Chinese) [Google Scholar] [CrossRef]

	



Xi, J.P. Speech at the General Debate of the 75th Session of the UN General Assembly. People’s Dly. 2020. (In Chinese) [Google Scholar] [CrossRef]

	



The State Council Information Office Website. Full Text: Responding to Climate Change: China’s Policies and Actions [EB/OL]. 27 October 2021. Available online: http://www.scio.gov.cn/zfbps/32832/Document/1715506/1715506.htm (accessed on 12 June 2022).

	



Statistical Bureau of the People’s Republic of China. China Statistical Yearbook; China Statistics Press: Beijing, China, 2021. (In Chinese)

	



Wang, Q.; Yang, X. Imbalance of carbon embodied in South-South trade: Evidence from China-India trade. Sci. Total Environ. 2020, 707, 134473. [Google Scholar] [CrossRef] [PubMed]

	



Hong, X.; Abban, O.J.; Boadi, A.D.; Ankomah-Asare, E.T. Exploring the relationship between economic growth, energy consumption, urbanization, trade, and CO2 emissions: A PMG-ARDL panel data analysis on regional classification along 81 BRI economies. Environ. Sci. Pollut. Res. 2021, 28, 66366–66388. [Google Scholar] [CrossRef] [PubMed]

	



Jalil, A.; Rauf, A.; Sikander, W.; Zhang, Y.H.; Wang, T.B. Energy consumption, economic growth, and environmental sustainability challenges for Belt and Road countries: A fresh insight from “Chinese Going Global Strategy”. Environ. Sci. Pollut. Res. 2021, 28, 65987–65999. [Google Scholar] [CrossRef]

	



Wu, X.; Guo, J.; Li, C.; Chen, G.; Ji, X. Carbon emissions embodied in the global supply chain: Intermediate and final trade imbalances. Sci. Total Environ. 2020, 707, 134670. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Q.; Zhou, Y.L. Uncovering embodied CO2 flows via North-North trade–A case study of US-Germany trade. Sci. Total Environ. 2019, 691, 943–959. [Google Scholar] [CrossRef] [PubMed]

	



Ashraf, J.; Luo, L.; Anser, M.K. Do BRI policy and institutional quality influence economic growth and environmental quality? An empirical analysis from South Asian countries affiliated with the Belt and Road Initiative. Environ. Sci. Pollut. Res. 2022, 29, 8438–8451. [Google Scholar] [CrossRef] [PubMed]

	



Qi, S.Z.; Peng, H.R.; Zhang, X.L.; Tan, X.J. Is energy efficiency of Belt and Road Initiative countries catching up or falling behind? Evidence from a panel quantile regression approach. Appl. Energy 2019, 253, 113581. [Google Scholar] [CrossRef]

	



Salam, M.; Xu, Y. Trade openness and environment: A panel data analysis for 88 selected BRI countries. Environ. Sci. Pollut. Res. 2022, 29, 23249–23263. [Google Scholar] [CrossRef] [PubMed]

	



Lin, B.Q.; Bae, N.; Bega, F. China’s Belt & Road Initiative nuclear export: Implications for energy cooperation. Energy Policy 2020, 142, 111519. [Google Scholar] [CrossRef]

	



Zhang, L.; Chen, M.P.; Teng, F.; Ewing, J. Greenhouse Gas (GHG) Emission Mitigation and Ecosystem Adaptation along Belt and Road Initiative. Ecosyst. Health Sustain. 2021, 7, 1. [Google Scholar] [CrossRef]

	



Zhang, N.; Liu, Z.; Zheng, X.M.; Xue, J.J. Carbon footprint of China’s belt and road. Science 2017, 357, 1107. [Google Scholar] [CrossRef] [PubMed]

	



Michael, L. China Argues Over ‘Belt and Road’ Goals [EB/OL]. Radio Free Asia. Washington. 26 June 2017. Available online: http://www.4-traders.com/CHINA-TELECOM-CORPORATION-1412702/news/China-Argues-Over-Belt-and-Road-Goals-24655733/ (accessed on 12 June 2022).

	



Su, X.H.; Li, Y.M.; Fang, K.; Long, Y. Does China’s direct investment in “Belt and Road Initiative” countries decrease their carbon dioxide emissions? J. Clean. Prod. 2022, 339, 130543. [Google Scholar] [CrossRef]

	



Han, L.; Han, B.T.; Shi, X.P.; Su, B.; Lv, X.; Lei, X. Energy efficiency convergence across countries in the context of China’s Belt and Road initiative. Appl. Energy 2018, 213, 112–122. [Google Scholar] [CrossRef]

	



Nurhasanah, S.; Napang, M.; Rohman, S. Analyzing American Values in Belt and Road Initiative (BRI). IJASOS Int. E-J. Adv. Soc. Sci. 2019, 5, 1439–1447. [Google Scholar]

	



Khamphengvong, V.; Zhang, H.; Wu, Q.; Thavisay, T. Examine the Economic and Social Effects on Lao People’s Perceived Benefit Attitudes towards BRI. Sustainability 2022, 14, 5088. [Google Scholar] [CrossRef]

	



Khan, A.; Chenggang, Y.; Hussain, J.; Bano, S. Does energy consumption, financial development, and investment contribute to ecological footprints in BRI regions? Environ. Sci. Pollut. Res. 2019, 26, 36952–36966. [Google Scholar] [CrossRef]

	



Ashraf, J.; Luo, L.; Khan, M.A. The Spillover Effects of Institutional Quality and Economic Openness on Economic Growth for the Belt and Road Initiative (BRI) countries. Spat. Stat. 2022, 47, 100566. [Google Scholar] [CrossRef]

	



Tortajada, C.; Zhang, H. When food meets BRI: China’s emerging Food Silk Road. Glob. Food Secur. 2021, 29, 100518. [Google Scholar] [CrossRef]

	



Shi, Q.L.; Zhao, Y.H.; Qian, Z.L.; Zheng, L.; Wang, S. Global value chains participation and carbon emissions: Evidence from Belt and Road countries. Appl. Energy 2022, 310, 118505. [Google Scholar] [CrossRef]

	



Yang, P.; Cui, C.; Li, L.X.; Chen, W.J.; Shi, Y.P.; Mi, Z.F.; Guan, D.B. Carbon emissions in countries that failed to ratify the intended nationally determined contributions: A case study of Kyrgyzstan. J. Environ. Manag. 2020, 255, 109892. [Google Scholar] [CrossRef] [PubMed]

	



Lu, Q.L.; Fang, K.; Heijungs, R.; Feng, K.S.; Li, J.S.; Wen, Q.; Li, Y.M.; Huang, X.J. Imbalance and drivers of carbon emissions embodied in trade along the Belt and Road Initiative. Appl. Energy 2020, 280, 115934. [Google Scholar] [CrossRef]

	



Wang, X.Y.; Zheng, H.R.; Wang, Z.Y.; Shan, Y.L.; Meng, J.; Liang, X.; Feng, K.S.; Guan, D.B. Kazakhstan’s CO2 emissions in the post-Kyoto Protocol era: Production- and consumption-based analysis. J. Environ. Manag. 2019, 249, 109393. [Google Scholar] [CrossRef] [PubMed]

	



Waheed, A.; Fischer, T.B.; Khan, M.I. Climate Change Policy Coherence across Policies, Plans, and Strategies in Pakistan-Implications for the China-Pakistan Economic Corridor Plan. Environ. Manag. 2021, 67, 793–810. [Google Scholar] [CrossRef]

	



Mao, X.Y.; Wang, Y. Cooperative carbon emission reduction through the Belt and Road Initiative. Environ. Sci. Pollut. Res. 2022, 29, 10005–10026. [Google Scholar] [CrossRef] [PubMed]

	



Tao, Y.H.; Liang, H.M.; Celia, M.A. Electric power development associated with the Belt and Road Initiative and its carbon emissions implications. Appl. Energy 2020, 267, 114784. [Google Scholar] [CrossRef]

	



Liu, H.Y.; Wang, Y.L.; Jiang, J.; Wu, P. How green is the “Belt and Road Initiative”?–Evidence from Chinese OFDI in the energy sector. Energy Policy 2020, 145, 111709. [Google Scholar] [CrossRef]

	



Lin, B.Q.; Bega, F. China’s Belt & Road Initiative coal power cooperation: Transitioning toward low-carbon development. Energy Policy 2021, 156, 112438. [Google Scholar] [CrossRef]

	



Pan, W.Q.; Li, Z. A study on the spillover impact of three growth poles on the economy of China’s inland regions. Econ. Res. 2008, 85–94. (In Chinese) [Google Scholar]

	



Miller, R.E. Comments on the ‘General Equilibrium’ Model of Professor Moses. Metroeconomica 1963, 15, 82–88. [Google Scholar] [CrossRef]

	



Miller, R.E. Interregional Feedbacks in Input-Output Models: Some Preliminary Results. Reg. Sci. Assoc. 1966, 17, 105–125. [Google Scholar] [CrossRef]

	



Round, J.I. Compensating Feedbacks in Interregional Input-Output Models. J. Reg. Sci. 1978, 19, 145–155. [Google Scholar] [CrossRef]

	



Round, J.I. Decomposing Multipliers for Economic Systems Involving Regional and World Trade. Econ. J. 1985, 95, 383–399. [Google Scholar] [CrossRef]

	



Round, J.I. Feedback Effects in Interregional Input-Output Models: What Have We Learned? In I Input-Output Analysis: Frontiers and Extensions; Lahr, M.L., Dietzenbacher, E., Eds.; Palgrave: London, UK, 2001; pp. 54–70. Available online: https://ssrn.com/abstract=663706 (accessed on 1 May 2022).

	



Sonis, M.; Oosterhaven, J.; Hewings, G.J. Spatial Economic Structure and Structural Changes in the EC: Feedback Loop Input–Output Analysis. Econ. Syst. Res. 1993, 5, 173–184. [Google Scholar] [CrossRef]

	



Sonis, M.; Hewings, G.J. Miyazawa’s Contributions to Understanding Economic Structure: Interpretation, Evaluation and Extensions. In Understanding and Interpreting Economic Structure; Springer: Berlin/Heidelberg, Germany, 1999; pp. 13–51. [Google Scholar] [CrossRef]

	



Dietzenbacher, E. Interregional multipliers: Looking backward, looking forward. Reg. Stud. 2002, 36, 125–136. [Google Scholar] [CrossRef]

	



Pan, W.Q.; Li, Z. Feedback and spillover effects of economic impacts between coastal and inland China. Econ. Res. 2007, 42, 68–77. (In Chinese) [Google Scholar] [CrossRef]

	



Zhang, Y.G. Inter-regional supply-driven carbon emission spillover and feedback effects. China Popul. Resour. Environ. 2016, 26, 55–62. (In Chinese) [Google Scholar] [CrossRef]

	



Zhang, Y.G. A study on the two-way spillover-feedback effects of supply and demand among three major regions in China. Quant. Econ. Technol. Econ. Res. 2017, 34, 3–19. (In Chinese) [Google Scholar] [CrossRef]

	



Moran, D.; Wood, R.; Rodrigues, J.F.D. A Note on the Magnitude of the Feedback Effect in Environmentally Extended Multi-Region Input-Output Tables. J. Ind. Ecol. 2017, 22, 532–539. [Google Scholar] [CrossRef]

	



Hu, J.R.; Huang, K.; Ridoutt, B.G.; Yu, Y.J.; Xu, M. Measuring integrated environmental footprint transfers in China: A new perspective on spillover-feedback effects. J. Clean. Prod. 2019, 241, 118375. [Google Scholar] [CrossRef]

	



Chen, Y.; Huang, K.; Hu, J.R.; Yu, Y.J.; Wu, L.X.; Hu, T.T. Understanding the two-way virtual water transfer in urban agglomeration: A new perspective from spillover-feedback effects. J. Clean. Prod. 2021, 310, 127495. [Google Scholar] [CrossRef]

	



Zhang, Y.J.; Zhang, K.B. The linkage of CO2 emissions for China, EU, and USA: Evidence from the regional and sectoral analyses. Environ. Sci. Pollut. Res. 2018, 25, 20179–20192. [Google Scholar] [CrossRef]

	



Zhang, Y.G. Interregional carbon emission spillover-feedback effects in China. Energy Policy 2017, 100, 138–148. [Google Scholar] [CrossRef]

	



Ning, Y.D.; Miao, L.; Ding, T.; Zhang, B.Y. Carbon emission spillover and feedback effects in China based on a multiregional input-output model. Resour. Conserv. Recycl. 2019, 141, 211218. [Google Scholar] [CrossRef]

	



Wei, Y.M.; Chen, K.; Kang, J.N.; Chen, W.; Wang, X.Y.; Zhang, X. Policy and management of carbon peaking and carbon neutrality: A literature review. Engineering 2022, in press. [Google Scholar] [CrossRef]

	



Li, Y.M.; Luo, E.H.; Zhang, H.L.; Tian, X.; Liu, T.T. Measuring interregional spillover and feedback effects of economy and CO2 emissions: A case study of the capital city agglomeration in China. Resour. Conserv. Recycl. 2018, 139, 104–113. [Google Scholar] [CrossRef]

	



Wang, L.F.; Xie, R.; Yang, L.G.; Chen, X.J.; Xie, H.X. Two-way spillover effects of economic growth between China and countries along the “Belt and Road”. China Soft Sci. 2020, 153–167. (In Chinese) [Google Scholar] [CrossRef]

	



Wang, J.D.; Dong, K.Y.; Dong, X.C.; Jiang, Q.Z. Research on the carbon emission effect of the seven regions along the Belt and Road—Based on the spillover and feedback effects model. J. Clean. Prod. 2021, 319, 128758. [Google Scholar] [CrossRef]

	



Miller, R.E. Upper bounds on the sizes of interregional feedbacks in multiregional input-output models. J. Reg. Sci. 1986, 26, 285–306. [Google Scholar] [CrossRef]

	



Miller, R.E. Interregional feedbacks in input-output models: Some experimental results. Econ. Inq. 1969, 7, 41–50. [Google Scholar] [CrossRef]

	



Lenzen, M.; Kanemoto, K.; Moran, D.; Geschke, A. Mapping the Structure of the World Economy. Environ. Sci. Technol. 2012, 46, 8374–8381. [Google Scholar] [CrossRef]

	



Lenzen, M.; Moran, D.; Kanemoto, K.; Geschke, A. Building Eora: A Global Multi-Regional Input-Output Database at High Country and Sector Resolution. Econ. Syst. Res. 2013, 25, 20–49. [Google Scholar] [CrossRef]

	



Kanemoto, K.; Moran, D.; Lenzen, M.; Geschke, A. International trade undermines national emission reduction targets: New evidence from air pollution. Glob. Environ. Chang. 2014, 24, 52–59. [Google Scholar] [CrossRef]

	



Kanemoto, K.; Moran, D.; Hertwich, E.G. Mapping the Carbon Footprint of Nations. Environ. Sci. Technol. 2016, 50, 10512–10517. [Google Scholar] [CrossRef]

	



Belt and Road Portal Yidaiyilu. List of Countries That Have Signed Cooperation Documents with China to Jointly Build the “Belt and Road”. 2021. Available online: https://www.yidaiyilu.gov.cn/gbjg/gbgk/77073.htm (accessed on 26 July 2022). (In Chinese)

	



Liu, W.D.; Tian, J.C.; Ou, X.L. Research on the “Belt and Road” Strategy; The Commercial Press: Beijing, China, 2017. (In Chinese) [Google Scholar]

	



Nicholas, G.-R. The Entropy Land and the Economic Process; Harvard University Press: Cambridge, MA, USA, 1971; Available online: https://ro.scribd.com/document/267519123/The-Entropy-Law-and-the-Economic-Process-by-Nicholas-Georgescu-Roegen-pdf (accessed on 25 July 2022).








[image: Ijerph 19 09553 g001 550] 





Figure 1. Trade of products between China and BRI countries (US$ billion). 
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Figure 2. CSE between China and BRI countries. 
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Figure 3. Sectoral CSE between China and ALL-BRI. 
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Figure 4. Sectoral CSE between China and AS-BRI. 
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Figure 5. Sectoral CSE between China and EU-BRI. 
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Figure 6. Sectoral CSE between China and AF-BRI. 
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Figure 7. Comparison of CSE and ESE. 
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Table 1. The intermediate product trade between China and BRI countries (US$ billion).






Table 1. The intermediate product trade between China and BRI countries (US$ billion).





	

	
BRI→China

	
China→BRI

	
China↔BRI






	
AS

	
Total

	
289.63

	
271.11

	
560.74




	
Average

	
7.06

	
6.61

	
13.68




	
EU

	
Total

	
50.20

	
48.59

	
98.79




	
Average

	
2.79

	
2.70

	
5.49




	
AF

	
Total

	
1.76

	
3.59

	
5.36




	
Average

	
1.76

	
3.59

	
5.36




	
ALL

	
Total

	
341.59

	
323.30

	
664.89




	
Average

	
5.69

	
5.39

	
11.08
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Table 2. Sectoral share of intermediate product trade between China and BRI countries (%).
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	S3
	S7
	S8
	S9
	S13
	SO
	Sum





	China→ALL-BRI
	1.30
	25.53
	13.79
	28.19
	0.02
	31.17
	100.00



	ALL-BRI→China
	2.96
	23.83
	7.35
	21.27
	2.77
	41.82
	100.00



	China→AS-BRI
	1.28
	26.51
	13.90
	28.28
	0.02
	30.01
	100.00



	AS-BRI→China
	2.94
	24.50
	7.04
	22.46
	2.94
	40.12
	100.00



	China→EU-BRI
	1.27
	20.14
	13.43
	28.02
	0.03
	37.11
	100.00



	EU-BRI→China
	3.00
	19.64
	9.17
	15.04
	1.90
	51.25
	100.00



	China→AF-BRI
	3.68
	24.10
	10.75
	23.57
	0.05
	37.85
	100.00



	AF-BRI→China
	5.65
	33.95
	5.61
	3.33
	0.73
	50.73
	100.00







Note: SO present sectors other than S3, S7, S8, S9, and S13.
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Table 3. Sectoral share of economic spillovers between China and BRI countries (%).
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	S3
	S7
	S8
	S9
	S13
	S21
	SO
	Sum





	China ↔ ALL-BRI
	10.79
	17.89
	8.91
	11.41
	17.07
	6.85
	27.08
	100.00



	China ↔ AS-BRI
	12.72
	15.24
	8.57
	12.75
	15.32
	7.38
	28.02
	100.00



	China ↔ EU-BRI
	4.62
	25.94
	10.09
	7.01
	22.91
	4.68
	24.75
	100.00



	China ↔ AF-BRI
	10.78
	16.06
	7.61
	12.99
	4.21
	13.33
	35.02
	100.00







Note: SO present sectors other than S3, S7, S8, S9, S13 and S21.
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Table 4. Comparison of CCE and CVA between typical sectors.
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CCE and Its Rank

	
CVA and Its Rank




	
S13

	
S21

	
S13

	
S21






	
China

	
4.55 (1st)

	
0.27 (10th)

	
0.21 (19th)

	
1.44 (1st)




	
All-BRI

	
4.80 (1st)

	
0.27 (10th)

	
0.44 (16th)

	
0.69 (2nd)




	
AS-BRI

	
5.35 (1st)

	
0.27 (10th)

	
0.45 (15th)

	
0.75 (2nd)




	
EU-BRI

	
3.85 (1st)

	
0.22 (13th)

	
0.37 (16th)

	
0.53 (4th)




	
AF-BRI

	
3.39 (1st)

	
0.62 (2nd)

	
0.85 (2nd)

	
0.84 (3rd)








Note: CCE presents the coefficient of carbon emissions (kg/US$); CVA presents the coefficient of value-added, and the ranking is based on 26 sectors from high to low.
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