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A comprehensive assessment of the environmental and employment impacts of international trade is essential for coordinating sustainable development between the economy, environment, and society. International trade is an important driving force for global economic growth. However, the environmental and social impacts of trade under global value chains (GVCs) have not yet been comprehensively characterized. This study aims to estimate the impacts of international trade from 2000–2014 on carbon emissions and employment using the gross export decomposition method, incorporating a counterfactual method based on the multi-region input–output model. We found that (1) at the global level, international trade has been conducive to carbon emission reductions since 2003 and played a role in increasing employment throughout the study period; however, the impacts of GVC-related trade have been mixed, generating global emissions savings, but leading to job losses. This implies that there is a trade-off between carbon emission reduction through GVC embedding and employment creation. (2) At the national level, a country’s participation in international trade benefits the environment, employment, or both. In this sense, international trade is no longer a zero-sum game; rather, it is likely to be a positive-sum game for all participants regarding environmental benefits and job creation. (3) In bilateral trade, developed and developing economies have positive and negative impacts, meaning that they should take joint actions to balance environment–employment–trade growth. These findings are useful for determining the responsibilities of different countries toward climate change and achieving sustainable development of the economy, society, and environment.
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1 INTRODUCTION
With trade globalization, international trade allows countries to benefit economically while changing the scale and geographic position of environmental and social impacts (Wiedmann and Lenzen, 2018). Environmentally, international trade geographically separates consumption and environmental pollution generated by the production of consumer goods, providing a mechanism to transfer consumption-related pollution emissions to distant regions where goods are produced, especially carbon emissions. This phenomenon is closely related to the “pollution haven hypothesis” (Levinson and Taylor, 2008). Socially, international trade has profoundly impacted social development in all countries, especially regarding employment. Similar to the transfer of pollution emissions, developed countries tend to outsource low-skilled labor to developing countries, resulting in a transfer of job opportunities. With the deepening international division of labor, the debate on the relationship between trade, the environment, and employment is increasing.
The trade, employment, and emissions nexus are closely related to the debate on allocating climate change responsibilities among different countries (Arto et al., 2014). According to the principle of producer responsibility, each country is responsible for the emissions generated within its national territory. A major critique of this principle is that large quantities of goods imported from developing countries with lax climate policies may result in “carbon leakage” and undermine the overall effort to mitigate climate change. To address this issue, consumer responsibility has received increasing attention, as it incorporates carbon emissions embodied in trade. Based on the principle of consumer responsibility, each country should be responsible for all carbon emissions driven by its final consumption, regardless of where those emissions are generated. However, while this principle mitigates carbon leakage, it also introduces new potential problems, “producers” can freely consume resources and pollute the environment to stimulate economic growth and job creation, without undertaking the corresponding environmental responsibility of export production. To achieve political consensus and equity, the best choice is to share the responsibility between producers and consumers. A comprehensive assessment of the environmental and employment impacts of international trade could provide a basis for responsibility allocation criteria. Accurate measurements of carbon emissions and employment embodied in trade are fundamental prerequisites for these issues.
The rise of global value chains (GVCs) is one of the most important developments in twenty-first century international trade (Baldwin, 2012). The concept of GVCs refers to those in global production networks, where different countries gain value by participating in certain production stages of a product (Krugman, 1995; Gereffi, 2001). The increasing complexity of GVCs has made it difficult to distinguish the value creators of each production link by conventional gross trade statistics. This has brought challenges in measuring the factor content embodied in trade accurately. To address double counting problems caused by traditional trade accounting in gross value, value-added trade is widely accepted as a measure of cross-border value-added flows. Some researchers have focused on trade in value-added accounting (Hummels et al., 2001; Daudin et al., 2011; Johnson and Noguera, 2012; Stehrer, 2012; Los et al., 2016; Los and Timmer, 2018; Miroudot and Ye, 2020; Xiao et al., 2020). Koopman et al. (2010), Koopman et al. (2014) proposed the gross export decomposition method for tracing value-added (KWW method), which is a widely accepted accounting framework. Wang et al. (2014) expanded the KWW method to the bilateral/sector level and fully decomposed the gross bilateral exports into sixteen value-added and double-counting components. Their innovative work also provides new insights for measuring trade factor content from the perspective of GVC. A GVC perspective can help us systematically trace carbon emissions and employment embodied in trade, and it can reveal their source structure, the final destination of absorption, and transfer routes, which helps capture the environmental and employment impacts of international trade more accurately.
Relevant literature on trade, environment, and employment can be classified into two main groups: one concerning the measurement of factor content embodied in trade and the other focusing on assessing the impacts of trade. With the development of GVC theory and accounting, a considerable body of recent research has focused on measuring the carbon emissions embodied in international trade from the perspective of GVCs. Meng et al. (2018) developed a well-defined quantification framework that can trace carbon emissions through eight value chain routes. Fei et al. (2020) estimated the carbon emissions embodied in China’s international trade from 1995 to 2011 using the gross trade accounting method and analyzed the impacts of GVC divisions. Dai et al. (2021) measured carbon emissions embodied in Sino -US trade from the GVC perspective using the hypothetical extraction method. Wang Z et al. (2022) calculated China’s carbon emissions embodied in GVCs between 2000 and 2014. Mi et al. (2021) analyzed the China’s imported emissions from the perspective of the GVC. Chen et al. (2022) examined the impact of the GVC embedding pattern on the carbon emissions embodied in exports. In the above literature, several scholars have explored carbon emissions embodied in trade through different value chain routes; some scholars have defined value chain routes according to the source of value-added and final demand destination, and other scholars have considered the heterogeneities in different GVC activities (simple and complex GVC activities). However, few studies integrate these factors into a consistent value chain route definition. This study attempts to fill this gap by constructing new value chain routes to combine the source and destination of the embodied factor content and different types of GVC activities. Integrating these factors into a new value chain route could provide valuable insights into the role of a detailed value chain route in carbon emission transfer and scientific evidence for trade and carbon emission mitigation policy design.
Because labor is a key production factor, measuring labor/employment embodied in trade has received lots of attention. Related studies involve trade in employment (Trefler and Zhu, 2010; Jiang and Milberg, 2013; Timmer et al., 2014; Simas et al., 2015; Lin et al., 2018; Arto et al., 2020; Pérez-Sánchez et al., 2021) and labor/employment footprint (Alsamawi et al., 2014; Wiedmann and Lenzen, 2018; Yang et al., 2020; Bohn et al., 2021). Among them, some scholars have attempted to decompose employment related to GVCs. For example, Jiang and Milberg (2013) proposed a five-part decomposition method of employment in trade that can distinguish employment related to GVCs. Timmer et al. (2014) decomposed the value of a final product into the value added by all labor and capital employed in its GVC. Based on the decomposition method of Wang et al. (2014), Lin et al. (2018) decomposed employment in the Sino-US trade. However, little information on employment embodied in trade through different value chain routes can be found in the above studies. In the context of GVCs, employment embodied in a country’s trade may come from multiple countries and be created at various stages of the value chains; consequently, the characteristics of employment embodied in trade may differ between value chain routes. Sorting the employment embodied in trade through different value chain routes can provide a deeper understanding of the role of different value chain routes in employment creation.
Further, some studies explored the relationship between carbon emission and employment, such as evaluating the employment effect of carbon emission reduction (Bai et al., 2021; Yu and Li, 2021), investigating the impact of female labor share on trade-related embodied carbon emission (Wang et al., 2021). Sanki et al. (2017) estimated the emissions and employment embodied in the UK’s trade flows and found a clear trade-off between embodied emissions reductions by reducing consumption and the creation of job opportunities; however, these studies did not consider GVCs. Zhong and Su (2021) focused on the effects of labor market structural change on CO2 emissions dynamics in GVCs. Taking trade as the link in their relationship, embodied emissions can be regarded as the environmental cost of trade, and embodied employment can be regarded as the trade benefits. Wang S et al. (2022) explained the influence mechanism of labor input and environmental cost from the perspective of GVC embedding. For instance, developing countries can increase employment by undertaking manufacturing outsourcing from developed countries. However, processing and manufacturing are often the most pollution-intensive production segments, which can generate a large amount of carbon emissions in developing countries and increase their environmental costs. Consequently, firms may reduce their labor inputs, leading to job losses.
To summarize, previous studies on the measurement of factor content embodied in trade have focused on either embodied carbon emissions in trade or employment embodied in trade. Only a few studies have attempted to link these two lines of research. However, to the best of our knowledge, there is a lack of studies discussing embodied carbon emissions and employment in a unified GVC framework. Arto et al. (2014) suggested that international climate negotiations should consider developing countries’ employment benefits and developed countries’ environmental benefits. It is unfair to only consider the embodied carbon emissions in trade and ignore trade-related employment creation when assigning carbon emission responsibilities. It is also difficult to achieve a political consensus on emission reduction between developed and developing countries. To explore the benefits and losses of countries participating in GVCs and determine the responsibilities of different countries for climate change. This study further applies the methodology framework to a wide range of economies in the world and maps the process of emission transfer and employment transfer between different economies.
The following section reviews the literature on international trade impact assessment. Carbon emissions are the main factor in environmental degradation (Khan et al., 2021). Some studies focused on the impact of trade on carbon emissions from a range of perspectives, such as the environmental Kuznets curve hypothesis (Wang et al., 2023a), trade structure (Li et al., 2021), and decoupling (Wang et al., 2023b). Many studies seek to assess the impact of international trade on a country’s direct emissions by calculating carbon transfers, also known as the balance of embodied emissions in trade (Hertwich and Peters, 2009; Peters et al., 2011; Jakob and Marschinski, 2013; Jiang et al., 2016; Kanemoto et al., 2016; Dai et al., 2021). However, carbon transfers cannot be used to assess whether international trade increases or decreases global emissions, because the net carbon transfer of the world is zero. The pollution haven hypothesis suggests that international trade is conducive to increasing global emissions, and some scholars focus on testing the pollution haven hypothesis (Dietzenbacher and Mukhopadhyay, 2007; Chen and Chen, 2011; Xu et al., 2020; Duan et al., 2021). López et al. (2013) proposed a balance of avoided factor content method to test the pollution haven hypothesis. This is a counterfactual method that considers carbon emissions embodied in exports minus emissions avoided by imports. Based on López et al.’s (2013) method, Zhang et al. (2017) extended the balance of avoided emission (BAE) to an MRIO model. Furthermore, Li et al. (2022) evaluated the impact of trade on global carbon mitigation by comparing embodied carbon emissions in free-trade and non-trade scenarios. These innovative works provide useful insights into understanding how different regions, sectors, and trade patterns affect global emissions. Although there have already been many studies related to the impact of international trade on carbon emission, much less is known about the impacts of different value chain routes. The present study attempts to contribute to the existing literature through following: (1) reassess the impacts of trade on global carbon emissions, considering the heterogeneous value chain routes; (2) consider the dynamics of GVCs, extending the environmental impact assessment methodology by combining BAE method with the GVC decomposition method.
Owing to the importance of employment in policy making, the employment impact of trade has received increasing attention. Some studies have focused on the employment impact of exports. Los et al. (2015) assessed the impact of exports on China’s employment. Feenstra and Sasahara (2018) assessed the impact of exports on U.S employment. Sasahara (2019) compared the employment impacts of exports from China, the U.S, and Japan. Some studies evaluated the employment impact of the trade from the perspective of GVCs. OECD (2016) assessed the impact of GVCs on employment by linking employment data to the trade in value-added indicators. Lin et al. (2018) analyzed the amount of employment created by GVC trade between the US and China. Horvát et al. (2020) analyzed the impact of GVCs on labor markets based on trade in employment indicators. Ma et al. (2019) and Szymczak and Wolszczak-Derlacz (2021) examined the impact of GVC participation on employment. Wang S et al. (2022) investigated the impact of GVC embeddedness on employment, considering the environmental cost. However, there are still some critical issues that require further discussion. First, few studies have examined the differences in the impact of simple and complex GVC activities on employment. This study attempts to fill this gap by discussing the employment impact of different GVC activities based on the production activity decomposition framework proposed by Wang et al. (2017). Second, past research tended to focus on the impact of trade on domestic employment rather than global employment. The cumulative employment impacts of trade across the GVCs should be a matter of concern in a globalized era. The balance of avoided factor content method is also suitable for assessing other types of factor content in international trade (López et al., 2013). Therefore, this study applies this balance to estimate the impact of international trade on global employment.
In this study, we first decompose the carbon emissions and employment embodied in international trade between seventeen countries and regions from 2000 to 2014 using the gross export decomposition method based on the multi-region input–output (MRIO) model, distinguishing the source, destination, and trade patterns of embodied factor content. We then propose five value chain routes by considering the source and destination of embodied factor content and different types of GVC activities. We also analyze the transfers of embodied carbon emissions and employment by five value chain routes. Finally, we calculate the balance of avoided factor content in five value chain routes and provide a comprehensive discussion of the environmental and employment impacts of international trade from global, national, and bilateral perspectives.
This study makes several contributions to the literature. First, this study provides a comprehensive assessment of carbon emissions and employment embodied in international trade based on a unified GVC accounting framework. This research framework indirectly links embodied emissions and employment through trade, where embodied emissions can be regarded as a negative cost of trade and embodied employment can be regarded as a positive benefit of trade. We highlight a global perspective where the goal is to reduce worldwide emissions while losing the least number of jobs. Second, this study combines the gross exports decomposition method with the balance of avoided factor content, which can be easily applied to other factor contents of trade if data are available, and provides an effective tool to evaluate the impacts of international trade from the perspective of GVCs. Third, this work contributes to the existing knowledge of GVCs by constructing five new value chain routes, considering the source and destination of trade embodied factor content and differentiating “simple” and “complex” GVC activities. The findings from this study provide important insights into understanding the role of different value chain routes, which may provide abundant path information to help guide countries’ upgrading in GVCs. Finally, this study considers a wide range of economies in the world, including developed economies, represented by the United States, the EU, Japan, and Korea and developing economies, such as China and India. We compare the impact of different economies’ trade activities on global carbon emissions and employment. This study has important implications for countries to balance trade growth, carbon emissions reduction, and job creation under the GVC division context.
The remainder of this paper is organized as follows: Section 2 presents the methodology and data; Section 3 presents the main results on the measurement of embodied carbon emissions and employment and a comprehensive discussion of the environmental and employment impacts of different value chain routes; and Section 4 provides the main conclusions and implications.
2 METHODOLOGY AND DATA
2.1 Decomposition of embodied carbon emissions and employment in exports
The methodology used in this study is based on an MRIO model. Regarding an MRIO model composed of G regions, the row balance equation can be expressed as follows:
[image: image]
where X denotes the gross output vector, with the superscript representing region, A denotes the technical coefficient matrix, describing intermediate products flow across regions, with the superscripts representing the supplying and using regions, Y denotes the final use vector, and [image: image] denotes the total gross export of region s.
Eq. 1 can be rearranged as follows:
[image: image]
where Lss = (I−Ass)−1 is the local Leontief inverse matrix of region s.
According to the gross exports decomposition method of Wang et al. (2014), the gross bilateral exports Esr can be completely decomposed as Eq. 3. This study improved Wang et al. (2014)’s method by further decomposing the fifth term of their decomposition equation into two parts, making the gross bilateral exports can be more accurately decomposed.
[image: image]
where Vs denotes the value-added coefficient of region s and is defined as the value-added per unit of output. The notation “T” denotes transpose and “#” denotes the element-wise matrix multiplication operation. [image: image] denotes the gross export vector of region r. B denotes the global Leontief inverse matrix. The detailed meaning of each term in Eq. 3 can refer to Wang et al. (2014) and is also presented in Supplementary Table S1. Among the seventeen terms, the 10th, 11th, 14th, and 17th are pure double-counting terms that are not involved in production. Only the remaining thirteen value-added terms are relevant to embodied carbon emissions and employment in exports.
Taking the carbon emissions embodied in a region’s exports as an example, defining Fs as the direct carbon emission intensity of region s, which is calculated by dividing the carbon emissions vector by the gross output of region s. Using the direct carbon emission intensity Fs as a substitute variable for the direct value-added coefficient Vs in Eq. 3 and removing four pure double counting terms, the gross embodied carbon emissions in region s’s gross exports to region r, which we labeled EEGsr, can be decomposed into thirteen parts as Eq. 4. The meaning of each term in Eq. 4 is illustrated in Supplementary Figure S1. Following this framework, we can completely decompose embodied carbon emissions in international trade by source and final destination of absorption.
[image: image]
The first sixth terms in Eq. 4 are emissions originating from region s but to meet final demand abroad, which are called domestic emissions absorbed abroad and denoted by EEXsr. They are the only measure of emission trade that is consistently associated with bilateral gross trade flows (Meng et al., 2018). These emissions can quantify the actual amount of emissions transfer and have become the focus of the debate on the allocation of responsibility for carbon emissions. Consequently, we focused on the transfer process of domestic emissions embodied in exports and absorbed by other regions. To depict transfer routes of embodied emissions, we further classified them into the five value chain routes as Eq. 5.
[image: image]
This is the first attempt to construct the above five value chain routes. The source and destination of trade embodied factor content and the heterogeneous of “simple” and “complex” GVC activities are comprehensively considered. According to Wang et al. (2017), cross-country production-sharing activities can be divided into two categories: GVC and non-GVC activities, depending on whether embodied factor content crosses the national border for production purposes. GVC activities can be further decomposed into simple and complex GVC based on the number of national border crossings of intermediate inputs. The definitions of the five value chain routes are shown in Table 1.
TABLE 1 | Definition of five value chain routes.
[image: Table 1]This study adopted the balance of domestic embodied factor content to measure net transfers. For example, the net emission transfers were calculated by the difference between domestic emissions embodied in exports and emissions embodied in imports. The balance equation can be expressed as follows:
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Summing up the net emission transfers of region s’s bilateral trade with all other regions of the world, we obtained the total net emission transfers of region s’ foreign trade.
[image: image]
A positive or negative BEEs indicates that a region’s foreign trade increases or decreases domestic direct emissions, respectively. By distinguishing five value chain routes, we can also measure the emissions transfers through different value chain routes.
Following the same logic as the decomposition of embodied carbon emissions, replacing the carbon emission intensity in Eqs. 4–7 with the direct labor input coefficient (the number of persons engaged per unit output), we can also trace the embodied employment in international trade and estimate the net transfers of embodied employment. The detailed equation is presented in Supplementary Material.
2.2 Measurement of the global impacts of international trade
This study extends the balance of avoided factor content to estimate the impact of international trade on global emissions and employment. Specifically, we combined the balance of avoided factor content method with the gross export decomposition method introduced above. The improved method considers the dynamics of GVCs and the heterogeneous impacts of different value chain routes. Taking the balance of avoided emissions (BAE) as an example, it equals the domestic emissions embodied in exports minus total avoided emissions in other countries via imports. The emissions avoided by imports (EAM) refers to the virtual emissions produced by imported products using domestic technology. The avoided emissions in region s by importing from region r through the five value chain routes can be calculated as follows:
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The BAE between region s and region r is:
[image: image]
By calculating the two sub-balances of avoided emissions (Eq. 9-1 and Eq. 9-2), we can identify each region’s responsibility for increasing or decreasing global emissions in bilateral trade, which can be explained by production technology (carbon emission intensity F, production structure B, L) and trade balance. According to Eqs. 5, 8, we can expand Eq. 9 in the form of five value chain routes, and measure the impact of different value chain routes on global emissions.
The impact of region s’s foreign trade on global emissions can be measured by totaling the bilateral balance of avoided emissions between region s and each region:
[image: image]
A positive or negative BAEs indicates that a region’s international trade increases or decreases global emissions, respectively.
The world BAE is calculated by the following:
[image: image]
Similarly, this study expanded the balance of avoided factor content to assess the employment impact of trade. Following López et al.’s (2013) definition, we defined the balance of displaced employment (BDL) as the difference between employment embodied in exports and employment displaced by imports. More detailed calculations using equations associated with employment impacts are presented in the Supplementary Material.
2.3 Data sources
The input–output tables used in this study can be obtained from the World input-output database (WIOD) (Timmer et al., 2015). It provides input–output data of 56 sectors for 43 economies and a region called the rest of the world (ROW) during 2000–2014. Table 2 presents the countries and regions covered in this study. For convenience, the European Union member states were merged into the EU. The CO2 emissions data can be derived from the WIOD Environmental Accounts (Corsatea et al., 2019). WIOD also provides Socio-Economic Accounts, which covers the data on employment for each sector in each country/region. However, it is missing data for the ROW region. The data on employment for the ROW region were retrieved from the International Labour Office, and we allocated it to the sectors using a weighted average of the employment structure of representative countries (Stadler et al., 2014).
TABLE 2 | Country and region classification.
[image: Table 2]3 RESULTS AND DISCUSSION
3.1 Preliminary results on embodied carbon emissions and employment
Figure 1 presents gross embodied carbon emissions and employment in international trade from 2000 to 2014. In Figure 1A, the left bar shows the emissions embodied in each region’s exports and the right bar shows the emissions embodied in imports. For the world economy as a whole, the gross embodied carbon emissions in world exports are equal to those of world imports, as the exports of one region are the imports of another region. Regarding the changing trends, the embodied carbon emissions in international trade increased from 6146.96 Mt in 2000–9779.87 Mt in 2014. There was a marked decline in 2009 owing to the global financial crisis. It began to rebound in 2010 and showed slight fluctuations from 2011 to 2014. A comparison of imports and exports in a certain region shows a significant imbalance between embodied carbon emissions in some economies’ exports and imports, such as the United States, China, the EU, and Russia. Comparing the different regions, the ROW region contributed the most to embodied carbon emissions, whether from exports or imports. The top five economies accounting for a large proportion of embodied carbon emissions in world exports were China, the EU, Russia, the United States, and Korea. For embodied carbon emissions in world imports, the EU, United States, China, Japan, and Korea were the top five contributors.
[image: Figure 1]FIGURE 1 | Gross embodied carbon emissions (A) and employment (B) in international trade Note: Abscissa label EX denotes exports and IM denotes imports.
Growth in the scale of international trade impacted employment worldwide. Figure 1B shows the gross embodied employment in international trade. The overall changing trend was similar to that of embodied carbon emissions; the gross embodied employment rose from 480.16 million persons in 2000 to 603.81 million persons in 2014. However, it began to decrease in 2008 during the global financial crisis, recovered in 2010, and decreased again during 2012–2014. The ROW region contributes the largest amount of embodied employment. On the one hand, the production of exported goods and services in the ROW region generated employment for 175.33 million in 2014 and accounted for 29% of gross embodied employment in international trade. On the other hand, the ROW region created jobs elsewhere for 187.91 million in 2014 through its imports and accounted for 31% of gross embodied employment in international trade. Combined, there is a significant imbalance between embodied employment in the ROW region’s exports and imports, but this imbalance shows an obvious waning trend. The five economies contributing the most to embodied employment in world exports were China, India, the EU, Indonesia, and the United States. Regarding embodied employment in world imports, the EU, United States, Japan, China, and Korea were the top five contributors.
The gross embodied carbon emissions in exports consist of foreign and domestic emissions. Domestic emissions are not entirely absorbed abroad as some may return home. Only domestic emissions absorbed abroad, which are completely driven by foreign final demand, reflect the actual volume of embodied carbon emission transfers. It is also the focus of controversy over the division of carbon emissions responsibilities. Figure 2A presents domestic emissions driven by foreign final demand, which accounted for approximately 79%–82% of the gross embodied carbon emissions during the study period, and its changing trend was consistent with the gross embodied carbon emissions. These emissions were exported through five value chain routes; more than half of domestic emissions exports were through the simple GVC and were absorbed in the direct importer (Route 2), followed by traditional final trade (Route 1), accounting for 31%–34%; 9%–11% of domestic emissions exports were through the complex GVC and absorbed by third parties (Route 5); 40% were through a simple GVC and absorbed by third parties (Route 4); and less than 1% were through the complex GVC and absorbed in the direct importer (Route 3). Compared to 2000, the shares of Route 1 and Route 4 in 2014 decreased slightly, the share of Route 5 in 2014 increased, and the share of Route 2 experienced several fluctuations and recovered to the level of 2000 in 2014.
[image: Figure 2]FIGURE 2 | Domestic emissions (A) and employment (B) driven by foreign final demand and their share of export routes.
From the perspective of GVCs, a country’s exports may require labor inputs at different value chain stages both at home and abroad (Lin et al., 2018); therefore, the gross embodied employment may include domestic and foreign employment. Domestic employment driven by foreign final demand reflects the extent to which a country’s workforce depends on its integration into the global economy (Horvát et al., 2020). Figure 2B presents domestic employment driven by foreign final demand, which accounted for approximately 84%–87% of the gross embodied employment during the study period. Domestic employment embodied in gross exports can be further split into five value chain routes: 87%–89% of domestic employment was supported by the direct importer’s final demand, embodied in three value chain routes; 44%–48% were through traditional final trade (Route 1); 39%–42% were through the simple GVC (Route 2); and .2%–.3% were through the complex GVC (Route 3). Domestic employment, which was supported by a third party’s final demand, accounted for 11%–13% of the gross embodied employment. For employments embodied in two value chain routes, the simple GVC (Route 4) accounted for 5%–6%, and the complex GVC (Route 5) accounted for 6%–8%. Compared with 2000, the shares of Route 1 in 2014 decreased, whereas the shares of the other four routes increased by varying degrees.
Figure 2 shows the aggregate results of the value chain routes at the global aggregate level, where the route characteristics of embodied carbon emissions (or employment) in exports and imports are the same, but they vary at the regional level. Figure 3 presents the share of embodied carbon emissions (or employment), export routes, and import routes for different economies in 2014. Regional comparisons of the share of embodied carbon emission export routes are shown in Figure 3A. The results show that 46% of China’s domestic emissions exports were through Route 1, which is significantly higher than the world average (31%). This is because China, as a global factory, specializes in the downstream stage of global production and exports abundant final goods (Zhang et al., 2017). Russia had a lower proportion of domestic emissions exports through Route 1. Because minerals are Russia’s main export products, a greater proportion of emissions were embodied in intermediate exports, especially for the simple GVC-related trade, and finally absorbed in the direct trade partner (Route 2), accounting for 61% of Russia’s domestic emissions exports. Australia had route characteristics similar to those of Russia. Based on data from the Australian Bureau of Statistics, minerals accounted for 57.1% of Australia’s exports in 2014. Regional comparisons of the share of embodied carbon emission import routes are shown in Figure 3B. The results show that Indonesia, China, and India have a greater share of foreign emissions imports through Route 2 than the world average (51%). This may be explained by the fact that these economies play the most important roles in processing and assembling producers in the GVC and international production network, that is, importing intermediate products from newly industrialized countries such as Japan and Korea for processing and assembly before exporting the final products to developed countries such as the United States and Europe. Furthermore, a comparison of Figures 3A, B shows that there are significant differences in domestic embodied carbon emission export routes and foreign embodied carbon emission import routes for economies such as Russia and China. Figure 3 also provides other economies’ domestic emissions exports and foreign emissions imports, and a similar analysis can be conducted for these economies.
[image: Figure 3]FIGURE 3 | Regional comparisons of the embodied carbon emissions export (A) and import (B) routes, and embodied employment export (C) and import (D) routes.
The share of embodied employment export routes for different economies is shown in Figure 3C. The results show that 61% of Mexico’s domestic employment exports were through Route 1, which is significantly higher than the world average (45%). For China and Turkey, the shares of domestic employment exports through Route 1 were 55% and 53%, respectively. The domestic employment of these economies is mainly sustained by the export of abundant final products. Russia had the largest share of domestic employment exports through Route 2 (61%). Compared to other regions, Taiwan had a greater share of intra-regional employment exports through Route 4, and Australia had a greater share of domestic employment exports through Route 5. These results reveal the extent to which a region’s employment is affected by its integration into the global economy through different patterns. Regional comparisons of the shares of embodied employment import routes are shown in Figure 3D. Unlike export routes, Route 1 dominated embodied foreign employment imports in Russia, accounting for 74%. Indonesia had the greatest share of foreign employment imports through Route 2, accounting for 60%, followed by China (59%). Mexico had a greater share of foreign employment imports through Route 4 than other regions, while Taiwan had a greater share of foreign employment imports through Route 5. These results contribute to a better understanding of how a region’s trade activities affect foreign employment.
3.2 Carbon transfer and employment transfer via international trade
Figure 4 shows the transfers of embodied carbon emissions and employment in international trade in 2014. As shown in Figure 4A, China is the world’s largest exporter of domestic embodied carbon emissions, with embodied carbon emissions export accounting for 28% of the global total in 2014. The top five destination economies of final demand that drove domestic emissions embodied in China’s exports, after the ROW region, were the United States, the EU, Japan, Korea, and Russia. It is suggested that the final consumption of these economies is the main driver of carbon emissions in China’s exports. The ROW region was the largest region with foreign embodied carbon emission imports. The top five source regions of foreign emissions embodied in its imports were China, the EU, Russia, India, and the United States. Comparing the embodied domestic emissions exports and embodied foreign emissions imports of various regions, we found that developing economies such as China, Russia, and India tend to have a large “emissions surplus,” that is, the embodied domestic emissions exports are larger than embodied foreign emissions imports. Developed economies such as the EU, the United States, and Japan tend to have a large “emissions deficit,” that is, the embodied foreign emissions imports are larger than embodied domestic emissions exports. This is consistent with the results of several studies (e.g., Peters et al., 2011; Wu et al., 2021).
[image: Figure 4]FIGURE 4 | Transfers of embodied carbon emissions (A) and employment (B) in international trade in 2014.
Figure 4B shows the transfer of embodied employment, the major region of domestic embodied employment export is China, constituting 30% of global domestic employment exports. In addition to the ROW region, the top five final demand destination economies driving China’s employment were the EU, the United States, Japan, Russia, and Korea. Notably, the domestic employment of the ROW region and India were also significant, constituting 28% and 14% of the total domestic employment exports of all regions, respectively. Regarding foreign embodied employment imports, the ROW region was the largest importer of foreign embodied employment: China, India, the EU, Indonesia, and Russia were the top five source regions of foreign embodied employment in its imports, which differed from the sources of foreign emissions in its imports. Comparing the embodied domestic employment export and embodied foreign employment import of various regions, the United States, EU, and ROW had the largest “employment deficit,” with embodied employment imports much higher than those of the domestic employment exports. The opposite situation was true in China, India, and Indonesia, which had a large “employment surplus.”
After mapping the transfer process of embodied carbon emissions and employment, we calculated the net transfer of embodied carbon emissions and embodied employment for each economy in 2014. Trade was decomposed into five value chain routes, and the results are shown in Table 3. Regarding net emissions transfers, five regions (i.e., Canada, China, India, Russia and Taiwan) corresponded to a positive net transfer, making them net exporters of embodied carbon emissions. It is suggested that the foreign trade of these regions increased domestic direct emissions, for example, China’s foreign trade in 2014 increased its domestic direct emission by 1939.4 Mt. This result shows that China paid a high environmental cost from high-carbon-intensity export product production. The remaining regions corresponded to negative net transfer, and were thus net importers of embodied carbon emissions. For example, the EU was the largest net importer of embodied carbon emissions in 2014, followed by the United States; these two economies generated emissions savings through international trade of 707.6 and 551.1 Mt, respectively.
TABLE 3 | Net transfer of embodied carbon emissions and embodied employment for each economy in 2014.
[image: Table 3]From the perspective of different value chain routes, the results demonstrate that traditional final trade (Route 1) dominated six economies’ net emission transfers: Australia, China, India, Norway, the United States, and the ROW region. International trade through simple GVCs to meet the direct partner’s final demand (Route 2) dominated the net emission transfers of eight economies: Brazil, Canada, Switzerland, the EU, Indonesia, Japan, Taiwan and Russia. Table 3 shows that international trade through complex GVCs to meet the direct partner’s final demand (Route 3) tends to increase domestic direct emissions except for Switzerland, the EU, the United States, and the ROW. Simple GVC-related trade to meet a third party’s final demand (Route 4) played the most significant role in the net emissions transfer for Mexico. Complex GVC-related trade to meet a third party’s final demand (Route 5) dominated the net emission transfers of Korea and Turkey. This demonstrates that there are visible differences in the contributions of specific value chain routes to emission transfers across economies, which are closely linked to an economy’s position in the global production chain. The net emission transfer direction of an economy may vary according to value chain routes. For instance, Russia was a net importer in terms of carbon emissions transfer through traditional final trade (Route 1), but was a net exporter in terms of carbon emissions transfer through GVC-related trade (Route 2–4).
Regarding net employment transfers, six regions were net exporters of embodied employment: Brazil, China, India, Indonesia, Mexico, and Turkey, suggesting that foreign trade increased their domestic employment. For example, China’s foreign trade activity directly created 104.4 million domestic jobs in 2014. The other eleven regions were all net importers of embodied employment, and the United States was the largest net employment importer in 2014. There were also significant differences in net employment transfers through different value chain routes; international trade through Route 1 dominated the net employment transfers, such as in China, India, Japan, Russia, and the United States. International trade through Route 2 dominated the net employment transfers of four economies: Brazil, the EU, Indonesia, and Korea. The net employment transfers through Route 3 for most economies corresponded to a positive value, whereas most economies’ net employment transfers through Route 4 were negative. In addition, international trade through Route 5 played the most significant role in net employment transfer for Taiwan. Overall, a win–win outcome for reducing domestic emissions and increasing domestic employment can be achieved in some economies through a specific value chain route.
When comparing our results of net transfer of embodied emissions or employment to those of previous studies (e.g., Jakob and Marschinski, 2013; Jiang et al., 2016), it must be pointed out that the amount of transfer may be different, although the direction of net transfer accords with earlier observations. This discrepancy could be attributed to that the definition of net transfer in this study is different from those of previous studies. In earlier studies based on gross trade accounting, the net transfer of embodied factor content is defined as the difference between the gross value of embodied factor content in exports and those in imports. In this study, the concept of net transfer is based on the separation of the source of embodied factor and its final destination of absorption.
3.3 Environmental and employment impacts of international trade
To evaluate whether international trade increased or reduced global emissions and employment, this study calculated the balance of avoided emission (BAE) and balance of displaced employment (BDL). This section presents the results of the environmental and employment impacts of international trade from global, national, and bilateral perspectives. Figure 5A presents the changing trend in the BAE through international trade from 2000 to 2014, and trade is decomposed into five different value chain routes. The total BAE of international trade was positive before 2003 and negative from 2003 to 2014, suggesting that international trade activity increased global emissions before 2003 and decreased global emissions thereafter. It showed an overall downward trend and reached its lowest value in 2011, at 1736 Mt, and began to increase in 2012. Compared with previous studies on evaluating global environmental impacts using a similar method, our results show a similar general trend to that of López et al. (2013) and Zhang et al. (2017). The difference is that the levels observed in this study are in between those observed by López et al. (2013) and Zhang et al. (2017). For instance, the present study found that international trade generated global emission savings by 902.35 Mt. The results of López et al. (2013) and Zhang et al. (2017) are 1101.11 Mt and 822.61 Mt in 2009. A possible explanation for this might be that different studies deal with domestic technological assumptions differently. Another possible explanation for this is that these studies adopt different regional aggregation levels. Zhang et al. (2017) calculated the environmental impact of trade between 41 regions in the WIOD. López et al. (2013) aggregated the economies in the WIOD into 7 regions. This study aggregated the economies in the WIOD into 17 regions.
[image: Figure 5]FIGURE 5 | Environmental (A) and employment (B) impacts of gross international trade.
From the viewpoint of different value chain routes, Route 1 led to the largest increase in global emissions. This suggests that trade in final products generally focuses on regions with relatively higher carbon emission intensities and promotes increased global carbon emissions. Route 5 contributed to the largest decrease in global emissions, dominating the overall environmental impact of international trade. Route 2 also significantly decreased global emissions in most years and exceeded the effect of Route 5 in 2012, followed by Route 4, both of which involved simple GVC-related trade. Route 3 had a positive impact on global emissions before 2007 and became negative during 2008–2014, but the change was not obvious. Routes 3 and 5 were complex GVC-related trades. In contrast to traditional final trade, GVC-related trade could help decrease global emissions. Since the GVC can better reflect the nature of globalization, this finding further supports the idea that globalization improves environmental quality. Furthermore, the carbon emission reductions effect of simple GVC-related trade (Route 2 add Route 4) was stronger than that of complex GVC-related trade (Route 3 add Route 5).
Figure 5B presents the changing trend in BDL through international trade from 2000 to 2014. The results show that total international trade activity corresponded to a positive BDL throughout the study period, meaning that international trade contributed to increasing global employment. Changing trends remained relatively stable until 2004, began to increase in 2005, and peaked in 2006 at 68 million persons. There was a marked decline in BDL from 2007 to 2009, but it then increased again and recovered to 36 million persons in 2014. Considering different value chain routes, Route 1 always corresponded to a positive BDL during the study period, which contributed to the largest increase in global employment and played a dominant role in determining the overall changing trend of employment impact. The BDL of trade through Route 2 changed from positive to negative in 2008 and led to the highest job losses in 2009 (16 million persons); its negative effect showed a waning trend by the end of the study period. Route 3’s impact on global employment was positive before 2003 and negative after 2003. The BDL of trade through Routes 4 and 5 was always negative during the study period but their negative impact showed a waning trend. These results show that global trade-related employment is mainly created by traditional final trade and that GVC-related trade leads to a decrease in global employment to some extent. Synthetically considering the environmental and employment impacts of international trade, at the global level, international trade was generally conducive to carbon emissions reduction and employment creation; however, the impacts of GVC-related trade were mixed, generating global emissions savings, but leading to decreases in employment. This implies that there is a trade-off between carbon emission reduction through GVC embedding and employment creation.
To discuss the difference in the global impacts of different economies’ trade activities, this study calculated BAE and the BDL at the national and regional levels. The results for 2014 are shown in Table 4, where six economies (i.e., Canada, China, Mexico, Russia, Turkey, and the United States) had a positive total BAE, and the other 11 countries and regions had a negative total BAE. China had the largest positive BAE, and the results show that its gross trade activity increased global emissions by 299.27 Mt in 2014. The ROW region had the largest negative BAE and achieved the greatest reduction in global emissions (1224.36 Mt) owing to its trade activity. Considering BAE in different value chain routes, the global environmental impacts of six economies (Switzerland, China, the EU, Mexico, Turkey, and the United States) were dominated by traditional final trade (Route 1). International trade through Route 2 dominated the environmental impacts of another six economies (Canada, India, Japan, Korea, Norway, and Russia). The global environmental impacts of the remaining five countries and regions were dominated by trade through Route 5. In 12 economies, international trade through Route 3 tended to decrease global emissions. The BAE in trade through Route 4 was negative for ten economies, suggesting that these trade flows contributed to decreasing global emissions. By contrast, trade through Route 4 in the other seven economies led to an increase in global emissions. The results for total BDL show that the trade activities of seven economies (Australia, Brazil, Switzerland, the EU, Korea, Norway, and Taiwan) decreased global employment, while the other 10 economies increased global employment owing to their trade activity. China’s trade contributed most to increasing global employment, creating 26.52 million jobs in 2014, and Korea’s trade led to the largest decrease in global employment (5.78 million in 2014). Regarding BDL in the five value chain routes, the employment impacts of 10 economies were dominated by trade value chain Route 1, while the employment impacts of the other seven economies were dominated by trade value chain Route 2. The BDL in trade through Route 3 was positive for the seven economies, suggesting that these trade flows contributed to increasing global employment. For trade through Routes 4 and 5, seven economies and nine economies, respectively, contributed to global employment.
TABLE 4 | Environmental and employment impacts of each economy’s trade activity in 2014.
[image: Table 4]By combining the results on carbon emissions and employment, we can divide these economies into four types, according to the signs of BAE and BDL. The first type is an economy with both positive BAE and BDL, which suggests that these economies’ trade activities simultaneously increase global emissions and employment. Six economies in 2014 belonged to this type: Canada, China, Mexico, Russia, Turkey, and the United States. The second type is an economy with both negative BAE and BDL, which contributes to decreasing global emissions and results in decreasing global employment. Seven economies in 2014 belonged to this type: Australia, Brazil, Switzerland, the EU, Korea, Norway, and Taiwan. A total of 13 economies fall into the first two categories, highlighting the significant consistency in the direction of change of the two impacts. The third type is an economy with a negative BAE and positive BDL, represented by India, Indonesia, Japan, and the ROW region. These economies’ trade activities decreased global emissions and increased global employment. This is the most desirable condition. It should be noted that although some economies do not belong to this type in terms of total BAE and BDL, this win-win situation for the environment and employment exists in trade through specific value chain routes, such as Russia’s trade through Route 1 and the EU’s trade through Route 2. The least desirable type is an economy with a positive BAE and negative BDL, which results in a growth in global emissions and a decrease in global employment. There was no economy belonging to this type in 2014 at the aggregate level, suggesting that a country’s participation in international trade is good for the environment, employment, or both. In this sense, international trade is no longer a zero-sum game; rather, it is likely to be a positive-sum game for all participants in terms of environmental and employment benefits. This profoundly implies that countries should actively participate in international trade and firm opposition to growing protectionist and anti-globalization sentiments.
International trade can be seen as a collection of bilateral trade flows. To provide a detailed analysis of the environmental and employment impacts of international trade from a bilateral perspective, the BAE and BDL were calculated at the bilateral level. We also captured two sub-balances [sub-BAE based on Eq. 9 and sub-BDL based on Eq. (A6)] to identify the role of trading partners of certain bilateral trade in global carbon emissions and global employment. Table 5 presents the results for the selected ten bilateral trade flows in 2014. Considering total value, the top five bilateral trades with the largest positive BAE were trades between China and the United States, China and the EU, Canada and China, Canada and the United States, and China and Mexico. These bilateral trades led to the largest increase in global emissions. The top five bilateral trades with the largest negative BAE were trades between Australia and Chinese Taiwan, Indonesia and Chinese Taiwan, mainland China and Chinese Taiwan, China and Korea, and Australia, and Korea. These bilateral trades have made a significant contribution to global emission reduction. Regarding the employment impacts of bilateral trade, the top five bilateral trades with the largest positive BDL were trades between China and the United States, China and the EU, India and the United States, the EU and India, and China and Japan. These bilateral trades have created many jobs. The top five bilateral trades with the largest negative BDL were those between mainland China and Taiwan, China and Korea, the EU and Russia, Australia and China, and Brazil and China. These bilateral trades resulted in significant joblessness. To understand the roles played by both parties in bilateral trade, we took China–United States trade and China–Korea trade as examples to explain in detail.
TABLE 5 | Environmental and employment impacts of the selected bilateral trade in 2014.
[image: Table 5]Bilateral trade between China and the United States generated the largest emissions and employment, which is of great significance globally. In this bilateral trade flow, China’s environmental performance is increasing global emissions (238.18 Mt). The environmental performance of the United States is decreasing global emissions (-48.30 Mt). This can be attributed to China’s huge trade surplus and high carbon intensity and the USA’s clean production technology and its relatively lower carbon intensity. The overall environmental impacts of bilateral trade between China and the United States show increased global emissions (189.87 Mt). This is in line with Guo et al. (2010), who found that bilateral trade between China and the United States increase global emissions. China’s employment impact performance is increasing global employment (13.95 million), whereas the USA’s employment impact performance is decreasing it (−1.46 million). The overall employment impact of bilateral trade between China and the United States shows increasing global employment (12.49 million). China’s comparative advantage in labor-intensive exports may play a vital role in employment growth.
China is Korea’s largest trading partner, the largest export destination, and a source of imports. In bilateral trade between China and Korea, China had a trade deficit and Korea had a relatively lower carbon emission intensity than China, which avoided a large amount of carbon emissions by importing products from Korea. Consequently, China’s environmental performance was decreasing global emissions (−56.59 Mt). In contrast, Korea’s environmental performance is increasing global emissions (6.89 Mt). This is mainly because of Korea’s trade surplus. The overall environmental impact of bilateral trade between China and Korea was conducive to global carbon emission reduction (−49.70 Mt). The employment impact of bilateral trade between China and Korea, China’s performance was reduced global employment (−3.82 million), suggesting that China’s imports from Korea resulted in job losses. This is because imports replaced products that could have been produced by domestic labor in the country, and more labor input is required in China than in Korea to produce the same product. Korea’s performance is increasing global employment (.6 million), but this increase is not sufficient to offset the decline in employment caused by China. Therefore, China–Korea bilateral trade generally led to a decrease in global employment (−3.22 million).
Similar analyses can be performed on other bilateral trades. These intuitive results are useful for identifying each country’s environmental responsibility and employment benefits from international trade. In bilateral trades, developed or developing economies have positive and negative impacts, meaning that developed economies and developing economies should take joint actions to balance environment–employment–trade growth and actively assume common and differentiated global responsibilities.
4 CONCLUSION AND IMPLICATION
In the context of trade globalization and global production fragmentation, the contribution of international trade to economic growth has been strongly proven; however, it has also led to an unprecedented displacement of environmental and social impacts, which have not been comprehensively characterized. A comprehensive assessment of the environmental and employment impacts of international trade is essential for coordinating sustainable development between the economy, environment, and society. This study set out to evaluate the impact of international trade on global carbon emissions and employment. The main findings are summarized as follows:
This study estimated embodied carbon emissions and employment in international trade and their transfers through various value chain routes. The results showed that developed economies represented by the United States and the EU benefit the environment through trade carbon transfer, while developing economies represented by China and India experience significant employment gains from trade employment transfer. In this sense, all stakeholders in international trade should take responsibility for trade-related carbon emission reduction. From the perspective of value chain routes, whether carbon transfer or employment transfer, the effect of a specific value chain route on transfers varies significantly across economies. This is closely linked to the position of an economy in the global production chain, and the net transfer direction of a certain economy may vary with value chain routes. A win-win outcome for reducing domestic emissions and increasing domestic employment can be achieved in some economies through a specific value chain route. These results highlight the importance of distinguishing the value chain routes.
This study evaluated the impact of international trade on the global environment and employment using a counterfactual method. We found that, at the global level, international trade in general is conducive to global carbon emissions reduction and employment creation; however, the impacts of GVC-related trade have been mixed, generating global emissions savings but leading to a decrease in employment. This implies that there is a trade-off between carbon emission reduction through GVC embedding and employment creation. Specifically, for environmental impacts, we found that the impacts of international trade on global carbon emissions reversed in 2003 and played a role in reducing global emissions from 2003 to 2014. Route 5 contributed to the largest decrease in global emissions, thereby dominating the overall environmental impact. Regarding employment impacts, international trade always plays a role in increasing global employment during the study period; Route 1 contributes to the largest increase in global employment and plays a dominant role in determining the overall changing trend of employment impacts.
Moreover, this study further estimated the impact of each economy’s trade activity, showing that China’s trade activity has resulted in the largest increase in global emissions. The ROW region achieved the greatest reduction in global emissions through trade activity. China’s trade has contributed the most to increasing global employment, while Korea’s trade led to the largest decrease in global employment. The trade activities of some economies were conducive to both carbon emission reduction and job creation globally. The main conclusion that can be drawn is that a country’s participation in international trade can be good for the environment, employment, or both. In this sense, international trade is no longer a zero-sum game; rather, it is likely to be a positive-sum game for all participants in terms of global environmental benefits and job creation. Regarding bilateral trade, both developed and developing economies have positive and negative impacts, meaning that developed countries and developing countries should take joint actions to balance environment–employment–trade growth.
This study contributes to existing knowledge of GVCs by constructing five new value chain routes, considering the source and destination of trade embodied factor content and differentiating “simple” and “complex” GVC activities. The findings from this study provide important insights into understanding the role of different value chain routes, which may provide abundant path information to help guide countries’ upgrading in GVCs. Second, the findings of this study provide useful information for determining the responsibilities of different countries to climate change. To achieve political consensus and equity, both environmental and employment benefits should be considered when allocating emission reduction responsibilities. Third, the findings of this study can aid all countries in understanding their benefits and environmental responsibilities across the global value chains. This may provide scientific evidence for further policy formulation and help to promote the sustainable development of the economy, society, and environment.
Based on these findings, some policy implications were proposed. First, policymakers should consider embodied carbon emissions and employment in trade when formulating trade policies, especially for GVC-related trade policies. A comprehensive assessment of the environmental and employment impacts of international trade can provide useful information for the government to formulate scientific policies. The impacts of trade on carbon emissions and employment vary by country and value chain route. In some cases, there is a conflict between carbon emission reduction and job creation. If a policy only pays attention to reducing carbon emissions and neglects employment impacts, it may lead to job losses and threaten social stability, which would, in turn, hinder progress in tackling global climate change. An intelligently designed trade policy should help achieve the synergy between carbon emission reduction and employment creation. For instance, carbon tax has shown promise as a tool for reducing carbon emissions and increasing jobs (Brown et al., 2020).
Second, developed and developing countries should deepen their international cooperation and actively assume common and differentiated global responsibilities. International trade leads to a geographic separation of consumers from pollution emitted during production, allowing consumers to shift the pollution induced by their consumption elsewhere. Meanwhile, it also causes job opportunities transfer from the developed world to the developing world. Combining these, we can see that both worlds benefited from trade but paid the price. This provides some explanation as to why developed and developing countries should share responsibility for global climate change. Therefore, whenever emission reduction responsibilities are to be discussed, a fair allocation scheme that considers both the employment benefits of developing countries and the environmental benefits of developed countries should be used.
Third, a global perspective should be envisaged to reduce worldwide emissions while minimizing job losses. Developed countries should increase their support for emission-intensive trading partners through technology transfers and financial assistance in their foreign investment and industrial transfers. Developing countries should increase investment in the research and development of high-tech industries and actively innovate and move away from the traditional economic development model that relies on exporting high-energy-consuming and low-value-added products. Meanwhile, more high-skilled talents should be matched with the development of innovative knowledge-intensive industries to promote rapid economic transformation.
This study had several limitations. First, there was a lag in the study period owing to WIOD data limitations. In addition, this study did not discuss employment by different skill types because WIOD Socio-Economic Accounts 2016 no longer provides information on the educational attainment of the labor force. We look forward to updating and expanding our results after the release of more recent data. Second, although the results of this study provide some reference for allocating emission reduction responsibilities, we did not provide a detailed responsibility allocation scheme, and further studies are expected to establish a quantitative responsibility allocation scheme that considers the environmental and employment impacts. Third, this study did not distinguish between processing trade and general trade, which are also important issues in the current reconstruction of the GVC; further research might explore this issue.
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