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In the current international trade characterized by global value chains (GVCs), to improve the trade interests of China’s manufacturing industry and change the unfavorable situation of “big but not strong,” industrial upgrading is an important issue that needs to be solved urgently. Based on the analysis of the impact of embedding in GVCs on the acquisition of trade benefits, the paper empirically tests the impact of embedding GVCs on manufacture upgrading by using industry segmentation data of China’s manufacturing industry from the year 2000 to 2014 in the world input–output database. The research shows that 1) from 2000 to 2014, forward and backward participation increased from 11.2% and 15.2% to 14.6% and 15.9%, respectively; China’s manufacturing industry mainly participates in the GVC in a backward way, which significantly improves trade interests; 2) both forward participation and backward participation in the GVC are conducive to the increase of trade benefits and are positive at the 5% level, which has a significant driving effect on the upgrading of the manufacturing industry; and 3) heterogeneity testing shows that capital-intensive, technology-intensive, and high-tech industries gain significant trade benefits, and embedding GVCs is more conducive to upgrading. Therefore, integrating into the GVC at a higher level is the direction to promote the upgrading of China’s manufacturing industry.
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1 INTRODUCTION
At present, the international economy is characterized by factor cooperation, trade of increased intermediate goods, and rapid development of outsourcing. A final product is jointly produced by countries according to advantageous factors, forming a vertical specialization mode (Cheng, 2022). Its manifestation is that multinational corporations distribute different production processes in different countries, and the final product has more than two production stages, more than two countries participate in production, forming “international intraproduct specialization” or “factor division” that is commonly known as the global value chain (GVC), which is particularly obvious in the manufacturing industry (Xiang, 2021). Affected by this, the pattern of international division of labor has expanded from interproduct division to intraproduct division, and international trade has developed from product trade to task trade (Chen et al., 2021). For developing countries, this means that export products that originally need to master a full set of production technologies can be integrated into the international division of labor under the background of GVC and only need to master the technology for specific production tasks or links. Therefore, the GVC provides developing countries with a fast track to accelerate the process of industrialization. China is a major manufacturing country and the “world factory.” Integrating into the GVC provides a fast channel for the rapid development of the manufacturing industry. Since entering into WTO, China has long relied on the advantage of low labor cost to engage in processing trade, embedded into the GVC dominated by developed countries, engaged in production and assembly with very low added value (Xiang, 2019). For example, when exporting a $200 iPhone, China only earns $3.36 in manual fees, and most of the profits are seized by developed countries (Wen, 2018). Many key parts and core technologies still depend on imports from abroad, the rise of trade protectionism has a great impact on China’s industry, considering its large scale, China’s manufacturing is still not powerful, and enhancing the added value of exporting products and obtaining more trade benefits is an important direction for the transformation and upgrading of the manufacturing industry.
In recent years, restricted by resources and environment, China’s factor cost advantage has gradually weakened, and it has fallen into the dilemma of “race to the bottom” with low-wage countries such as India and Vietnam, and a large number of labor-intensive industries have been transferred to Southeast Asian countries (Gao et al., 2020a). The high-end manufacturing return policy launched by the United States weakens the technology spillover effect of China’s export products, intensifies the competition in the manufacturing field, and brings “crowding risk.” The double squeeze of “high-end return” in developed countries and “low-end diversion” in developing countries forced China’s manufacturing industry to upgrade (Gao et al., 2020b). COVID-19 has brought a great impact, and the global economy has pressed the pause button. In the face of an uncertain economic situation at home and abroad, China has put forward a strategy of “accelerating the formation of a new development pattern with the domestic cycle as the main body and the domestic and international dual cycles promoting each other.” While emphasizing the domestic cycle, we should expand the opening at a higher level and integrate into global innovation chain. How to achieve upgrading of the manufacturing industry on the basis of domestic and foreign integrated development is an important issue that needs to be solved urgently (Fu, 2022; Li, 2022). In this context, clarifying the impact mechanisms of the integration of the GVC on manufacturing, upgrading, and testing the role of different impact mechanisms in China’s participation in the GVC will provide theoretical support and practical basis for solving the aforementioned problems. The article intends to start with analyzing the impact mechanism of embedded global value chain on the manufacturing industry, use a value-added trade decomposition method to calculate the degree of embedded global value chain, empirically test the relationship between GVC embedding and export domestic added value, and put forward a theoretical and practical basis for the upgrading of the manufacturing industry under the “double cycle” pattern.
Compared with existing research, possible marginal contributions of this paper are as follows: first, from a research perspective, exploring the relationship between integrating into the global production system and industrial upgrading from the perspective of GVC is beneficial for clarifying the mechanism of integrating the GVC on industrial upgrading and providing useful decision-making references for “seizing high position of GVC.” Second, from the perspective of research methods, the latest GVC forward and backward participation index constructed by Wang et al. (2017a) is used, and the characteristics of the GVC and the degree of embedding manufacturing GVC are comprehensively characterized. The latest data from the World Input Output Database (WIOD) are used, based on theoretical hypotheses, and econometric tests are conducted on overall and sub-samples. Third, in terms of research content, heterogeneity effects of integrating the GVC are analyzed from the perspectives of factor intensity and technology intensity, providing empirical evidence for preventing “capture by the low-end” and climbing toward high end of the GVC, enriching and expanding policy connotation of theoretical research.
2 LITERATURE REVIEW
Trade theory attempts to explain what benefits trade brings to countries, enterprises, or individuals, to make judgments about whether and how to participate in the international division of labor and provide a basis for trade policy (Tang, , 2020). At present, the global industrial chain is accelerating its restructuring, and the impact of integrating into the GVC on developing countries has become a hot research topic (Tian et al., 2022; Wiryawan et al., 2022). Most studies about the upgrading process show that by participating in the GVC, enterprises can achieve industrial upgrading through channels such as participating in the professional division of labor and obtaining technological spillovers (Pahl and Timmer, 2020; VeeramaniDhir, 2022). In recent years, with the development of research methods of value-added trade, studies have increasingly taken export domestic value added (DVA) as a measure of trade interest to examine the impact of participating in the GVC on DVA. The accounting for the degree of GVC embeddedness is based on the decomposition of value-added trade (Koopman et al., 2014). In the process of quantitative analysis of the GVC, the input–output analysis method is mainly used from a macro perspective. Hummels et al. (2001) used the vertical specialization (VS) index to measure the degree of a country’s participation in the international division of labor for the first time under the assumption that imports are entirely from abroad (Hummels et al., 2001). Johnson and Noguera (2012) used the Global Trade Analysis Project (GTAP) database to measure the participation of 94 countries in GVC production sharing by value-added export rate (VAX) (Johnson and Noguera, 2012); Wang et al. (2013) and Wang et al. (2017b) further improved and decomposed a country’s total trade into DVA and foreign value added and then expanded to the national, bilateral, and sectoral levels. The total export was divided into nine parts and 16 parts, respectively. Based on the complete decomposition of total exports, the GVC participation index (GVC_participation) is constructed to measure the degree of a country’s participation in the GVC division of labor (Wang et al., 2013). The former HIY decomposition method may lead to a serious underestimate of the share of foreign value added. The latest input–output decomposition method establishes a complete set of accounting rules from official trade gross value statistics to trade value-added statistics by distinguishing the content of domestic and foreign factors in various production activities and distinguishing content of factors in various domestic and foreign production activities (Wang et al., 2017a; Wang et al., 2017b). The participation of China’s manufacturing industry in the GVC showed a dynamic trend from 2000 to 2018. By 2018, the forward and backward participation in China’s manufacturing industry had reached 0.148 and 0.162, respectively (Huang and Yang, 2022; Zhang and Li, 2022). Regarding the measurement of manufacture upgrading, one kind of literature is measured by alternative indicators such as export domestic value-added rate (DVAR), export technology complexity (EXPY), revealed comparative advantage (RCA), which is considered as DVAR (domestic value creation part included in export products), EXPY (technical level contained in export products), and RCA (proportion of industrial export share), which can measure a country’s position in the GVC and take increasing income, improving technical level or market share as the direction of industrial upgrading (Kee and Tang, 2016; Johnson and Noguera, 2012). The other kind of literature is measured by the upstream degree (UI) index constructed by Antràs and Chor (2018). Judging by measuring distance from the beginning of production to the final product, the lower the upstream index, the more the benefits. The direction of industrial upgrading is defined with the size of the UI index.
To analyze the factors affecting industrial upgrading, the domestic and foreign literature discusses the impact of human capital quality, capital deepening, foreign direct investment (FDI), system quality, infrastructure construction, trade facilitation, and other factors on industrial upgrading (Kummritz et al., 2017; Zhang and Li, 2022). Human capital is indispensable to economic development. The deepening of senior talent and capital is an important factor to promote scientific and technological progress. The technological spillovers and competitive effects brought by FDI are important forces driving the technological progress of enterprises and the renewal of product quality. System quality and business environment are the key areas for the optimization and improvement of China’s opening to the outside world. They are crucial to attracting foreign capital and talent and creating a good development environment for enterprises. Domestic and foreign scholars empirically tested the influencing factors of manufacture upgrading through macro- and micro-level data. Xiang (2020) used the panel data of China’s manufacturing industry to find that domestic service factor input is conducive to the upgrading of the manufacturing value chain, while the impact of foreign service factor input on manufacture upgrading is negative (long and Wang, 2017). Yu Donghua et al. (2019) selected panel data of China’s manufacturing industry from 2001 to 2014 and found that although there are “low-end locking” and “absorption threshold” effects, embedding the GVC is conducive to the transformation and upgrading of China’s manufacturing industry (Gao et al., 2019). Kee and Tang (2016) integrated macro and micro data and found that by using domestic raw materials to replace imported raw materials, the domestic added value of export products can be increased and China’s industrial upgrading can be achieved (Koopman et al., 2014).
Through literature review, it can be found that different scholars have analyzed the impact of GVC embedding on manufacture upgrading from different angles. The research conclusions of most literature are positive, and some scholars have studied the “capture effect” and “low-end locking” of GVC embedding (Xiao et al., 2019; Xiang, 2020). At present, few studies focus on China to investigate the impact of different participation paths of the GVC on the upgrading of China’s manufacturing industry. Therefore, this paper will take export DVA as the measurement index of manufacture upgrading, on the basis of describing the path of China’s manufacturing industry, integrated into the GVC, investigate the differential impact of GVC forward participation and backward participation on China’s manufacture upgrading, and identify the impact mechanisms of the aforementioned two paths. The structure of the article will be arranged as follows, the second part is theoretical analysis, the third part is the empirical test and explanation, the fourth part is further heterogeneity analysis, and the last part is conclusion and recommendations.
3 THEORETICAL ANALYSIS
At present, there are different definitions of manufacturing upgrading. Gereffi et al. (2001) defined industrial upgrading under the background of global value chain as four types: product upgrading, process upgrading, function upgrading, and chain upgrading (Yu and Tian, 2019). In recent years, with the development of the decomposition method of value-added trade, research studies have increasingly taken export DVA as the index to measure trade interest. Therefore, this paper defines the upgrading of the manufacturing industry as the process of transformation from a low-value-added industry to a high-value-added industry, that is, the process of continuous increase of value added in export and the rise of trade interests. The division of labor in the global value chain makes specialization within the scope of globalization more refined. The added value in the GVC is distributed in various links such as design and R&D, production and manufacturing, marketing, and distribution. With the advantages of resource endowment and human capital, China’s manufacturing industry is embedded in the GVC and is changing from low-end processing and assembly to R&D and design and brand marketing, and it is climbing from low value-added links to high value-added links (Yue et al., 2018). China has become the world’s largest manufacturing country since 2010, and the total domestic added value of the manufacturing industry has been increasing. Embedding the GVC has a significant impact on China’s acquisition of technology, enhancement of innovation, and realization of value chain climbing. The manufacturing industry achieves industrial upgrading through three ways: specialization effect, learning by doing effect, and technological spillover effect.
3.1 Specialization effect
China’s manufacturing industry can gain economies of scale by participating in global specialization. The production efficiency of enterprises has been continuously improved due to the fine division of labor, and the production cost has been greatly reduced. The industrial products made in China have occupied the global market with an irresistible price advantage, obtaining a continuous expansion of the total DAV. Direct integration of the GVC reduces the cost of industrial strategy selection of China’s manufacturing industry. In the process of undertaking industrial transfer in developed countries, China can learn from the original development mode and path of developed countries, make full use of global resources and markets, and drive the common development of domestic related industries through the introduction of foreign advanced technology, capital, and talents; trade and investment drive the optimization of the industrial structure, solve the problems of insufficient domestic capital goods and poor technology, and quickly achieve industrial development and upgrading on a high basis (Hu et al., 2020).
3.2 Learning by doing effect
Participating in GVC can acquire technical knowledge, accumulate production experience in understanding and solving problems, continuously strengthen production, and improve labor productivity. It has not only trained a large number of skilled workers but also trained a large number of engineers learning foreign advanced technology, and human capital can be optimized. The import of intermediate products has optimized the allocation of resources and laid a foundation for improving the technical content of domestic export intermediate products. Enterprises have upgraded their products through technology follow-up or imitation innovation to enhance the DAV of their products. The learning by doing effect not only optimizes the allocation of resources and human capital but also promotes the upgrading of the industrial structure (Gereffi et al., 2001).
3.3 Technology spillover effect
After embedding the GVC, Chinese enterprises can directly introduce or learn from the advanced technology of foreign enterprises, undertake outsourcing businesses such as communication and electronics industries, import intermediate products containing a large amount of knowledge and technology for processing and production, and have the opportunity to divide labor and cooperate with developed countries to obtain “technology spillover” (Wang, 2019). At the same time, to meet the strict requirements of multinational corporations on product safety, environmental protection, and other product quality and occupy a place in the fierce international market, Chinese manufacturing enterprises need to constantly improve their processes and realize product upgrading through digestion, absorption, reintegration, and innovation. The high standard requirements of multinational corporations force OEM enterprises to improve their technical standards, promote continuous improvement of export product quality standards, and upgrade in the GVC (Yu and Cheng, 2021).
At the same time, we also notice that to maintain their own interests, developed countries will set up barriers and implement blockades in key core technology fields. As a result, developing countries are “locked and captured at the low-end chain,” and there is even a risk of “chain breaking,” and the long-term introduction of foreign technology will lead to substitution and lack of independent innovation ability of enterprises, forming path dependence for long-term engagement in low-end low profit links. There is a threshold effect in absorbing advanced technology of multinational corporations. Technology spillover will have a positive impact only when the level of economic development and human capital reach a certain threshold (Wang et al., 2021). In short, whether the effect of embedded GVC is good or bad needs to be judged according to different economic environments and development stages and other factors. The following will be tested in the empirical part, and a conclusion will be drawn. Based on the aforementioned analysis, the following assumptions are put forward:
Hypothesis 1. Positive effect of embedding into the GVC is greater than the negative effect, which is conducive to China’s manufacturing industry to obtain trade benefits, achieve product upgrading and process upgrading through learning advanced technology and experience, and promote the upgrading of the industrial structure.
Hypothesis 2. Different manufacturing industries have different trade interests embedded in the GVC. China’s manufacturing industry, which mainly involves labor-intensive industries in the international division of labor, can improve the technical content of products, increase the DAV of exports, and facilitate industrial upgrading.
4 MAIN INDICATORS AND TYPICAL FACTS
4.1 Measuring the degree of manufacturing embeddedness in global value chains: a decomposition model of value-added trade
Assuming that there are G countries and N industrial sectors in the world, the inter-country input–output table (ICIO) is shown in Table 1.
TABLE 1 | Inter-country input–output table.
[image: Table 1]Among them, Zsr is the intermediate input matrix (produced in country S and used in country R), Ysr is the final product vector, Vas is the added value vector, and Xs is the total output vector. Wang Zhi (2013) decomposed the total value of a country’s export trade into 16 parts, including added value and double counting, according to different sources and the final destination of added value of trade, realizing the complete decomposition of export trade. The specific decomposition formula of the total export trade value of country s (or region) to country r (or region) [image: image] is as follows:
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According to the aforementioned decomposition process, the 16 parts of the total export trade are summarized and combined, as shown in Table 2.
TABLE 2 | Conceptual framework of gross trade accounting.
[image: Table 2]The total output X can be divided into two parts: intermediate product AY and final product Y:
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[image: image] is the diagonal block matrix of domestic input coefficient. AF is the off-diagonal block matrix of import input coefficient, [image: image]. Y is the production vector of final products and services for domestic consumption. Final export product vector [image: image]. E is the total export vector. Formula (2) can be decomposed as follows:
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Therefore, the domestic added value and final product production can be decomposed into
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By summing up the line vectors in Eq. 4, according to the flow direction, the domestic added value at the country/sector level is decomposed into (forward linkage)
[image: image]
By summing up the vectors in Eq. 4, according to the source, the added value of final product production is decomposed into (backward linkage)
[image: image]
Among them, V_ D、Y_ D does not involve trade; it is the DAV produced and absorbed by the country. V_ RT、Y_ RT is the DAV included in the final product export. V_ GVC_ S、Y_ GVC_ S refers to a simple GVC activity that only crosses the border once and is the DAV included in the export of intermediate products; V_ GVC_ C、Y_ GVC_ C refers to complex GVC activities that cross the border more than once, involving indirect trade with third countries.
4.2 Quantitative index construction
On the basis of Eqs. 5 and (6), the forward participation index (PA_f) and the backward participation index (PA_b) are constructed to measure the degree of a country’s sector level participation in the GVC:
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The forward participation index (PA_f) calculates the proportion of added value created by a country to the DAV contained in global exports of intermediate goods. It measures the degree of dependence of other countries on domestic intermediates, and it is the value added calculated from the perspective of production, which is similar to the VS1 index proposed by Hummels et al. (2001), but VS1 is the proportion of the total value in trade. The backward participation index (PA_b) calculates the proportion of intermediate products used by the country from the perspective of added value and measures the country’s dependence on other countries’ intermediates. The traditional VS and VS1 indicators cannot reflect whether a country participates in simple GVC or complex GVC. In terms of total value, the VS1 indicator may be very high for industries with few direct exports (such as mining), and the improved indicators can better reflect the degree of a country’s participation in the GVC.
4.3 Typical facts of Chinese manufacturing embedding the GVC
According to the calculation methods of the forward participation index (PA_f) and the backward participation index (PA_b) mentioned above and using the data of the WIOD 2016 database, Figure 1 measures the participation degree of China’s manufacturing industry in the GVC from 2000 to 2014.
[image: Figure 1]FIGURE 1 | Participation of China’s manufacturing industry in the GVC from 2000 to 2014. Source: WIOD
As can be seen from Figure 1, China’s manufacturing industry mainly participates in the GVC in the way of backward participation, which shows that China’s manufacturing industry mainly depends on the supply of imported intermediates in the process of integrating into global production, embeds the processing and assembly link of the GVC with the advantage of cheap labor, and mainly participates in global division of labor in the way of “processing trade.” This is also a realistic feature that “processing trade” accounts for half of China’s import and export since China’s entry into WTO. At the same time, China also exports intermediate products, such as aircraft, auto parts, and other products, and participates in the GVC in a forward-linking way. Data from the World Bank show that China has become the world’s most important product supplier and demander, and it is the central node of the GVC, becoming the core hub of the GVC (Zhang and Zhang, 2022).
With the time dynamic evolution track of participation, the forward and backward participation indexes were increasing from 12.5% and 15.6% in 2001 to 18.6% and 19.9% in 2008, respectively, indicating that after China’s accession to the WTO, China’s participation in the international division of labor continued to deepen, and the manufacturing industry was deeply integrated into the GVC. In 2008, due to the impact of the global financial crisis, there was a brief decline, and the participation index dropped to 13.7% and 16.3%, respectively, in 2009. After the impact of the crisis subsided, it gradually recovered. From 2010 to 2014, the trend of trade protection became increasingly serious, and the trend of anti-globalization spread. The forward and backward participation decreased from 15.1% and 18.2% to 12.5% and 15.1%, respectively. There was a trend of “decoupling” of the GVC and internalization of the global industrial chain demonstrated by Timmer et al. (2016) (Hu et al., 2021). It is worth noting that compared with the decline of backward participation since 2012, the forward participation is rising. China’s manufacturing industry is changing from a user of imported intermediate goods to a provider of exported intermediate goods. In the dynamic transformation from “value input” to “value output,” which replaces imported foreign added value with DAV, the transformation and upgrading of processing trade has achieved preliminary results.
5 EMPIRICAL TEST AND ANALYSIS
5.1 Model construction
The aforementioned research shows that different embedding methods, or different sectors of manufacturing industries, participate in the international division of labor and have different effects on the DAV of exports. To test the impact of GVC embedding on the upgrading of the manufacturing industry, the econometric model is set as follows:
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where subscript i represents the manufacturing industry sector and t represents the year. The explained variable is export DVA, that is, the total DVA of China’s manufacturing export sector, which is an indicator to measure the upgrading of the manufacturing industry; according to the decomposition framework of trade added value by Wang et al. (2013), the larger its value is, the more trade benefits will be obtained from exports. The core explanatory variable PA represents GVC embeddedness, including GVC forward participation (PA_f) and GVC backward participation (PA_b), and the calculation method is derived from the previous section. Controls represent industry control variables, including GVC position (PO), labor productivity (PR), industry capital intensity (K/L), and foreign direct investment (FDI). γi, μt, and δit represent industry fixed effects, year fixed effects, and standard error, respectively. Taking into account the differences in the level values of different variables, logarithmic processing was performed during the estimation process.
5.2 Variables and data
The following control variables are selected in this paper:
(1) GVC position index (PO): the position of the manufacturing industry embedded in the GVC. “Upstream index” constructed by Antras et al. (2012) is referred to measure the position of China’s manufacturing industry embedded in the GVC. The data come from the RIGVC UIBE database. (2) Labor productivity (PR): measured by per capita domestic added value. (3) Industry capital intensity (K/L): measured by the ratio of fixed capital to the number of employees in the manufacturing sector. The data of the aforementioned two variables are from socio-economic accounts of WIOD. (4) Foreign direct investment (FDI): it is measured by the accumulative value of the amount of foreign direct investment actually utilized in the year. The data are from the annual database of the National Bureau of Statistics of China (NBSC), and the descriptive statistical results of each variable are shown in Table 3.
TABLE 3 | Descriptive statistics of variables.
[image: Table 3]5.3 Empirical test results and analysis
5.3.1 Benchmark model regression
According to the data of the latest version of WIOD (2016), this paper analyzes the impact of GVC embedding on manufacture upgrading by using panel data of 18 sub-industries of China’s manufacturing industry from 2000 to 2014. Before the regression test, the panel fixed-effects model (FE) and random-effects model (RE) are used to regress Eq. 8. The results of the Hausman test reject the original hypothesis at the level of 1%, so the econometric model adopts the fixed-effects model for regression. At the same time, to control the possible endogenous problems, by controlling the time fixed effect and sector fixed effect, the endogenous problem caused by missing variables is partially solved. The test results are shown in Table 4.
TABLE 4 | Benchmark regression results.
[image: Table 4]The regression of column (1) shows that when GVC forward participation is taken as the explanatory variable, its coefficient is 1.655, and the estimated value has passed the significance statistical test at the level of 5%. When other control variables are added to column (2), the result is 0.425, which is still significant at the same level, indicating that GVC forward participation of the manufacturing industry is conducive to the increase of DAV of export and plays a positive role in promoting the upgrading of the manufacturing industry, and the results of columns (3) and (4) also show that GVC backward participation plays a significant positive role in promoting DVA of exports; comparing the values of column (2) and column (4), it can be found that the coefficient of forward participation of 0.425 is greater than that of backward participation of 0.341, and the significant level is higher, indicating that forward participation is more conducive to obtaining trade benefits. The aforementioned two dimensions show that the division of labor embedded in the GVC is conducive to the improvement of DAV of China’s manufacturing exports, and the manufacturing industry can obtain the increase of trade benefits by participating in the GVC.
On one hand, China imports intermediate products for assembly and processing. On the other hand, China also exports intermediate products for production by other countries. China’s manufacturing industry is already in the hub of double circulation of the GVC. One circulation is the value chain between China and developed countries. China imports intermediate products for assembly and processing from developed countries, and the final products are exported to foreign markets. Another circulation is between China and developing countries. China exports intermediate products and imports final products; that is, China participates in the international division of labor in the way of forward and backward participation. The way of forward participation is that China exports intermediate products for use by other countries. There is more DAV contained in export intermediate products. Chinese products continue to be upgraded, technical content is higher and higher, and industrial products rise to the middle and high end of the value chain. Backward participation means that China participates in the division of labor characterized by processing trade. Although the added value at the enterprise level is not high, labor-intensive industries not only solve a large number of employment problems but also obtain large trade benefits in the process of “learning by doing,” which is conducive to industrial upgrading. Compared with the two, forward participation is more conducive to upgrading, which is in line with the expectations of economic intuition and verifies theoretical hypothesis 1.
In the regression results of control variables, there is a positive relationship between DVA and the position of global value chain (PO) and labor productivity (PR). The significance test shows that enterprises in the upstream of the GVC and those with higher labor productivity gain higher trade benefits, while their export products contain more DAV. For example, enterprises engaged in design and R&D illustrate this. From the perspective of industry capital intensity (K/L), its coefficient is negative and significant, indicating that the industry capital intensity is high and it obtains less trade benefits. The possible reason is that too much fixed asset investment reduces the acquisition of trade benefits when exporting products. It is worth noting that the regression results of the impact of FDI on export DVA have passed the significance test at the level of 1%, indicating that FDI is an important factor to improve trade interests. It is an important force to promote the integration of China’s manufacturing industry into GVC at the beginning of opening up. For example, foreign-funded enterprises represented by Foxconn make full use of China’s cheap labor, invest in labor-intensive industries such as electronics and computers, place assembly and processing links in China, export finished products abroad, and integrate GVC in the way of backward participation. The processing trade once occupied half of China’s trade, which promoted the rapid growth of China’s manufacturing scale and the increase of trade interests. At the same time, relevant studies show that FDI is a “double-edged sword” with positive and negative effects, while stimulating economic growth, it also “captures” Chinese enterprises and lowers the position of GVC division of labor, which is not conducive to industry upgrade.
5.3.2 Robustness test
To ensure reliability of the aforementioned test results, two methods are used for the robustness test. The first method is to overcome the potential endogeneity and prevent two-way causality between DVA and GVC participation; that is, DVA may also affect the degree of GVC embedded in the manufacturing industry. The lag period of GVC forward participation and GVC backward participation is introduced into the equation, the impact of the current period can be excluded to a certain extent, and the regression results are reported in columns (1) and (2) of Table 5; in the second method, VS and VS1 indicators proposed by Hummels are used as alternative indicators of GVC forward participation and GVC backward participation, and empirical results are reported in columns (3) and (4) of Table 5. It can be seen that the estimated coefficients of variables have passed the significance level test to different degrees, and the estimated symbols are consistent with the benchmark regression results, which further shows that the embedded GVC is conducive to the upgrading of the manufacturing industry. The result is robust.
TABLE 5 | Robustness test.
[image: Table 5]5.4 Further analysis
5.4.1 Factor density heterogeneity analysis
To analyze the differences of trade benefits obtained by manufacturing industries with different factor intensities, (1) the C5∼C9, C16, and C22 sectors in the WIOD are classified as labor-intensive manufacturing industries by referring to the division method by Xiang (2016), (2) C10∼C15 sectors are classified as capital-intensive manufacturing, and (3) C17∼C21 sectors are classified as technology-intensive manufacturing (Zheng and He, 2021). The impact of GVC embedding on manufacture upgrading is tested in groups. The regression results are shown in Table 6.
TABLE 6 | Factor density heterogeneity analysis.
[image: Table 6]It can be seen from Table 6 that manufacturing industries with different factor intensities in the forward participation mode have a significant impact at the level of 10% and 5%, respectively. However, for manufacturing industries with different factor intensities in the way of backward participation, only the technology-intensive manufacturing industry is significant at the level of 10%; capital-intensive and labor-intensive industries are not significant, which means that compared with the processing and production of imported intermediate products, intermediate products are exported to obtain more trade benefits. The results of forward participation regression show that with the development of China’s manufacturing industry and the continuous improvement of capital- and technology-intensive industries, the technical level of domestic complete machine products has reached an international advanced level and has a large production capacity. The empirical results show that by exporting to foreign countries, significant trade benefits can be obtained. The regression results with backward participation as the main explanatory variable show that China’s traditional manufacturing industries, such as footwear and other labor-intensive industries, which are embedded in the GVC by means of processing trade, give full play to the advantage of cheap labor and widely participate in the GVC driven by foreign investment, but the trade benefits obtained from exports are not significant. The main reason is that such industries are at the low end of the GVC and their profits are as thin as a blade. They can only win by relying on scale and quantity advantages, such as handbags, clothing, and footwear produced by Chinese OEM, and high-value-added links such as brand, design, and marketing are in the hands of developed countries. Only by increasing technical content, refining labor-intensive industries, and shifting to the direction of R&D, design, and brand marketing can more export added value be obtained.
5.4.2 Technology level heterogeneity analysis
The DVA of exports obtained by manufacturing sectors with different technical levels is also different. The following is a test of trade benefits obtained by manufacturing sectors with different technical levels. According to OECD technical classification standard, the manufacturing industry in WIOD is divided into four categories:(1) among them, the C17 sector is high-tech manufacturing;(2) C11, C12, and C18∼C21 sectors are medium- and high-tech manufacturing; (3) C10 and C13∼C15 sectors are medium- and low-tech manufacturing; and (4) C5∼C9 and C22 sectors are low-tech manufacturing (Hong and Shang, 2019). The grouping regression test results are shown in Table 7.
TABLE 7 | Technology level heterogeneity analysis.
[image: Table 7]As can be seen from Table 7, forward participation and backward participation have passed the significance test at the level of 5% and 1%, respectively, in high-tech industries, backward participation is not significant in low-tech industries, and others have passed the significance test at the level of 10%. Whether participating in GVC forward or backward, the higher the technical level, the more significant the regression result, indicating that the higher the technical level of the industry is, the more significant the participation in the GVC to obtain trade benefits. In particular, the backward participation mode of the high-tech industry is significant at the level of 1%, indicating that the “technology spillover” effect of participating in the GVC has brought obvious trade benefits to China, and hypothesis 2 has passed the test. China carries out the processing and assembly of low-end links by importing foreign advanced equipment and high-end technology and acquires new knowledge and skills through technology spillover, which can quickly achieve the upgrading of process flow and products; however, in high-end manufacturing fields such as precision instruments, CNC machine tools and electronic equipment, many key parts and core technologies are still in the hands of developed countries. When China plans to enter the field of “core and commanding heights,” it will challenge the vested interests of developed countries and encounter the dilemma of blockade and capture, and only by strengthening R&D and independent innovation can China break through the dilemma of “low-end locking.”
6 CONCLUSION AND RECOMMENDATIONS
By using the panel data of China’s manufacturing industry from 2000 to 2014 in WIOD, this paper calculates the degree of China’s manufacturing industry embedded in the GVC and empirically tests the impact of GVC embedding on the upgrading of the manufacturing industry. The results show that 1) China’s manufacturing industry mainly embeds the GVC in the way of backward participation, which is manifested in the processing trade of imported intermediate products. 2) Embedding GVC is conducive to obtaining trade benefits and upgrading the Chinese manufacturing industry. 3) Capital-intensive industries, technology-intensive industries, and high-tech industries gain significant trade benefits, and embedding the GVC is more conducive to upgrading.
The aforementioned research conclusions have important policy implications for further research on the upgrading of China’s manufacturing industry and achieving high-quality development. In recent years, trade frictions provoked by the United States and the impact of COVID-19 have intensified trade protectionism (Timmer et al., 2016). Under the domestic and foreign dual pressure, it becomes more urgent for China’s manufacturing industry to upgrade. In the context of building a new development pattern of domestic and international double circulation, the experience of integrating into the GVC shows that under the new development pattern, it is necessary to further expand opening up and integrate with the world at a higher level. For example, the signing of RCEP has laid a good foundation for high-level opening up of regional members, and it will promote export growth and the digital transformation and upgrading of China’s manufacturing industry (Xiang, 2016). In view of this, this paper puts forward the following suggestions: first, we should continue to integrate into the GVC, constantly optimize the trade structure, and cultivate new competitive advantages of enterprises in the international markets. The integration of the GVC is a successful experience in the upgrading of the Chinese manufacturing industry. In the future, China needs to continue to open up from a high starting point, siphon foreign advanced production factors into a high-quality business environment, actively undertake high-tech production links with multinational companies, and promote industrial upgrading with the help of technology spillover effects. Second, we should vigorously promote transformation of enterprises toward digitalization, cultivate advanced manufacturing industry clusters, build a new value chain dominated by domestic demand, and drive domestic to climb to the middle and high end of GVC. For example, China’s high-speed rail industry chain has driven supporting industries to expand to foreign markets under domestic market effect, and it promoted the dynamic transformation from a GVC to a global innovation chain. Third, we should formulate upgrading strategies according to the classification of manufacturing industries and encourage and guide foreign capital to invest more in high-tech industries. Traditional labor-intensive manufacturing products need to improve their technological content, strengthen brand building, and upgrade to labor-intensive links in high-tech industrial chains. We also need to cultivate internal motivation for independent innovation of high-tech enterprises, break through external dependence on core technologies and key components, reduce dependence on foreign high-tech products, and strive to become the main body of the global innovation chain.
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