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This paper, based on the notion of Trade in Value Added (TiVA), combines the global trade analysis project (GTAP) model with the value-added model in seeking to simulate and assess the impact of the COVID-19 pandemic on China's manufacturing sector in global value chain (GVC) reconfiguration. The empirical study provides three major results. First, at the macroeconomic level, the pandemic wreaks a negative impact on all the economies, including the U.S., in regard to import & export trade, GDP and social welfare policy. Second, nation-level simulation shows that there's a remarkable disparity across different pandemic scenarios in the level of division of labor and of GVC participation for China and its trade partners. Third, sector-level analysis shows that the impacts of the pandemic include promoting the level of GVC participation and of labor division in China's manufacturing sector (electromechanical equipment and computer goods). This paper also provides policy advice for Chinese government: participation in higher-end GVCs, introduction of further structural reforms and retention of foreign investors, and active responses to GVC reconfiguration and cross-border capital flow.
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INTRODUCTION

Economic globalization has made the world smaller. With the increasing flow of trade, capital and labor, the COVID-19 pandemic has quickly proliferated across the world, the most remarkable difference when compared with any previous public health crisis at the world level. As the pandemic spreads, more and more countries have implemented border closures in order to effectively contain virus transmission. However, the pandemic hit a vast number of economies hard with significantly delayed business recovery and damaged production network. A multitude of sectors are facing a shortage of supply which dislocates the upstream and downstream supply chains, thereby bringing an impact on the global value chains (GVC), supply chains, trade & investment which accelerates the trend of anti-globalization (1). In consideration of medical supply security and less reliance for foreign assistance, many countries have implemented manufacturing revitalization strategy while retracting overseas investment to the domestic market. These measures might bring significant change to the existing system of global economy and further dim the prospects of globalization (2). Using real trade openness instead of nominal trade openness Gozgor (3) recalculated the KOF economic globalization index from 1970 to 2013, and concluded that economic globalization has a positive effect on economic growth. GVC reconfiguration in the context of anti-globalization will certainly exerts heavy impact on the Chinese economy.

The COVID-19 crisis makes countries to rethink their role in the GVCs and the associated risks. Furthermore, it is expected to accelerate GVC reconfiguration because post-pandemic GVC configuration takes into account not only cost factors; in addition, some countries and multinational corporations are considering a transition to economic detachment and the self-developed value chains, leading to GVC instability and the resulting risk of GVC relocation. GVC localization and regionalization are looming as two prominent factors. As the largest manufacturing economy in the world, the value added of China's manufacturing sector reached 26.9 trillion in 2019, accounting for 28.1% of the global total. As China moves steadily to the upper end of the GVCs, the proliferating pandemic will unavoidably exerts a serious impact on the intra-industry GVC division of labor. Then will the pandemic exert some impact on GVC reconfiguration? If the answer is in the affirmative, how the impact on China's value chain reconfiguration can be measured? How the impacts on China's level of GVC participation and on the country's role in labor of division can be measured across different industries? What policy responses should China take to these impacts? The answers to the questions help China play its due role in GVC reconfiguration. Therefore, it's of great significance to precisely define the pandemic's impact on China's role in GVCs.

The existing investigations deal primarily with the impact of the severe public health crises on regional economic growth and the impact of the COVID-19 pandemic on the global and Chinese economies.

Most of recent studies believe that the impact of the outbreak of major public health emergencies on the global economy or regional economic growth tends to be temporary, although negative. Based on the historical epidemiological economic data of the British flu, Keogh-Brown and Smith (4) built a compact model, finding that if the 1957 or 1968 flu recurred, they would have only a temporary economic impact, causing the British GDP to suffer 3.35% loss in the quarter from the outbreak and a 0.58% loss for the whole year. Verikiosa et al. (5) built a Modified Monash Model (MMM) to assess the impact of swine flu on the Australian economy and found that in spite of the massive investment intention curtailments and the consumer market slumps, the long-term effect on the regional economy remains yet to be established. Bloom and Mahal (6) collected the data about 51 developing economies and industrialized economies for a study of the correlation between AIDS prevalence and per capita GDP growth; the empirical study affirms that an AIDS epidemic will retard economic growth. In contrary, Brainerd and Siegler (7) conducted empirical research on the impact of the Spanish flu on the U.S. economy and, based on the empirical data, established that the disease contributed positively to the economy of the states. Prager et al. (8) studied the impact of a potential flu pandemic on the overall U.S. economy, finding that GDP loss can be effectively lessened by virtue of the government's preventative control measures, e.g., vaccination.

The global COVID-19 pandemic has attracted broad attention from researchers in regard to its impact on the world economy, the preventative control policies made by different countries and the differential effects. McKibbin and Fernando (9), Alvarez et al. (10), Jones et al. (11), and Baker et al. (12) studied the pandemic's impact on the global economy, the balance between pandemic containment and economic performance, and the serious impact of transmission uncertainties on the economic activity. Fornaro and Wolf (13) and Shahbaz et al. (14) proposed the economic depression as a result of the pandemic which will not only lead to a global supply & demand crisis, but also impact heavily on regional employment, productivity growth and foreign direct investment. As states and GVC restrict each other during the COVID-19 pandemic, attention should be paid to GVC structure, states and their interactions (15). From the perspective of a sharp shortage of medical supplies, Gereffi (16) pointed out that during the COVID-19 pandemic the U.S. shortage of N95 respirators is a policy failure more than a market failure. From the perspective of Gourinchas (17), the pandemic's negative impact will loom large in many ways, including corporate supply chain disruption, labor shortage, shutdowns, close-downs, intensely shrinking consumer demand, and credit crunches. Baldwin and Mauro (18), Brightman and Treussare (19), and Ayittey et al. (20) argue that the pandemic's negative impact on the global economy is looming increasingly in the form of global supply chain disruption and trade restriction and the transmission rate exerts a tremendous impact on GVC stability.

Some scholars conducted research on the pandemic's impact on the Chinese economy. Liu (21) carried out a profound analysis of the dynamics of economic globalization in the wake of the pandemic from the perspective of GVC reconfiguration. Zhi and Luo (22) investigated in detail the pandemic's impact on the Chinese economy in both the long term and the short term. Liu (23) sorted out and dissected the characteristics of the pandemic's impact on the Chinese economy and the associated risks while advising on policy-making by pointing out the pandemic does more harm to the producer services sector than to the consumer services sector. Tong et al. (24) analyzed the impact of the proliferating global plague on the Chinese economy and the global economy as well as the countermeasures in response. Wen et al. (25) ascertained that the strict city closures implemented in China after the outbreak wreaks a direct impact on business and extensive close-downs while driving down capacity utilization, level of investment and consumer demand. The strict city closures have worsened China's trade environment and are not conducive to foreign direct investment (26, 27). Some scholars pointed out that in the post-epidemic era, to improve China's position in the global value chain, we must attach importance to technological innovation and improve the quality of export products (28, 29). Zhou et al. (30) employed the econometric ridge regression model to conduct a predictive analysis of the impact sustained by the 2020 growth rate of the Chinese economy. The findings show the vast part of the impact mostly occurred in the first and second quarters before diminishing.

To sum up, literature relevant to the pandemic's impact on the economy agrees that preventative control measures intended to effectively control the extent of the pandemic and lessen its negative impact may pose tremendous potential challenges to a multitude of sectors, e.g., supply & demand, production and financing. Compared with the existing studies, this paper conducts a quantitative analysis based on the GTAP 10 database which is extended to 2020 using Walmsley's dynamic recurrence method. In addition, this paper combines the global trade analysis project (GTAP) model with the value-added model in seeking to simulate and assess the impact of the COVID-19 pandemic on China's manufacturing sector in global value chain (GVC) reconfiguration. The contribution of this paper mainly includes the following three components. First, the author conducts an in-depth, systematic study of the economic impact of the outbreak of public health emergencies, especially epidemics. Particularly, the author builds an accurate computable general equilibrium (CGE) model to assess to what extent the pandemic affects China's GVC participation. Second, based on the aforesaid theoretical findings the author introduces model calibration and model linking to the pandemic to complete data processing for China's GVC participation. Third, the aforesaid linkage model is used for policy simulation and simulation results presentation to interpret the pandemic's effects on China's GVC participation, on both the state level and the industry level.

As for the outline of the subsequent content of the paper, Part 2 analyzes primarily the pandemic's impact on Chinese manufacturing in regard to GVC reconfiguration. Part 3 introduces the linkage model and constructs indices by elaborating on how to link the global trade analysis project (GTAP) model with the decomposition of trade in value added (31) and construct such core indices as forward GVC participation, backward GVC participation, GVC participation and division of labor. Part 4 presents the database and scenarios. Part 5 includes an in-depth simulation-based interpretation of the pandemic's effects on Chinese manufacturing in regard to GVC reconfiguration in such dimensions as the Chinese economy and China's location in division of labor in GVC participation. Part 6 deals with the research and policies.



COVID-19 PANDEMIC AND GVC RECONFIGURATION

Currently, GVCs are faced with two major challenges, the pandemic and global trade dispute. Particularly, the U.S.–China trade war in combination with the pandemic has contributed to the world's major economic uncertainty, which might threaten the GVCs. What causes China's role in GVC participation so vulnerable to these challenges?

First, integration into the GVCs makes China more vulnerable to external impacts. The country's exports account for about 20% of its GDP, indicating its deep integration into the GVCs (UN Comtrade Database, 2020). The goods exported from the country reached the value of $4.576126 trillion, accounting for 13.2% of the world's total, an increase of 0.4% over 2018. There was a steadily-growing share in export on the international market (Figure 1); goods import accounted for 10.8% of the world's total, soaring to a historic high (UN Comtrade Database, 2020). Besides, there was a rise in China's share of the international market (Ministry of Commerce, 2020). In 2019, China's trade with the U.S. totaled $4.1435.8 trillion in value, a 1.5% annual drop as the following statistics show. As shown in Figure 2, the U.S., EU and Japan, major trade partners of China, suffer heavily from the pandemic. Hence the global demand for Chinese capital goods and intermediate goods suffers a significant negative shock. The initial outbreak of the pandemic has resulted in a sharp and intense fall of export of Chinese goods as well as a break of the value chains. The paralysis of the global production network is followed by GVCs and supply chain reconfiguration that deliver a negative impact on international trade (32). Conversely, the data on the U.S. export quota (Figure 3) indicate that in 2019 the U.S. exported 6.5% of its goods to China, its third largest trade partner, larger than the trade partners including the UK, Germany and Brazil which are also hit hard by the pandemic. It is shown in Figures 2, 3 that due to the high interdependence between the Chinese economy and the U.S. economy, the worsening of the stagnant U.S. economy and the U.S.–China trade friction wreaks a tremendous impact on the Chinese economy, now deeply integrated in the GVCs.


[image: Figure 1]
FIGURE 1. Changes in China and the United States' share of global imports and exports. Data source: UN Comtrade Database.
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FIGURE 2. China's export partners in 2019. Data source: WITS.
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FIGURE 3. U.S. export partner countries in 2019. Data source: WITS.


Second, China remains mired in the mid-and low-end of the GVCs. Hong and Zhong (33) studied participation of multiple countries in the GVCs using the UNCTAD-Eora GVC Database, suggesting that China remains at the lower end (downstream) of GVC participation in regard to division of labor. At present, China ranks on the third of four levels of global manufacturing, a situation supposedly impossible to be fundamentally improved in the short term (Table 1).


Table 1. The four levels of global manufacturing.

[image: Table 1]

Third, the pandemic in combination with the U.S.-China trade friction exposes China to the risk of detachment from the GVCs. The outbreak of the pandemic, combined with the U.S.-China trade friction, wreaks a tremendously negative impact on China's value chains and inward/outward FDI. First, as shown in Figure 4, the pandemic has brought a negative impact on China in regard to FDI-based GVC participation. Notably, the 1-month-long economic stall in favor of disease control affected the China-based foreign-owned companies to rather great a degree. From January to April, 2020, only a $41.34 billion share of the FDI materialized, dropping by 8.4% year on year. What's more, the OFDI (Outward Foreign Direct Investment) activities of Chinese multinationals are affected by the proliferation and transmission of the pandemic at more than one location across the globe. Investment climate change, factor mobility stagnation, market expectations change, etc. have impeded China's FDI activities. The statistics released by the Ministry of Commerce and the State Administration of Foreign Exchange show that China aggregated $64.17 billion in OFDI from January to July, 2020, a 6.5% year-on-year fall. The amount include a $60.28 non-finance OFDI in 4,625 foreign enterprises in 161 economies around the globe, reflecting a 5.4% fall from the preceding year as well as a hindrance to the Go Global initiative which targets participation in GVC reconfiguration.


[image: Figure 4]
FIGURE 4. China's foreign direct investment and outward foreign direct investment. Data source: Ministry of Commerce of the people's Republic of China.


We consider the impacts of the Covid-19 pandemic on China's manufacturing sector in GVCs from two perspectives, supply and demand. The first wave of the pandemic exerted remarkable negative impact on China's production network and brought in export slumps. The outbreak of the pandemic in China has caused the postponement of many orders due to closures of logistics services and shutdowns, therefore reducing demand for intermediate goods as well as export to the U.S. and Europe. Manufacturing's GVCs, therefore, have sustained dislocation. The impact of the pandemic on China's industry value added (IVA), fixed investment (FI) and consumer goods retail sales assumes a V-like trend, industry value added slumping by 13.5%, the FI slumping by 24.5% and consumer goods sales slumping by 20.5% (Figure 5). The slumps mark the first $6.876 billion trade deficit in history (Figure 6). However, the prompt and effective steps taken to contain the virus have resulted in the revival of the production network.


[image: Figure 5]
FIGURE 5. China's industrial value added, investment and social marketing since the outbreak of the COVID-19. Data source: National Bureau of statistics of the People's Republic of China.
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FIGURE 6. Cumulative value of China's import and export balance. Data source: National Bureau of statistics of the People's Republic of China.


By contrast, the second wave has affected China's foreign trade and its role in GVCs on the demand side. Unlike the 2008 financial tsunami, the COVID-19 pandemic hit China's foreign trade, resulting in not only foreign demand slumps, but also risks of supply chain disruption on the supply side. Besides, the Chinese trade sector is something like post-trade processing which characterizes the commodity structure of both import trade and export trade. In the short run, the impact sustained by China on export seems to be greater than that on import due to the severity of the pandemic in other countries; in the long run, however, the exposure of the world economy to a long downturn will come with a sharp landslide of foreign demand, impeding intermediate goods import and adding uncertainties to the future trade balance.

The post-pandemic GVCs will have three characteristics in the coming post-pandemic era as the impact of the COVID-19 pandemic on the structure of the Chinese value chains tends to be long and far-reaching. First, they're shortening at an increasingly decelerated pace. Second, geopolitical interests will cause GVC reconfiguration and a shift to security considerations from economic considerations. Third, the GVCs will take a turn to localization and regionalization. The following paragraphs provide more specifics. The combination of the pandemic with the U.S.-China trade dispute shortens the GVCs. According to UNCTAD-Eora GVC Database, the participation of China and the U.S. the GVC had topped before the 2008 financial crisis. Their 2008 GVC participation stood at 61%, 13 percentage points from 1990 (48%). Following the financial crisis, their GVC participation dropped to 57% in 2018 (Figure 7).


[image: Figure 7]
FIGURE 7. China and U.S. Global value chain participation index. Data source: UNCTAD-Eora GVC.


The radical differences between the U.S. and China in institutions have been driving the trade friction into tariff war (34). A substantive change of the U.S.-China relations has shaken mutual trust. Other major developed economies, under the influence of the U.S. policy change, take actions to reduce their reliance on China's manufacturing sector (35). In the post-pandemic era, it is likely that the major economies make attempt to withdraw their investments in the manufacturing sector of China. As investment withdraw is expected to take place in the post-pandemic era, it's expected that the GVCs will become shorter, more scattered and more localized, which makes China exposed to long-term challenges of GVC relocation.



MODELS AND THE INDEX SYSTEM

This part focuses on how to link the GTAP model with the location in division of labor in the GVCs measured based on the TiVA statistical method. Forward GVC participation, backward GVC participation and location in division of labor in the GVCs are constructed to effectively investigate the pandemic's impact on GVC reconfiguration in regard to Chinese manufacturing.

The GTAP model is a global multi-regional computable general equilibrium (CGE) model developed by Purdue University. In regard to application, the database is presented as Eora global multi-region input-output (MRIO) tables with global coverage. The most updated version is GTAP 10 which provides the data about 141 countries and 65 industries, accounting for 98% of the global GDP and 92% of the world's population and covering the world's major economies and segments. Compared with dynamic stochastic general equilibrium (DSGE), the CGE model transmits the external impact through the global multi-region MRIO tables, hence the likeness to the real world. The CGE model finds very wide application in FTAs and government policy simulation. It can be used for the general equilibrium study of such fields as trade, energy, agricultural and tax.

In regard to the division of labor in the international production network, the most common measure of the value chain is the TiVA statistical method which, by combining the traditional Customs statistics with the value added statistics, works out the value added for a single good generated at each stage of the production chain, from raw materials to a final good. Therefore, this paper refers to the decomposition method proposed by Wang et al. (31) and classifies a country's production activities into cross-border non-GVCs and non-cross-border GVCs. At the same time, the paper precisely assesses participation of Chinese manufacturing and its level in division of labor from three perspectives, i.e., forward GVC participation, backward GVC participation and China's level in GVC division of labor.

Wang et al. (31) classified the production activities of a country into purely domestic production activity, traditional international trade, simple GVC activity and complex GVC activity.

[image: image]

Where the sum of the columns indicates the direction of the segment value added of the various countries.
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Where the aggregate of the ranks indicates the source of the segment value added of the various countries.
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In equation (3), [image: image] means domestic content of the locally consumed final goods (LCFG), not including foreign value added (FVA); [image: image] means domestic content of exports (DCE) which can be seen as traditional trade; [image: image] means trade partner-sourced content of LCFG (PLCFG); and [image: image] means imports content of exports (ICE). Equation (2) and Equation (3) can be divided into four addends. The first addend on the right of the equation means DVA used to satisfy final domestic demand (FDD; not including FVA), while the second addend means DVA used to satisfy final foreign demand (FFD) and can be seen as traditional trade. Equation (1) and Equation (2) differ in that in the former, [image: image] and [image: image] mean the aggregates of value added of the downstream value chain activities of a country's specified sector, and in the latter, [image: image] and [image: image] mean the sector's value added which contains value added of all upstream sectors.

Figure 8 shows the decomposition model in detail. Four types of state-sector production activities can be identified from the perspective of whether forward industrial linkage or backward industrial linkage.


[image: Figure 8]
FIGURE 8. WWYZ decomposition. The left and right drawings show the decomposition of gross value added (GVA) from the perspective of forward industrial linkage and backward industrial linkage, respectively [Source: Wang et al. (31)].


The GVC Participation index measures the level of a specified sector of a country in the value chains by calculating the ratio of the sum of indirect value added (IVA) exports and FVA exports, divided by gross exports. Therefore, forward GVC participation and backward GVC participation can be expressed in terms of Equation (4) and Equation (5), respectively.
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Forward GVC participation means the GVC-included share of an industry (or sector) of a country or region and reflects the capability of providing intermediate goods for the GVCs. Backward GVC participation means the contribution of domestic and foreign factors of production which participate in global production activities to the final goods value added of the country.

Meanwhile, based on the GVC division of labor method constructed by Koopman et al. (36), the paper measures the level of the division of labor in the GVCs by introducing Equation (4) and Equation (5). See the following equation for details.

[image: image]

Equation (6) presents the level of a specified sector of a country in the GVC division of labor. The higher the level, the closer to the upper-end of the GVCs. Besides, by referring to the methodology of Wang et al. (31), the paper trims the impact of traditional trade and purely domestic production in order to reflect the level of division of labor in the GVCs more precisely.

The standard GTAP model fails to be linked directly with the TiVA decomposition model developed by Wang et al. (31) for several database matching considerations. The first is data form. The GTAP database must be constructed based on the world input-output database (WIOD) tables. An obvious difference of the database from an I-O table is that the former must be leveled and processed in order to be constructed. Considering the difference between the GTAP database and the production decomposition database established by Wang et al. (31), the paper introduces the method developed to convert the GTAP data into the global MRIO tables. The second matching problem is imports distribution. The GTAP model can only simulate the gross trade value of different trade goods at the national level and can't depict in detail the distribution of the imports among different intermediate users and end users in the importing countries. The database, when decomposed with the KWW method (2017), must depict the distribution proportion of different trade goods of different importing countries. Therefore, the paper introduces fixed proportions, i.e., using distribution coefficient, to the global MRIO model constructed by Johnson and Noguera (37), Meng et al. (38), and Ni and Xia (39), to improve the linkage defect; that is to say, the assumption is that the proportion of an imported good consumed by the different users of a country is equal to the distribution proportion of the production and consumption structure of its domestic counterpart (40).

Considering the inadequacy of current technological and data support, the assumption above is made and the following steps are taken. First of all, use the GTAP model is used for policy simulation for the COVID-19 pandemic. Second, convert the pre-policy and post-policy GTAP simulation results to I-O data in WIOD. Third, based on the TiVA decomposition method proposed by Wang et al. (31), the pre-simulation and post-simulation data in WIOD are decomposed to work out the pre-pandemic and post-pandemic TiVA. Then the policy effect is measured in regard to the impact on China's GVC participation and level of division of labor.



DATABASE AND SCENARIOS

The paper conducts a quantitative analysis based on the GTAP 10 database. The global economy is divided into 141 countries and districts, each having 65 sectors. In order to better simulate the global transmission of the pandemic and measure the impact on GVC reconfiguration at different levels of prevalence, the paper divides the 141 economies into three groups, namely China, developed countries (including the United States, Europe, Japan and South Korea) and other countries, and consolidates the 65 sectors as 46 sectors.

Because the GTAP 10 database takes 2014 as the base period, this paper uses the approaches developed by Walmsley et al. (41) to extend the database to 2020. As a basic solution, the paper introduces the method of Zhou and Zhang (40) to adjust macroeconomic variables (e.g., unskilled & skilled labor, capital, population and GDP) based on CEPII-sourced global forecast data. Notably, the paper adjusts the 2015–2020 data as appropriate in order to ensure data authenticity and database load balancing.

The COVID-19 pandemic broke out first in China, then proliferated to the developed countries and spread increasingly to other countries, including ASEAN countries. In order to systematically simulate the pandemic's impact on GVC participation of the countries and their level of division of labor, the paper the classification approach based on transmission characteristics. Based on the epidemiological theory, Cao et al. (42) characterized the cumulative curve of infection with the logistic curve. The epidemiological study of McKibbin and Fernando (9) assumes that when the pandemic is on a moderate scale, a small scale and a large scale, government spending increase by 0.5, 1.3, and 2.6%, respectively, and that labor supply decreases by 3.4, 7, and 14%. On this basis the paper makes an in-depth computation of national economy fluctuation (the data is provided by National Bureau of Statistics).

Considering the above theory and assumption and the severity of the transmission in the world, four scenarios are established. For the purpose of more credibility and convenience, the paper assumes that the stages of transmission have a deterministic effect on the pandemic's impact on government spending, resident spending and labor supply. Then we use S1, S2, S3, and S4 to represent the simulation results of the above four scenarios

Scenario 1 (S1): The pandemic, in its initial stage, has been relatively prevalent in China, but the government takes effective control measures and prevents it from transmitting to the foreign countries on a large scale.

Scenario 2 (S2): The pandemic begins to transmit to such developed countries as Japan, South Korea, Europe and the U.S. where the pandemic is on a small scale and is more serious than in other countries where the pandemic is on a moderate scale. In China, forceful control measures taken by the government enable the survival of large-scale stage, transforming the pandemic into a small-scale one.

Scenario 3 (S3): In China, the pandemic has been largely brought under control and transforms from a small scale to a moderate scale, while the pandemic has evolved into a full-scale one in such developed economies as Europe and the U.S., entering a large-scale stage; at the same time, the pandemic has transformed from a small scale to a moderate scale.

Scenario 4 (S4): In China the pandemic has been brought under full control. In the developed economies the pandemic has transformed from a large-scale to a small-scale one, while the other countries have entered a large-scale stage.

Besides, in order to ensure model stability and validity, the model should undergo homogeneity & validity testing and calibration. The calibrated model has very good stability and validity, hence its high reliability. Therefore, the paper, based on the calibrated model, further simulates the pandemic's effect on value chain reconfiguration and is linked to the TiVA decomposition model proposed by Wang et al. (31) for an analysis of pandemic's impact on China's GVC participation in GVC reconfiguration.



INTERPRETATION OF SIMULATION RESULTS

The paper simulates and dissects how the likelihood of the spreading COVID-19 pandemic would impact on the world economy. Four scenarios relevant to the four stages of transmission are presented in which the impact on labor supply, consumer spending and fiscal spending is analyzed for the purpose of defining how the pandemic impacts on import & export, trade situation, GDP growth rate and welfare policy. Table 2 provides more details.


Table 2. The pandemic's impact on China and other economies.

[image: Table 2]

First, the pandemic situation is analyzed in regard to the impact the countries sustain in import & export and trade. There appears to be a major difference among the economies in gross foreign value and trade situation. While we see trade improved in China and the developed countries to some degree, there's a downward trend elsewhere in the world. China has achieved improvements in trade primarily because of the rise in domestic labor cost drives up exports price and therefore trade. The developed countries have also undergone trade improvements to some degree because of price elasticity of exported goods. However, the other countries see trade worsening under the impact of factor price changes.

Second, the pandemic is assessed in regard to its impact on the GDP of the economies. In the context of Scenario 1, the simulation confirms a 4.82% GDP drop. Anyhow, the outbreak of the pandemic in China has no significant impact on the developed countries and other economies, hence a minor spillover effect. In Scenario 3, the outbreak of the disease in the developed economies drives the GDP down by 7.58%, compared with Scenario 4 where the disease drives down the GDP elsewhere in the world by 6.76%.

Table 2 shows in the last column the pandemic's influence on social welfare. Overall, the negative impact of the spreading disease on social welfare .proves to be relatively significant, with China sustaining a loss of around $767 billion in social welfare in Scenario 1, the developed countries sustaining a loss of around $3.57 trillion in Scenario 3, and the other economies sustaining a loss of around $1.86 trillion in Scenario 4.

All the economies, including China, have suffered an economic impact to a varying degree, which is particularly heavy in regard of trade, GDP and social welfare of the developed economies and other economies than China.

The paper measures GVC participation of Chinese manufacturing and the level of division of labor from three perspectives, i.e., forward GVC participation, backward GVC participation and GVC division of labor, based partly on the method of Wang et al. (31). In Table 3, the outcome indicates a major difference between China and its various trade partners in regard to GVC participation and level of the division of labor.


Table 3. The impact of the pandemic on division of labor in GVC participation of China and its trade partners.

[image: Table 3]

In the context of Scenario 1 where the pandemic is prevalent in China, the U.S.–Chinese trade friction combined with the disease results in a great fall in exports to the U.S. and a fall in imports. As China loses the shares of forward participation, backward participation in the U.S. economy and falls in the GVC level of division of labor, part of the low-end manufacturing industry is quickly redirected to the Southeast Asia; at the same time, the U.S. withdraws part of its value chain back out of China.

In Scenario 2, the pandemic has worsened in the developed countries into a small-scale one. While the other countries face a moderate-scale stage, forceful containment steps implemented in China alleviate the stress and bring the disease into a small-scale stage. Compared with Scenario 1, the gradually healing Chinese economy climbs up on the GVC level of division of labor, reversing the plummeting trend in both forward GVC participation and backward GVC participation.

In Scenario 3, when the pandemic enters the large-scale prevalent stage in such developed countries as Europe and the U.S. and leads to a stall in economic activities, they turn to China for medical supplies as the Chinese economy already begin gradual recovery. As China resumes trading with the developed economies, e.g., Europe and the U.S., the country's GVC participation level improves in division of labor.

In Scenario 4, China brings the disease under full control, the developed countries enter the small-scale stage and the other countries slide into massive prevalence. In regard to either the developed countries or the other economies, China's forward and backward participation in the GVC division of labor improves to some extent. In the meantime, the prevalence of the pandemic in other countries causes a slump in goods and service purchases by China, therefore resulting in falling backward GVC participation in other economies.


The Impact of Pandemic on Various Sectors in Regard to Value Chain Reconfiguration

This paper is concentrated mainly on how the pandemic affects six sectors of Chinese economy in regard to the GVCs in Scenario 3. The six export sectors include agriculture, textile, automotive & parts, electromechanical equipment, computer goods and transport (Table 4). Seen from the perspective of sectoral heterogeneity, the pandemic impacts vary remarkably on different industries in regard to forward and backward GVC participation as well as GVC division of labor. In Scenario 3, the U.S.-led developed economies suffer relatively heavy impacts in terms of GVC participation and level of division of labor. China suffers relatively heavy impacts in agriculture, textile and transport in regard to forward GVC participation, a symbol that compromises the capacity of supply of primary or intermediate goods to other countries. Still, economic resumption drives China to take the lead and contribute to robust growth, which furthers its backward GVC participation.


Table 4. The pandemic's impact on different Chinese manufacturing sectors in regard to GVC reconfiguration.

[image: Table 4]

Overall, the pandemic is proven to reconfigure GVC participation and division of labor. Pretty good disease control policy causes China to be the first of all countries to recover economy, thereby furthering its level of division of labor in GVC participation in regard to in electromechanical equipment, computer goods and other sectors where it commands global competitive advantages.




CONCLUSION AND POLICY ADVICE

The outbreak of the pandemic brings impacts to China's level of division of labor on the GVCs, therefore contributing to China's forward GVC participation and furthering the level of division of Chinese manufacturing on the GVCs, although the impact varies greatly in different economic sectors.

The conclusion proposed in the paper is of great policy concern. First, the Covid-19 should be considered not only as a challenge but also an opportunity to actively promote multilateral interaction and build a regional value chain led by China, Japan and South Korea. China should play a leading role in the negotiations on the Regional Comprehensive Economic Partnership (RCEP), promote the building of a high-quality free trade area, strengthen cooperation with neighboring countries, and put in place a regular dialogue mechanism on supply chain security. At the same time, China should combine global value chain cooperation with the construction of “Belt & Road” Initiative, encouraging involved countries to strengthen the construction of supply chain system. Second, it is pointed out that in-depth structural reform should be carried out and measures taken in an effort to retain the foreign investors. At the present time, the Chinese government has implemented numerous policies to retain the foreign investors and relieve the stress of the pandemic on them. However, the foreign enterprises seek for more fundamental changes in the Chinese market, including more transparency, predictability and equality concerning in regard to regulation procedures. Therefore, more measures should be taken to boost innovation and create a competitive, business-friendly environment. Third, China should take more proactive actions in response to supply chain reconfiguration while implementing the strategy of overseas investment in manufacturing. Based on a short-term perspective, it is vitally important for China to take advantage of the opportunities from global economy recovery. Policies should be made to retain foreign investors in China and stabilize the bilateral trade relations. Based on a long-term perspective, China should make innovations of its own. As the Chinese enterprises improve innovation capability, there will be a downtrend in core technological dependence on the U.S. and an uptrend in delivering goods and services in place of import. At the same time, China should step up efforts to promote M&As and corporate reorganizations as part of the Belt and Road Initiative, add more to the GVCs, and increasingly consolidate the pivotal role of a world-class economy.



DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data can be found at: https://comtrade.un.org.



AUTHOR CONTRIBUTIONS

YS: conceptualization, methodology, formal analysis, writing—original draft preparation, and funding acquisition. XH: data processing, formal analysis, and writing—original draft preparation. YH: data processing and formal analysis. ZL: conceptualization, project management, writing–review and editing, and funding acquisition. All authors contributed to the article and approved the submitted version.



FUNDING

This research was funded by financial support of the National Social Science Foundation (The impact of heterogeneity of regional trade in services agreements on the reconstruction of global value chain of China's manufacturing industry Project #: 20BJY091) and The Innovation Team Project in Philosophy and Social Sciences for Colleges and Universities of Henan Province (Coordinated development of urban and rural areas and Rural Revitalization; Project #: 2021-CXTD-04).



REFERENCES

 1. OECD. OECD Economic Outlook. OECD Publishing, (2020) 2020. doi: 10.1787/39a88ab1-en

 2. Antràs P. De-Globalisation? Global Value Chains in the Post-COVID-19 Age. Massachusetts, MA: National Bureau of Economic Research (2020). doi: 10.3386/w28115

 3. Gozgor G. Robustness of the KOF index of economic globalisation. World Econ. (2018) 41:414–30. doi: 10.1111/twec.12546

 4. Keogh-Brown MR, Smith RD. The economic impact of SARS: How does the reality match the predictions? Health Policy. (2008) 88:110–20. doi: 10.1016/j.healthpol.2008.03.003

 5. Verikiosa G, McCaw JM, McVernon J, Anthony H. H1N1 Influenza and the Australian macro-economy. J Asia Pacif Economy. (2012) 17:22–51. doi: 10.1080/13547860.2012.639999

 6. Bloom DE, Mahal AS. Does the AIDS epidemic threaten economic growth? J Econo. (1997) 77:105–24. doi: 10.1016/S0304-4076(96)01808-8

 7. Brainerd E, Siegler MV. The Economic Effects of the 1918 Influenza Epidemic. CEPR Discussion Papers. (2003).

 8. Prager F, Wei D, Rose A. Total economic consequences of an influenza outbreak in the United States. Risk Anal. (2017) 37:4–19 doi: 10.1111/risa.12625

 9. McKibbin W, Fernando R. The Global macroeconomic impacts of COVID- 19: seven scenarios. SSRN Electron J. (2020) 19. doi: 10.2139/ssrn.3547729

 10. Alvarez FE, Argente D, Lippi F. A Simple Planning Problem for Covid-19 Lockdown. Massachusetts, MA: NBER Working Papers from National Bureau of Economic Research (2020). doi: 10.3386/w26981

 11. Jones CJ, Philippon T, Venkateswaran V. Optimal Mitigation Policies in a Pandemic: Social Distancing and Working from Home. Massachusetts, MA: NBER Working Papers from National Bureau of Economic Research (2020). doi: 10.3386/w26984

 12. Baker SR, Bloom N, Davis SJ, Terry SJ. COVID-Induced Economic Uncertainty. Massachusetts, MA: NBER Working Papers from National Bureau of Economic Research (2020). doi: 10.3386/w26983

 13. Fornaro L, Wolf M. Covid-19 Coronavirus and Macroeconomic Policy: Some Analytical Notes. Economics Working Papers from Barcelona Graduate School of Economics (2020).

 14. Shahbaz M, Gozgor G, Adom PK, Hammoudeh S. The technical decomposition of carbon emissions and the concerns about FDI and trade openness effects in the United States. Int Econ. (2019) 159:56–73. doi: 10.1016/j.inteco.2019.05.001

 15. Dallas MP, Horner R, Li L. The mutual constraints of states and global value chains during COVID-19: The case of personal protective equipment. World Dev. (2021) 139:105324. doi: 10.1016/j.worlddev.2020.105324

 16. Gereffi G. What does the COVID-19 pandemic teach us about global value chains? The case of medical supplies. J Int Business Policy. (2020) 3:287–301. doi: 10.1057/s42214-020-00062-w

 17. Gourinchas PO. Flattening the Pandemic and Recession Curves. In Mitigating the OVID Economic Crisis: Act Fast and Do Whatever. London: CEPR Press (2020).

 18. Baldwin B, DI Mauro BW. Mitigating the COVID Economic Crisis: Act Fast and Do Whatever It Takes. London: CEPR Press (2020).

 19. Brightman C. KOA, Treussard J. Oh My! What's This Stuff Really Worth? Advisors Perspectives. (2020). Available online at: https://www.Advisorperspectives.com/commentaries (accessed March 5, 2020).

 20. Ayitte FK, Ayittey MK, Chiwero NB, Kamasah JS. Economic impacts of Wuhan 2019-nCoV on China and the world.J Med Virol. (2020) 92:473–5. doi: 10.1002/jmv.25706

 21. Liu ZB. The new trend of economic globalization and the reconstruction of global industrial chain clusters under the COVID-19 pandemic. Jiangsu Soc Sci. (2020) 4:16–23. doi: 10.13858/j.cnki.cn32-1312/c.2020.04.001

 22. Zhi Y, Luo CY. The impact of COVID-19 pandemic on China economy and its thinking. Study Exploration. (2020) 4:99–105.

 23. Liu ZB. The impact of COVID-19 epidemic on China's industries: characteristics, risks & policy recommendations. Southeast Acad Res. (2020) 3:42–47. doi: 10.13658/j.cnki.sar.2020.03.005

 24. Tong JD, Sheng B, Jiang DC, Yan B, Dai JP, Liu C. Global economy amid the COVID-19 outbreak and challenges for China. Int Econ Rev. (2020) 3:9–28–4.

 25. Wen Y, Zhang T, Du QY. Quantifying the COVID-19 Economic Impact. Infinite-Sum Modeling Inc Working Papers (2020). doi: 10.2139/ssrn.3546308

 26. Hayakawa K, Mukunoki H. Impacts of Covid-19 on global value chains. Dev Econ. (2020). doi: 10.1111/dpr.12539

 27. Song Y, Hao F, Hao X, Gozgor G. Economic policy uncertainty, outward foreign direct investments, and green total factor productivity: evidence from firm-level data in China. Sustainability. (2021) 13:2339. doi: 10.3390/su13042339

 28. Can M, Gozgor G. Effects of export product diversification on quality upgrading: an empirical study. J Int Trade Econ Dev. (2018) 27:293–313. doi: 10.1080/09638199.2017.1370006

 29. Lin S, Xiao L, Wang X. Does air pollution hinder technological innovation in China? A perspective of innovation value chain. J Clean Product. (2021) 278:123326. doi: 10.1016/j.jclepro.2020.123326

 30. Zhou XH, Li YZ, Li FY. Assessment and measures of the influence of COVID-19 epidemic on small and medium service enterprises: forecast and analysis based on the optimal regression algorithm model. Econ Rev. (2020) 3:101–17. doi: 10.19361/j.er.2020.03.07

 31. Wang Z, Wei SJ, Yu X. Measures of Participation in Global Value Chains and Global Business Cycles. Massachusetts, MA: NBER Working Papers from National Bureau of Economic Research (2017). doi: 10.3386/w23222

 32. Shen GB. The impacts of the COVID-19 pandemic on international trade and reponses to it. Renming Luntan·Xueshu Qianyan. (2020) 7:85–90. doi: 10.16619/j.cnki.rmltxsqy.2020.30.005

 33. Hong J, Zhong XH. Research on new trends in global value chains in the context of the COVID-19 and Sino-US trade disputes. Intertrade. (2020) 9:4–13. doi: 10.14114/j.cnki.itrade.2020.09.002

 34. Hong J. An overview of the choice of path for dealing with the escalating sino-US trade friction based on the new characteristics of US trade investigation against China. Area Stud Glob Dev. (2019) 3:102–22.

 35. Jiang F, Yan QM. A summary of essays on “the impact of the COVID-19 pandemic on China's economy” by scholars of department of economics, Peking university. Econ Sci. (2020) 2:130–6.

 36. Koopman R, Powers W, Wang Z, Wei SJ. Give Credit Where Credit is Due: Tracing Value Added in Global Production Chains. (2010). doi: 10.3386/w16426

 37. Johnson RC, Noguera G. Accounting for intermediates: production sharing and trade in value-added. J Int Econ. (2012) 86:224–36. doi: 10.1016/j.jinteco.2011.10.003

 38. Meng B, Wang Z, Koopman R. How are global value chains fragmented and extended in China's domestic production networks?. IDE Discussion Papers (2013).

 39. Ni HF, Xia JC. The role of China regions and its changes in the global value chains—based on world input-output model embedded with China regions. Finance Trade Econ. (2016) 37:87–101. doi: 10.19795/j.cnki.cn11-1166/f.2016.10.009

 40. Zhou LL, Zhang KY. Study of reconstruction of Chinese global value chains participation on COVID-19. Mod Indust Econ. (2020) 6:5–15. doi: 10.19313/j.cnki.cn10-1223/f.2020.06.002

 41. Walmsley TL, Betina VD, Robert AM. A Base case scenario for dynamic GTAP model.GTAP. Resource. (2006) 417:1–14.

 42. Cao SL, Feng PH, Shi PP. Study on the epidemic development of COVID-19 in Hubei province by a modified SEIR model. J Zhejiang University. (2020) 49:178–84. doi: 10.3785/j.issn.1008-9292.2020.02.05

Conflict of Interest: YH was employed by the company NPD Information Consulting (Shanghai) Co.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Song, Hao, Hu and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/inline_1.gif
vir®
wF.p





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Impact of the COVID-19 Pandemic on China's Manufacturing Sector: A Global Value Chain Perspective



		Introduction



		COVID-19 Pandemic and GVC Reconfiguration



		Models and the Index System



		Database and Scenarios



		Interpretation of Simulation Results



		The Impact of Pandemic on Various Sectors in Regard to Value Chain Reconfiguration







		Conclusion and Policy Advice



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/fpubh-09-683821-t004.jpg
variable
Industry

Forward GVC
participation

Backward GVG
participation

GVC division
of labor

Country

The U.S

Other developed
countries

Rest of the world
The U.S

Other developed
countries

Rest of the world
The US

Other developed
countries

Rest of the world

Agriculture

-2.76%
-221%

—-0.93%
-0.13%
-2.18%

-081%
—2.63%
-1.98%

-0.53%

Textile

-5.21%
—4.42%

056%
-0.82%
-3.02%

-0.04%
-4.32%
-131%

0.94%

Automotive & parts

-2.63%
-1.99%

-0.83%
—-1.65%
-1.25%

-0.52%
-0.78%
-0.73%

-0.27%

Electromechanical equipment

4.36%
3.51%

2.47%
-0.61%
-0.23%

0.61%
4.93%
3.89%

1.91%

Computer goods

421%
3.87%

3.02%
—0.68%
-0.27%

0.56%

4.88%

3.96%

2.24%

Transport

-5.81%
—4.29%

-0.29%
-2.92%
-2.85%

-0.10%
—2.84%
-1.93%

0.58%





OPS/images/inline_3.gif





OPS/images/inline_2.gif
vLr®
() _ar





OPS/images/fpubh-09-683821-t003.jpg
Scenario

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Country

TheUsS
Other developed countries
Rest of the world

The US

Other developed countries.
Rest of the world

TheUs

Other developed countries
Rest of the world

TheUS

Other developed countries
Rest of the world

Forward GVC participation

-1.19%

-0.02%
0.13%
0.08%

-081%
2.61%
2.74%
0.31%
3.46%
1.79%
2.95%

Backward GVC participation

-1.08%

-0.12%
0.81%
0.32%

-0.99%

-1.62%

-151%
0.16%
1.27%
0.57%

—2.25%

‘GVC division of labor

—-0.63%
—0.35%
0.01%
—-0.36%
—0.09%
—0.24%
3.79%
3.43%
0.15%
2.68%
123%
5.23%





OPS/images/fpubh-09-683821-t002.jpg
Scenario

Scenario 1

Scenario 2

Scenario 3

Scenario 4

Country

China

Developed countries
Rest of the world
China

Developed countries
Rest of the world
China

Developed countries
Rest of the world
China

Developed countries
Rest of the world

Export changes (%)  Import changes (%)

—6.78% -6.20%
=021 -0.45
0.03 -0.52
—4.13 -1.85
-2.38 -4.32
-2.81 -0.97
-388 1.98
-3.72 -7.91
-5.58 -1.96
—4.49 296
—3.369 -4.31
—4.51 -6.26

Net export (million
dollars)

—26798.52
19267.29
—8267.73
—45080.88
252729.65
—97646.85
—78833.72
619061.44
—338217.75
—24992.44
158574.27
56418.15

Trade situation
(%)

1.34
0.26
—0.46
1.08
0.25
-0.65
1.78
0.19
-0.93
1.35
0.36
-1.01

GDP growth
rate (%)

—4.82
0.03
0.02

-1.69

—4.27

-1.59
163

-7.58

-3.26
3.12

-427

—6.76

Social welfare
changes (million
dollars)

—767011.29
34591.89
—28204.68
—205927.23
—1851189.20
—390648.16
160086.25
—3674658.58
—884977.19
348091.56
—1628015.51
—1857519.26









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





OPS/images/fpubh-09-683821-g005.gif
R Tee——
R ——

i Oummeltin gromtitn etsioutll asef compumer goods ()





OPS/images/fpubh-09-683821-g006.gif
it callion |

A





OPS/images/fpubh-09-683821-g003.gif
3 s s o
PIILLLLp 0 «iﬁf ,«;e;f,f

[P - JR——

PRV






OPS/images/fpubh-09-683821-g004.gif
-
50
0

ow‘»"»"&’fiﬁff&’f&’fﬁé”’f’f"'

o Bt e Outeted e i et





OPS/images/fpubh-09-683821-t001.jpg
Level

1st level

2nd level

3rd level

4th level

Type of manufacturing

Global technological
innovation centers (e.g.,
the U.S)

High-end manufacturing
Mid-and low-end
manufacturing

Natural resource export

Country

TheUS.

EU, Japan, the UK, etc.
China, Southeast Asia, Brazi, India,
etc.

OPEC (Organization of the Petroleum
Exporting Countries), Africa, Latin
America, etc.

Data Source: Minister of T Miao Wei's interpretation of Chinese Manufacturing 2025 at
the 13th session of the Permanent Committee of the 12th CPPCC (Dec. 9, 2020; https://
dy. 163.com/article/ FDL3M3STO539AGEJ. htmi).





OPS/images/fpubh-09-683821-g007.gif
:: w

’ SIFFIESSFLLESEIEEESESETTST IS

e Ching Global Vvt Chaln Partcipation index

DS S Vot Ak P!





OPS/images/fpubh-09-683821-g008.gif
A

Fil oot ae (V)

i e
e B B B e EYer
ot | s | oo || 00 || S (| 40 ol
S || || S || 0 et
oo . :“»“Q‘v Gom || o
e ||| [
oo | PERIZE | oo e
- e eve)
e division of babor (V.G | | (YGVEH)

veo






OPS/images/math_4.gif





OPS/images/cover.jpg
, frontiers
in Public Health

The Impact of the COVID-19
Pandemic on China’s Manufacturing
Sector: A Global Value Chain
Perspective





OPS/images/math_3.gif
Y =VBY= VLY" + VLY" + VLATLY" +VLA'(BY —LY") (3)
YD (@ YRT (e Y.GCS (v ovec






OPS/images/math_6.gif
GVCPS =In (1 + GVCPts) -In(1 + GVCPty)  (6)





OPS/images/math_5.gif
_ Py GVC
==

_ VLATBY






OPS/images/fpubh-09-683821-g001.gif
2000 2001 2002 2003 2004 2005 2005 2007 2008.2009 2010 2011 2012 2013 208 2015 2016 2017 2018 2015
Rt STt eport 2 Chiss hare o word mpors

e 15, share o word exponsX  emmsommn U, shae of worldimponst





OPS/images/inline_8.gif
vLr®
() _ar





OPS/images/fpubh-09-683821-g002.gif
°,,,¢; //!f)//g/f!/a"//‘*
J'

o I





OPS/images/math_2.gif
VLY® + VLY" + VIA'LY" + VLA (BY - LY7)  (2)

P





OPS/images/math_1.gif
VBY = VLY? + VLY" + VLA™X = VLY + VLY" + VLA"BY
VLD 4 PLYF 4 DLATLYD 4 PLAF (BY - L9P) [






OPS/images/inline_5.gif
vLr®
1F_p





OPS/images/inline_4.gif
VLAY (BY - LPP)

[ESar ont





OPS/images/inline_7.gif
vLr®
1F_p





OPS/images/inline_6.gif
vLr®
() _ar





