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Abstract

:

Since the outbreak of COVID-19 and the American decoupling policy, the global value chains (GVCs) have been switched to regional GVCs, and, in the worst case, are subject to a potential alteration of reversing the GVCs, ultimately entailing a severe impact on international trade and the global energy market. This paper applies a quantitative approach using a computational general equilibrium (CGE) model to estimate the effects of the reverse GVC factors on the global economy, trade, and energy market. These reverse GVC factors will decrease the global GDP, and such effect will bring a greater influence on both China as well as the United States, which is pursuing decoupling. The increased trade costs due to these factors will reduce the GVC indices, mostly in ASEAN by 0.2~1.15%, followed by Korea, Japan and China. Surprisingly, the GVC index in the United States is expected to be strengthened due to the enhanced GVC with its allies such as Canada and Mexico. In China, the use of oil, gas and petroleum is expected to decrease by around 10%, and similar effects are expected in Korea and the EU. Among the world’s major energy producers, it is estimated that the US will reduce energy exports by 16–62% depending on the energy source, and the Middle East and Russia will significantly reduce their gas exports. The global energy market is shrinking, but in particular, the international gas market is expected to decrease by 27.3~38.6%.
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1. Introduction


In the last 30 years, the global economy has experienced the Goldilocks growth twice: in the mid-1990s due to the launch of the World Trade Organization (WTO), and in 2003~2007 after the dotcom bubble burst in the early 2000s to the 2008 global financial crisis (GFC). Subsequently, there has not been any Goldilocks era and the global economy in the 2010s is relatively weaker than that before. During the Goldilocks era, the global value chain (GVC) expanded fast, and the demand for imports and international trade subsequently increased due to income growth in resource-rich countries. Due to the increase in energy demands followed by the high growth of the global economy, the global energy market boomed.



Over the long-term, international trade has been coupled with economic growth. After World War II, despite intermittent crises, the global economy was well managed. Since the new millennium, however, numerous global crises have shocked the GVC, which had been expanding across borders pursuing international production process optimization. The ongoing COVID-19 pandemic switched weakened GVC to regional GVC, and even to reverse GVC, with severe impact on international trade and the global energy market.



International trade and GVC will be largely influenced or even controlled by the aftereffects of many reverse-GVC factors such as the COVID-19 pandemic, global protectionism, the U.S.-China conflict and decoupling, rapid development of digital technology, and others [1,2,3]. The COVID-19 pandemic has accelerated digitization, expedited reshoring, and subsequently encouraged the phenomenon of reverse-GVC [4,5]. Although vaccination and herd immunity are becoming potential game changers, that does not mean that the global economy will revert to its pre-pandemic state. Nature [6] published an article entitled, “Five reasons why COVID herd immunity is probably impossible”. Since the COVID-19 shock has been immense and can happen again anytime, travel restrictions or import controls of many countries are likely to be retained for a long time.



The COVID-19 blame game on China, which has earned credibility based on the logic of promoting decoupling associated with various criticisms of the behavior of the Chinese Communist Party and its political system, has led to another conflict between the United States and China. This can further deteriorate the already weak global economy and value chains, which can ultimately bring a negative impact on the global energy market. As the functioning of GVCs is exposed to the fragility of high interdependencies between firms and suppliers across the globe, the U.S. decoupling policies will even more aggravate the reverse-GVC factors. Several studies have been conducted on the impact of each factor on global trade environment. For example, there are several studies on the impact on COVID-19 [7,8] and on the recent GVC change [9,10,11]. However, if these factors are combined simultaneously, or if the influences between factors give a mutual synergy, the total impact will be much greater than the sum of the effects of single factors. Unfortunately, no studies have been conducted on these complex effects. With the mutual interaction of these reverse-GVC factors, the GVC may suffer further degradation, with a continuous negative impact on international trade and the global energy market. In general, negative factors are highly dominant for the global energy market today. Much literature has descriptively suggested that GVC will be subject to reduction or play out in other forms. However, not to mention that not many studies have empirically analyzed how the global crises will affect the international trade, little research has examined the impact on the global energy market. This paper estimates the effects of the global crises on global trade and energy market with a quantitative approach and will draw policy implications.




2. Literature Review on Reverse-GVC, COVID-19, Reshoring


The global economy is facing several factors that promote reverse GVC. Understanding these is important in designing research. As mentioned earlier, these factors may have their own effects, but they are related to each other, and negative effects for GVC may be magnified. Previous studies have not analyzed these linkages, but here we will present the interrelated matters while reviewing previous studies on individual factors.



2.1. Issues of GVC


The global economy is formulated through a complex set of GVCs [12], which provide an opportunity to improve global GDP, especially the national income of developing countries [13,14,15]. Corporations can obtain more advantages than risks and challenges it entails from participating in GVCs [16,17]. Such advantages include an efficient connection between input and output [18], acquisition of advanced technology [19], an increase in the variety of inputs [20] and social and economic upgrade [21]. GVCs have been a core part of international trade, global GDP and employment [22]. GVC relates to the ‘spoke corporation-trade of parts-hub corporation’, and more than two-thirds of the international trade is trade through GVCs. GVC hubs are primarily operated by multinational corporations (MNCs), and the GVC trade of MNCs occupy about 80% of the global trade [23].



The growth rate of trade had exceeded that of economic growth in the past, yet, after the GFC, the opposite happened. Recently, energy demand and international oil prices have also tended to be sluggish, along with the trade volume and GVC. From 2001 to 2016, the country that held up the Commodities Super-Cycle (CSC), implying the long-term trend of an increase in price for over 20 years, was China. McKinsey [24] expected that China will occupy more than 40% of the world’s energy consumption, and Goldman Sachs [25] anticipated another CSC in the middle of the pandemic. Nevertheless, McKinsey [26] forecasts that the global oil demand will take 2~4 years to return to its pre-COVID-19 level, although it will increase with economic recovery in 2021.



Although the original GVC was constructed on the premise of the ‘business as usual’ circumstance, opportunity costs and risks have increased followed by the expansion of GVCs. GVCs can always experience natural disasters, wars, terror, or others [27,28,29,30].



A participant in GVCs can earn benefits, but such benefits are not automatically guaranteed. Maximizing the benefits arising from participating in GVCs requires good institutions and policies, and strategic cooperation and vision between agents of various GVCs must be based as premises [31]. The Doha Development Agenda (DDA), which began in 2001, has been cancelled, and the WTO suffers greatly weakened capacity to establish new global trade rules to deal with the changing global trade environment [32] except the Trade Facilitation Agreement in 2014, along with a reduced role in setting even digital trade rules [33]. It is clear that reverse-GVC factors prevail in global economy.




2.2. COVID-19, Decoupling, and Reverse-GVC


COVID-19 has been a critical component in severely damaging the already deteriorated GVCs. The countless fatalities, border closures, lockdowns, and banning of face-to-face activities are some of its examples. Some argued that COVID-19 must be understood in the context of national security [34]. The United States has raised the China blame game and subsequently used it in the context of the prism of decoupling. The COVID-19 responsibility argument raised by the United States against China has led to the solidarity of allies including the United Kingdom, the EU, Australia, Canada and Japan. The US is pursuing decoupling with China through solidarity with allies by establishing various groupings such as the Quad-4 (the United States, Japan, Australia, India) and Democratic-10 (the Quad-4, Canada, France, Germany, Italy, Korea, UK).



Further, its China policies have been strengthened by the Biden Administration. The United States considers the ‘Made in China 2025’ policy as ‘military-civil fusion’ strategy [35], and has been trying to contain China’s growth in multi-dimensions, including imposing tariffs, export control on private companies such Huawei, strengthening investment screening, and instigating rules on individual corporations. In addition, the United States has been imposing direct trade sanctions on more than 300 Chinese companies as of the end of 2020, while promoting reshoring and decoupling. The Department of State [35] concludes that “China is a challenge because of its conduct”. In response to this, China introduced the ‘dual circulation’ policy in 2020, and President Xi criticized the United States for pursuing ‘selective multilateralism’ by excluding China on the global stage in the 2021 World Economic Forum.



Since the outbreak of COVID-19, advanced countries including the United States, the European Union, and Japan, have been inducing their companies in China to return to induce homelands. Due to the pandemic, many corporations are in the process of modifying their sourcing strategies to place further emphasis on safety of GVCs [4,36,37]. Reshoring is not confined to GVC-intensive industries of advanced technology. Digitization and platformization of supply chains will accelerate, and production processes will also go through rebundling of production stages [12].



Leaving China, which is both ‘the world’s factory’ and ‘the world’s market’, is not an easy decision for huge opportunity costs. Morgan Stanley anticipates that China’s private consumption will be $12.7 trillion in 2030. Germany has been hesitating to leave China due to its interests in automobiles and machine industry [38]. However, as the international trade order is shaking, it is difficult to sustain the original GVC which accentuates the unit cost of production [39]. Although decoupling incurs immense damage on the United States itself, national security concerns, both political and in the public arena, have made decoupling unavoidable [34]. The Biden administration has been continuing the Trump administration’s reshoring policies [40,41].



Although much literature has tried to estimate the effects of COVID-19, little research has focused on estimating the impact of decoupling in specific. In the first half of 2020, international organizations such as the WTO, the IMF, and more, had forecast a huge shock from the pandemic. In “World Economic Outlook”, the IMF [42] had expected that the global economy would experience an enormous shock, as implied in its subtitle, “The Great Lockdown”. It had been anticipated that the global economy would face a greater shock than that of the 2008–9 GFC, with an estimated decrease of 3%. The WTO [43] had originally anticipated that the 2020 global trade volume would be reduced by 13~32%, but later corrected this to −9%, European Commission [44] estimated that the global trade will be reduced by 9.7%, with an emphasis on the increase in trade costs. McKinsey [45] estimated that the global GDP will decrease by 3~8%, and the global trade will recover to the level of the fourth quarter in 2019 over 15~48 months; the trade loss was estimated to be 8~49% of the global trade in 2019.



Steinbock [46] suggests that the U.S.-China conflict can lead to decoupling, and Goulard [47] claims that the conflict led to an immense loss for the EU. Many studies suggest that the U.S.-China tariff war has hurt both of their economies [48,49,50]. Mao & Görg [49] estimate the ripple effect of both countries’ increase in tariffs through input-output tables, and find a loss of $500~600 million for both countries. Itakura [50] estimated that the GDP loss of the United States and China will be −1.41% and −1.35%, respectively. Yet, Hanson [51] and Hass and Denmark [52] claimed that the United States will experience a bigger loss than China. The U.S. Chamber of Commerce [53] anticipated that the United States will face an annual loss of $190 billion with its 25% tariffs on its imports from China.



Nevertheless, an empirical estimation of the impact of COVID-19 and decoupling on reverse-GVC has not yet been conducted, nor any study on how it will affect the global energy market. The reverse-GVC not only impacts the demand for global energy demand but also will decrease the energy demand needed for global transport.




2.3. Energy Demand


Many studies have empirically analyzed the positive relationship of exports or trade and energy consumption or demand [54,55,56,57,58,59,60]. Palamalai et al. [58] empirically suggest that international trade increases energy demand and economic activities. This is supported by Arif et al. [60].



Narayan and Smyth [55] and Chaudhry et al. [61] confirm a positive relationship between trade and energy demand through studying the countries in the Middle East and Pakistan. Dedeoğlu & Kaya [62] estimated a long-term interrelationship between GDP, trade, and energy consumption: a 1% increase in GDP, exports, and imports will increase energy demand by 0.32%, 0.21%, and 0.16%, respectively. Shahbaz et al. [57] corroborated a bi-directional causality between trade and energy consumption by studying 91 countries.



Although China has been promoting the dual circulation strategy, the nation’s energy demand may eventually decrease if the U.S. decoupling intensifies and the CSC further weakens. China consumes 24% of the world’s total energy demand according the statistics of the WorldoMeters [63]. Moreover, the expansion of GVC was sluggish before and after 2012 [23,64]. In contrast, a future expansion of the reverse-GVC will render any energy super-cycle very unlikely.





3. Method of Analysis and Data


3.1. Past Cases on GVC Shocks


Since 2000, the GVC has suffered several devastating disturbances. The 2008–9 GFC, the earthquake in Japan in 2011, and the Chao Phraya river flood in Thailand in 2011 re-emphasized the importance of the GVC resilience. In the beginning of 2021, the unprecedented Texas cold snap in the United States led to a huge impact on the GVCs of the major industries, including semiconductors and automobiles.



However, none of these devastating disturbances is any match for the damage incurred to GVC by the COVID-19 pandemic. Furthermore, this global public health crisis has largely degraded other factors associated with reverse-GVC. Although the GFC reduced the global trade volume by more than 10%, it recovered rapidly. Cattaneo et al. [22] claimed that the GVC resilience contributed in the context of “rebalancing”. The recovery efforts by the United States, which had been the origin of the crisis, and the ‘simultaneous economic stimulus’ packages of the G20 members played crucial roles. Despite the efforts to prevent the GVC deterioration, the GVC activities were sluggish for 6 years from 2012. Nevertheless, a subtle recovery commenced in 2017; thus, Li et al. [65] viewed that the GVC expansion may be of expectation.



However, UNCTAD [23] analysis of the correlation between international trade flows and global GDP found that the GVC has subsequently become dormant. Moreover, due to the U.S.-China trade war and COVID-19, the reverse-GVC may have been intensified. No study has empirically analyzed the impact of these factors on global GVC activities. The shock exerted by the pandemic on the GVC is much more substantial than that from the GFC [45,66], and the world’s production system has fallen into “a perfect storm” [23]. Although some countries, including the United States, have begun recovering from the pandemic coming into 2021, and others such as China had already returned to positive GDP growth in 2020, the COVID-19 shock is expected to stay for a long period of time.




3.2. Research Design


Figure 1 diagrammatically presents the main research design of this paper. To analyze the ripple effect of the reverse-GVC factors such as the U.S.-China decoupling and COVID-19 on the global trade and energy demand, this paper uses the computational general equilibrium (CGE) model. The most widely used CGE model is the GTAP model [67]. CGE models are a popular tool in estimating the impact of policy changes, as explained in Dixon et al. [68] in details. Apart from the simulation model, setting up simulation scenarios and constructing the database are critical parts of the research.



This paper uses the GTAP-E (Energy) model and the GTAP-VA (Value-Added) model to estimate the ripple effect of the reverse-GVC factors. The former is used to estimate the effects on the global energy market and the latter to estimate the impact on GVCs. Although it is possible to integrate the two models, the paper uses each separately by one considering the complexity of the combined model. To estimate the effects of the GVC, the value-added (VA) included in the home country’s exports should be calculated through domestic VA (DVA), foreign value-added (FVA), and pure double counted terms (PDC). Through simulations by each study scenario, the research can estimate the effects on each country’s GDP, trade, GVC, and the global energy market.




3.3. Brief Description of the CGE Models


The GTAP-E model includes the energy-primary factor substitution as a module into the GTAP model, which offers flexibility in dealing with the input of the necessary energy for production. Due to the space limitation of this paper, detailed information on the GTAP-E model can be found in Burniaux and Truong [69], and Truong, Kemfert and Burniaux [70]. As suggested in Figure 2, the production system of the GTAP-E model comprises 6 nests that are necessary to estimate the effects on demands of gas, oil, and petroleum that are non-coal energy sources.



The GTAP-VA model includes a module that can divide the VA of exports as a part of the GTAP model. This was developed to overcome the model limitation that prevented any elucidation of the GVC through traditional Gross Trade Flows. Analyzing more precisely the GVCs between countries requires a method for calculating VA trade flows, as suggested in Koopman [71], Wang et al. [72], UNESCAP [73] and more.



To simply explain using Antimiani et al. [74], let us look at trade between Countries r, s, and w in Figure 3. In terms of the Gross Trade Flows, Country r has conducted trade worth of 11 (exports 1 and imports 10), and Countries s and w, each 5 and 14, respectively; then, the total gross product become 15. However, when calculated as suggested on the right through the VA Trade Flows, Country r is a net importer, and its amount of imports becomes 9 (the 1 being consumed domestically) in terms of the VA Trade Flows, then the total product of the three countries becomes 10. In other words, while the traditionally calculated product of 15 experiences the double-counting of 5, which is one-third of the original value, the analysis of VA has this double-counted value removed. The model of VA Trade Flows will reveal the difference between the total volume of exports and the VA trade exports. The GTAP-VA model allows this operation by broadly dividing the total exports into domestic (DVA), foreign (FVA), double-counted (PDC) factors, and analyzing where such factors are consumed [75]. This methodology facilitates a comparative analysis of the effects of policy-based GVC. By removing the aforementioned double counting included in the total exports, the method more accurately explains the trade relation [76,77].




3.4. Database


The GTAP-E database, which has been specialized for the GTAP-E model, is used, and the types of energy are differentiated into coal, oil, gas, petroleum, and electricity. The GTAP-E DB v10 was launched in February 2020, and its database includes 141 countries and 65 industries, which in the present research have been aggregated into seven regions and eight industries (Table 1). The seven regions are the United States, the European Union, Japan, Korea, ANZ (Australia, New Zealand), CM (Canada, Mexico), Central America, ASEAN, Middle East, China, Russia, Iran, and Rest of World (ROW). The eight industries are Agriculture, Coal, Oil, Gas, Petroleum, Electricity, Energy intensive industries, and Other industries and services.



Table 2 suggests major producers by each type of energy based on the GTAP-E DB v10. As the world’s biggest energy supplier, the United States occupies more than 10% of the world’s energy production in all types of energy, including coal, oil, gas, petroleum, electricity. The EU has conspicuous performance in producing electricity (19.1% in the world) and coal (11.9%) each. The Middle East has unparalleled competitiveness in producing oil (32.2%) and gas (23.1%), and Russia also has a substantial capacity in producing them. China is the world’s biggest coal producer (37.9%) and as well as the second-largest electricity producer next to the EU.



The GTAP-E DB organizes the transactions of each energy source between countries in multidimensional matrix forms. As its database is massive, major exporters and importers of oil are shown in Figure 4.




3.5. Simulation Scenarios


The interrelationships between the various reverse-GVC factors make it difficult to estimate the effects of those factors. Decoupling between the United States and China is linked to protectionism, and COVID-19 has influenced both of them, which raises the possibility for reshoring and reverse-GVC.



To understand any linkages between the reverse-GVC factors, identifying the most important factor that causes reverse-GVC is necessary for the analysis. Covid-19 and the U.S. decoupling policy can be said the most significant factors causing the reverse-GVC phenomenon. Despite the efforts to form herd immunity through vaccination and prior infection, the effects of COVID-19 are likely to persist well into the future [6], and the Biden administration’s decoupling policy may potentially further intensify these effects.



Existing studies on the effects of COVID-19 mostly estimated the economic crisis in 2020 and the subsequent policy measures followed by the pandemic. As aforementioned, the aftereffects of the pandemic are likely to prevail for a long period of time, which will further entrench protectionism. Moreover, reshoring and the reduction of GVC will further attenuate trade and economic activities. However, some studies, including McKinsey [45], forecast a 4-year delay until full recovery of worldwide GDP to the pre-COVID-19 level, assuming no other global risk.



As discussed previously, the U.S.-China hegemonic competition leads to decoupling which entails a huge shock of reverse-GVC, and the COVID-19 preventive measures and guidelines have further impacted the global economy and the energy market. The study scenarios categorize the countries participating in the U.S.-led decoupling into three groups: (i) active participants (Group 1; G1 hereafter) include Europe, Japan, Korea, Australia, New Zealand, Canada, and Mexico, (ii) passive participants (Group 2; G2) include Latin American and the Caribbean, the ASEAN, and the Middle East (except Iran), and lastly (iii) those who reluctantly participate (Group 3; G3) include all regions except China, Russia, and Iran (Table 3).



Next, we set up scenarios of the level of strength in the U.S.-led decoupling policies and the preventive measures against COVID-19. Based on our assumption that COVID-19 and decoupling policies are persistent as protectionist measures, the WTO is irrelevant. Measures related to public health are at each country’s own discretion according to Article 21 of GATT; thus it is difficult to review treaty violations. Quantifying the currently placed measures by each country in the customs clearance processes as ad valorem tariffs is a very challenging task that is ignored herein and recommended as a separate research topic. Thus, this paper applies several scenarios to estimate the effects of the reverse GVC factors on the global economy.



First, scenarios of the levels of the United States’ measures for decoupling are set up to estimate the ripple effect. Apart from the export control measures that directly exclude businesses such as Huawei from GVC by indicating them on an entity list for national security reasons, imposing tariffs based on Section 301 of the Trade Act of 1974 and Section 232 of the Trade Expansion Act of 1962 are critical tools for the U.S.-China decoupling. As seen in the U.S.-China meeting in Alaska in March, 2021, the Biden administration has no intention in terminating the 7.5~25% of tariffs imposed by the Trump administration on the $370 trillion worth of the Chinese goods, despite industrial sectors request to reconsider. According to the U.S. Chamber of Commerce [53], in the worse scenario, the United States can impose 25% tariffs on all the imports from China and impose comparable measures on those countries that do not participating in its plan of decoupling. This study also adopts such measures as decoupling in general, but sets up several other scenarios with partial modifications, as presented at Table 4.



The scenarios are broadly classified into those for decoupling and the effects of COVID-19, and Scenario 1, which has relatively weaker strength in sanctions against China, is the China decoupling strategy. This assumes that the United States will increase tariffs (GTAP variable tms in Table 4) on Chinese imports by 10%, on imports of G1 by 10%, G2 by 5%, and G3 by 3%. Scenario 2 is the most plausible one and has tariff charges that are 2~5% higher than those in Scenario 1. Scenario 4 has a high level of decoupling measures (intense reverse-GVC), and has higher tariff barriers on the Chinese imports by 12~20% compared to Scenario 1, ultimately experiencing a drastic reduction in GVCs with China.



For the reverse-GVC effects of COVID-19, it is assumed that countries will increase non-tariff barriers as protectionist measures. As empirically estimating the custom duties of non-tariff barriers is a large-scale research project that can be a separate research topic itself, this study creates scenarios on the COVID-19 preventive measures in order to focus mostly on decoupling from China and the potential extension of COVID-19. The reverse-GVC effects due to COVID-19 are assumed to decrease the efficiency of global logistics (variable ams) by 10%, which increases global trade costs.





4. Simulation Results and Interpretation


4.1. The Effects on GDP by Scenarios


All reverse-GVC scenarios entail a loss for every country (Table 5). This has already been pointed out in many previous studies, including Bonadio et al. [7] and more. These losses expand as decoupling intensifies. The United States is expected to suffer the smallest percentage GDP loss, unlike previous studies, such as Hanson [51]. And in absolute GDP, the United States’ loss will be the largest, followed in order by the EU and China. ASEAN (GDP loss of more than 6% in all scenarios), South Korea, then the EU will suffer the greatest reduction in percentage GDP.




4.2. The Reverse-GVC Effects


We next examine the level of reverse-GVC in terms of the changes in the GVC indices under each scenario by using the GTAP-VA model. The GVC index has been adopted by many international organizations, such as the UNCTAD [78] and OECD [79], according to the following method of calculation:


GVA Participation Index = (FVA + DVX)/Gross Exports











Here, the FVA, which is foreign VA used for the total exports, and the DVX, which is the domestic VA, are added together, then divided by the gross exports, yielding the GVC index [78]. This study calculates the effects on GVC based on the scenarios for decoupling through the changes in the GVC indices compared to the GVC index of the baseline (Table 6).



The increased trade costs due to the global decoupling policy and COVID-19 reduce the GVC indices by 0.53~1.32%. The ASEAN will experience the largest reduction in the GVC indices from 0.20~1.15%, followed by Korea (−0.26~−0.78%), Japan (−0.34~−0.64%), China (−0.05~−0.18%) and other Asian countries that have displayed a large reduction in their GVC indices. Yet, the GVC index of China, which is the subject of US tariffs, was lower than that of Korea or Japan, and it does not seem to be significantly larger than the global GVC reduction.



Some countries are expected to experience an increase in the GVC participation rate even under the decoupling and the pandemic: Russia (2.05~2.14%), CM (0.77~1.02%), and the United States (0.48~0.58%). It is interpreted as Russia and China strengthen the GVCs with the reverse GVC factors, and CM countries substitute original GVCs with China by integrating the GVCs within the North American region.




4.3. The Effects on the Global Energy Market


The effects of COVID-19 and decoupling on energy usage will differ substantially among the countries (Table 7). Firstly, followed by decoupling, the United States will not experience significant impacts on its usage of energy, including oil and petroleum, whereas China certainly will. China’s usage of oil is expected to decreased by 7.6% at minimum and 13.2% at maximum, and its usage of gas and petroleum will also be reduced by 10.5% at minimum and 13.0% at maximum. Similarly, for Korea, coal will be reduced by 7.4% at maximum, oil by 10.6% at maximum, gas by 9.8% at maximum, and petroleum by 9.0% at maximum. Korea is one of the countries with the most intimate GVC ties with China; thus, such significant impact caused by COVID-19 and decoupling is inevitable.



Although Table 5 showed that the ASEAN’s GDP will be largely reduced, Table 8 suggests that the energy consumption of the ASEAN states will be less weakened and even increase by energy source because they can take advantage when China is excluded from the GVCs. Table 8 shows that all countries/regions reduce imports of energy intensive products from China, and ultimately increase their trade with the ASEAN as a substitute.



It is expected that COVID-19 and decoupling will combine to reduce the global GDP and weaken the GVCs. Due to the decrease in energy demand, the energy exports of major energy suppliers will be largely weakened as seen Table 9. All values presented here are those under the newly formed equilibrium after the reverse-GVC shock has been applied, and the effects on the final volume in energy exports are presented in the table. The United States may experience a reduction in oil and gas exports by more than 50%, and China a reduction in its coal and petroleum exports by up to 29.3% and 44.0%, respectively. Also, the gas exports of the Middle East and Russia will be greatly decreased.



As the major countries’ exports decrease, the global energy trade will also be reduced. The estimation results presented in Table 10 suggest that the reverse-GVC factors, such as COVID-19 and the China decoupling policies, will significantly affect the global energy market. The international gas trade volume will be reduced by 27.3% at minimum and by 38.6% at maximum; thus the impact of the reverse-GVC factors is expected to be even more severe. On the other hand, the effects on other energy sources will be relatively small. The international coal, oil and petroleum trades will be reduced by up to 8.9%, 6% and 3.3%, respectively.




4.4. Discussion on Reverse GVC and the Future Energy Market


As Nature [6] points out, it is difficult to view the global economy optimistically even with the possibility of forming a collective immunity by vaccinating COVID-19. The global economy and international trade order have changed significantly due to several adverse GVC factors. The fact that GVC has been under adjustment pressure in the last 2–3 years also darkens the outlook for international trade and global energy markets. The COVID-19 pandemic is further heightening the U.S.-China conflict and applying pressure to adjust the GVC. The current President Biden is pursuing a stronger policy toward China than former President Trump, increasing the pressure for the GVC adjustment.



As GVC is adjusted, the global energy market is expected to contract. The impact on energy usage varies by country, but it is expected to have a large impact on the US and China. US oil and gas exports will decline. The exports of the major energy suppliers will be reduced by up to 50%, and the global energy market will also shrink by 30~40%, depending on the scenario. Moreover, as the Biden administration pushes for carbon emissions reductions on climate change, the demand for fossil energy could be further reduced. This will darken the outlook for a resource-dependent economy, and will act as the cause of the global energy market stagnation. Considering the current Biden administration’s “by American” policy and global environmental policy, the actual impact could be greater than the estimates in this study.



Although not analyzed in this paper, COVID-19 acts as a logic to strengthen the international community’s cooperation to cope with climate change, and as a result, the global energy market may undergo structural changes. This point has been pointed out in a number of studies. Fuentes, et al. [80] found that the COVID-19 pandemic and climate change share “the same microeconomic foundations involving an overprovision of a global public bad”. Antonio and Garcia [81] wrote that “COVID-19 has had a mainly negative effect on the energy transition”, and Nyga-Łukaszewska and Aruga [82] assessed the pandemic and its continuing threat to have changed human behavioral patterns saving energy.



In this paper, we suggested that COVID-19 and decoupling could lead to losses in the global economy. In particular, it is expected that the GVC damage in East Asian countries, including Korea and ASEAN countries, is greater than in other regions. This is the opposite analysis result from the study in Gentile et al. [83]. They predicted that several East Asian countries could expect the benefits of a trade diversion as the U.S. cuts trade with China due to the bilateral trade war. This result can be achieved by reflecting only the US’ tariff imposition on China as a shock using a typical CGE model. This is too naïve approach, ignoring the effects of adverse factors. Concerned about this, our study was able to derive more realistic estimation results than previous studies by using the modules of GTAP-E and GTAP-VA that can estimate the adverse GVC effects.



When the global economy deteriorated, there were many independent measures such as strengthening trade protection rather than international cooperation as discussed by Miroudot & Nordström [8]. Rather than targeting a niche market caused by changes in trade order, each country should prioritize efforts to minimize the damage to global economy. In particular, the global energy market is under the direct and indirect influence of the COVID-19 pandemic, and as Nyga-Łukaszewska and Aruga [83] pointed out, large companies can survive because of ‘too big to fail’, but small energy companies may face management difficulties. US’ return to the Paris Climate Change Agreement meant restoring the international cooperation system, but the Biden Administration is pushing the decoupling policy toward China. In addition, they are all-in on establishing GVC within the US under the “Buy American” initiative. In this situation, if the climate change issue is used as a means of strengthening US hegemony, the global energy market will be impacted more rapidly.





5. Conclusions


Globalization has been expanding international trade and GVC until recently. Accordingly, the global energy market experienced a boom, while GVCs were deepened and expanded, accompanied by increased technology transfer, investment and labor movement, and job creation. As awareness of the importance of GVC resilience spreads, GVC has tended to shrink. On top of this, the intensification of the U.S.-China conflict and COVID-19 have undoubtedly induced reverse-GVC. Technology transfer, investment, and labor movement, which had previously facilitated GVC expansion, are now facing global constraints. Moreover, the rapid transition to a digital economy, which has been further accelerated by COVID-19, will structurally alter production systems and eventually weaken the GVC, as UNCTAD [23] and UNIDO [1] predict.



This paper applied the modules of the GTAP-E and the GTAP-VA to the GTAP CGE model in order to analyze the impacts of the reverse-GVC factors. Simulation results suggest that the reverse-GVC factors will substantially affect the global economy and energy market. Although other studies have claimed that the reverse-GVC factors will weaken international trade, the present study is the first to empirically estimate the effects on the global energy market using the CGE model. This paper is significant as it is the first to empirically estimate such ripple effects, and it also provides important policy suggestions to industries and policymakers in each country. The recession in the global energy market weakens investments in relevant industries and therefore damages the global energy supply infrastructures in the long-term.



Nevertheless, the following research avenues are left for future study. First, to estimate the COVID-19 effects more accurately, non-tariff barriers must be calculated. Second, the GTAP-E module and the VA module should be merged in order to assess the impact of GVC changes on the global energy market. Future research will overcome these limitations by considering the importance of these issues.
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Figure 1. Overview of research approach. 
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Figure 2. GTAP-E model description. 
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Figure 3. Value-Added (VA) Trade Flows description. 
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Figure 4. Country’s Oil trade by country. Source: Author’s calculation based on GTAP-E database. 






Figure 4. Country’s Oil trade by country. Source: Author’s calculation based on GTAP-E database.



[image: Energies 14 03417 g004]







[image: Table] 





Table 1. GTAP-E DB aggregation.
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Country

	
Industry






	
USA, EU, Japan, Korea, ANZ(Australia, New Zealand), CM(Canada, Mexico), Central America, ASEAN, Middle East, China, Russia, Iran, Rest of World(ROW)

	
Energy

	
Coal, Oil, Gas, Petroleum, Electricity




	
Non-Energy

	
Agriculture Energy intensive industries, Other industries, services








Source: Authors’ aggregation based on the scheme of the GTAP database.
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Table 2. Scale of output of energy in major countries (%).
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	Coal
	Oil
	Gas
	Petroleum
	Electricity





	USA
	12.7
	11.9
	15.8
	17.1
	14.9



	EU
	4.9
	4.4
	9.7
	16.7
	19.1



	ANZ
	11.9
	0.6
	2.6
	0.9
	1.6



	ASEAN
	8.4
	2.8
	9.0
	4.3
	2.8



	Middle East
	0.4
	32.2
	23.1
	7.7
	5.8



	China
	38.2
	5.0
	1.0
	15.9
	17.0



	Russia
	5.7
	12.0
	14.1
	6.0
	6.0







Source: Authors’ aggregation based on the GTAP-E database.
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Table 3. Classification of participants in the U.S.-led decoupling from China.
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	(i) Active Participants (G1)
	(ii) Passive Participants (G2)
	(iii) Reluctant Participants (G3)





	Countries
	EU, Japan, Korea, ANZ (Australia, New Zealand), CM(Canada, Mexico)
	Latin American and the Caribbean, ASEAN,

Middle East (except Iran)
	The rest

(Except China, Russia, and Iran)







Source: Authors’ classification based on the US’ strategy.
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Table 4. Scenarios on decoupling and the effects of COVID-19.
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China Decoupling (tms)

	
COVID-19

(ams)




	
USA

	
Active Participants (G1)

	
Passive Participants (G2)

	
Reluctant Participants (G3)






	
S1

	
+10%

	
+10%

	
+5%

	
+3%

	
−10%




	
S2

	
+15%

	
+15%

	
+10%

	
+5%




	
S3

	
+25%

	
+20%

	
+15%

	
+10%




	
S4

	
+30%

	
+25%

	
+20%

	
+15%
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Table 5. The reverse-GVC effects on GDP by scenarios.
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Scenario 1

	
Scenario 2

	
Scenario 3

	
Scenario 4




	
%

	
$, billion

	
%

	
$, billion

	
%

	
$, billion

	
%

	
$, billion






	
USA

	
−1.64

	
−285

	
−1.62

	
−281

	
−1.74

	
−301

	
−1.76

	
−305




	
G1

	
EU

	
−4.97

	
−976

	
−4.96

	
−982

	
−4.97

	
−980

	
−4.97

	
−983




	
Japan

	
−2.68

	
−121

	
−2.71

	
−123

	
−2.74

	
−124

	
−2.68

	
−126




	
Korea

	
−5.69

	
−79

	
−5.73

	
−80

	
−5.82

	
−81

	
−5.69

	
−82




	
ANZ

	
−2.33

	
−38

	
−2.35

	
−39

	
−2.38

	
−39

	
−2.33

	
−39




	
CM

	
−3.97

	
−120

	
−3.95

	
−122

	
−3.98

	
−122

	
−3.97

	
−123




	
G2

	
CA

	
−5.47

	
−12

	
−5.44

	
−12

	
−5.48

	
−12

	
−5.47

	
−12




	
ASEAN

	
−6.17

	
−154

	
−6.18

	
−156

	
−6.24

	
−156

	
−6.17

	
−158




	
ME

	
−3.85

	
−146

	
−3.85

	
−147

	
−3.87

	
−147

	
−3.85

	
−148




	
G3

	
ROW

	
−2.91

	
−321

	
−2.89

	
−320

	
−2.9

	
−318

	
−2.91

	
−320




	
Other

	
China

	
−3.35

	
−331

	
−3.65

	
−347

	
−3.84

	
−377

	
−3.35

	
−398




	
Russia

	
−3.12

	
−64

	
−3.06

	
−63

	
−3.02

	
−62

	
−3.12

	
−61




	
Iran

	
−2.45

	
−11

	
−2.19

	
−10

	
−1.99

	
−9

	
−2.45

	
−8








Source: Authors’ calculation.
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Table 6. GVC indices and rate of change. (unit: %, %p).
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Baseline (A)

	
Scenario1

	
Scenario2

	
Scenario3

	
Scenario4




	
B

	
A-B

	
C

	
A-C

	
D

	
A-D

	
E

	
A-E






	
USA

	
43.0

	
43.5

	
0.52

	
43.6

	
0.58

	
43.5

	
0.48

	
43.5

	
0.49




	
G1

	
EU

	
16.8

	
16.8

	
0.00

	
16.6

	
−0.20

	
16.5

	
−0.27

	
16.4

	
−0.37




	
Japan

	
52.6

	
52.3

	
−0.34

	
52.2

	
−0.46

	
52.1

	
−0.55

	
52.0

	
−0.64




	
Korea

	
59.8

	
59.6

	
−0.26

	
59.4

	
−0.42

	
59.2

	
−0.64

	
59.0

	
−0.78




	
ANZ

	
41.4

	
41.5

	
0.16

	
41.5

	
0.09

	
41.4

	
0.02

	
41.3

	
−0.03




	
MC

	
46.9

	
47.2

	
0.28

	
47.0

	
0.09

	
47.2

	
0.31

	
47.2

	
0.26




	
G2

	
CA

	
37.3

	
38.4

	
1.02

	
38.1

	
0.77

	
38.3

	
0.97

	
38.2

	
0.91




	
ASEAN

	
42.4

	
42.2

	
−0.20

	
41.7

	
−0.71

	
41.5

	
−0.88

	
41.2

	
−1.15




	
CM

	
26.1

	
27.0

	
0.88

	
27.0

	
0.85

	
27.0

	
0.87

	
27.0

	
0.89




	
G3

	
ROW

	
34.5

	
34.9

	
0.44

	
34.9

	
0.40

	
34.7

	
0.23

	
34.5

	
0.01




	
Other

	
China

	
56.2

	
56.1

	
−0.05

	
56.1

	
−0.04

	
56.0

	
−0.15

	
56.0

	
−0.18




	
Russia

	
39.3

	
41.4

	
2.05

	
41.4

	
2.07

	
41.4

	
2.10

	
41.4

	
2.14




	
Iran

	
27.4

	
28.3

	
0.86

	
28.2

	
0.84

	
28.2

	
0.77

	
28.2

	
0.77




	
Total

	
33.8

	
33.3

	
−0.53

	
33.0

	
−0.79

	
32.7

	
−1.08

	
32.5

	
−1.32








Notes: The rate of change means the relative rate of change compared to the baseline. Source: Authors’ calculation.













[image: Table] 





Table 7. Analysis results of change in energy usage due to reverse-GVC by countries. (unit: %).
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Coal

	
Oil

	
Gas

	
Petroleum




	
USA

	
(0.1, 0.2)

	
(−5.1, −5.2)

	
(−0.2, −0.2)

	
(−4.5, −4.0)






	
G1

	
EU

	
(−4.2, −4.3)

	
(−10.0, −10.5)

	
(−6.8, −6.9)

	
(−11.2, −10.8)




	
Japan

	
(−5.0, −5.2)

	
(−6.1, −6.4)

	
(−6.0, −6.2)

	
(−7.0, −6.9)




	
Korea

	
(−7.1, −7.4)

	
(−10.6, −10.6)

	
(−9.2, −9.8)

	
(−8.8, −9.0)




	
ANZ

	
(0.6, 0.1)

	
(−3.1, −3.2)

	
(0.2, 0.8)

	
(−8.6, −9.0)




	
MC

	
(0.5, 0.7)

	
(3.2, 3.3)

	
(1.0, 1.6)

	
(−4, −3.6)




	
G2

	
CA

	
(−5.3, −5.8)

	
(7.3, 8.6)

	
(−0.5, 0.4)

	
(−12.9, −12.6)




	
ASEAN

	
(0.0, 0.2)

	
(−4.6, −5.5)

	
(2.5, 2.6)

	
(−9.6, −9.3)




	
CM

	
(−3.4, −3.1)

	
(5.0, 5.6)

	
(1.0, 1.3)

	
(−3.3, −2.8)




	
G3

	
ROW

	
(−1.0, −1.0)

	
(−1.8, −1.1)

	
(−0.6, −0.8)

	
(−5, −4.7)




	
Other

	
China

	
(−1.5, −2.5)

	
(−7.6, −13.2)

	
(−6.2, −10.5)

	
(−7.8, −13.0)




	
Russia

	
(1.4, 1.7)

	
(4, 4.5)

	
(0.9, 0.8)

	
(0.6, 0.9)




	
Iran

	
(2.5, 2.3)

	
(2.8, 2.7)

	
(0.7, −0.6)

	
(−0.2, −0.1)








Notes: (min, max) mean minimum and maximum values by scenarios. Source: Authors’ calculation.
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Table 8. The effects on imports of Chinese Energy Intensive products. (unit: %).
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from China

	
from ASEAN




	
USA

	
(−30.7, −51.8)

	
(0.1, 4.6)






	
G1

	
EU

	
(−26.7, −36.4)

	
(5.6, 6.9)




	
Japan

	
(−33.4, −43.1)

	
(−3.8, −3.6)




	
Korea

	
(−29.8, −40.1)

	
(−1.5, 1.5)




	
ANZ

	
(−32.3, −42.5)

	
(−2.2, −2.4)




	
MC

	
(−23.7, −32.5)

	
(10.1, 14.3)




	
G2

	
CA

	
(−3.8, −13.1)

	
(7.6, 12.8)




	
ASEAN

	
(−8.8, −23.0)

	
(−2.2, 0.4)




	
CM

	
(−3.7, −19.7)

	
(3.2, 5.3)




	
G3

	
ROW

	
(2.9, −0.9)

	
(−2.4, −1.7)








Notes: (min, max) mean minimum and maximum values by scenarios. Source: Authors’ calculation.
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Table 9. Impacts on volume of exports of major countries by sources of energy. (unit: %).






Table 9. Impacts on volume of exports of major countries by sources of energy. (unit: %).












	
	Coal
	Oil
	Gas
	Petroleum





	USA
	(−19.4, −23.0)
	(−52.8, −54.0)
	(−59.6, −61.7)
	(−16.4, −16.2)



	China
	(−21.6, −29.3)
	-
	-
	(−24.6, −44.0)



	Middle East
	-
	(−4.1, −5.3)
	(−26.7, −28.2)
	-



	Russia
	-
	(−7.0, −8.2)
	(−25.8, −22.5)
	-







Source: Authors’ calculation.
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Table 10. Impacts of reverse-GVC factors on global energy market. (unit: %).
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Energy




	
Coal

	
Oil

	
Gas

	
Petroleum






	
Global trade value

	
(−6.5, −8.9)

	
(−6.0, −6.0)

	
(−27.3, −38.6)

	
(−2.6, −3.3)








Notes: (min, max) mean minimum and maximum values by scenarios. Source: Authors’ calculation.
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