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Abstract

The study focuses on the trade in intermediate goods from Taiwan to the Central and
Eastern European (CEE) region, explores the trend of CEE countries’ dependence on
Taiwan's intermediate inputs, and examines changes in industrial structure using the Multi-
Regional Input-Output Table (MRIO). Additionally, it considers the impact of a hypothetical
blockade on Taiwan on CEE countries and the world through the hypothetical extraction
method (HEM). Ultimately, this study demonstrates that industrial transition, EU policy, and
macroeconomic factors in the CEE region have led to a decrease in reliance on Taiwanese

inputs.

Abstrakt

Studie se zamérfuje na obchod s meziprodukty z Tchaj-wanu do regionu stfedni a vychodni
Evropy (CEE), zkouma trend zavislosti zemi CEE na mezivstupech Tchaj-wanu a zmény v
primyslové struktufe pomoci Multi-Regional Input-Output Table (MRIO). Kromé toho
zvazuje dopad hypotetické blokady Tchaj-wanu na zemé stfedni a vychodni Evropy a na
svét prostfednictvim metody hypotetické extrakce (HEM). Tato studie nakonec ukazuje, ze
primyslova transformace, politika EU a makroekonomické faktory v regionu stfedni a

vychodni Evropy vedly ke sniZzeni zavislosti na tchajwanskych vstupech.
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1. Introduction

Taiwan has built a significant position in the global value chain (GVC) and global supply
chain (GSC), particularly regarding intermediate goods'. Many countries depend heavily on
Taiwanese intermediate inputs for their production. Motivated by the empirical evidence below
and the lack of research on the relationship between Taiwan and the Central and Eastern
European countries, this study investigates this issue by examining the trend of CEE countries’
dependency on Taiwanese intermediate inputs and its implications. More specifically, this
study examines how this dependency changes over time and what will happen to these
countries in the event of a supply chain disruption.

Based on the 2022 World Trade Organization (WTO) value-added report, Taiwan's
2018 overall participation in the global value chain accounted for 60.8% of total exports, higher
than the regional averages of Asia, Europe, North America, and South America, with 20.9%
of Taiwanese forward GVC participation and 39.8% of Taiwanese backward GVC participation.
These dependencies indicate that Taiwanese companies typically produce intermediate
products and components rather than finished products (Gottwald et al., 2022). Empirical
results also show that Taiwan’s export ratio of intermediate goods to the U.S., Japan, Canada,
and the European Union equals 94.7% of total exports to these countries. Therefore, this
indicates that if Taiwan encounters a severe external shock that prevents Taiwanese
industries from producing or exporting, it may impact the global supply chain and lead to chaos
in the worldwide production chain (Wang, 2023).

Many studies focus on the input-output analysis of Taiwan's industries or the analysis
and discussion of Asia's integrated trade. For example, Chiu and Lin (2012a) used the input-
output method to examine the role of the transportation industry in Taiwan's economy from
1991 to 2006. They also discussed the role and influence of the maritime sector on Taiwan's
national economy through input-output analysis, showing that this sector has a relatively high

backward linkage but a relatively low forward linkage within the Taiwanese economy (Chiu &

" Intermediate good refers to products that serve as inputs for further production.
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Lin, 2012b). The study by Wang et al. (2009) focused on the net contribution of East Asian
countries in added value in the manufacturing production chain supplied to the United States,
showing that developing economies (China and the 4 ASEAN countries) increased their share
of value-added in final goods that East Asia shipped to the U.S. market, while Japan and NIE-
3 (Singapore, South Korea, and Taiwan) still make larger contributions. Kawakami and
Sturgeon (2010) showed the importance of electronic global value chains. They described the
evolution in developed and developing countries, suggesting that firms based in Taiwan
gained more leverage after the 2008 financial crisis, which provided these companies with
opportunities to become important in the electronics industry.

While Taiwan’s role in the global value chain and trade in intermediate goods of
specific industries is well documented, there is a lack of focused research on the
dependencies with a particular country or region, specifically on Central and Eastern European
countries regarding Taiwanese intermediate goods, and through input-output analysis
between Taiwan and other countries. Existing literature has extensively explored Taiwan’s
trade relations with major economies such as the EU, the US, and China. Krol and Lee-
Makiyama (2012) focused on the trade relationship between the European Union and Taiwan
and the potential gains of an EU-Taiwan trade agreement, suggesting that building a Free
Trade Agreement (FTA) with Taiwan can benefit member states. Ezell (2021) investigated the
trade linkages between Taiwan and the United States, including economies, GVCs, and inter-
industry activities, showing Taiwan's contributions to specific industries such as
semiconductors and the existing US-Taiwan trade connections. Thus, he suggested that policy
should deepen trade and cooperation through an FTA or Partnership Dialogues to enhance
their economies, technology, and related industries, further promoting supply chain security.
Moreover, Chang & Hayakawa (2014) conducted a study using ex-post data to investigate the

Cross-Strait Economic Cooperation Framework Agreement (ECFA)? between China and

2 |t refers to the trade agreement signed between China and Taiwan on June 29, 2010. Its scope
includes reducing tariffs, eliminating non-tariff trade barriers, promoting trade and investment
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Taiwan, which was signed in 2010, aiming to analyze the FTA utilization of this agreement by
exploring the economic impacts and other details such as tariff reductions, market access,
and the influence of some sectors.

However, the literature on trade relations between Taiwan and Central and Eastern
European countries® should be discussed more, using inter-country input-output analysis
methods to show dependencies and structural impacts. Furthermore, more research is needed
to understand the trends in countries’ reliance on Taiwanese intermediate inputs. Thus, this
paper tries to fill a research gap by assessing the dependencies to evaluate these countries'
economic resilience, particularly in the face of potential supply chain disruptions, such as
Beijing's hypothetical blockade of Taiwan.

The problem that this study seeks to address is the need for a greater understanding
and more information on the trend of CEE countries' dependencies on Taiwanese intermediate
goods. This research will also investigate whether this dependency makes these countries
vulnerable to external shocks and how it influences the industrial structure. The research gap
will cover the dependencies of CEE countries on Taiwanese inputs and the real-world
implications that explore specific years, such as the COVID-19 year in 2020. Moreover, CEE
countries' reliance on Taiwanese intermediate goods may expose them to economic
vulnerabilities, mainly if geopolitical tensions or supply chain disruptions affect Taiwan’s ability
to export its products. This research will provide an understanding of the extent of this
dependency and highlight specific reasons why these periods occurred in certain situations
and the potential risks of supply chain disruptions. This study will contribute to filling the gap
about the CEE-Taiwan economic relation in global trade and economic resilience knowledge.

This study uses the Multi-Regional Input-Output (MRIO) table from the Asian

Development Bank (ADB) to calculate the dependency ratios of Central and Eastern European

exchanges, and promoting economic development and employment on both sides. (Chang & Hayakawa,
2014)

3 1t includes Estonia, Latvia, Lithuania, the Czech Republic, Slovakia, Poland, Hungary, Slovenia,
Romania, Bulgaria, and Croatia.
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(CEE) countries on Taiwanese intermediate inputs. The period will be chosen from 2017 to
2023, focusing on the Central and Eastern European countries. Sectors and industries will
include all sectors in the ADB MRIO table, which provides data for 35 economic sectors. (see
Table A1) To provide a comprehensive analysis, this study will calculate the dependency ratios
of CEE countries on Taiwanese intermediate inputs. The backward linkages* and forward
linkages® will be included in a sectoral analysis, identifying which Taiwanese sectors are
critical to CEE economies' production output and share. Finally, the hypothetical extraction
method will test the potential impact of eliminating Taiwanese intermediate inputs on these
countries' sectoral outputs and overall economies if China launches a blockade on Taiwan.

This section focuses on the introduction, the reason for writing this paper, and the
motivation behind the topic. The following section will focus on the literature review, presenting
the research gap and the study's contributions. The third section will mainly introduce the
research methodology and the dataset's source. The fourth section entails data analysis and
a brief explanation; the fifth provides a deeper and broader explanation of the trends,
discussing the patterns. Finally, there is a conclusion and suggestions for future studies.

2. Literature Review

The trade relations between Taiwan and some major economies have been widely
studied (Ezell, 2021; Krol et al., 2012; Chang et al., 2014), especially Taiwan’s role in global
value chains (GVCs) as a significant producer of intermediate goods and which in specific
sectors, such as semiconductors (Gottwald et al., 2022; Wang, 2023; Wang et al., 2009;
Kawakami et al., 2010). However, few studies focus on trade relations with the CEE countries
and the dependencies on Taiwanese intermediate goods. As globalization deepens and

supply chains become increasingly interconnected, understanding this is important for a

4 The backward linkage refers to what happens to inputs received from other upstream industries when
a sector increases its one-dollar output (Miller & Blair, 2009).

5 The forward linkage refers to what will happen to inputs supplied to other downstream industries if a
sector increases its one-dollar output (Miller & Blair, 2009).
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country's economic stability and supply chain security, especially in terms of potential
geopolitical challenges, such as a possible blockade of Taiwan.

This literature review provides an overview of existing research on Taiwan’s significant
role in GVCs, its international trade relations with other countries, and the potential impacts of
supply chain disruptions from hypothetical blockades on specific countries or the global
economy. It also emphasizes a research gap regarding Taiwan’s specific trade relationships
with CEE countries, particularly their reliance on Taiwanese intermediate goods, analyzed
using the input-output method.

2.1. Taiwan’s Role in the Global Value Chains (GVCs)

Taiwan plays a vital role in global value chains (GVCs), particularly as a key supplier
of intermediate goods in production, especially in electronics, semiconductors, and information
technology. The following research offers insights into the situations and how Taiwanese
intermediate goods contribute to global industries, with high forward and backward GVC
participation rates.

Wang’s research (2023) analyzed Taiwan’s growing importance in global supply
chains from 2018 to 2022, focusing on trade in intermediate and consumption goods. The
study aims to demonstrate that a conflict between Taiwan and China would significantly disrupt
global supply chains, highlighting Taiwan’s crucial role in maintaining supply chain resilience
and its vital position in global value chains. With direct and indirect contributions from
developing Asian countries such as Vietnam, China, Indonesia, and Thailand, Taiwan has
exported more than 10.2% of the total imports of these economies to the U.S., Japan, Canada,
and the European Union. Finally, the study highlights the vulnerabilities of countries that rely
on Taiwanese inputs, especially amid rising geopolitical tensions. However, while this study
provides clear statistics on the share of value added from Taiwan to these developed countries
in their total imports, it does not offer detailed information about which sectors are significantly
more critical and export more value-added abroad.

Similarly, while Wang (2023) focuses on Taiwan’s contribution to global supply chains,

Gottwald et al. (2022) examine it within the European context. They focus on the European
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Union’s dependence on Taiwan’s exports of intermediate goods, emphasizing that Taiwan
plays a crucial role in securing Europe’s supply chain resilience. They suggest that the EU
Parliament should deepen the trade relationship with Taiwan to ensure supply chain security
by signing contracts or cooperating. The EU recognizes that diversifying supply chains
strengthens its economy and reduces reliance on external actors. Thus, it views Taiwan as a
central technological driver in addressing the EU’s vulnerabilities and a crucial intermediate-
output country. While this policy proposal offers insightful thoughts about the economic,
political, and academic aspects of Taiwan's relationship with the EU, it does not provide or
evaluate much information regarding the current circumstances using economic research
methods and theories.

In addition to the recent research by Wang (2023) and Gottwald et al. (2022), earlier
studies by Dedrick et al. (2010) and Sturgeon et al. (2010) also emphasize Taiwan’s centrality
in GVCs, particularly in high-tech, electronics, and information and communications
technology (ICT) sectors. Dedrick et al. (2010) investigated the iPod by Apple to determine
who contributes the most to the global value chains and profits from them. They found that
although most assembly firms are in China, the headquarters behind them are mainly in
Taiwan, demonstrating the high capability of Taiwanese manufacturing to produce
intermediate goods and its essential position in the global value chains. However, Taiwan is
not the main focus of their analysis.

Therefore, Sturgeon et al. (2010) were inspired by this research, delving deeper into
the evolution of the role of Asian developing countries in global value chains in the electronics
industry following the 2008 economic crisis. They concluded that Taiwanese contract
manufacturers®, like those in the U.S. and Singapore, have a strong influence on the
development of global value chains in the electronics industry. They also suggested that,
although Taiwan primarily focuses on electronic manufacturing, Taiwanese companies will

gradually shift toward the innovation stage, rather than just the production stage. This indicates

6 Contract manufacturers are those who make products for the lead companies, and sometimes also
provide some designs.
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that firms based in Taiwan, which play essential roles in industrial transformation, gained more
leverage after experiencing the 2008 economic crisis. This study successfully highlights the
increasing progress of the Taiwanese electronics industry. At the same time, it focuses only
on the periods of 1986-2006 and 2007-2009, which might differ significantly from the current
situation.
2.2. Taiwan’s Trade Relations in Intermediate Goods with Major Economies

Existing literature has discussed Taiwan’s specialization in intermediate goods,
emphasizing trade relations with significant regions such as the U.S., China, the EU, and
ASEAN, and how these relationships influence global supply and value chains. Studies such
as Ezell (2021), Stanzel (2022), Liu (2023), and Hoan, Chung, and Hoang (2019) have
analyzed Taiwan’s role in the production of intermediate goods and its contribution to the
country's integration into global trade networks, showing the substantial amount of
intermediate goods, particularly in semiconductor industry (i.e. chips and related equipment).
2.2.1. Trade with the US

Ezell's research (2021) explores the Taiwan-U.S. trade economic linkages,
highlighting that Taiwanese companies are key suppliers to U.S. industries such as
information and communication technology (ICT), electric vehicles (EVs), and semiconductors.
He suggests that policymakers on both sides should promote resilient supply chains. The
author also provides policy recommendations for deepening the trade relationship between
Taiwan and the U.S., finding solutions for supply chain resiliency, and fostering collaborative
cooperation.

He used empirical data to demonstrate that Taiwan is a vital economic partner of the
United States. For instance, data from 2019 shows that Taiwan was the 10th largest trading
partner and the 13th largest export destination. Conversely, the U.S. was Taiwan's second-
largest trading partner, receiving around one-third of Taiwan’s exports of ICT products.
Moreover, it also shows that Taiwanese inputs play a crucial role in U.S.-manufactured
products, not only in the ICT industry but also in other sectors, such as pharmaceuticals,

automobiles, and transportation equipment, presenting deeper inter-industrial linkages
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between Taiwan and the U.S. than those with other Asian countries. While Taiwan did not
have a gross value-added surplus with the U.S., data from 2020 suggested that in some
sectors, such as the semiconductor industry, Taiwanese suppliers produced more value-
added goods for the U.S. than U.S. suppliers produced for Taiwan. This indicates that a global
shortage in the semiconductor industry or other related industries will seriously affect
Taiwanese sectors, which may significantly hurt U.S. production.

As a result, since trade flows between Taiwan and the U.S. benefit both countries, the
author proposes several policy recommendations, including pursuing an FTA with Taiwan,
collaborating on supply chain security in the semiconductor industry, and enhancing the
competitiveness of allied high-tech companies. In conclusion, Ezell’s research highlights the
strategic importance of deepening trade relations between Taiwan and the U.S., especially
regarding global supply chain vulnerabilities. However, although its topic is the economic
relationship between the U.S. and Taiwan, it does not encompass all sectors, but mainly
concentrates on high-tech industries. Although it is a fact that this industry makes a more
significant contribution to the global economy, this study differs slightly from the main topic.
2.2.2. Trade with the EU

Stanzel (2022) explored the relationship between Taiwan and European Union
countries, including political, economic, and cultural aspects. From an economic perspective,
both sides have sought to build bilateral investment agreements since 2015. Additionally, they
are seeking to establish industrial collaboration, particularly in the ICT sector, with the aim of
addressing the chip shortage issue and fostering a semiconductor industrial cluster through
cooperation with Taiwanese firms, such as TSMC.

Germany and Taiwan have jointly held several forums, including the “Taiwan-Germany
Smart Manufacturing Forum” and the “Taiwan-Germany Energy Transformation Forum,” to
foster joint research and innovation. The author asserted that the exchange between EU
member states and Taiwan is necessary and beneficial for economic development and
industrial cooperation, particularly in the high-tech sectors, which are expected to continue

growing.
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This research paper finally suggests that both sides can gain mutual interests by
deepening cooperation and closer trade and economic relationships, since Taiwan is
indispensable in the global supply and production chains, especially as a key supplier of
semiconductors and electronic equipment. Through closer ties, the EU can further develop its
industries and capacities in electronic components, increase Taiwan’s economic security, and
reduce Europe’s dependence on the PRC (Hilpert et al., 2022).

2.2.3. Trade with China

Chiang and Gerbier (2013) analyzed the Taiwan-China trade relationship, focusing on
the political implications of cross-strait economic integration. They identified that Taiwan’s
stagnant pace of growth, due to its reliance on manufactured exports, low inward investment,
a small market, and a limited services sector, would make China outpace Taiwan's
technological capabilities, prompting cooperation and competition earlier, which would further
increase Taiwan's reliance on China in its trade relations. Moreover, it also warns of the impact
of China’s industrial upgrading on the decrease in demand for Taiwanese intermediate goods.
Although the article offers valuable insights, the situation is old and needs to be updated.

Therefore, Liu (2023) decided to investigate further the economic imbalance and gap
between China and Taiwan from 1960 to 2017, suggesting that this economic integration,
including goods, people, capital flows, and tourism, favors China more and that China holds a
dominant position over Taiwan. For instance, China’s “Made in China 2025"" has made
manufacturing grow faster with the government's support, funding, and subsidies, while
Taiwan’s manufacturing industries faced the problems of shrinking profit margins and the rise
of China’s domestic manufacturers. Therefore, the economic relationship between Taiwan and
China will gradually be more favorable to China. It indicates that Taiwan is more easily and
significantly influenced by China’s economic shifts and structural changes. As a result, he

proposed that the Taiwanese government promote more projects to invest in other countries,

7 This strategy aims to improve China’s manufacturing competitiveness, make it the world's
manufacturing powerhouse, and capture global market share.
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such as those in Southeast Asia, rather than continue increasing its dependence on China.
However, deeper discussions are needed about the connections between economic
integration, military balance, and international alliance relations, as well as more policy
recommendations.

2.2.4. Trade with ASEAN regions

Hoan, Chung, and Hoang's (2019) study analyzes Taiwan’s trade relations with
ASEAN countries, focusing on trends and changes in the trade structure and value-added
trade. Using the Trade in Value-Added (TiVA) database from the Organization for Economic
Co-operation and Development (OECD), the study reveals that the trade structure between
Taiwan and ASEAN countries is heavily focused on intermediate goods, particularly in the
electronics and electrical industries, reflecting the integration of Taiwan and ASEAN into
regional production networks. However, compared to ASEAN's trade relationships with China,
Japan, and Korea, Taiwan's trade relationship and portfolio with ASEAN is relatively less
diversified, posing a risk in the event of fluctuations in the supply or demand for intermediate
inputs. From a value-added perspective, while Taiwan exported $12.8 billion worth of value-
added goods to ASEAN in 2011, this figure is much lower than those from China, Japan, and
Korea. On the other hand, ASEAN exported $15.8 billion in value-added goods to Taiwan,
which is higher than Taiwan’s exports to ASEAN. Taiwan’s contribution to ASEAN’s exports
was only 1.5%, lower than the contributions from China, Korea, and Japan.

It indicates that while Taiwan and ASEAN are essential trade partners, Taiwan requires
assistance in maintaining its economic ties and risks being excluded from international
organizations. It highlights the need for Taiwan to diversify its trade portfolio, improve its
market position, and pursue preferential agreements, such as tariff reductions. These
strategies could strengthen Taiwan’s role in ASEAN’s value chains and trade relationships
while maintaining its political status quo in Cross-Strait relations. Although it provides detailed
information on the economic ties between Taiwan and ASEAN, its policy recommendations
are less feasible due to the People's Republic of China (PRC) blocking official exchanges and

cooperation.
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In sum, studies by Ezell (2021), Krol et al. (2012), Stanzel (2022), Hoan et al. (2019),
and Chiang et al. (2013) discuss the trade relationship between Taiwan and other regions,
including the USA, the EU, China, and Southeast Asian countries. These studies highlight
Taiwan's critical role in global supply and value chains, particularly in intermediate goods
within high-tech industries such as ICT and electronics. They also recognize the importance
of maintaining peace in cross-strait relations to prevent supply chain disruptions and political
conflicts.

2.3. Central and Eastern European (CEE) Dependency on Taiwanese Inputs

This paper examines the limited literature on trade relations between Taiwan and CEE
countries, highlighting the growing dependency on Taiwanese intermediate inputs. Some
existing studies have indirectly investigated the relationship between Taiwan and CEE
countries by focusing on the entire EU, specific countries, or the whole Asian region. For
instance, Wang (2023) concentrated on trade in intermediates between Taiwan and four
developed countries/regions (the US, the EU, Japan, and Canada), emphasizing Taiwan’s
significance in global value chains for intermediate inputs, particularly in high-tech sectors.
Similarly, Gottwald et al. (2022) emphasized the EU’s dependence on Taiwanese intermediate
inputs. Moreover, Ash’s study (2002) showed that Taiwan’s trade flow with Europe and foreign
direct investment in Europe would continue to concentrate on Western Europe, while paying
less attention to the post-Soviet countries. Rudakowska’s study (2022) also found that,
although the share of trade flows between Taiwan and CEE countries is small, economic,
technological, cultural, and academic relationships have recently improved rapidly, leading to
deeper cooperation.

On the other hand, Neszmélyi (2019) focused on the trade between Taiwan and the
EU, as well as the social and economic factors that contribute to Taiwan’s competitiveness.
Although it is not the main focus, this study briefly explains the trade relationship between
Hungary and Taiwan. According to data from 2016, Hungary was the biggest trading partner

of Taiwan among the Central and Eastern European countries, and Taiwan was the trading
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partner with the sixth-largest trade volume in East Asia, emphasizing Taiwan's vital role for
Hungary and its exports of goods for further production in, for example, high-tech sectors.

The study by Tseng (2013) also discussed the trade relationship between the Czech
Republic and East Asia, including Taiwan. Although this study did not focus solely on
intermediate goods, it emphasized the dynamic trade flows between the Czech Republic and
Asian countries. It shows that while the Czech Republic's exports to Taiwan are small and
insignificant, it had trade deficits with Taiwan between 2002 and 2011. Moreover, this study
also suggests that Taiwan has a weaker relationship compared to other Asian countries
analyzed in the study, including Japan, China, South Korea, and Thailand, which had more
stable and dynamic trade relations with the Czech Republic. However, this study provided
limited insight into trade relations or the manufacturing dependence between the Czech
Republic and Taiwan, and the data and scenario are outdated.

These studies can be extended to the contexts of CEE countries, further indicating that
CEE countries also rely on Taiwanese inputs and highlighting Taiwan's vital role in the
production networks of these countries. Besides, they provide evidence that Taiwan and CEE
countries have become important partners to each other in the areas of culture, technology,
academia, and economics. As a result, while studies on Taiwan’s role in the global value chain
are abundant, specific research on the dependency of CEE countries on Taiwanese
intermediate goods remains underexplored. Although broad and significant, the studies above
reveal a critical research gap in quantifying and investigating the reliance of CEE countries on
Taiwanese intermediate inputs, which this study aims to address.
24. Potential Supply Chain Disruptions and Geopolitical Impacts

One of the critical concerns in the literature is the potential for supply chain disruptions
involving Taiwan. As relations between Taiwan and China have become increasingly intense,
any economic, political, or military action by Beijing authorities could have significant
geopolitical and financial consequences for the entire world. Moreover, Taiwan’s pivotal role
in global supply chains, especially in high-tech sectors, indicates that any economic

disruptions will lead to substantial international spillovers (Wang, 2023; Liber, 2023; Boyd et
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al., 2022). Numerous studies highlight Taiwan’s critical importance in global supply chains and
stress that peace across the Taiwan Strait must be maintained to avoid severe economic
damage and global geopolitical disputes.

Liber's study (2023) examined the implications of the tension between China and
Taiwan on the international economy. It revealed that some sectors would halt once Taiwan’s
economy is isolated, including one-third of personal computer processor production and the
5G network. The semiconductor industry is expected to lose trillions of dollars and may require
at least five years to rebuild its lost chip-producing capacity. This will have a direct impact on
the semiconductor industry and an indirect effect on other sectors, including
telecommunications, automotive, and electronics. The China-Taiwan conflict will negatively
affect the economies of the U.S., the EU, and East Asia due to globalization and integration.
Therefore, it suggests that the world must avoid tensions in Taiwan-China relations to maintain
global economic security. Moreover, the West, including the US and EU, is trying to build their
production of microchips to decrease their dependence on the production lines in the East,
and they also promote acts to develop research and innovation in semiconductors and chips.
However, while this study provides insight into the impact of China-Taiwan tension, the loss
scenarios mostly come from other research figures rather than simulations conducted by the
author.

More specifically, in 2022, the International Institute for Strategic Studies (lISS)
published a research paper, “Taiwan, Cross-Strait Stability and European Security:
Implications and Response Options,” which emphasized the impact of the Cross-Strait
relationship on the EU and considered how Europe could contribute to maintaining stability
(Boyd et al., 2022). This research indicates that, once the Taiwan crisis began, many experts
estimated it could have a significant impact on the global economy, including potential
disruptions to supply chains, particularly in semiconductors, China’s potential removal from
the SWIFT system, and the likely emergence of an alternative to the U.S. dollar (Newsham,
2020). Moreover, it referenced research by McKinsey (2019), which showed that at least $22

trillion would be at stake due to the crisis. They concluded that maintaining stability and peace
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in the relationship between Taiwan and China is crucial due to the two sides’ essential roles
in global supply chains, their potential impacts on the global economy, and other relevant
influences on countries, both economically and politically. If this happens, European countries
can impose sanctions to restrict the flow of European capital into China to respond to and
deter Beijing's authority. However, it does not mention how much effort the EU should invest
in maintaining peace or restoring stability in the region once supply chains are disrupted.

von Sydow (2024) reviewed existing literature about the military, political, and historical
aspects of the conflict between Taiwan and China. It was also found that more research is
needed to estimate the consequences of the conflict. Furthermore, it, along with the study by
Wang (2023), considers reports from the Institute for Economics & Peace (IEP) in 2023 and
the Rhodium Group in 2022 as examples. The IEP estimated that a blockade on Taiwan would
result in a loss of around $2.7 trillion in global economic activity in the first year, using a value-
added table from the OECD. This corresponds to a 2.8 percent decline in global economic
activity in 2021. (Institute for Economics & Peace, 2023) Similarly, the Rhodium Group
estimates that if the People’s Republic of China were to launch a military blockade against
Taiwan, the world would lose $2 trillion, combining the losses from FDI, trade, and value-
added effects. In particular, Taiwan produces more than 60% of the world’s semiconductors,
and a disruption in this supply chain would immediately lead to economic instability for all
countries. (Vest et al., 2022). All these sources suggest that the conflict would have severe
financial consequences, including supply chain disruptions and the undermining of economies
and trade worldwide. Fewer papers discuss the economic impacts of a hypothetical quarantine
due to the complexity of measuring the effects on various factors, including labor, foreign direct
investment, and sanctions (Tanner, 2007).

Although experts largely agree that a conflict between Taiwan and China would have
long-lasting negative impacts on the global economy, few studies have examined the effects
and exact consequences on economies and supply chains worldwide, and measured the value
that would be lost if an economic blockade were to occur. In sum, although significant research

has been conducted to forecast the implications and consequences under specific scenarios,
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including blockades, sanctions, military actions, and invasion, it mainly focuses on the political
aspects of how Taiwan should react or whether one country should help. Therefore, given the
limited existing literature on the economic impacts of a hypothetical trade blockade on Taiwan,
this study aims to quantify the losses and benefits to nations caused by supply chain
disruptions.

2.5. Research Gap and Contribution

The literature review highlights Taiwan’s significant role in global value chains,
particularly in the production of intermediate goods. However, the specific dependencies of
Central and Eastern European countries on Taiwanese intermediate inputs remain
underexplored. This study aims to bridge this gap by employing input-output analysis,
providing valuable insights into the economic vulnerabilities of CEE nations regarding supply
chain disruptions.

This section found abundant literature studying and providing evidence of Taiwan’s
essential position in global value chains, particularly in the high-tech sectors, and the need to
maintain a peaceful cross-strait relationship to prevent global supply chain disruption and
deterioration of the world economy (Kawakami, 2019; Dedrick et al., 2009; Wang, 2023).
However, the research focuses directly on the changes and trends in CEE’s dependency on
Taiwanese intermediate inputs, which are discussed less frequently. For instance, Gottwald
et al. (2022), Krol et al. (2012), Neszmélyi (2019), Boyd et al. (2022), and Ash (2002)
concentrate on the trade relationship between the European Union and Taiwan. Although
some studies also indicate that member states experience greater cooperation with Taiwan,
particularly Germany, Hungary, and the Czech Republic, their focus is not limited to Central
and Eastern European countries.

On the methodological side, few studies investigate the trade relationships between
CEE countries and Taiwan through the multi-regional input-output table and quantify the value
added from Taiwan to countries in the CEE region. The 2020 World Trade Organization (WTQ)
report showed that Taiwan's GVC participation was 60.8% in 2018, providing detailed

information, including the top three export destinations and the percentage of value added to
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the total export to each country that originated from Taiwan. Still, the report did not provide
relevant information about the CEE countries. Similarly, studies by Rudakowska (2022) and
Tseng (2013) provide insight into relationships, such as political cooperation or trade flows,
between post-communist countries in CEE and Taiwan or East Asia. However, they did not
primarily concentrate on global value chains or utilize the interregional input-output method.

Regarding the implication of a hypothetical blockade on Taiwan, although existing
literature has deeply explored potential actions from China to Taiwan, such as maritime,
military, economic, and trade quarantine measures, as well as potential counterattack
methods by the US, EU, or Taiwan—such as studies by Martin et al. (2022), von Sydow (2024),
and Boyd et al. (2022)—few studies focus on quantifying the effects on each region (von
Sydow, 2024). Although numerous studies agree that the China-Taiwan conflict could
potentially disrupt global supply chains and deteriorate the global economy (Wang, 2023; Liber,
2023), few studies have provided insights to measure how much the world would lose, since
it is difficult to assess the economic harm due to various factors, including the cutoff of cross-
strait trade, job losses for workers, and capital losses for owners, etc. (Tanner, 2007).

As a result, this study aims to fill two main gaps. First, it focuses on the CEE’s reliance
on inputs produced in Taiwan and used for further production or exports. Second, to
comprehensively investigate the dependency, this paper employs methodologies of input-
output analysis and hypothetical extraction, which include indices such as the dependency
ratio, backward linkages, and forward linkages. According to the hypothetical blockade or
quarantine, this thesis focuses solely on the consequences for GVCs. It does not consider
other scenarios, such as counterattack sanctions or blockades by Taiwan or other countries.
This study will address the hypotheses, including whether Taiwan plays a vital role in global
value chains for CEE countries, how the trend of CEE countries using inputs from Taiwan is
changing, and whether a hypothetical blockade on Taiwan would have a significantly negative

impact on the economies of CEE countries.
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3. Methodology

The Multi-Regional Input-Output (MRIO) model tracks the production of inputs and
outputs between countries or sectors. It enables us to assess the total output from sectors or
countries that utilize inputs from other industries or countries, and how changes in final
demand impact production (Miller & Blair, 2009). To comprehensively analyze global
interdependency, we employ the MRIO method to delve deeper into these relationships.

For illustration, consider a two-region economy with country s, country r, and n
producing sectors. Figure 1 describes its structure.
Figure 1

The lllustration of the Multiregional Input-Output Table

MRIO Table Intermediate Use/ Buying sectors Final Demand
Total
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Note. The author constructed the figure based on the MRIO table from ADB.

The first key table is the "Intermediate Use/ Buying sector" table, which provides
information on the consumption or use of goods by industries and countries or by final demand
sectors such as households, government, investment, or exports. It refers to how a sector/
country uses commodities. The corresponding table is the "Intermediate Inputs/ Selling
Sectors" table, which shows the supply of goods from industries and countries and how a

sector/ country attributes products.
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Zis an NxN matrix that captures intermediate input flows across regions and industries.
For instance, Z™ quantifies the inputs produced in country r and consumed in country s, while
Z°" reflects the reverse transaction. Within a single country, Z™™ and Z*55 detail intraregional
intermediate usage. Additionally, Z;; represents the intermediate input flows from sector / to
sector j. For example, this matrix can illustrate how much the Czech Republic has purchased
from Taiwan in imported goods used as inputs in a given year.

The vector “v’” is a 1xN vector that denotes the direct value added in a country or
sector. This includes labor and other value-added components such as government services,
capital, land, and profits. The vector “f’ represents the final demand®. This Nx1 vector indicates
the exogenous demands for goods produced within the region. For instance, f™ is a vector
representing final products produced in country r and consumed in country s, while
f"represents the vector of exogenous demands for goods made in region r.

Finally, “x” represents the total output of intermediate goods from exporting/ selling
countries, corresponding to the total inputs of intermediate goods used in production in
importing/ purchasing countries (x’). For example, with two countries (country r and country s)
and three sectors (sector 1, sector 2, and sector 3), x] can be denoted as the total output of
sector 1 in region r. This output can be summed up as the sector 1 intraregional, interindustry,
and intra-industry sales (zii, zi5, z13), the sector 1 interregional, intra-industry, and
interindustry sales (z{3, 715, z{3), and the sector 1 intraregional and interregional sales to final
demand (f7).
Therefore, the total output x] can be expressed as:

x{=zi1 + z1; +ziz vz vz 2z + ff
This equation can be generalized as:

X=Zi+f

8 The final demand in the MRIO table includes 5 demands: final consumption expenditure by
households, final consumption expenditure by non-profit organizations serving households, final
consumption expenditure by government, gross fixed capital formation, and changes in inventories and
valuables.
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, Where i is a summation vector aggregating sales across different sectors and regions.
The technical coefficient, or input coefficient, is the ratio of the intermediate inputs of
one sector to the total production of another sector, represented as A = Z£™1, where £ =

T
[o o

]. Specifically, a;; = i—‘]’ indicates the ratio of inputs from sector i to the total output of
sector j, and a”® represents the ratio of inputs from country r to country s's production. This
helps determine the fixed percentage of a sector’s production that relies on intermediate inputs
from another sector.
By combining x; and a;;, we can derive the following equation:
x"=a"x" +a"x5+ fT
x5 = a%xS +ax" + f°
x=Ax+f
This equation can be rearranged as:
(1—a™)x" —a™x5=f"
—aSxT + (1 — a%)x’ = f
This can be further expressed as:
(I —AT™)x" — ATSxS = fT
—AXT + (I — A5S)xS = [
More generally, this leads to the equation:
(I —Ax=f
Where:
=l a=li dbe=filr=[
This implies that:
x=(—-A)"f=Lf

dx;
L=Zorl; =>4
£ o
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(I-4)1= L[lirf] is known as the Leontief inverse matrix, which helps to understand the

relationship between the final demand and the inputs from a particular country. It shows how
much the output sectors must produce to satisfy the final demand. By using this inverse matrix,
we can more precisely analyze how changes in final demand affect the production and input
requirements across different countries and sectors.

Similarly, “x”” represents the total inputs used in production. Under this example, x]
can be denoted as the total intermediate inputs in sector 1 in the country r for production. This
output can be summed up as the sector 1 intraregional, interindustry sales (z{71, z31, z31), the
sector 1 interregional, interindustry sales (z{i, z51, z31), and the sector 1 value-added
expenditure (v]).

Therefore, the total inputs x] can be expressed as:

X1 =z11 +z51 + Z5 + Z31 + Z25 + z3] + v
Since when all inputs are accounted for in the use and input sectors, the jth column sum (total
inputs) is equal to the jth row sum (total output). Therefore, summing the column j and this
equation can be generalized as:

x'=UZ+v' orx; =3,z +v;

, Where i’ is a vertical summation vector aggregating purchasing across different sectors and
regions.

According to the Ghosh model®, in contrast to the input coefficients, there are output
coefficients b;; equal to each row of Z divided by the total output of the sector associated with
that row. This shows the share of transaction flows from sector i to sector j in the total output
allocated by sector i to other economic sectors. For instance, b;; indicates the ratio of the
production of sector i to sector j to the total output of sector i, and b™ represents the ratio of

intermediate inputs to country s to the country r's total production.

91n 1958 Ghosh presented an alternative input—output model based on the same sets of the original
input-output model (demand-driven). The interpretation proposed by Ghosh links total sectoral
production to primary inputs, that is, to the units of value that enter the interindustry system at the
beginning of the process (Miller & Blair, 2009).
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by =Y
ij =
Xi
Z11 212 1
—_ — — 0
_ b1 bi2] _ |*11 Xz _ [Z11 Ziz] X% _ a1
B = =1, o= =7X
b1 by 421 422 Zy1 Zy 1
X21 %22 Xy
Z =X%B

Thus,
x' =v'(I-B)?
G=[gi]=U-B)"*'
,Where (I — B)™! is the Ghosh inverse matrix, which is better suited to fit the supply-side input-

output model and measure the forward linkages. g;; is interpreted as measuring the total

production value in sector j per unit of primary input in sector /.
3.1. Linkages in Input-Output Table

An analysis of the linkages is needed to understand how one sector or country affects
another through the demand and supply of intermediate inputs. The backward linkage means
that if sector j increases its output, its demand for other sectors’ inputs to production in j will
also increase. It indicates the interconnection of a particular sector with those upstream
sectors from which it purchases products as inputs. On the other hand, the forward linkage
means that if sector j increases its output, the supply by sector j as inputs to other sectors will
also increase. The term forward linkage indicates the interconnection of a particular sector
with those downstream sectors to which it sells its output for their production. Through these
two linkages, we can identify which sector is leading and essential and the evolution of this
interconnectedness.
3.1.1. Backward Linkages

This is also called the Hirshman-Rasmussen interindustry linkages proposed in 1958.
The simple form measures the strength of the backward linkage of sector j. The sum of the

elements in the jth column of the direct input coefficients matrix (A) gives the amount by which
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sector j production depends on interindustry inputs. This can also be called direct backward

linkages since coefficient A only measures direct effects:

n

BL(); = )

i=1
Column sums of the total requirements matrix (L) were proposed as a total backward

linkage measure to capture direct and indirect linkages. It is also called the output multiplier©:

n
i=1

A normalized measure is also needed to determine the strength of a specific sector. In
this measure, the backward linkage of sector jis divided by the simple average of all backward
linkages. The index of direct backward linkages is larger than one, suggesting that this sector
has stronger and above-average direct backward linkages. Conversely, sectors with weaker

and below-average direct backward linkages have indices less than one.

BL(d); Yi=1ayj
1 1

BL(d); = =
SXj=1BL(d); X i X ayj

3.1.2. Forward Linkages

Similarly, the direct forward linkages measure evaluates the strength of the sector i's
forward linkage. The sum of the elements in the ith row of the direct output coefficients matrix"’
(B) gives the amount of the sector i's production as interindustry inputs. Therefore, the same

as the backward linkages measure, the direct forward linkages measure is:

n
FL(@d); = ) by
j=1

The total forward linkages measure is the row sum of the Ghosh inverse matrix of the

specific sector /.

10 The output multiplier refers to the column sum of the Leontief inverse matrix that relates final demand
in sector j to economy-wide output, representing sector-to-economy multipliers. An output multiplier for
sector j is defined as the total value of production in all sectors of the economy that is necessary to
satisfy a dollar’s worth of final demand for sector j’s output (Miller & Blair, 2009).

" The output coefficients (b) represent the distribution of sector i's outputs across sectors j that
purchase interindustry inputs from i (Miller & Blair, 2009).
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n
FL(t); = Z 9ij
=

Furthermore, the normalized measure for forward linkages is equal to:

FL); " by

FL(d); = =
= 1
=1 FL(d); 5 X0 bij Xy by

1
n

3.1.3. Hypothetical Extraction

The hypothetical extraction method is from the book by Miller & Blair (2009), which
considers only the extraction loss rather than the sourcing from other regions after the
extraction. The objective of the hypothetical extraction approach is to quantify how much an
economy's total output would change if a particular sector, for instance, the jth sector, were
removed from that economy. Although this method was criticized by Dietzenbacher et al.
(2019)'? because it does not consider the redistribution and replacement of the resources, this
study uses the standard hypothetical extraction to show the interdependence of Taiwan and
the CEE economy and others, instead of fully eliminating its economy.

For instance, if we want to test the economic change of removing sector j, instead of
deleting row and column j in A and element j in F, we can simply replace them with zeros.
Using A¢jy for the matrix without sector j with both column and row and fo for the
correspondingly reduced final-demand vector, the output in the economy without sector j is
transformed into:

) = I =Apl™ - fo)
As we know, that x = (I — A)~1f is the full n-sector (original) model. Therefore, the total loss
of the economy if sector j disappears can be presented as follows, and this suggests the
importance of sector

Tj=ix=ixg

2 The authors proposed a Global Extraction Method (GEM), similar to the standard Hypothetical
Extraction Method (HEM), which further redistributes the loss caused by the elimination of a country/
sector to other substitution sectors/countries to produce, maintaining the fixed allocation coefficient at
the same time.
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It can also be normalized through division by total gross output (i'x) and multiplication by 100,
giving an estimate of the percentage decrease in total economic activity:

Through these methods, this study can gain a comprehensive understanding of the
sectoral relationships between Taiwan and Central and Eastern European countries, as well
as understand which sectors are most important to the economies of both regions and how
they are affected by fluctuations. First, since the primary goal of this study is to investigate the
importance of Taiwanese intermediate products to production in CEE countries, it will focus
on the demand-driven input-output model (Leontief model) to determine the role of Taiwanese
intermediate inputs for the CEE countries' production. Secondly, backward and forward
linkages will also be examined, providing an in-depth look at the structure and dependencies
of some specific sectors in the two regions. Finally, hypothesis extraction for quarantine
scenarios is also included.

4. Findings and Results

This section presents the results and findings of the input-output analysis conducted
using R Studio and Microsoft Excel, focusing on intermediate goods transactions in the MRIO
table from Taiwan to the 11 CEE countries across 35 sectors from 2017 to 2023.

The findings include the essential input-output framework, which includes the technical
coefficient (A), allocation coefficient (B), Leontief inverse matrix (L), and Ghosh inverse matrix
(G). These components provide a comprehensive overview of how industries in CEE countries
utilize inputs produced in Taiwan. The analysis also addresses sectoral linkage effects,
including backward linkages (BL) and forward linkages (FL), illustrating the extent to which
CEE industries operate as a downstream sector while Taiwan’s industries function as an
upstream sector. It also includes the normalized ones for comparison across industries within
the CEE region. Additionally, it examines the years and trends of impacts from hypothetical

extractions, offering insights into the potential quarantine of Taiwan. The following section will

further explore these results for interpretation, future forecasts, and policy recommendations.
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The Asian Development Bank (ADB) multiregional input-output (MRIO) table highlights
the interdependencies among 73 countries and 35 sectors. This paper focuses exclusively on
the dependencies of Central and Eastern European (CEE) countries concerning inputs from
Taiwan. Following the methodology established by Miller and Blair (2009), for simplicity,
country rrefers to Taiwan (listed in the table as TAP), country s pertains to the CEE countries,
sector i denotes Taiwanese industries, and sector j represents the industries of the CEE
nations. It examines only the transactions, input dependencies, and linkages from industries
in Taiwan (TAP) to the sectors of the CEE countries.

This section provides an overview of intermediate trade between the CEE countries
and Taiwan, illustrating key transactions through the multiregional input-output table. It offers
a broader perspective on this trade, often known as the Z matrix. It includes products
manufactured in Taiwan and sold to countries in the CEE region, as well as those produced
in the CEE region and sold to Taiwan.

Figure 2

Intermediate Goods Transactions between CEE and Taiwan, 2017-2023
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Note. Calculated from the MRIO Table. The bar chart illustrates the transaction value (aligned
with the left y-axis), and the line chart shows the growth in a particular year (aligned with the
right y-axis) rather than a dynamic trend.
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From a country perspective, Figure 2 illustrates the transactions between CEE and
Taiwan, where the horizontal axis represents the years from 2017 to 2023. The left vertical
axis represents the transaction values between Taiwan and CEE countries, while the right
vertical axis displays the annual growth rate for each region. Blue represents data from the
CEE region, while green signifies data from Taiwan. The units reflect the raw multiregional
input-output table from the ADB, expressed in millions of US dollars.

As shown in Figure 2, from 2017 to 2023, Taiwan’s exports to CEE countries
consistently exceeded imports. Exports from CEE countries to Taiwan increased each year,
even during the pandemic in 2020, while Taiwan's exports to CEE countries experienced more
frequent fluctuations; for instance, transactions declined in 2018, 2020, and 2023.
Nevertheless, exports from Taiwan to the CEE have always surpassed $ 3 billion, peaking
significantly in 2022 when they exceeded $ 4 billion.

Taiwan's export growth to CEE fluctuated more than that of CEE to Taiwan, peaking
at 25% in 2021 and declining to -20 % in 2023. In contrast, CEE exports to Taiwan peaked at
45% in 2018 and decreased to 2% in 2020. Taiwan’s exports to CEE countries experienced
negative growth in 2018, 2020, and 2023, while those from the CEE region to Taiwan remained
positive. They exhibit a similar trend in 2020, although there were different shifts in 2018 and
2023.

Furthermore, despite fluctuations in values and rankings, the top three CEE countries
with the highest transactions with Taiwan, encompassing both exports and imports, were
Poland, the Czech Republic, and Hungary, based on data from 2017 to 2023. As illustrated in
Figure 3, which shows the average transactions during this period, Poland (POL) consistently
ranked first in its transactions with Taiwan over those seven years, with an average of nearly
700 million US dollars, followed by Hungary (HUN) and the Czech Republic (CZE), with

approximately 410 million and 370 million, respectively.
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Figure 3

Intermediate Goods Transactions from Taiwan to CEE countries, 2017-2023
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Note. Calculated from the ADB MRIO Table. Each value represents a specific year.

The following figure illustrates the share of Taiwanese intermediate goods transactions
to the total GDP of these CEE countries from 2017 to 2023. Except for Poland’s data in 2019,
most CEE countries maintained relatively stable trends during this period. Poland experienced
a significant increase in 2019, followed by a sharp decline the following year. In 2017, Hungary,
Estonia, Slovakia, and the Czech Republic exhibited the highest dependence on Taiwanese
inputs as a percentage of their GDP. Hungary consistently held the top position, except in
2019, and exhibited steady growth. Slovakia notably increased from 0.29% to 0.40% between
2021 and 2022. In 2022, most CEE countries reported slight growth in their percentages.
However, in 2023, all other CEE countries, except Hungary, saw a decline in the share of
transactions relative to their GDP. Estonia experienced the most significant drop, decreasing
by 0.21 percentage points from 0.33% in 2022 to 0.12% in 2023. Finally, in 2023, Hungary,
Slovakia, and the Czech Republic demonstrated the strongest reliance on Taiwanese inputs

relative to their GDP.
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Figure 4

Share of Intermediate Goods Transactions from Taiwan to CEE Countries to GDP, 2017-2023
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Note. The GDP of CEE countries was extracted from the World Bank and calculated with the
values from the MRIO table by the author. The value is specific to a particular year and is not
dynamic.

From a sectoral perspective, from 2017 to 2023. The sector with the most significant
transactions with Taiwan was Sector 143, “Electrical and optical equipment,” followed by
Sector 15, “Transport equipment," and Sector 125, “Basic metals and fabricated metal.” In
2023, Sector 20'®, “Wholesale trade and commission trade, except motor vehicles and
motorcycles,” ranked highly, as shown in Table 3. Sectors 14 and 15 consistently held the top
two positions for transactions, while Sector 12 maintained third place from 2017 to 2022;
however, in 2023, it was surpassed by Sector 20, which had only been among the top five in

2020. (see Table B1)

3 The “Electrical and optical equipment” sector comprises C26—C27, C3313—-C3315, and C3319in ISIC
4 (Asian Development Bank (ADB), 2021).

% The “Transport equipment” sector refers to C29-30 in ISIC4 (United Nations, 2008).
S The “Basic metals and fabricated metal” comprises C24-25 in ISIC 4 (United Nations, 2008).

'8 The “Wholesale trade and commission trade, except motor vehicles and motorcycles” refers to C46
in 1ISIC4 (United Nations, 2008).
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In 2017, Sector 14's total transactions were nearly three times those of Sector 15,
although the gap between the two sectors gradually narrowed each year. Additionally, the
value of transactions in Sector 14 significantly declined in 2018 but peaked in 2021. Sector 15
experienced consistent growth yearly, accumulating over $600 million from 2017 to 2023.
Transactions in Sector 12 peaked at $420 million in 2022, compared to $246 million in 2017.
From 2021 to 2022, transactions in almost all sectors increased. In 2023, only Sectors 15 and
8 experienced an increase in transactions, while the other sectors saw declines. (see Table
B2)

Figure 5

Average Sectoral Transaction from Taiwan to CEE, 2017-2023
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Note. Calculated from the ADB MRIO Table.

The sector routes also show strong consistency in direct trade between corresponding
sectors in both regions (Figure 5), such as Sector 14 (Taiwan) to Sector 14 (CEE), Sector 15
to Sector 15, and Sector 12 to Sector 12. These sectors had traded directly with the CEE
region the most actively, demonstrating their significance in Taiwanese-CEE trade relations,

with the CEE Sector 14 receiving the most from the Taiwanese Sector 14. Notably, Sector 15
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in the CEE region received Taiwanese goods through the most diverse routes, different from
Sectors 14 and 12, which had closer relations with their Taiwanese counterparts.
Figure 6

Intermediate Goods Transactions of Certain CEE Sectors from Taiwan, 2017-2023
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Note. Calculated from the MRIO table, it shows values for particular years. Sector 9 is
“Chemicals and chemical products.” Sector 12 is “Basic metals and fabricated metal.” Sector
13 refers to “Machinery, NEC,” and Sector 14 is “Electrical and optical equipment.” Sector 15
represents “Transport equipment,” and Sector 18 refers to “Construction.” Sector 20 shows
“Wholesale trade and commission trade, except for motor vehicles and motorcycles.” (see
Table A1 for details)

Figure 6 further illustrates the situation. It displays transactions from Taiwan to the CEE
sectors, indicating that sectors 14 and 15 received the highest volume of transactions from
Taiwan, significantly more than other sectors. However, in 2018, these two sectors in CEE
countries experienced sharp declines, unlike the others. By 2022, the trade volume from
Taiwan for the CEE Sector 15 surpassed that of Sector 14, which later reclaimed the top
position. In both 2022 and 2023, the change in transactions in Sector 14 in CEE differed from
that of other sectors. In 2022, the volume of transactions in every CEE sector increased,
except for Sector 14. In 2023, the trade volume in these CEE sectors decreased, except for

Sector 14.
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4.1. Basic Input-Output Analysis

This section provides critical input-output analytical data, including the technical
coefficient (A), the allocation coefficient (B), the Leontief inverse matrix (L), and the Ghosh
inverse matrix (G), to illustrate the 11 CEE countries' dependencies on Taiwan's inputs. Table
5 provides an overview, summarizing the trends of these indices, coefficients, and matrices
from 2017 to 2023.

According to the input-output analysis methodology, the technical coefficient (A)
indicates the share of total inputs in CEE industries sourced from Taiwanese sectors
compared to their overall outputs. Meanwhile, the allocation coefficient (B) indicates the
proportion of total outputs from Taiwanese industries directed toward CEE sectors, relative to
Taiwan’s total production output. The Leontief inverse matrix (L) catches the total production
required in Taiwan to meet the output of CEE, including both direct and indirect output
requirements. A higher value shows a greater dependence of CEE's outputs on Taiwanese
production. Conversely, the Ghosh inverse matrix (G) illustrates how changes in Taiwanese
outputs influence the production of the CEE.

Moreover, backward linkages (BL) measure the extent to which CEE industries depend
on Taiwanese inputs, indicating the degree to which CEE sectors serve as downstream
recipients of Taiwanese goods and services. In contrast, forward linkages (FL) demonstrate
the extensive provision of inputs by CEE sectors to Taiwanese industries, thereby establishing
CEE as an upstream supplier. The loss and output loss represent a hypothetical quarantine
scenario impacting Taiwan's imports, exports, and production. The first emphasizes the
significant effects on CEE countries, while the second highlights the degree of that loss in
relation to the original output level. These are shown in Table 1.

Table 1

Summary of the Trends of Input-Output Coefficients and Matrix, 2017-2023

Year A L B G BL FL Loss Loss %

2017  0.0009 0.0023 0.0023 0.0058 0.0023 0.0004 5671.44 0.18
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Year A L B G BL FL Loss Loss %

2018  0.0008 0.0021 0.0020 0.0052 0.0021 0.0007 8995.54 0.27
2019  0.0008 0.0021 0.0022 0.0056 0.0021 0.0009 7783.38 0.23
2020 0.0008 0.0020 0.0018 0.0048 0.0020 0.0009 8126.54 0.25
2021 0.0009 0.0022 0.0020 0.0053 0.0022 0.0009 10216.4 0.27
2022 0.0009 0.0023 0.0023 0.0058 0.0023 0.0009 12207.5 0.29
2023 0.0006 0.0016 0.0019 0.0050 0.0016 0.0010 11666.1  0.24

Note. The indicators are calculated by the author using the MRIO Table from ADB. "Loss"
indicates the value of the loss. "Loss%" represents the share of losses relative to the original
output.

Over the past seven years, the technical coefficients (A), Leontief inverse matrix (L),
and backward linkages (BL) remained relatively stable while experiencing a sharp reduction
in 2023. On the contrary, the allocation coefficients (B) and Ghosh inverse matrix (G) exhibited
more frequent fluctuations, with increases in 2019, 2021, and 2022, and declines in 2018,
2020, and 2023. However, forward linkages (FL) and CEE's total losses (in millions of
USD) increased significantly during this period. Moreover, while the overall trend of the loss
share of total output showed growth, it decreased in 2019 and 2020 and increased in the other
years. Notably, all indicators reached their peak values in 2022, except for the CEE forward
linkages with Taiwan. Additionally, except for total loss, loss share, and CEE’s forward
linkages to the Taiwanese economy, most indicators recorded their lowest levels in 2020 and
2023.

4.1.1. Technical Coefficients (A) and Leontief Inverse Matrix (L)

This section illustrates the trends in technical coefficients (A) and the Leontief inverse
indices (L) for CEE sectors and countries. The technical coefficient indicates the proportion of
Taiwanese inputs directly utilized in the CEE’s one-unit production. At the same time, the
Leontief inverse matrix indicates the total amount of product that Taiwanese sectors must
produce to satisfy the production of $ 1 from CEE industries. In other words, it reflects the total
input requirements of Taiwanese intermediate goods necessary to produce a dollar's worth of

products from CEE sectors.
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Figure 7

The CEE Technical Coefficients to Taiwanese Inputs in Sectors,2017-2023

0.0100
CEE Sector
4
<
= 00075 2
@ 9
©
% - 10
o
O 00050 —— 12
L
=
S 14
|_
0.0025 15
* 2 16
2017 2018 2019 2020 2021 2022 2023

Year

Note. Calculated from the ADB MRIO Table. Sector 4 refers to “Textiles and textile products,”
and Sector 5 represents “Leather, leather products, and footwear.” Sector 10 refers to “Rubber
and plastics,” and Sector 16 is “Manufacturing, nec; recycling.” Others are the same. (see
Table A1)

Figures 7 and 8 summarize the indicators of CEE sectors based on Taiwanese input,
highlighting the extent to which these sectors rely on Taiwanese inputs for production when
creating one product unit, both directly and indirectly. These figures focus exclusively on
industries with high technical coefficients (Figure 7) and Leontief inverse indices (Figure 8),
including Sectors 4, 5, 9, 10, 12, 13, 14, 15, and 16. The overall trends of both indicators show
similar fluctuations and sharp reductions in 2023, suggesting that in 2023, reducing Taiwanese
inputs into their production was the mainstream, which can also be seen in Table 5, illustrating
the decreasing overall technical coefficient, the Leontief inverse index, and the backward
linkages with Taiwanese industries for the whole CEE economy.

From a sectoral perspective, Sectors 14 and 15 accounted for the largest share of
Taiwanese intermediate inputs in their products, followed by Sectors 13 and 12. Sector 14's
indicator dramatically reduced in 2019, and this sector gradually decreased its reliance on total

Taiwanese inputs. Sector 15's dependence increased before 2022 but significantly declined
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in 2023. Although the initial differences between these two sectors were considerable, they
have narrowed over the years. However, the gap widened again in 2023 for both indicators,
with Sector 15 facing the most reduction in both the technical coefficient and the Leontief
inverse index, by 0.0011 and 0.0027, respectively. In other words, in 2023, the output that
Taiwanese industries needed to produce to meet the one-unit final demand in Sector 15
decreased.

Figure 8

The CEE Leontief Inverse Index to Taiwanese Inputs in Sectors, 2017-2023
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Note. Calculated from the ADB MRIO Table. The details of the legends are the same as those
in the previous.

Sector 10 displayed the most regular fluctuations. It increased in 2019 and 2021 but
declined in the other years, suggesting a possible cyclical trade. Other sectors showed
relatively stable trends. In 2023, all sectors experienced declines, with the largest decreases
observed in Sector 15, followed by Sectors 10, 13, and 12. This indicates a reduction in
Taiwanese intermediate inputs in the CEE production sector.

Furthermore, the most significant technical coefficients and Leontief inverse indices
are observed between the same sectors in Taiwan and the CEE, particularly in sectors 12, 14,

and 15. The highest value is in sector 14, where Taiwanese inputs were the highest in the



44

associated CEE sector. This suggests that Taiwanese intermediate goods are supplied to
comparable sectors within the CEE, rather than to cross-sector areas. This trend is also
evident in sectors 12, 9, and 4, which are located between these two regions. Additionally,
Sector 15 in the CEE region contained the most cross-sectoral inputs, including those from
Sectors 14 and 12. While most linkages were weak, indicating relatively low Taiwanese inputs
in their products, some moderate linkages show closer connections, for instance, between 14
and 12 (from Sector 14 in Taiwan to Sector 12 in CEE), as well as between 9 and 10, 12 and
13, and 14 and 13.

Figures 9 and 10 further illustrate the country-level perspective, showing the value of
Taiwanese inputs in the products of CEE countries from 2017 to 2023. Figure 9 shows the
technical coefficient, and Figure 10 illustrates the Leontief inverse index. These two indicators
demonstrate fluctuating trends in the reliance on Taiwanese inputs in most countries, as well
as significant drops in both indicators in 2023.

Figure 9

The CEE Technical Coefficients to Taiwanese Inputs in Countries, 2017-2023
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Note. Calculated from the ADB MRIO Table. “BGR” refers to Bulgaria. “CZE” is the Czech
Republic. “EST” refers to Estonia, and “HRV” represents Croatia. “HUN” refers to Hungary,

and “LTU” refers to Lithuania. “LVA” is Latvia, and “POL” refers to Poland. “ROM” refers to
Romania, “SVK” to Slovakia, and “SVN” to Slovenia.
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During this period, technical coefficients fluctuated, with nearly all countries
experiencing sharp declines in 2023. Estonia (EST) initially demonstrated a high reliance on
Taiwanese inputs compared to others, nearly that of Hungary. However, this dependence
decreased from 0.0018 in 2017 to 0.0004 in 2023, with a particularly steep drop of 0.0009 in
the final year. In contrast, Hungary showed a relatively stable trend. In 2018, it decreased
significantly and reached its lowest point; in 2019, it increased back to the value of 2017.
Although it also experienced a gradual decline from 2019 to 2023, the decline was less
significant than in other countries. Moreover, Latvia saw an increase in 2018 and again in
2023, with rises of 0.0005 and 0.00006, but it experienced the steepest decline of 0.0003 in
2020, along with Slovakia. Other CEE countries, including Bulgaria, Lithuania, Slovakia,
Poland, Slovenia, Czechia, Romania, and Croatia, remained relatively stable but experienced
a slight increase in 2022, with Lithuania recording the highest rise of 0.0002.

Figure 10

The CEE Leontief Inverse Indices to Taiwanese Inputs in Countries, 2017-2023
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Note. Calculated from the ADB MRIO Table. The label details are the same as in Figure 9.

Leontief Inverse Index (L)




46

Examining total dependency through the Leontief inverse index shows that CEE
countries generally maintained a stable relationship with Taiwanese inputs until 2023, when
all nations except Latvia and Hungary experienced a significant decline.

Other countries experienced a decrease in Leontief inverse indices in 2020, except for
Bulgaria, the Czech Republic, and Estonia, with the largest drops of 0.0006 in Latvia and
0.0004 in Slovakia. Although Estonia had the highest Leontief inverse index in 2017, it
experienced the most substantial decline in 2023, from 0.0029 to 0.0009, a drop of 0.0019.
This was followed by Bulgaria and Slovenia, which decreased by 0.001. In 2019, Hungary’s
Leontief inverse index surpassed that of Estonia and became the most reliant until 2023,
following a similar pattern to the technical coefficient. Furthermore, Latvia and Croatia also
faced an increase in their indices in 2023.

In brief, the CEE sectoral and country-level perspectives revealed a gradual decline in
reliance on Taiwanese intermediate inputs. In 2023, both technical coefficients and the
Leontief inverse index decreased. While some CEE countries experienced a modest reduction
in Taiwanese input during COVID-19, the key sectors selected here remained relatively stable,
demonstrating an insignificant impact from the pandemic. Sector 14, although still critical, saw
its relative share of Taiwanese inputs in its output decline continuously, suggesting a reduction
in dependency on Taiwan’s production. Furthermore, the sectoral connections between
Taiwan and the CEE are limited, showing few cross-sector interactions. Estonia’s
dependence on Taiwanese contributions has significantly declined nationally, while Hungary
has surpassed it in terms of total and direct input reliance since 2019.

4.1.2. Allocation Coefficients (B) and Ghosh Inverse Matrix (G)

The allocation coefficients represent the share of direct output allocated by Taiwanese
sectors to the CEE region, indicating the significance of specific CEE industries or countries
for Taiwanese intermediate markets. Similarly, the Ghosh inverse matrix illustrates how
Taiwanese sectors allocate their output, both directly and indirectly, to the CEE region. In other
words, it captures the total effect on CEE output if there were a $1 change in the supply of

Taiwanese inputs.
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Figures 11 and 12 present the CEE sectoral allocation coefficients and the Ghosh
inverse indices for Taiwanese inputs. In both figures, Sector 15 consistently demonstrated the
highest values, followed by Sectors 14 and 18. Almost all sector indicators declined in 2020
and 2023, with Sector 15 experiencing the most significant drop.

Figure 11

The CEE Allocation Coefficient to Taiwanese Inputs in Sectors, 2017-2023
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Note. Calculated from the ADB MRIO Table. Sector 10 is “Rubber and Plastic,” and Sector 18
refers to “Construction.” Sector 23 refers to “Inland transport,” and Sector 30 represents
“‘Renting of M&Eqg and other business activities.” Other things are the same as previously
mentioned; see Table A1 for details.

Most sectors experienced significant declines in 2020, likely due to supply chain
disruptions caused by the COVID-19 pandemic. Sector 15 experienced the most significant
decline, with an allocation coefficient of 0.003 and a Ghosh inverse index of 0.004. However,
by 2022, several sectors had reached their peak indicators, particularly Sectors 15, 18, and
12. In 2022, both indicators of Sector 18 surpassed those of Sector 14, and so did Sector 12
for its Ghosh inverse index in the same year.

Another notable downturn occurred in 2023 across various industries, especially for
Sector 15, which experienced a drop of 0.004 in its allocation coefficient and 0.01 in the Ghosh

inverse index. Sector 18 followed, with a decrease of 0.003 in its allocation coefficient and
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0.007 in the Ghosh inverse index. Additionally, Sector 14 initially had indicators similar to those
of Sector 15 in 2017. However, its values declined yearly, reaching their lowest point in the
allocation coefficient in 2020 and the Ghosh inverse index in 2023. This indicates a decreasing
share of Taiwanese intermediaries in Sector 14 of the CEE region relative to Taiwanese output.
In other words, the increase in Taiwanese output would lead to fewer production increases in
Sector 14 of the CEE. In 2023, a dollar increase in Taiwanese production would result in only
a 0.01-dollar increase in Sector 14’s output. This showed the decreasing reliance on
Taiwanese inputs.

Figure 12

The CEE Ghosh Inverse Index to Taiwanese Inputs in Sectors, 2017-2023
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Note. Calculated from the ADB MRIO Table. The label details are the same as before.
Figures 13 and 14 illustrate similar trends for CEE countries. They show how
Taiwanese outputs were distributed directly and in total to CEE countries. In 2020 and 2023,
the indicators at the country level declined, but in the other years, they experienced increases.
Poland consistently maintained the largest share of total production among Taiwanese
industries, followed by the Czech Republic and Hungary. The indicators for these three

countries declined in 2018, with Czechia experiencing the sharpest reduction, followed by
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Poland and Hungary. Poland saw the most significant fluctuations and reductions in its
indicators. Hungary's indicators did not decrease as severely as Poland's and the Czech
Republic's, and its indicators increased in 2023. In contrast, almost all the other countries
faced a decrease in these indicators, except for Romania, Croatia, and Latvia.

Figure 13

The CEE Allocation Coefficients to Taiwanese Inputs in Countries, 2017-2023
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Note. Calculated from the ADB MRIO Table. The countries’ labels are the same as the
previous ones.

The decline in the allocation coefficient and the Ghosh inverse index in 2023 reflects
trends observed in the technical coefficient and the Leontief inverse matrix. However, the
rankings and degree of reductions in 2020 differ. Sector 15 and Poland consistently accounted
for the largest share of total Taiwanese output as direct production inputs, followed by Sector
14, Sector 18, the Czech Republic, and Hungary. The earlier figures indicate that during the
COVID-19 pandemic, Taiwanese production exported as direct intermediate inputs was
affected more severely than the impacts on other sectors of countries receiving Taiwanese

production as inputs.
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Figure 14

The CEE Ghosh Inverse Index (G) to Taiwanese Inputs in Countries, 2017-2023
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Note. Calculated from the ADB MRIO Table. The countries’ labels are the same as the
previous ones.

In summary, the direct and total effects of Taiwanese inputs on the demand side (the
technical coefficient and Leontief inverse matrix) and the supply side (the allocation coefficient
and Ghosh inverse matrix) are not significantly different. Reductions were observed in 2020
and 2023, with more substantial declines in 2023. Moreover, in 2020, the fluctuations in
supply-side indicators exceeded those of demand-side indicators, suggesting greater volatility
in how Taiwanese inputs were distributed across CEE sectors in response to changes in
output.

On the demand side, Sectors 14, 15, and 13 were the top three CEE sectors that used
the most Taiwanese inputs in their production. Hungary, Slovakia, Czechia, and Estonia were
CEE countries that accounted for the largest shares of Taiwanese goods utilized as inputs in
their total outputs. However, on the supply side, Sectors 15, 14, and 18 represented the
majority of Taiwanese inputs, with Poland, Czechia, and Hungary receiving the largest shares.

Although the rankings vary slightly, sectors 14 and 15, along with Hungary and the Czech
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Republic, consistently relied heavily on Taiwanese inputs across both indicators compared
with the rest of the CEE countries.
4.2. Sectoral Linkages of Backward Linkages (BL) and Forward Linkages (FL)

This section will illustrate the linkages between the CEE sector and Taiwan, including
backward linkages (BL) and forward linkages (FL). Backward linkages aim to capture how
these CEE sectors and countries rely on Taiwanese inputs, viewing the CEE region as a
downstream industry. A higher BL value indicates that the sector or country sources more
intermediate goods from Taiwan, suggesting more substantial changes in Taiwanese inputs
when they increase their output. On the other hand, forward linkages measure the value-
added contributions from CEE sectors to the Taiwanese economy, viewing the CEE region
upstream. A higher FL suggests that the industry or country plays a key role in Taiwan’s
production chain by incorporating their inputs, which would be easily affected by a change in
their output.

Figure 15 normalizes these indicators of CEE sectors and countries to analyze which
plays the key role in the intermediate trade between Taiwan and the CEE. It depicts them as
a scatter plot, representing their relative positions and illustrating the sectoral roles in Taiwan-
CEE intermediate trade in 2017, 2020, and 2023. The X-axis refers to the normalized
backward linkages, and the Y-axis represents the normalized forward linkages to the
Taiwanese sectors. A number greater than one indicates a value higher than average. This
approach helps identify sectors into:

1. The key sectors in the right-top section, with high BL and FL, are deeply integrated into
Taiwan-CEE intermediate trade.

2. The dependent sectors at the bottom right, characterized by high BL and low FL, rely
relatively heavily on Taiwanese inputs but are relatively unimportant to Taiwanese
production chains.

3. The sensitive sectors at the left top, with low BL and high FL, do not rely heavily on

Taiwanese inputs but are relatively sensitive to changes in Taiwanese demand.
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4. The independent sectors at the bottom left, with low BL and FL, play insignificant roles
in the Taiwan-CEE intermediate trade.
Figure 15
The CEE Normalized Backward Linkages (BL) and Forward Linkages (FL) with Taiwan in

Sectors in 2017, 2020, and 2023
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Note. Calculated from the ADB MRIO Table. See Table A1 for details of sectors.

These three scatter plots illustrate the evolving trends in the relationship between
normalized sectoral backward and forward linkages for CEE sectors. While most sectors are
positioned in the bottom-left quadrant, identified as independent sectors, Sectors 14
consistently show above-average backward linkage (BL) and forward linkage (FL) values. In
2023, Sector 15’'s FL value surpassed that of Sector 14, while its BL value remained lower
than that of Sector 14. This indicates that, compared to Sector 15, the output changes in Sector
14 significantly impacted Taiwanese outputs used as intermediates. In contrast, Sector 15’s
output changes had more to do with the production it supplied to Taiwan as inputs. Before the
COVID-19 pandemic, the disparity in backward linkage indicators between these two sectors

was substantial. However, after the pandemic, this gap has narrowed. Furthermore, the
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density of these indicators indicates that the values in these sectors are increasingly
concentrated.

Sectors 10, 12, and 13 also recorded above-average BL and, in some years, above-
average FL values, often located in the upper-right quadrant or the bottom-right quadrant. This
suggests that while these sectors incorporate a significant share of Taiwanese intermediate
inputs, their intermediate inputs supplied to Taiwan are not heavily impacted by fluctuations in
their output. Similarly, Sector 9 was situated at the edge of the upper-right quadrant. Although
its FL value steadily declined, by the end of 2023, its figures were still nearly average,
indicating a waning focus on Taiwan as a source for its production inputs. At the same time,
Sector 20 gradually increased FL values over time but remained relatively lower in BL values.
A higher-than-average FL index and a near-average BL indicate that, although it does not
depend heavily on Taiwanese inputs, its contributions to Taiwanese production chains have
been increasingly influenced by changes in its output.

These plots indicate that, although the backward linkages of CEE sectors with the
Taiwanese economy decreased, more sectors experienced an increase in their forward
linkages with Taiwan, potentially suggesting a structural shift in CEE sectors as they become
more integrated into Taiwan’s production chains.

Figure 16 illustrates the relationship between CEE countries’ backward and forward
linkages with Taiwan. It presents relative stability in these countries' normalized backward and
forward linkages, with most countries in the same quadrant across years.

Hungary’s normalized BL and FL values increased year-over-year. Although Estonia
had the highest backward linkages index in 2017, and Poland and Bulgaria had the highest
forward linkages index in the same year, Hungary surpassed them in 2020, indicating an
increasing reliance on Taiwanese inputs and a greater production supplied to Taiwan as inputs.
Indicators of the Czech Republic were consistently located in the upper-right quadrant, similar
to Hungary, with above-average backward and forward linkages with Taiwan. Although Poland
and Estonia also presented above-average indicators in 2017, their values decreased yearly.

By 2023, they had positioned themselves at the bottom-left quadrant with below-average BL
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and FL. On the contrary, although Slovakia’s normalized BL decreased slightly, it saw an
increase in normalized FL, suggesting that Slovakia reduced its dependency on Taiwanese
intermediaries and increased its supply to Taiwan somewhat through intermediaries.

Figure 16

The CEE Normalized Backward Linkages (BL) and Forward Linkages (FL) with Taiwan in

Countries in 2017, 2020, and 2023
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Note. Calculated from the ADB MRIO Table. See Table A1 for details of sectors.

At the same time, the gaps between the highest and lowest normalized values have
widened. This suggests that the linkages between these CEE countries and Taiwan may be
more polarized and have different directions. For instance, Hungary became more reliant on
Taiwanese inputs and provided more intermediate goods to Taiwan, while countries such as
Lithuania and Romania have different patterns.

In summary, the key sectors and countries in the upper-right quadrant, consistently
exhibiting high integration in Taiwan-CEE intermediate trade, include Sector 14, Hungary, and
the Czech Republic. Sectors 9, 10, 12, 13, 15, and 25, along with Poland, Estonia, and

Slovakia, entered this region in specific years.
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From a sectoral perspective, Sector 14 had both stronger normalized backward and
forward linkages, indicating a significant influence of its output change on inputs from and to
Taiwan compared to other CEE sectors. Sector 15’s normalized forward linkages increased,
highlighting its greater supply to Taiwan as inputs during production increased. At the country
level, Hungary showed the highest BL and FL among CEE countries, which increased yearly.
In contrast, although Czechia’s indicators were still higher than those of other countries, they
were relatively stable compared to Hungary's. These indicate that Hungary and the Czech
Republic were more vulnerable to Taiwanese demand. Additionally, trends in both figures
indicate a contraction in backward and forward linkage values among sectors, but it has even
widened among countries.

4.3. Hypothetical Extraction Analysis

This section employs a hypothetical extraction method to analyze the impact of supply
chain disruptions resulting from the shutdown of Taiwanese production lines. It begins by
focusing on the items on the total loss and share of loss to total output for CEE countries from
2017 to 2023, followed by selected regions, including the world, Taiwan (TAP), China (PRC),
Japan (JPN), Korea (KOR), the USA, the European Union (EU), and the Central and Eastern
European countries (CEE) during the same period.

Figure 17 illustrates the total annual loss for the CEE region (blue) and the share of
loss relative to total output (red). The left y-axis indicates the loss value, while the right y-axis
represents the loss percentage of total production. It underscores that despite the actual loss
values increasing from the beginning to 2023, the share of losses relative to total output has

remained steady.
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Figure 17

The CEE Loss and Share of Loss to Total Output due to Extraction of Taiwan, 2017-2023
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The actual value and relative share declined in 2019 and 2023 and increased in other
years. The total loss surged by over three billion US dollars, marking the most significant
growth, with the loss share also growing by 0.008% in 2018, reaching its peak level. However,
the total loss decreased by $1.2 billion, and the loss share fell by 0.004% in 2019, reaching its
lowest level. Both values increased again in 2021 and 2022. The loss value peaked in 2022,
increasing by more than $4 billion compared to its 2019 value, and its loss share reached its
second-highest level of 0.29%. In 2023, both values experienced another decline, with the
loss value decreasing by 540 million dollars and the loss share falling by 0.005%.

The rise in total loss and loss percentage in 2018 may be attributed to the deeper
integration of CEE products into Taiwanese production lines, indicating an increase in CEE’s
forward linkages with Taiwan. This implies that, despite a slight decline in several indicators
(including the technical coefficient, Leontief inverse index, allocation coefficient, Ghosh
inverse index, and backward linkages) and total intermediate transactions in 2018, CEE’s

forward linkages, which assess how changes in CEE output would impact its supply to Taiwan
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as inputs, along with sensitivity to Taiwanese demand, experienced the most significant
growth compared to previous years.

Furthermore, the decreases in 2019 did not have the same trends observed in earlier
indicators. In 2019, despite an increase in all indicators and Taiwan-CEE intermediate trade
transactions, both loss value and loss share declined. This suggests that while the value
added from Taiwan to the CEE region grew, the CEE region may expand its trade partners or
increase trade volume with other countries. Consequently, this could lead to more resilience
in the Taiwanese extraction scenario and reduce total loss and loss share. In contrast, the
decreases in loss and loss share in 2023 align with previous findings, with all indicators except
forward linkages with Taiwan and transactions experiencing a sharp decline, emphasizing a
significant drop in Taiwanese inputs and reflecting the impact of halted Taiwanese production
lines on the CEE economy. In 2020, although every indicator and transaction decreased, the
total loss for the CEE region grew slightly, maintaining a relatively low share of loss. The
increase was substantial from 2020 to 2022, reaching its peak in 2022, with rises in all
indicators and transactions showing the growing involvement of Taiwanese intermediaries in
CEE’s production. However, it decreased further in the subsequent year.

Figure 18 illustrates the total loss for each of the 11 CEE countries, suggesting trends
similar to the mainstream with decreases in 2019 and 2023. For the actual loss value, Poland
consistently had the highest with over than 4 billion USD in 2023, which makes sense since
Poland also had the highest transaction value of intermediate goods from Taiwan, with more
than 1.25 billion USD in 2023, followed by the Czech Republic and Hungary. Furthermore,
Hungary, Bulgaria, and Slovakia even experienced an increase in total losses in 2023,

suggesting their deeper integration with Taiwanese production that year.
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Figure 18

The CEE Total Loss in Countries Due to Hypothetical Extraction of Taiwan, 2017-2023
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Note. Calculated from the ADB MRIO Table. Figures are not dynamic but are for particular
years. The label details for CEE countries are the same as previously mentioned.

Figure 19 illustrates the loss share, which exhibits more frequent and significant
fluctuations than the actual loss value and the overall trend, with notable decreases observed
in 2019, 2020, and 2023. Hungary, Slovakia, and the Czech Republic experienced a larger
share of losses following the significant increase in 2018. These three countries even saw an
increase in their loss share in 2020, particularly Hungary and Czechia, along with Poland,
Estonia, and Bulgaria, which also experienced a slight increase. However, in 2021, except for
Hungary and the Czech Republic, other countries faced a rise in the loss percentage of their
output, potentially due to recovery from COVID-19 and the resulting expansion of trade value.
In 2022, every CEE country saw an increase, which aligns with previous findings and
transactions, followed by a reduction in loss share in 2023. This suggests weaker linkages
with Taiwan, such as reduced trading or the use of Taiwanese products, except for Bulgaria,

which saw an increase in loss share that year.
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Figure 19
The CEE Share of Loss to Total Output in Countries Due to Hypothetical Extraction of

Taiwan, 2017-2023
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Note. Calculated from the ADB MRIO Table. Figures are not dynamic but are for particular
years. The label details for CEE countries are the same as previously mentioned.

From a sectoral perspective, Figures 20 and 21 illustrate the CEE sectoral losses and
the percentage of losses relative to their output in the Taiwan extraction scenario. The trends
are similar, showing increases in 2018 and 2021, peaking in 2022, and decreases in 2019,
which aligns with previous patterns. However, not all selected sectors (with higher values) saw
a sharp decrease in 2023; only sectors 14 and 12 experienced a reduction in losses. Sector
14 experienced a sharp rise from 2019 to 2022, followed by a significant decline in 2023, while
losses in other selected sectors remained relatively stable after a substantial increase in 2018.
Only Sectors 14 and 12 experienced a decrease in their loss value in 2023, while the loss
value of other sectors increased, particularly in Sector 20, followed by Sector 30. Furthermore,

the loss value of Sector 20 increased the most, by more than $ 1 billion, from 2017 to 2023.
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Figure 20

The CEE Total Loss in Sectors Due to Hypothetical Extraction of Taiwan, 2017-2023
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Note. Calculated from the ADB MRIO Table. Figures are not dynamic but are for particular
years. See Table A1 for details of sectors.

The share of loss to output (Figure 20) indicates that while the loss shares of each
selected sector increased over time, the increase patterns varied, and most sectors remained
stable, except for Sector 14. Its loss value has risen sharply since 2019 and experienced a
dramatic decrease in 2023. Although its absolute loss value peaked in 2022, its loss share
began to decline that year, suggesting an earlier shift in sectoral output dynamics. Meanwhile,
only Sector 20 saw an increase in loss share relative to its total output in 2023, while other
sectors either decreased or stayed stable.

These indicate that Sector 14 relied heavily on linkages with Taiwanese production
chains, either receiving Taiwanese inputs or sending Sector 14’s products as inputs to Taiwan.
Although it has attempted to reduce this dependence, its indicators, discussed in the previous
section, along with loss value and share, remained high. In comparison, while Sector 15’s
indicators were high, its loss share was not as substantial as its loss value relative to the
selected sectors, implying that the impact of Taiwanese extraction on Sector 15’s production

is less pronounced than it is for Sector 14.
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Figure 21
The CEE Share of Loss to Output in Sectors Due to Hypothetical Extraction of Taiwan,

2017-2023
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The following figures illustrate the total losses incurred worldwide and those of selected
countries and regions caused by the suspension of Taiwanese production lines. This includes
Taiwan, China, Japan, South Korea, the USA, the EU, and the CEE. Figure 21 shows the
global and Taiwan trends, similar to those shown in the CEE figures: they increased in 2018,
peaked in 2022, and decreased in 2023. Taiwanese losses accounted for 60% of the global
total loss, significantly influencing worldwide losses, which peaked in 2022 at $2.78 trillion and

decreased to $2.47 trillion in 2023. Figure 22 further shows the loss of other selected countries.
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Figure 22

World Total Loss Due to Hypothetical Extraction of Taiwan, 2017-2023
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The next figure omits data on total global and Taiwanese losses but highlights the
impacts on the major economies. It indicates that China would suffer the most if Taiwan
experienced a quarantine that disrupted supply chains or hindered imports and exports,
followed by the EU, Japan, and the USA.

With the exceptions of Korea’s and Japan’s loss values, the figures for other regions
increased from 2017 to 2023, with China showing the highest increase. In 2018, China
experienced a significant reduction in losses, peaking at the highest level of $354 billion in
2021, followed by a decrease the following year, and recorded a notable decrease of $99
billion in 2023. The USA’s losses also increased in 2018, continued to decline until 2020, and
then started rising again by 2023, reaching $ 112 billion. At the same time, Japan, the EU, the
USA, and Korea experienced a reduction in losses in 2020. However, all selected countries
increased their loss values in 2021, while only China, Korea, and the EU faced a decrease in

losses in 2023.
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Figure 23

Loss in Region Due to Hypothetical Extraction of Taiwan, 2017-2023
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Figure 24 illustrates the loss share relative to output, showing the different economic
trends. The figures were relatively stable, with no significant difference between the loss of
shares in 2017 and 2023. As shown in the previous figure, most regions experienced a
reduction in 2020 and 2023 and an increased loss share in 2021 and 2022. Although Korea’s
loss values were not as significant as those of other regions, its loss shares were high,
indicating that Asian countries had higher loss shares than non-Asian regions, with Korea and
Japan having higher figures and China having lower ones.

Korea and Japan’s loss share was similar to the global pattern, at nearly 1.1% in 2023;
however, China experienced a 0.5% loss in its output in 2023. Asian countries, including Korea,
Japan, and China, experienced a decline in their share of losses in 2018, while other non-
Asian regions and the world saw an increase in their share. Just as the actual value depicted
in Figure 17, China also experienced an increase in loss share after 2018, peaking at 0.73%
in 2021, and then decreasing in 2023, which reflects the trend of the world loss share to world

total output since 2019. Except for China and the world, other regions faced a reduction in loss
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share in 2020, with Korea having the most significant drop of 0.24%. Meanwhile, except for
the US, all areas, including the entire world and China, experienced a decrease in loss share,
with Korea facing the most significant drop of 0.30%, followed by China (0.2%) and Japan
(0.18%).

Figure 24

Loss Share to Total Output in Region Due to Hypothetical Extraction of Taiwan, 2017-2023
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The following figures further illustrate the global sectoral loss value (Figure 25) and
share of total global output (Figure 26). They do not include all global sectors with the highest
loss values and loss shares; instead, they selectively highlight sectors with relatively higher
values for the CEE region and try to identify those that intersect with the CEE. The overall
trends were similar to the global loss trends, with continual increases up to 2022 and a
reduction in 2023. Sector 14 recorded the highest sectoral loss value, followed by Sectors 12,
9, and 20. It peaked at $ 589 billion in 2022, increasing from $ 348.7 billion in 2017. Sector
14's loss value decreased by $ 133 billion in 2023, the largest loss among the selected sectors.
However, the loss value of Sectors 20 and 30 increased in 2023. Besides Sector 14, other

selected sectors had relatively stable patterns of loss values across the years.
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Figure 25

World Total Loss in Sectors Due to Hypothetical Extraction of Taiwan
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Despite this, the loss share implies that Taiwan significantly supported the world’s
Sector 14, followed by Sectors 12 and 9. This suggests that Taiwan is highly integrated into
the supply chains for these sectors, as depicted in Figure 20. The trend is similar to the
previous figure, while the loss share seems much more stable except for Sector 14 during the
period and Sector 10 in 2018. Sector 14 reached a peak of 7.5% of its output loss in 2022,
while the loss share decreased to 5.86% in 2023.

Moreover, although Sector 15 experienced a significant loss in value, it did not have a
high loss share of its output, which also aligns with the situation in the CEE. This suggests
that the diverse input routes observed in the sectoral transaction routes make them much
more resilient to supply chain disruptions and less reliant on Taiwan than Sectors 14 and 12.
Additionally, Sector 35 had a significant share of losses and a minimum loss value, possibly

due to the spillover effect and its sensitivity to supply chain disruption.
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Figure 26

World Share of Loss to Total Output in Sectors Due to Hypothetical Extraction of Taiwan
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details of sectors.

In sum, this hypothetical extraction analysis reveals the substantial economic impact
of Taiwanese production disruptions on the CEE region, individual countries, and key sectors.
The total loss and the share of loss to output show cyclical trends, with increases in 2018 and
2022 and declines in 2019 and 2023.

The findings indicate that while Poland, the Czech Republic, and Hungary experienced
the highest absolute losses due to their larger trade volumes with Taiwan, economies such as
Hungary, the Czech Republic, and Slovakia had higher loss shares of their output, potentially
suggesting dependencies in their specific sectors. Sector 14 consistently showed the highest
vulnerability, which highlights its reliance on Taiwanese production chains. Despite some
efforts to reduce reliance, its levels remained high, indicating the persistent integration of
Taiwanese inputs into CEE production.

Globally, Taiwanese extraction caused significant disruptions, with Taiwan accounting

for 60% of total losses. While China, the EU, and Japan did not have the highest absolute
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losses, Korea and Japan experienced the most significant loss shares relative to their output,
reflecting their reliance on production linkages with Taiwanese industries. Furthermore, Sector
14 suffered the most damage in the scenario, while Sector 35 experienced a disproportionate
spillover effect from the disruption.

Overall, these findings and indicators highlight the critical role of Taiwanese production
in CEE supply chains, particularly in key industries such as Sectors 14, 15, 12, and 13, as well
as in certain CEE countries, notably Hungary, the Czech Republic, and Poland. Combining all
these indicators reveals a significant decrease in 2023, with a sharp decline in reliance on
Taiwanese inputs in the CEE region and globally. This is reflected across multiple indicators,
including trade flows, technical coefficients, and sectoral dependencies. Despite the overall
reduction in CEE’s dependency on Taiwanese input, Taiwanese intermediate goods still play
a critical role in these sectors, both in the CEE region and worldwide, as evidenced by the loss
of value due to a hypothetical blockade on Taiwan. This situation would also have a severe
impact on countries and lead to supply chain disruptions.

However, CEE’s forward linkages with Taiwan increased, suggesting a shift in
economic interdependence. This trend may potentially indicate structural changes in the CEE
with Taiwan. While CEE’s backward linkages with Taiwan decreased, its forward linkages
increased, suggesting that CEE might gradually increase its export of intermediate goods to
Taiwan. Similarly, Taiwan’s backward linkages with the CEE region increase while its forward
linkages decrease, suggesting that Taiwan would receive more of CEE’s products as inputs.

In conclusion, this section highlights Taiwan's crucial role in global supply chains,
providing evidence of the outcomes and supply shocks that economies encounter due to
hypothetical losses. Although the dependence on Taiwanese inputs decreased significantly in
2023, this does not mean that supply chains are seeking to eliminate Taiwanese production
lines. Instead, it represents a more integrated supply chain, potential industrial changes, and
other macroeconomic factors. The following section explores the possible reasons for the
significant reduction in reliance on Taiwanese inputs in 2023, such as geopolitical tensions

and policies. It will also offer insights into supply chain resilience and strategies for mitigating
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risks regarding the dependencies on Taiwan from both Taiwanese and the CEE region’s
perspectives.
5. Discussion

This section discusses the patterns and trends observed in the previous sections,
including the continually decreasing reliance on Taiwanese intermediaries, the dramatic
decrease in the CEE region's reliance on Taiwanese inputs in 2023, and the combination of
increasing CEE forward linkages with Taiwan and decreasing backward linkages with Taiwan.
It also provides policy recommendations for enhancing supply chain resilience and maintaining
mutually beneficial relationships between Taiwan and the CEE countries. Finally, it provides
a future outlook for predicting and projecting potential situations that may impact Taiwan’s
production networks.

From the above section, the paper has revealed some specific trends, patterns, and
implications of the CEE’s indicators, including the technical coefficients, the Leontief inverse
matrix, allocation coefficients, the Ghosh inverse matrix, backward linkages, and also forward
linkages with Taiwan-side, as well as the hypothetical loss due to the Taiwan’s extraction from
Input-Output table. These indicate the decreasing but stable dependencies of CEE countries
on Taiwanese inputs, particularly in 2023, while also suggesting a substantial loss not only for
the CEE region but also for the entire world if Taiwan cannot supply and receive products.
Sectors 14 and 15, as well as Hungary and the Czech Republic, rely on Taiwanese
intermediaries more than other CEE countries with relatively higher indicators and are highly
integrated into the Taiwan-CEE intermediate trade with above-average backward and forward
linkages, which can also be seen in their loss value and shares in the hypothetical blockade
of Taiwan.

As a result, this section will start with discussing why the CEE region's decreasing
reliance on Taiwanese inputs occurred, why there was a significant drop in all indicators in
2023, suggesting a dramatic decrease in dependency on Taiwanese intermediaries, and
whether the CEE’s increasing backward linkages and decreasing forward linkages mattered

for this decline.
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5.1. Understanding the Decline in Taiwanese Input Reliance

It covers geopolitical factors, EU policy impacts, and global economic factors to explain
why the CEE has declined depending on Taiwanese input or in a specific year. Geopolitical
factors, including the COVID-19 pandemic (2020), the Russo-Ukraine War (2022), and
increasing cross-Taiwan Strait tension, have further influenced the EU's policies to enhance
supply chain resilience. Related policies include the European Chips Act (2023) and the
Critical Raw Materials Act (2022), which impact the trade portfolios of CEE countries and, thus,
the intermediate inputs from Taiwan. Global economic factors include exchange rates,
especially with the USD. These factors could potentially influence how the CEE countries trade
intermediate goods with Taiwan and whether the region is willing to or capable of receiving
and using Taiwanese inputs in their production lines.

5.1.1. Geopolitical and Policy Factors

Geopolitical factors would remind policymakers to pay attention to the potential risks
and set regulations to prevent a severe impact once something happens, including COVID-
19, the Russo-Ukraine War, and the Cross-strait relations, which have the potential to threaten
and disrupt the supply chains not only in the EU but also globally.

COVID-19 and the Russian invasion of Ukraine were two key factors that triggered the
European Union to pay attention to supply chain resilience, strengthen the EU's
competitiveness, and retain strategic autonomy, which was suggested in the EU Industrial
Strategy in 2021 (Cordina, 2024). The COVID-19 pandemic significantly impacted the global
economy, causing damage to demand and labor supply, industrial output, supply chains, and
commodity prices, particularly in international trade and capital flows (Halmai, 2022). During
the most severe pandemic, the EU faced various bottlenecks, especially international logistical
disruptions and shortages of raw materials. On average, real GDP contracted by 6.7 percent
in the EU member states (Ari et al., 2022).

Furthermore, the Russia-Ukraine war has introduced further instability in global energy
supply chain networks, created energy shortages, and further influenced global inflation

resulting from energy price fluctuations. In the EU economy, the price of refined oil increased
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by 7.39%, exports declined by 0.11%, and real gross domestic product growth was below 3%
(Cui et al., 2023; EIB Economics Department, 2022).

This situation accelerated the EU's pace of energy transition and strengthened the
supply chain's security, further promoting the EU single market strategy. As a result, combining
these two circumstances, the European Parliament proposed multiple strategies and pacts to
deal with the issues and achieve their long-term goals, including the EU Green Deal (2021),
the EU Chip Act (2023), Critical Raw Materials Act (2023), the EU Industrial Strategy (2021),
and the EU Competitive Compass (2025), which try to reduce the reliance on non-EU
countries for not only energy but also raw materials and semiconductor products and
strengthen the EU industries’ skills, especially in the semiconductor, electronic, and batteries
for electric vehicles and further build the EU single market and ensure the supply chain security
(European Commission, 2024; European Commission, 2020; European Commission, 2022;
European Commission, 2025).

The Critical Raw Materials Act also states that no more than 65% of strategic raw
materials come from a single third country (European Commission, 2023). The main goal is to
reduce the possibility of harm caused by the volatility of the global supply chain, improve single
markets, and integrate industries in the EU region. Therefore, in 2025, the European
Commission proposed the EU competitive compass to show the importance of developing the
EU’s capabilities in strategic industries, such as semiconductors and manufacturing, to
decarbonize and enhance the EU’s competitiveness and ensure supply chain security by
avoiding over-dependence on third countries and improving EU single market (European
Commission, 2025).

This paper also utilized the hypothetical extraction method from the previous section
to examine the potential loss of major economies, including the EU. This suggests that once
Taiwan faced a quarantine, the EU and the CEE regions would face 116.7 billion and 116.6
US dollars, with 0.32% and 0.24% of total output, respectively. Since this study assesses this
scenario only theoretically and mathematically, the situations in the real world might have

significant differences from this. For example, widespread trade and financial sanctions might
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be imposed, which are also seen to be implemented in the war between Russia and Ukraine.
The Chinese government would impose counter-sanctions on those countries, magnifying the
issues (Neely, 2025).

As a result, they also pay attention to the relationship between Taiwan and China and
try to diversify the source of input countries. Although the dataset only starts from 2018, Lewis
and C. Brown’s work (2024) showed an increasing number of aircraft violations from China to
Taiwan, with nearly 400 violations in 2020 and 7880 aircraft in 2024, which the Ministry of
National Defence of the Republic of China voluntarily discloses. This had an inverse trend with
the CEE’s dependence on Taiwanese inputs.

From the Taiwanese corporate perspective, to maintain supply chain security, they
also try to increase market entry opportunities in other countries rather than locating only in
Taiwan, for instance, through more branches and FDI in the CEE regions. Thus, the increasing
presence of Taiwanese companies in CEE could potentially reduce the trade value of
intermediate goods and decrease reliance on Taiwan, leading to more local production and
sourcing from regional supply chains rather than from Taiwan. The Central and Eastern
Europe (CEE) Credit Fund, which the Taiwanese government established, aims to encourage
greater investment from Taiwanese firms to the CEE region to enhance the industrial and
trade partnership between Taiwan and CEE countries in strategic sectors, including
semiconductors, electric vehicles, Al, etc., with funds of one billion USD in 2022, which further
increased by 9.7 million euros in 2023 (National Development Council, 2023). This may
decrease the trade value of intermediate goods from Taiwan to the CEE, as it allows
companies to source inputs more locally within the CEE instead of importing from Taiwan.

Additionally, the relocation of Taiwanese firms and some policies provided by the
Taiwanese government, such as the New Southbound Policy in 2016, would reduce Taiwan's
direct inputs to CEE regions. This policy aims to boost Taiwan’s supply chain resilience and
adaptability to the geopolitical climate through cooperation with ASEAN countries, including
the Philippines, Indonesia, Malaysia, Singapore, Thailand, and Vietham. It includes trade,

investment, education, finance, and industrial clusters, further enhancing regional integration
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(Office of Trade Negotiation, Executive Yuan, 2023). Therefore, through the expansion of
branches and a reduction in the number of production lines based in Taiwan, while CEE
countries might also use the products produced by Taiwanese companies, the products’ origin
is no longer Taiwan. Thus, this decreased the value added from Taiwan to CEE regions
(Bhasin & Kapoor, 2020).

5.1.2. Structural Supply Chain Adjustments

The second factor that potentially influences the dependency of CEE countries on
Taiwanese inputs is the changing role of CEE in the supply chain. As analyzed above, CEE’s
forward linkages with Taiwan, reflecting the effect of changes in CEE’s output on inputs from
CEE to Taiwan, increased over the seven years, while its backward linkages with Taiwan,
indicating the impact of changes in CEE’s output on inputs from Taiwan to CEE, decreased.
(see Table B3) This suggests that CEE exported more to Taiwan but imported fewer inputs
from Taiwan. Interestingly, in 2023, the highest intermediate trade value from the CEE region
to Taiwan was in Sector 20, at 557 million USD, which is categorized as the business and
trade services industry. This further explains the industrial transition from manufacturing to
services in the CEE region (Hruby, 2024).

A similar trend can be observed from Taiwan’s perspective, as its forward linkages with
the CEE region declined, while its backward linkages increased. (see Table B3) This suggests
that the supply chain relationship between Taiwan and the CEE countries has gradually
transformed, with CEE’s role as an importer of Taiwanese inputs diminishing while expanding
its role as a supplier to Taiwan. However, even in 2023, Taiwan's linkages with the CEE remain
larger than those of the CEE with Taiwan. This suggests that the rise in Taiwan’s output still
has a more beneficial and productive impact on Taiwan's economy compared to the increase
in the CEE’s production on the CEE economy.

This situation can also show the upgrading of the value added by CEE countries.
Although most CEE countries still serve as a manufacturing hub for Western European

countries nowadays, their gradual upgrading in the global value chain has been ongoing (Mark,
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2020). While employment in the fabrication'” has decreased in the CEE region, the number of
those employed in R&D increased alongside rising government investment in R&D. At the
same time, its wage level has started to converge toward the developed countries’ level, and
its high total backward linkages and foreign direct investment also indicate the high potential
to produce higher value-added products (Kordalska & Olczyk, 2022).

Meanwhile, the EU's industrial policies, which promote digitalization and technological
advancement in European industries, have further repositioned CEE’s role in the global supply
chain by providing funds and collaborating with CEE countries. Some CEE organizations have
attended EU initiatives to obtain this support, including the IPCEI (Important Projects of
Common European Interest) and Horizon Europe proposals, and have received funding from
the EU (Bykova et al., 2023).

Moreover, the share of expenditure on R&D in each CEE country's GDP has increased
in the past decades, as has the number of patents, inward foreign direct investment in the ICT
industry, and contributions to ICT industry activity. Although some low-value-added industries
persist as essential components for the EU supply networks (Kordalska & Olczyk, 2021), the
governments and EU policies have tried to transform their industry and improve their value-
added contribution in high-tech industries through more FDI, EU funds, and government-
targeted subsidies (Bykova et al., 2023). For instance, Hungary developed its battery industry
for low-carbon transportation, supplying 25% of the electric-vehicle production networks in the
EU. The Czech Republic is trying to develop its semiconductor industry and launched the
Czech National Semiconductor Cluster to promote the R&D capacities in 2022, with the 3
billion chip production yearly only in the Zlinsky region (Hruby, 2024).

Therefore, the economic transition in the CEE region has changed the transaction
portfolio of intermediate goods. This transformation will first influence how CEE industries
produce and integrate into global and regional supply networks, as well as their wage levels

and employee skills. The shift from fabrication-based to the growth of service and technology-

7 Fabrication activities specialize in assembling parts into final products during the manufacturing
phase, and they usually have low value-added (Mark, 2020).
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driven stage further impacts the decreased dependency on Taiwanese inputs, supported by
increasing FDI, EU funds, and government strategic subsidies. While low-value-added
manufacturing continues to support the EU supply networks, the CEE countries developed
high-value-added industries, such as batteries and semiconductors, becoming more
competitive in the supply chain and more integrated into regional networks.

5.1.3. Global Economic Factors

The third factor potentially impacting the reduction of dependence on Taiwanese inputs
in the CEE regions is global economic trends, including supply chain adjustments due to the
pandemic, overall transaction patterns, exchange rates, inflation, and technological
improvements affecting sectoral production.

The shock of COVID-19 on the global supply chain has made firms consider new ways
to attend to their supply networks. At the beginning of the pandemic, it faced panic buying,
followed by lockdowns and quarantines, resulting in supply chain disruptions and significant
economic losses (Pujawan & Bah, 2021). However, the global economy experienced an
unexpectedly rapid recovery, with trade value in the first quarter of 2021 surpassing pre-
pandemic levels (Panwar & De Marchi, 2022).

Multinational companies are focusing more on digitalization and localization within their
supply chains to promote resilience and mitigate supply chain disruptions (Pujawan & Bah,
2021). Therefore, because of the relatively cheap labor cost and high-quality labor capacity of
CEE countries and their location near developed Western European countries, which are
targeted demand regions, multiple multinational companies would relocate their production
lines to the CEE region, leading to upgrades in their processes, technology, and products and
increasing the competitiveness of industries in CEE (Kordalska & Olczyk, 2022; Mark, 2020;
Panwar & De Marchi, 2022; Pujawan & Bah, 2021). This would further reduce the use of
intermediaries from Taiwan in their products, as their capabilities increased and they became
capable of producing them.

With the assistance of information and communication technology (ICT) and Al,

business services recorded growth in 2023, with US$4.25 trillion in 2023 and a 9% increase,
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while the trade in goods experienced a dramatic decrease. These technological changes and
digitalization can lead to increased efficiency, cost reduction, and competitiveness (World
Trade Organization, 2024). These technological advancements, including digitalization,
automation, and Al integration, would reshape sectoral production, cost structures, and roles
in value chains. New technologies can enhance productivity, lower costs, and increase value-
added contributions, particularly in agriculture, services, and manufacturing (Rodrik, 2018).
Therefore, CEE service sectors may have more connections with Taiwan, while the
manufacturing sectors would decrease their inputs from Taiwan due to their increased
capabilities.

The volume of world trade, exchange rate volatility, and inflationary pressures
influence trade in intermediate goods and the prices consumers pay when purchasing
products from a foreign country, as well as their buying behaviors (World Trade Organization,
2024; Auboin & Ruta, 2011; Diaz et al., 2024). Although exchange rate volatility negatively
affects trade value, its impact is relatively minor and does not have long-term consequences
(Auboin & Ruta, 2011). On the contrary, inflation could be influenced by supply chain
disruption and commodity prices, leading to reduced trade value with a lagged response (Diaz
et al., 2024).

The start of COVID-19 triggered a decline of 15.4% in merchandise trade volume in
2020. As mentioned, trade had rebounded by the first quarter of 2021, with a 20.6% increase
and surpassing the pre-pandemic level (World Trade Organization, 2024). In 2022, the Russo-
Ukrainian War broke out, dramatically increasing energy prices and resulting in further supply
chain disruptions and, consequently, inflation (Eurostat, 2024; World Trade Organization,
2024). In 2023, the international goods trade volume also experienced a 5% decline, with the
average world trade in goods and commercial services falling by 2% to US$30.5 trillion, largely
due to lower energy prices (World Trade Organization, 2024). The EU’s imports from extra-
EU intermediate goods show similar trends to the Taiwanese intermediaries in the CEE

regions (see Figure D1) (Eurostat, 2024).
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Additionally, in 2023, the exchange rate of the US dollar experienced a general
appreciation, indicating a decline in the value of world trade when measured in US dollars.
However, this had a minor effect on the reduction. The key driving factors were the declining
trade volume and primary commodity prices (oil and gas) in 2023. The inflation caused by the
supply chain disruption also decreased the 2023 trade value and the demand for imports
(World Trade Organization, 2024). Therefore, the use of Taiwanese inputs in CEE industries
might also follow the general trend that decreases the demand for imports from Taiwan due
to the energy cost, commaodity prices, and the interest rate, preventing them from purchasing
Taiwanese intermediaries. Fortunately, WTO (2024) also predicted that this inflation would
decrease in 2024 and 2025, boosting merchandise value and stabilizing investment and
consumption.

5.1.4. Duration of Trends

Based on the previous factors that potentially influence the CEE’s dependencies on
Taiwanese inputs, this section can further define whether the two significant drops, the 2020
and 2023 declines, are temporary or more permanent fluctuations. Temporary fluctuations are
influenced by global trade trends, exchange rates, inflation, and short-term policy, while
industrial transitions, new technologies, long-term policies, and source diversification impact
permanent fluctuations.

The decline in 2020 was due to pandemic-driven supply chain disruptions. It recovered
to the pre-pandemic level by 2021. Therefore, it was a temporary fluctuation, which also
resulted in inflation and accelerated the EU's policy to maintain resilience and digitalization,
amid the disruptions caused by Russia’s invasion of Ukraine in 2022, further exacerbating
inflation and increasing energy prices. The concern of geopolitical tensions leads to changes
in how multinational companies allocate their production lines and promote supply chain
resilience. The EU has even proposed an industrial strategy to promote the EU single market,
further leading to a transition in the roles of CEE countries’ industries in value chains and

upgrades in their production.
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However, in 2023, the world also faced real inflation stress and a decline in energy
prices, which were affected by the 2022 war between Russia and Ukraine, resulting in a
decrease in global trade value, trade in intermediate goods, and the reliance of CEE on
Taiwanese inputs. As a result, the 2023 decline was influenced by a combination of factors.
On the one hand, EU policy and concerns about geopolitics prompted companies to relocate
to CEE countries and nearshore, thereby mitigating the losses caused by supply chain
disruptions and further upgrading CEE industries, which in turn altered the sectoral
relationship between Taiwan and CEE. On the other hand, the impact of global economic
factors was severe, including the falling price of energy, the appreciation of the US dollar, and
severe inflation, which reduced the value added to CEE products from Taiwan.
5.2. Broader Economic and Policy Implications

This section will provide policy recommendations for mitigating the situation
concerning Taiwan and the CEE region. It will also introduce the current relations and
cooperation between the CEE countries and Taiwan. Based on the previous analysis and
discussion, Taiwan faces challenges, including a decrease in the value-added contribution to
CEE products due to EU policy changes and industrial shifts in the CEE. Conversely, the CEE
region must contend with issues like an excessive focus on EU markets and the need to
enhance labor force skills to develop high-tech and high-value-added industries further.
5.2.1. Current Economic Relations between the CEE and Taiwan

The Czech Republic, Poland, Slovakia, and Lithuania are the CEE countries with the
most active relationships with Taiwan, especially in trade, investment, and R&D, as well as
Hungary (Kironska, 2024). These countries have had representative offices in Taiwan and
Taiwanese offices in their regions since the 1990s and early 2000s (Rudakowska, 2022).
Taiwan also proposed the Central and Eastern European Credit Funds to assist Taiwanese
firms in investing in CEE countries, especially in the Czech Republic, Slovakia, and Lithuania
(National Development Council, 2023). Furthermore, in the analysis of sectoral linkages, these
countries’ normalized backward linkages were relatively higher than those of other CEE

countries from 2017 to 2023.
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By 2020, the Czech Republic, Poland, and Hungary had accumulated more than $2.6
billion of Taiwan’s foreign direct investment, with Hungary receiving the most, followed by the
Czech Republic and Poland, while the number of Taiwanese companies is the highest in the
Czech Republic, followed by Poland and Hungary (Szunomar, 2023). The Czech Republic
most actively fosters ties with Taiwan. In 2020, two sides signed memoranda of understanding
(MOUs) to deepen the exchanges and cooperation in loT, Al, smart cities, and other
technology areas (National Development Council, 2020). This further expanded educational
cooperation to enhance research collaboration in areas such as social sciences, technology,
and engineering between 12 Taiwanese universities and 13 Czech universities in 2023, and
also aimed to increase bilateral investment and trade (Ministry of Foreign Affairs, Republic of
China (Taiwan), 2023).

Slovakia held the Taiwanese-Slovak Commission on Economic Cooperation. It signed
nine MOUs with Taiwan in 2021, enhancing industrial connections and economic, trade, and
investment ties through educational talent exchanges, trade expansion, science parks, smart
cities, and other initiatives. This further developed into supply chain resilience and the
electronic vehicle aspects (Ministry of Economic Affairs, 2023a; Ministry of Foreign Affairs,
Republic of China (Taiwan), 2021). Poland has relatively extensive economic contact with
Taiwan. In 2018, the two countries signed the Taiwan-Poland MOU on Investment Promotion
Cooperation, and by 2023, Taiwanese businesses had invested more than US$25.8 million in
Poland. They have also held the Poland-Taiwan Economic Consultations for several years
and signed an MOU on bilateral cooperation in trade, investment, educational exchanges,
semiconductor supply chains, and other areas in 2023 (Ministry of Economic Affairs, 2023b;
Szczudlik, 2023).

Although Hungary is often seen as close to China, it has a practical relationship with
Taiwan. The previous analysis also shows that Hungary had the largest share of Taiwanese
inputs in its outputs, which sounds strange at first glance. The truth is that Taiwanese
multinational enterprises (MNEs) receive the same subsidies and incentives from the

Hungarian government as the Chinese MNEs. These Taiwanese MNEs have certain
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connections with Chinese MNEs, often following the “Chinese way” to get some involvement.
Therefore, in the CEE region, Chinese products may include some Taiwanese value-added
contributions, which can, to some extent, explain the high reliance of Hungarian industries on
Taiwanese inputs. This also results in Taiwanese multinational enterprises, such as Foxconn,
Giant, and Sinbon, preferring to enter the CEE and EU market through Hungary. At the same
time, smaller businesses are likely to enter the Czech and Polish markets instead (Szunomar,
2024).

5.2.2. Strategies for Taiwan

Taiwan’s primary goal is to broaden the target markets and increase the significance
of value and supply chains while maintaining their resilience if disrupted. On the one hand,
Taiwan’s government can promote more subsidies and investment funds to encourage
Taiwanese companies to invest or enter other markets, including the CEE, ASEAN, India, etc.
This method can diversify the export markets and adapt to the industrial transition of the CEE
countries and the regional supply chains reshaped by EU policies.

This can further be accomplished by relocating the production line to the CEE or other
regions, such as ASEAN, to enhance supply chain resilience and reduce production costs.
However, Taiwan should maintain its core technological capabilities on the island and
strengthen its position in high-tech and semiconductor supply chains. Based on the analysis
section, Sector 14 (electrical and optical equipment) has the highest values in almost all
indicators, highlighting its importance in the supply chain. If Taiwan were unable to trade and
produce, the world would face a loss of $2.5 trillion. Moreover, the situation would be even
more serious since the world would seek alternative countries and companies that can
produce these intermediate goods to meet their needs. It would take time to adapt to lower-
quality products and processes, which would be slow and costly.

On the other hand, to strengthen economic cooperation with CEE countries, Taiwan’s
government should launch targeted initiatives in investment, industrial collaboration, and
technology exchange. For instance, research collaboration, talent exchange projects in

semiconductor and high-tech industries, and tech and industrial development cooperation
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could provide opportunities for Taiwanese companies to enter the CEE and EU markets and
potentially integrate into the EU supply chains. The strong presence of Taiwanese companies
in CEE markets and extensive formal or informal cooperation could also foster more profound
trade agreements, such as a Free Trade Agreement (FTA), enhancing long-term supply chain
resilience and market access.

5.2.3. Strategies for CEE Countries

From the CEE perspective, their primary targets would be mitigating the risks of supply
chain disruptions, reducing vulnerabilities, and enhancing adaptability while improving their
roles in value networks and supply chains.

To achieve this, they will diversify their suppliers to reduce their reliance on Taiwanese
inputs. However, this will not be a long-term solution. To increase their overall contributions,
they should use this opportunity to enhance their domestic production capabilities in key
sectors and improve their value-added activities, such as sales, R&D, marketing, and
management (Kordalska & Olczyk, 2021). Furthermore, CEE countries can strengthen intra-
CEE cooperation in industry and talent exchange to make their industries more competitive
and their supply chains more resilient.

Additionally, balancing regionalization, fragmentation, and globalization is crucial for
supply chain security. Excessive fragmentation and a strong emphasis on regionalization can
decrease supply chain resilience and exacerbate the income gap, while geopolitical factors
significantly impact how people allocate supply chains (World Trade Organization, 2023). The
CEE countries can deepen cooperation with Taiwan in trade, investment, and industry to
balance these two spectrums. For instance, they can propose trade agreements or industrial
partnerships with Taiwan, promote more investment incentives, and transfer and share
technology and knowledge between CEE and Taiwanese firms.

Through mutual cooperation, the CEE sectors can acquire technological and R&D
capabilities from Taiwan. This can enhance their competitiveness and production, integrating

them into the global value network with high-value-added contributions. Meanwhile, Taiwan
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can gain a strong presence in the CEE region, boosting its supply chain resilience and market
access.
5.3.  Future Outlook

This section will briefly predict the future pattern of the trade between Taiwan and CEE
and the dependency of CEE countries on Taiwanese inputs. Based on the above, the 2022
increase was mainly due to the rise in energy prices, and the 2023 decrease was led by the
reduction in energy costs, accompanied by inflation. Therefore, a trade prediction for 2024
and 2025 suggests a moderate trade volume and value rebound (World Trade Organization,
2024).

The CEE's dependency on Taiwanese inputs, which is measured by the technical
coefficient and the Leontief inverse index, is expected to increase slightly due to the ease of
inflationary pressure. However, industrial changes in the CEE region and EU policies will harm
the indicators; therefore, this dependency on Taiwanese intermediate goods will be higher
than in 2023 but slightly lower than pre-2023 levels.

The ongoing development of CEE industries into higher value-added positions, such
as R&D, services, marketing, and management, will continue to attract more investment,
production lines, or branches from Taiwan. This will further transform the sectoral linkages,
which refer to their backward and forward linkages with Taiwan. This will lead to fewer
contributions from Taiwan, while CEE’s contributions to Taiwan will increase.

From a technological perspective, CEE industries may also upgrade their technology
production using new, emerging technologies such as artificial intelligence, chips, or software.
This would increase the efficiency of cooperation between supply and production chains. The
increasing role of Al and advanced manufacturing in CEE will drive higher demand for
semiconductors and high-tech products, reinforcing reliance on Taiwanese technology and
enhancing collaboration with Taiwan.

This will further reshape the linkages between CEE and Taiwan and increase the
presence of Taiwanese firms or investments in the CEE region. It could strengthen ongoing

and future projects, such as joint R&D initiatives, semiconductor collaboration, and Al-driven
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industrial development. However, this relocation and extension of production lines will result
in fewer value-added products from Taiwan for the CEE, showing a decreasing dependence
on Taiwanese inputs.

This projection is similar to that of geopolitical tension. Suppose China talks publicly
more frequently about its invasion of Taiwan ambitions. In that case, many Taiwanese
companies, foreign direct investment, and foreign companies will leave Taiwan or relocate to
other places, reducing Taiwan's value-added contribution and CEE's reliance on Taiwanese
inputs.

Therefore, for the future prediction on the intermediate goods trade between CEE and
Taiwan and its dependency on Taiwanese inputs in their production, positively speaking,
although the CEE’s reliance on inputs from Taiwan will be slightly lower than the pre-2023
levels, the critical role of Taiwanese specific sectors, including Sectors 14, 12, and 15 will
continue in the CEE region by integrating into the CEE’s production and supply networks
through mutual cooperation projects. Negatively speaking, if the cross-Taiwan-Strait tension
between Taiwan and China gets severe and worsens, the large amount of capital and firms'
relocation from Taiwan will lead to a severe impact on Taiwan-CEE intermediate goods trade,
resulting in a dramatic reduction in the reliance on Taiwanese inputs. Based on the
hypothetical extraction method in this study, the most serious world loss can be around 2.77
trillion USD (1.3% of the total output). However, this does not include sanctions or the
adaptation of the blockade, for instance, the adaptation of other minor chips to substitute for
Taiwan’s IT and semiconductor industries.

Overall, this section addresses the questions raised in the previous section, including
the reasons behind CEE's decreasing reliance on Taiwanese inputs, the solutions for both
regions, and predictions for future directions. Three main factors can influence these patterns:
geopolitical and policy considerations, structural and industrial changes, and global economic

conditions. The policy recommendations for both sides are to increase cooperation to

8 Sector 14 is “Electrical and optical equipment,” Sector 12 is “Basic metals and fabricated metal,” and
Sector 15 is “Transport equipment.”
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strengthen their roles in supply networks and enhance the resilience and adaptability of the
supply chain. The projections for trade in intermediate goods from Taiwan and dependence
on Taiwanese inputs suggest a rebound and more communication between CEE countries
and Taiwan. However, they remain slightly lower than pre-2023 levels due to the CEE’s
industrial transitions and the deeper integration of Taiwanese firms into CEE markets.

6. Conclusion

This research analyzes the CEE region’s dependence on Taiwanese intermediate
inputs from 2017 to 2023 using the input-output analysis method through the Multi-regional
Input-Output Table provided by the Asian Development Bank. This study initially hypothesized
that the CEE's reliance on Taiwanese inputs would increase gradually.

However, the results show the opposite. The CEE's reliance on Taiwanese inputs,
measured as the technical coefficient (A) and the Leontief inverse index (L), along with the
allocation coefficient (B) and the Ghosh inverse index (G), remained stable but decreased
gradually, with dramatic reductions in 2020 and 2023. The CEE’s backward linkages with
Taiwan show a decreasing pattern, while its forward linkages show an increase, indicating a
change in the supply chain relationship between the CEE and Taiwan. Moreover, the loss
value and loss share due to the hypothetical blockade on Taiwan had an upward trend except
for the 2023 value. The world loss shows a similar pattern, with China having the highest loss
value (354 billion USD) and Korea and Japan having the highest loss share (1.5% and 1.27%).
Sectors 14, 12, and 15 had the highest figures in almost every indicator, as did Hungary, the
Czech Republic, and Slovakia within the CEE countries, showing their relatively higher
dependence on Taiwanese inputs than other CEE countries and industries.

The factors leading to the situation include the fear of geopolitical tension and response
policies, the CEE’s industrial transition to higher value-added positions, the relocation of
Taiwanese production lines, and macroeconomic factors, including exchange rate volatility,
inflation stress, and energy price variation. The geopolitical and responsive policy factors
reshape how production lines are allocated to respond to supply chain disruptions, enhancing

resilience and adaptability. The relocation and investment in the CEE or other regions result
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in more integration of Taiwanese production into the CEE supply chain, resulting in fewer
inputs being produced in Taiwan. Combining these would lead to utilizing new technologies
and upgrading to higher-value-added production, such as high-tech, semiconductor, R&D, and
services, potentially leading to industrial transformation. This structural transition would further
contribute to the decreasing dependence on Taiwanese inputs. The macroeconomic factor
would only result in a cyclical change in the reduction of reliance on inputs from Taiwan, with
the impact of exchange rate appreciation or depreciation, inflation, and commodity price
volatility influencing how demand changed, which further caused the change in the demand
for intermediate goods from Taiwan.

For Taiwan, maintaining supply chain resilience and increasing its crucial role in the
supply chains should be the priority, along with subsidies, investment incentives, and targeted
projects to boost cooperation with CEE countries and secure access to CEE and EU markets.
Through joint ventures, R&D collaboration, knowledge exchange, and industrial partnerships
between Taiwan and the CEE region can reinforce Taiwan’s position in the CEE region and
potentially integrate more into the supply networks. On the other hand, CEE should prioritize
mitigating the risk of supply chain disruptions and upgrading its industries to enhance its
competitiveness and adaptability while boosting cooperation with Taiwan to accelerate the
transition. Through trade agreements, investment facilities, and exchange talent initiatives,
CEE countries can gain capabilities to increase their value-added contributions and increase
their importance in the EU supply chains.

The future prediction includes a decrease in measurable CEE’s dependence on
Taiwanese inputs but an increase in communication and cooperation between them through
investment, joint ventures, trade agreements, and contacts in other areas, such as education
and society. This project shows that although the number of indicators this study tries to
analyze will decrease, this does not mean Taiwan will become dispensable for CEE or
worldwide. Instead, it will integrate more profoundly into the global supply chain. As a result,

while this paper's findings indicate a pessimistic trend for Taiwan regarding reduced
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dependence, the actions and projects currently proposed and implemented by both sides
present a relatively optimistic perspective for the Taiwan-CEE economic relations.

In conclusion, this study analyzes the trends of CEE’s dependence on Taiwanese
intermediate goods used in their production and the factors influencing the shifts. The findings
and discussion show the decreasing reliance on Taiwanese inputs due to the EU policy
framework, CEE’s industrial transition, relocation of Taiwanese production lines causing long-
term changes, and other macroeconomic factors causing temporary changes. Enhancing
bilateral cooperation between Taiwan and CEE in industrial collaboration, investment
incentives, exchange programs, trade agreements, and broadened communication can
benefit and improve this. By employing these, CEE countries can foster their industrial
upgrading. Taiwan can maintain its strategic role in supply chains, especially semiconductor
and high-tech, enhancing supply chain security and resilience for both regions.

However, this study exclusively focuses on one direction, intermediate goods trade
from Taiwan to the CEE region, rather than a more comprehensive two-directional flow from
Taiwan and the CEE region. This thorough analysis can provide a broader and detailed view
of the supply chain dynamics between Taiwan and the CEE region. Moreover, since this
research treats CEE as a whole region and provides a general overview, future studies can
zoom out to one of the CEE countries and analyze the mutual interdependence between
Taiwan and a CEE country, such as the Czech Republic and Hungary. Furthermore, this can
focus more on the relationship between selected industries and explore the strategies for
specific sectors or firms to achieve supply chain resilience. According to the methodology, the
pass-through-frequency (PTF) (OECD, 2025) and the Global Extraction Method (GEM) by
Dietzenbacher et al. (2019) are also helpful for measuring the frequency of value-added from
a country passing through the global supply chains and considering deeper about the post-
extraction scenarios, getting closer to knowing, for instance, how Taiwanese intermediate

goods to the CEE countries.
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Table A1

Appendix A

Multi-regional Input-Output Table Framework

Sectors and Labels in the MRIO Table
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Code 35-Sector Aggregation 15-Sector Aggregation 5-Sector Aggregation ISIC, Rev.4
c1 Agriculture, hunting, forestry, and Agriculture, hunting, forestry, Primary 1,2,3
fishing and fishing
c2 Mining and quarrying Mining and quarrying Primary 56,7,8,9
c3 Food, beverages, and tobacco Light manufacturing Low-technology manufacturing 10, 11,12
c4 Textiles and textile products Light manufacturing Low-technology manufacturing 13
c5 Leather, leather products, and footwear Light manufacturing Low-technology manufacturing 15
c6  Wood and products of wood and cork Light manufacturing Low-technology manufacturing 16
c/ Pulp, paper, paper products, printing, Light manufacturing Low-technology manufacturing 17,18
and publishing
c8 Coke, refined petroleum, and nuclear Heavy manufacturing Medium- to high-technology 19
fuel manufacturing
c9 Chemicals and chemical products Heavy manufacturing Medium- to high-technology 20, 21
manufacturing
c10  Rubber and plastics Light manufacturing Low-technology manufacturing 22
c11  Other nonmetallic minerals Light manufacturing Medium- to high-technology 23
manufacturing
c12  Basic metals and fabricated metal Heavy manufacturing Medium- to high-technology 24, 25
manufacturing
c13  Machinery, nec Heavy manufacturing Medium- to high-technology 28

manufacturing
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Code 35-Sector Aggregation 15-Sector Aggregation 5-Sector Aggregation ISIC, Rev.4
c14  Electrical and optical equipment Heavy manufacturing Medium- to high-technology 26, 27, 3313,
manufacturing 3314, 3315, 3319
c15  Transport equipment Heavy manufacturing Medium- to high-technology 29, 30
manufacturing
c16  Manufacturing, nec; recycling Light manufacturing Low-technology manufacturing 31, 32
c17  Electricity, gas, and water supply Utilities Low-technology manufacturing 35, 36, 37, 38, 39
c18 Construction Construction Low-technology manufacturing 41,42, 43
c19 Sale, maintenance, and repair of motor  Trade services Business services 45
vehicles and motorcycles; retail sale of
fuel
c20  Wholesale trade and commission trade, Trade services Business services 46
except for motor vehicles and
motorcycles
c21 Retail trade, except of motor vehicles Trade services Business services 47
and motorcycles; repair of household
goods
c22 Hotels and restaurants Hotels and restaurants Business services 55, 56
c23 Inland transport Transport services Business services 49
c24  Water transport Transport services Business services 50
c25  Air transport Transport services Business services 51
c26  Other supporting and auxiliary transport  Transport services Business services 52, 53
activities; activities of travel agencies
c27 Post and telecommunications Telecommunications Business services 61
c28 Financial intermediation Financial intermediation Business services 641, 649
c29 Real estate activities Real estate, renting, and Business services 68

business activities
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Code 35-Sector Aggregation 15-Sector Aggregation 5-Sector Aggregation ISIC, Rev.4
c30 Renting of M&EQq and other business Real estate, renting, and Business services 771,772,773
activities business activities
c31 Public administration and defense; Public administration and Personal and public services 84
compulsory social security defense
c32 Education Education, health, and social Personal and public services 85
work
c33 Health and social work Education, health, and social Personal and public services 86, 87, 88
work
c34  Other community, social, and personal Other personal services Personal and public services 94, 95, 96
services
¢35 Private households with employed Other personal services Personal and public services 97

persons

Note. Duplicated and combined from ADB MRIO Table and the publication of Asian Development Bank. (2022). M&Eq = machinery and
equipment; nec = not elsewhere classified.



Appendix B

Intermediate Goods Transaction Between CEE and Taiwan

Table B1

The CEE Sectoral Transaction from Taiwan (TAP) and to Taiwan

CEE

2017 2018 2019 2020 2021 2022 2023
Sector

From To From To From To From To From To From To From To
TAP TAP TAP TAP TAP TAP TAP TAP TAP TAP TAP TAP TAP TAP

Sector 14 1127 60 649 92 641 91 682 312 789 466 728 406 801 199
Sector 15 911 25 469 39 553 36 535 47 740 70 825 71 647 349

Sector 12 220 26 248 146 211 141 200 118 255 60 337 83 213 52

Sector 13 155 21 171 55 174 26 155 36 182 64 221 60 151 41
Sector 9 69 78 53 63 68 58 48 95 88 67 106 99 72 51
Sector 18 122 3 190 3 202 11 167 1 231 15 275 18 196 35
Sector 20 54 17 67 124 68 143 58 181 63 133 70 173 58 557

Note. Calculated and constructed from the ADB MRIO Table. The unit is in a million USD.



Table B2

Top 5 CEE Sectors with the highest transactions with TAP from 2017 to 2023

99

Rank 2017 2018 2019 2020 2021 2022 2023
Sector Value Sector Value Sector Value Sector Value Sector Value Sector Value Sector Value
1 14 1187.6 14 7414 14 732.09 14 994.1 14 1255 14 1134.4 14 1000.3
2 15 385.3 15 508.12 15 588.69 15 582.7 15 809.66 15 895.29 15 996.33
3 12 246.08 12 394.07 12 351.88 12 318.53 12 314.36 12 420.17 20 614.9
4 13 176.15 13 225.32 21 220.15 20 239.7 13 246.82 18 292.27 12 265.06
5 9 147.01 18 192.37 18 213 13 191.11 18 246.5 13 280.7 18 230.16

Note. Calculated and constructed from the ADB MRIO Table. The unit is in a million USD.



Multi-Regional Input-Output Indices of CEE with Taiwan

Figure C1

The CEE Technical Coefficients (A) from Taiwan, 2023

Taiwan Sectors
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Appendix C

Note. Calculated from the ADB MRIO Table.

Table C1

The CEE and Taiwan’s Backward and Forward Linkages with Each Other, 2017-2023

100

Coefficient

0.004

0.003

0.002

0.001

0.000

Year CEE's BL with TAP CEE's FL with TAP  TAP's BL with CEE TAP's FL with CEE
2017 0.0023 0.0004 0.0009 0.0058
2018 0.0021 0.0007 0.0018 0.0052
2019 0.0021 0.0009 0.0022 0.0056
2020 0.002 0.0009 0.0022 0.0048
2021 0.0022 0.0009 0.0021 0.0053
2022 0.0023 0.0009 0.0022 0.0058
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Year CEE's BL with TAP CEE's FL with TAP  TAP's BL with CEE TAP's FL with CEE

2023 0.0016 0.001 0.0035 0.005

Note. Calculated from the ADB MRIO Table. “CEE” represents the Central and Eastern

European countries, and “TAP” refers to Taiwan.
Appendix D
European Union’s Trade Patterns
Figure D1

Extra-EU Imports of Goods and Services by End-Use, 2017-2023

Extra-EU imports of goods and services by end-use, 2017-2023
(2017=100)
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Note: 2023 data on Services are preliminary. Services data revised from 2019 onwards.

Source: Eurostat (online data codes: bop_its6_det, DS-1288854 and own calculations) eurostat¥

Note. Extracted from Eurostat (2024).



