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ABSTRACT

The globalization of supply chain in manufacturing sector stems from the global division of labor. Despite signif-
icant focus on global supply chain security, there remains a deficiency of quantitative research in this area. This
study develops an evaluation index method for global supply chain security, including external dependence and
market concentration. The study utilizes the established index to assess the global supply chain security for China's
high-end manufacturing sector. The dependence of China's high-end manufacturing sector on the international
market originally increased and then decreased, with the fall becoming more significant. The high-end manufac-
turing sector in China demonstrates significant market concentration in both upstream and downstream activities.
Furthermore, the eight economies with the most substantial import and export volumes retain a stable status. The
global supply chain security coefficient of China's high-end manufacturing sector initially increased and then sub-
sequently declined from 2007 to 2022. In 2022, the security coefficient increased by 4.57% relative to 2007; yet,
it was still inferior to that of China's low-end manufacturing sector. There are considerable disparities among Chi-
na's seven high-end manufacturing sectors. This study reveals a notable finding: the downstream dependence and
market concentration in China's high-end manufacturing sector exceed those in the upstream.

Keywords: Supply Chain Security; Global Supply Chain; Upstream Dependence; Downstream Dependence; Mar-
ket Concentration; Supply Chain Risk

INTRODUCTION

Global supply chain operations have grown significantly as a result of the reduction of trade barriers across nations
and free trade agreements (Dong & Kouvelis, 2020). It has drastically changed the nature of international trade,
altering the structure of industries and ushering in a new era of international rivalry (Gereffi & Lee, 2012). Global
supply chain activities involve not only the import and export of finished products but also the import of additional
parts and components for export, as well as the trading of intermediate products across global borders. Many in-
ternational corporations leverage the locational benefits of developing countries, such as low labor cost, advanta-
geous government policies, and tax disparities, outsourcing manufacturing operations to overseas nations like
China and India. The global supply chain has facilitated a significant relocation of industrial activities from devel-
oped countries in the global north to developing countries in the global south. Leading corporations located in the
most developed countries primarily dominate the supply network. The benefits that countries derive from the global
supply chain are contingent upon the degree of engagement in the global economy and the specific function they
fulfill within the global supply chain. Developed countries maintain a monopoly on the initial production of high-
value items, such as research, development, and design. In contrast, developing nations focus on the mass produc-
tion of low-value goods (Hopper et al., 2009; Siddiqui, 2013). The shift to manufacturing sectors from Western
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countries has had a significant impact on the global economy and industrial structure. China's competitive ad-
vantage in labor cost has led global manufacturing firms, particularly those from developed countries, to invest in
and establish factories there. As a result, China has progressively emerged as the hub of global manufacturing
sector. Nevertheless, in recent years, the global supply chain has experienced increased risks and vulnerabilities
due to factors such as the growth of protectionism, the resurgence of anti-globalization sentiments, trade tensions
between China and the United States, escalating labor costs in China, and the impact of the COVID-19 pandemic.
As a result, the supply chain has changed, becoming either shorter, more localized, or more diversified (Baldwin
& Freeman, 2022). Global supply chains exhibit a high degree of intricacy and unpredictability (Asamoah et al.,
2022), which often exposes them to the risk of disruption (Park et al., 2016). Supply chain interruptions can arise
from either natural or human sources (Asamoah et al., 2020). Supply chain disruptions not only result in immediate
economic losses but can also have a long-lasting effect on the supply chain for an extended period, potentially
spanning months or even years (Torabi et al., 2015).

Manufacturing progress, particularly fluctuations in the workforce, intricately links to economic robustness
(Kliesen & Tatom, 2013). A country's production progress directly correlates with the development of a high-end
manufacturing sector, a crucial strategic concern. It can decrease costly imports, enhance exports, and generate
employment opportunities (He & Fallah, 2011). Chinese companies will expand their imports into the international
market when domestic production fails to meet the raw material requirements (Kaplinsky & Morris, 2016). Influ-
enced by many factors, numerous countries have proactively pursued strategies to reduce their dependence on
global supply chains. These strategies include downsizing the chain, disrupting the network, securing the chain,
and disengaging from the chain.

The rising cost of China's production factors, as well as rapid scientific and technical innovation, are transforming
China's role as a global supply chain manufacturing link. The 2020 pandemic accelerated foreign firms' production
and supply bases outside of China. The US increased taxes on China's high-tech and high-value products, jeopard-
izing the high-end manufacturing supply chain. The "stuck neck™ technological issue poses a significant practical
challenge that China has to solve promptly (Yu et al., 2023). Studying the supply chain security of China's high-
end industries is a crucial and urgent subject.

Scholars have taken the study on risks and evaluation of supply chain security and have obtained rich results.
However, the current results still exhibit certain imperfections. Firstly, there is a shortage of quantitative research
on global supply chain security. And then, the current body of research on supply chain security predominantly
emphasizes upstream studies, with comparatively fewer findings from downstream research. Finally, the current
research lacks quantitative research on China's manufacturing industry's supply chain security, particularly in high-
end manufacturing sector.

This study adopts the network analysis to investigate the risks and builds evaluation indexes for global supply
chain security. The developed metrics are employed to assess the global supply chain security of China's high-end
manufacturing industry.

LITERATURE REVIEW
Global Supply Chain Risk

The continuity and security of a business's supply chain rely on its capacity to effectively respond to and overcome
disturbances. To ensure uninterrupted operations, it is necessary to establish a supply chain that is more resilient
in minimizing the consequences of unexpected incidents (Kumar & Anbanandam, 2020). Supply chain resilience
refers to the ability of an enterprise to quickly resume normal production after a disruption. Trent and Monczka
(2002) highlighted the importance of global integration in procurement, emphasizing the need for collaboration
across countries and companies. This entails fostering cross-national and cross-cultural cooperation to effectively
address and mitigate the risks associated with supply chain disruptions. Such cooperation should involve both
domestic and foreign suppliers and customers. Supplier and customer diversification, together with the geograph-
ical dispersion of supply nodes, are crucial elements of supply chain resilience. The concentration of the supply
chain directly influences the extent to which a company depends on suppliers and purchasers to ensure its business's
smooth operation.
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In the upstream part of the supply chain, choosing fewer suppliers can reduce negotiation time and efforts to coor-
dinate the supply base, reducing production delays. Nevertheless, relying on a limited number of suppliers or con-
sumers results in increased vulnerabilities and uncertainty in terms of potential disruptions to the supply chain
(Wang et al., 2021). If each supplier provides different inputs, when one of them fails to provide inputs, other
suppliers cannot provide the same inputs, and the supply chain will not be able to maintain continuity (Miroudot,
2020). To strengthen the supply chain security, suppliers should have a certain degree of redundancy, or supplier
diversification, to ensure that in the event of a supply failure, they can obtain the required inputs from other sup-
pliers (Kamalahmadi & Parast, 2016). Supplier diversification involves expanding the sources of product supply
chains by collaborating with multiple suppliers in various countries. This strategy aids in reducing the risk of supply
chain disruptions and speeds up the recovery process. Additionally, establishing long-term relationships with sup-
pliers can expedite the recovery process (Dubey et al., 2019; Jain et al., 2017). Diversifying suppliers and reducing
supplier concentration can mitigate reliance on a sole or limited number of providers, particularly in volatile or
turbulent conditions. Caselli et al. (2021) put forward the same point that focusing on a specific area within the
global supply chain tends to heighten susceptibility to industry disruptions. However, they also found that diversi-
fying suppliers and purchasers across borders tended to mitigate this sensitivity.

Similarly, customer concentration downstream of the supply chain indicates the proportion of revenue contributed
by each customer (Saboo et al., 2017). Customer concentration offers the possibility of strengthening the bargain-
ing power of major clients. Thus, organizations that have a larger proportion of their customer base concentrated
on a few clients may require a greater amount of cash and increased flexibility to effectively respond to shifting
market demands (Huang et al., 2016). Leung and Sun (2021) conducted a study on COVID-19, revealing that
increased customer concentration negatively impacts a company's profitability and sales growth when faced with
disruptions arising from political uncertainty.

Evaluation to Supply Chain Security

Whipple et al. (2009) reviewed supply chain security research and found that only two of the 21 articles had a
quantitative component. These two quantitative studies empirically evaluate supply chain security from two per-
spectives. The first study discussed risk management systems using secondary data, while the second study evalu-
ated how companies’ investments in supply chain security affect company performance. Mahmoudi et al. (2022)
discovered that they constructed a fuzzy ordinal priority approach for enterprises, based on the framework of elastic
supply chain management, by collecting enterprise data.

Academics explore the database adopted in the global supply chain. Different countries or regions may produce
and process products in a global supply chain. GDP is total output minus consumption of intermediate products. It
measures the added value that goods and services create during production. Merchandise trade statistics document
trade flows, encompassing all consumed intermediate products, potentially distorting current economic trends.
Therefore, many indicators avoid global GDP and focus on trade value added. The increase in intermediate product
trade flows and structural changes in supply chains pose a challenge to traditional trade statistics methods. Baldwin
(2012) noted that the global supply chain uses the input of intermediate products in the input-output matrix as a
measurement object. The World Input-Output Table (WIOT) contains the relationship and information between
the input and output of intermediate products in various regions and has become the object of analysis for macro
measurement of the global supply chain (Antras & Chor, 2022). The cross-regional input-output table has become
an essential tool.

However, in the existing literature, there is a lack of quantitative research on supply chain security and even less
research on how to use input-output tables to evaluate global supply chain security.

Supply Chain Security of China's High-end Manufacturing Industry

Murphy and Willmott (2015) stated that the foundation of neoliberalism lies in the principles of free market capi-
talism and the fallacy of equal contractual relations. Low-wage economies generate costs, while developed coun-
tries in the global north disproportionately capture profits, exacerbating the inequality between economies in the
global north and south (Free & Hecimovic, 2021). China's manufacturing sector has experienced rapid integration
into the global value chain system because of its cost. As a result, multinational businesses are increasingly inclined
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to establish factories in China, leading to a significant increase in production and trade within the industry
(Gampfer & Geishecker, 2019). China has emerged as the primary driver for economic expansion in Asia (Hong
et al., 2006). Economic globalization has led China to establish extensive manufacturing clusters that connect to
global buyers and key component suppliers in East Asia, thereby facilitating the global distribution of Chinese
products (Gereffi, 2009). Nevertheless, China fails to fully capture the majority of the value generated by its exports
within its value chain. Developing countries have a significant external dependence due to the expensive research
and development expenditures and intricate production procedures associated with high-tech sectors (Chen et al.,
2022). Gaulier et al. (2005) pointed out that China's high-tech industry has the highest degree of external depend-
ence; however, there are significant variations across different sectors. Grimes and Sun (2014) discovered a de-
crease in the percentage of high-end technological products imported by China from 2000 to 2012. The diversifi-
cation of imports of intermediate items has resulted in lower pricing for services and intermediate products, as well
as an enhancement of product quality. Goldberg et al. (2008) and Halpern et al. (2015) put forward the same view:
import diversification has played a positive role in the quality of Chinese products.

This study aims to enhance the current body of literature in two aspects. First, the research develops assessment
indicators for global supply chain security that integrate external reliance and market concentration from a supply
chain perspective. Second, the study employs the built index to assess the global supply chain security of China's
high-end manufacturing sector.

RESEARCH METHODOLOGY
Analysis of Global Supply Chain Risk

Let's use the supply chain upstream as an example for analyzing the security of the global supply chain, along with
Figl.The letter stands for country, and the arrow represents the direction of intermediate trade. Taking the upstream
as an example, we look into the potential risks of the global supply chain in a country.

Fig.1 Global Supply Chain Risk

Country M imports intermediate items from economies A, B, C, D, and E. Simultaneously, the five economies
engage in the exchange of intermediate goods between themselves.

First case, country M's domestic production is insufficient and intermediate goods rely heavily on imports from
the international market. Country M faces a significant challenge when economies A, B, C, D, and E simultane-
ously decrease or stop supplying intermediate items to it. Most unfortunately, country M cannot develop alternative
substitutes, resulting in a disruption of its production. If country M exhibits a low reliance on foreign intermediate
items and possesses a robust capacity to generate alternative options, then the likelihood of experiencing disrup-
tions in the supply chain is minimal. A country with a robust capacity to manufacture alternative products to those
it imports will minimize the likelihood of supply chain disruptions and achieve a high level of supply chain resili-
ence.

Second case, country M relies heavily on economies A for the import of intermediate products. If economies A
decreases or terminates the export of intermediate goods to country M for certain reasons, and country M is unable
to acquire the supply of intermediate goods from any of the other four countries in a certain timeframe, then the
supply chain of country M is at risk of being disrupted. If country M can obtain the required intermediate goods
from the other four economies while reducing imports from economies A, country M will maintain the stability of
its supply chain. The higher the concentration of a country's intermediate product imports in the international mar-
ket, the greater the supply chain risk.
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The downstream of the supply chain refers to the export of the final product, and its security depends on the export
dependence and export concentration of intermediate products internationally. The principle is the same to the
security analysis of the upstream of the supply chain.

Evaluation Indicators for Global Supply Chain Security
Supply chain risks arise from upstream imports and downstream exports.

The dependence on global intermediate goods and market concentration influences upstream supply chain risk.
Upstream dependence is the measure of the extent to which a given industry in a country (area) relies on interme-
diate products from another country (region) in its manufacturing process. A higher rate indicates greater reliance
on the resources or services provided by the country or area upstream. The study employs CRg to evaluate upstream
concentration in the supply chain. Market concentration is an indicator of the relative size of sellers or buyers in a
particular industry or market. We use it to measure the number and relative size differences of enterprises, serving
as an important quantitative indicator of market power. A widely used metric for estimating market concentration
is the Concentration Ratio (CRu), typically configured at 4 or 8. When CRy is greater, it indicates lower competition
and a higher monopoly. This study employs CRg, a metric that quantifies the aggregate market shares of the eight
largest economies concerning the intermediates imported by a specific industry. A higher CRg indicates a concen-
tration of intermediate imports in a specific industry among a limited number of countries or regions, while a lower
CRg indicates a greater diversification in the sources of imported intermediates. Upstream supply chain risk results
from the interplay of upstream dependence and market concentration.

Market concentration and downstream dependence on international markets are the factors that determine down-
stream supply chain risk. A specific industry in one country or region exports a certain share of its fished products
to another country or region, a measure known as downstream dependence. The bigger the share, the more depend-
ent the nation is on its downstream region. The downstream concentration indicator, using CRg, quantifies the
aggregate market shares of the eight major economies based on the products exported by a specific industry. A
higher CRg indicates a concentration of the industry's exports in a limited number of countries or areas, while a
lower CRg indicates greater export diversification. Downstream supply chain risk results from downstream de-
pendence and market concentration.

Supply chain risk is the combined effect of risks that occur in the upstream and downstream stages of the supply
chain. Increased supply chain risk correlates with diminished security; conversely, higher safety corresponds with
lower risk. This study uses a specific method to transform the risk coefficient into the security coefficient, defined
as one minus the risk coefficient.

The relationship between the indicators is shown in Figure 2.

Upstream Dependence on Upstream Concentration in Downstream Dependence Downstream Concentration
the International Market the International Market on the International Market in the International Market

\ v

Upstream Risk Downstream Risk

¥
Supply Chain Risk
1

!

Supply Chain Security

Fig.2 Evaluation Indicators System for Global Supply Chain Security
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In this study, SR denotes the supply chain risk, SRy signifies the upstream-dependent risk coefficient, and SRp
indicates the downstream dependent risk coefficient. UD refers to the upstream supply chain's dependence on
international markets, while DD refers to the downstream supply chain's dependence on international markets.
Upstream risk coefficient is represented by SRy, and the formula is as follows:

SRy = UD = CRY (1)

Downstream risk coefficient is represented by SRp, and the formula is as follows:

SRp = DD = CRD )

The supply chain risk formula of an industry is: the supply chain risk coefficient formula of an industry is:

SR = SRy + SRp 3)

Supply chain security coefficient is constructed as follows:

SS=1—SR 4)

The SS value ranges from 0 to 1. A higher SCS value indicates a lower supply chain risk and a greater level of
safety.

Formulas for Evaluation Indicators

The formulas for upstream dependence, downstream dependence, and market concentration are listed below.

> X,

_ _ =X
UD;i = o Xk,
j=14ji T Api

(5)

In the formula (5):

UDi represents the upstream dependence on the international market of industry i in a region.
X;i1s the value of intermediate products imported by industry 1 of a region from country (region) j.

%L, X;i means the total value of intermediate goods imported by industry i of a region from the international market

Xpi denotes the worth of intermediate products supplied to industry 1 by the domestic sectors.

DD = —S=1Xi 6)
1= Z]n:lxij-FXip
In the formula (6):

DD;i denotes the downstream dependence on the international market of industry i in a region.
Xijj represents the value of intermediate products exported by industry i in a region to country (region) j.

zjnzlxi]- refers to the sum of the value of intermediate goods exported to the international market by industry i in a
region.

Xip 1s the value of intermediate goods that industry i1 of a region input into domestic production.

The Concentration Ratio (CR,) assesses the aggregate market share of the largest n firms within an industry, eval-
uated by output, volume, sales, and other pertinent metrics. The value of n is usually set to 4 or 8
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In formula (7), Xi denotes the value of output, sales volume, or other relevant factors for the firm i in the industry.
The total number of companies in the industry is denoted by N, whereas n is the count of the largest enterprises.
This research adopts CRs.

Table1l Symbol, Formula and Data for Evaluation Indicators

Index Symbol | Formula Data
upstream dependence on | UD L1 X;i volume of domestic input for intermediate goods, im-
the International Market 1L Xji + Xp; | ports from economies in the international market
upstream concentration in | CRY X imports from economies in the international market
the International Market yN X

1=1 1
downstream  dependence | DD L1 Xj domestic sale volume of products and export volume
on the International Market Y0 X + X of products to economies in international market

]:1 1) 1p

downstream concentration | CRPg L X export volume of products to economies in interna-
in the International Market YN X tional market

i=1 1

Data Source

The data on the intermediate products utilized in this study are derived from the Multi-Regional Input-Output Table
(ADB-MRIO) published by the Asian Development Bank from 2007 to 2022. The Multi-Regional Input-Output
Table includes 71 economies and incorporates the remaining economies to form the 72nd economy. The figures
listed in the input-output table have been updated to 2022.The national economy is divided into 35 sectors in the
Multi-Regional Input-Output Table represented by the letters Ci to Css. Out of the total sectors, 16 are part of the
manufacturing industry, which is further categorized into 9 low-end manufacturing industries and 7 high-end man-
ufacturing industries. This paper focuses on studying seven high-end manufacturing sectors, which are listed in
Table 2.

Table 2 High-end Manufacturing Sectors

Code Sector
Cs Coke, refined petroleum, and nuclear fuel
Co Chemicals and chemical products
Cu Other nonmetallic minerals
Ci Basic metals and fabricated metal
Ci3 Machinery, nec
Cis Electrical and optical equipment
Cis Transport equipment
RESULTS

Upstream Risks in the Supply Chain of China's High-end Manufacturing Sector

The upstream dependence on the international market of China's high-end manufacturing industry is calculated
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using the data from the Multi-Regional Input-Output Table according to Formula 5, and the results are displayed
in the second and fourth columns of Table 2. The upstream market concentration of China's high-end manufacturing
industry on the international market from 2007 to 2022 is calculated based on formula 7, and the results can be
found in the third and seventh columns of Table 3. According to Formula 1, the risk coefficient of the upstream
supply chain is calculated, and the results are shown in the fourth and eighth columns of Table 3.

As shown in Table 3, China's high-end manufacturing industry had a fluctuating trend of upstream dependence on
the international market, initially decreasing and then increasing. Between 2007 and 2016, China's high-end man-
ufacturing industry became less reliant on the international market, with its dependence decreasing from 0.144 to
0.0742, a decline 0f 48.48%. However, it subsequently started to recover, with its dependence growing from 0.0809
in 2017 to 0.1135 in 2022, an increase of 40.30%.

From 2007 to 2022, the upstream concentration of China's high-end manufacturing industry in the international
market remained elevated, exhibiting a pattern of initial increase followed by a decline. Except in 2012 and 2013,
the upstream concentration of China's high-end manufacturing industry in the international market exceeds 0.4,
reaching a peak of 0.4804 in 2019.

Table 3 Upstream Dependence, Market Concentration, and Upstream Risk Coefficient of China’s High-end Man-
ufacturing Sector Industry from 2007 to 2022

Year ubD CRs SSuy Year ubD CRs SSu

2007 | 0.1440 | 0.4696 | 0.0676 | 2015 | 0.0778 | 0.4002 | 0.0311

2008 | 0.1318 | 0.4656 | 0.0614 | 2016 | 0.0742 | 0.4664 | 0.0346

2009 | 0.1035 | 0.4633 | 0.0480 | 2017 | 0.0809 | 0.4676 | 0.0378

2010 | 0.1167 | 0.4237 | 0.0494 | 2018 | 0.0986 | 0.4389 | 0.0433

2011 | 0.1152 | 0.4008 | 0.0462 | 2019 | 0.1163 | 0.4804 | 0.0559

2012 | 0.1065 | 0.3678 | 0.0392 | 2020 | 0.1105 | 0.4745 | 0.0524

2013 | 0.1010 | 0.3695 | 0.0373 | 2021 | 0.1240 | 0.4378 | 0.0543

2014 | 0.0897 | 0.4060 | 0.0364 | 2022 | 0.1135 | 0.4299 | 0.0488

Note: UD denotes upstream dependence; CRg signifies market concentration; SSy indicates upstream risk coeffi-
cient.

Table 4 lists the eight economies in which China's high-end manufacturing upstream is most dependent on the
international market. The eight economies are arranged in descending order based on their import magnitude from
China. As shown in Table 4, seven of them demonstrated a considerable level of stability between 2007 and 2022,
ranking including KOR, TAP, JPN, AUS, GER, USA, and RUS. The remaining economy, which is not stable,
occupies the final position in the rankings.

Table 4 Eight Economies in Which China's High-end Manufacturing Industry Upstream Relies Most on the Inter-
national Market from 2007 to 2022

Year CRs 8 Economies

2007 | 0.4696 |TAP,JPN, KOR, GER, USA, AUS, IND, RUS

2008 | 0.4656 |JPN, KOR, TAP, AUS, GER, USA, RUS, IND
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2009 | 0.4633 |JPN, KOR, TAP, AUS, GER, USA, RUS, BRA

2010 | 0.4237 [JPN, KOR, TAP, AUS, GER, USA, RUS, BRA

2011 | 0.4008 |[KOR, JPN, TAP, AUS, GER, RUS, USA, BRA

2012 | 0.3678 |KOR, TAP, JPN, AUS, GER, RUS, USA, BRA

2013 | 0.3695 | KOR, TAP, AUS, JPN, GER, USA, RUS, SIN

2014 | 0.4060 | KOR, TAP, JPN, AUS, GER, USA, RUS, SIN

2015 | 0.4002 | KOR, TAP, JPN, AUS, GER, USA, RUS, SIN

2016 | 0.4664 | KOR, TAP, JPN, AUS, GER, USA, RUS, VIE

2017 | 0.4676 | KOR, TAP, JPN, AUS, GER, USA, RUS, VIE

2018 | 0.4389 |KOR, TAP,JPN, USA, AUS, GER, RUS, BRA

2019 | 0.4804 |KOR, USA, TAP, JPN, AUS, BRA, GER, RUS

2020 | 0.4745 |JPN, KOR, AUS, TAP, USA, GER, RUS, BRA

2021 | 0.4378 |JPN, KOR, TAP, USA, AUS, RUS, GER, BRA

2022 | 0.4299 |JPN, AUS, KOR, USA, TAP, RUS, GER, BRA

Downstream Risks in in the Supply Chain of China's High-end Manufacturing Sector

Table 5 displays the calculated downstream dependence and concentration of China's high-end manufacturing in-
dustry on the international market from 2007 to 2022. Formula 6 estimates the downstream risk coefficient, and
the fourth and eighth columns display the results.

Table 5 indicates that, from 2007 to 2022, the downstream dependence of China's high-end manufacturing industry
on the international market showed irregular changes with a noticeable overall decline. It dropped from 0.1972 in
2007 to 0.1084 in 2016, a decrease of 45.03%, and then began to rebound to 0.1474 in 2022. The downstream
dependence of China's high-end manufacturing industry on the international market declined from 0.4673 in 2007
to 0.4233 in 2013, a reduction of 9.42%; it began to rise in 2014 to 0.4664 in 2022, close to the level in 2007.

The downstream concentration of China's high-end manufacturing sector in the international market exhibited a
declining trend between 2007 and 2022, followed by resurgence. From 2007 to 2013, the downstream concentra-
tion of China's high-end manufacturing sector decreased from 0.4673 in 2007 to 0.4233 in 2013, subsequently
rebounding to 0.4764 in 2022, surpassing the 2007 level.

Table 5 Downstream Dependence, Market Concentration, and Downstream Risk Coefficient of China’s High-end
Manufacturing Industry from 2007 to 2022

Year DD CRs SSp Year DD CRs SSp

2007 | 0.1972 | 0.4673 | 0.0922 | 2015 | 0.1195 | 0.4296 | 0.0513

2008 | 0.1818 | 0.4526 | 0.0823 | 2016 | 0.1084 | 0.4397 | 0.0477

2009 | 0.1392 | 0.4424 | 0.0616 | 2017 | 0.1164 | 0.4545 | 0.0529
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2010 | 0.1515 | 0.4396 | 0.0666 | 2018 | 0.1135 | 0.4446 | 0.0505

2011 | 0.1426 | 0.4413 | 0.0629 | 2019 | 0.1417 | 0.4823 | 0.0683

2012 | 0.1341 | 0.4286 | 0.0575 | 2020 | 0.1423 | 0.4479 | 0.0637

2013 | 0.1269 | 0.4233 | 0.0537 | 2021 | 0.1481 | 0.4339 | 0.0643

2014 | 0.1281 | 0.4424 | 0.0567 | 2022 | 0.1474 | 0.4764 | 0.0702

Note: DD denotes downstream dependence; CRg signifies market concentration; SSp indicates downstream risk
coefficient.

In Table 6, we get and arrange the data on the top eight economies that have the highest exports of China's high-
end manufacturing final products.

As shown in Table 6, between 2007 and 2022, six out of the eight economies, namely the USA, JPN, KOR, GER,
TAP, and IND, have demonstrated stability, while the remaining two economies have relatively low rankings and
are considered unstable. Following the inclusion of MEX and VIE in 2018, the eight economies have achieved a
state of relative stability.

Table 6 Eight Economies in Which China's High-end Manufacturing Industry Downstream Relies most on the
International Market from 2007 to 2022

Year CRs 8 Economies

2007 | 0.4673 USA, JPN, GER, KOR, TAP, IND, UKG, FRA

2008 | 0.4526 USA, JPN, KOR, GER, UKG, TAP, FRA, IND

2009 | 0.4424 USA, JPN, KOR, GER, IND, FRA, TAP, AUS

2010 | 0.4396 USA, JPN, KOR, GER, IND, UKG, TAP, MEX

2011 | 0.4413 USA, JPN, KOR, GER, IND, AUS, UKG, TAP

2012 | 0.4286 USA, JPN, KOR, GER, IND, UKG, AUS, TAP

2013 | 0.4233 USA, JPN, KOR, GER, UKG, IND, TAP, BRA

2014 | 0.4424 USA, JPN, KOR, HKG, GER, TAP, IND, UKG

2015 | 0.4296 USA, JPN, KOR, GER, IND, TAP, UKG, NET

2016 | 0.4397 USA, JPN, KOR, GER, IND, TAP, MEX, UKG

2017 | 0.4545 USA, JPN, KOR, GER, IND, MEX, TAP, NET

2018 | 0.4446 USA, JPN, GER, KOR, MEX, IND, VIE, AUS

2019 | 0.4823 USA, JPN, KOR, GER, MEX, VIE, TAP, IND

2020 | 0.4479 USA, JPN, GER, KOR, VIE, TAP, MEX, IND

2021 | 0.4339 USA, GER, JPN, KOR, VIE, MEX, TAP, IND

2022 | 0.4764 USA, JPN, KOR, GER, TAP, MEX, VIE, IND
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Supply Chain Security Coefficient of China's High-end Manufacturing Industry

The supply chain security coefficients of China's high-end manufacturing industry are evaluated; the results are
given in the second and fifth columns of Table 7. The supply chain security coefficients of China's low-end manu-
facturing are calculated, and the results are located in the third and sixth columns of Table 7. We compare the safety
coefficients of the two manufacturing sectors.

Table 7 indicates that the supply chain security coefficient of China's high-end manufacturing industry increased
from 0.8402 in 2007 to 0.9177 in 2016, an increase of 9.22%; then it decreased from 0.9177 in 2016 to 0.881 in
2022, but it was higher than 0.8402 in 2007.

Table 7 Supply Chain Security Coefficients for China's High-end and Low-end Manufacturing Industries

YearHigh-end manufacturinglLow-end manufacturing|Y earjHigh-end manufacturinglLow-end manufacturing
2007 0.8402 0.9017 2015 0.9175 0.9542
2008 0.8563 0.9152 2016 0.9177 0.9588
2009 0.8905 0.9304 2017 0.9093 0.9548
2010 0.8840 0.9287 2018 0.9063 0.9521
2011 0.8909 0.9338 2019 0.8758 0.9436
2012 0.9034 0.9408 2020 0.8838 0.9441
2013 0.9090 0.9456 2021 0.8815 0.9451
2014 0.9069 0.9484 2022 0.8810 0.9438

Figure 3 is developed based on Table 7. The supply chain security coefficient of China's high-end manufacturing
sector is lower than that of the low-end manufacturing industry. From 2007 to 2022, the supply chain security
coefficient of China's low-end manufacturing industry was above 0.9, while the supply chain security coefficient
of the high-end manufacturing industry was below 0.9, but the gap between the two diminished until 2014, after
which it expanded.

0.98

0.96
0.94 W
0.92

s _./I' m
0.88 e \?—4=‘—0—
0.86 //
0.84

0.82
0.8
0.78

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

=—9—High-end manufacturing sector == Low-end manufacturing sector

Fig.3 Supply Chain Security Coefficients for China's High-end and Low-end Manufacturing Industries
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Supply Chain Security Coefficients of China's Seven High-end Manufacturing Sectors

We use the same method to obtain upstream dependence, market concentration, and upstream risk coefficient of
China's seven high-end manufacturing industries in the international market from 2007 to 2022. Table 8 displays
the results.

Table 8 Upstream Dependence, Market Concentration, and Upstream Risk Coefficient of China's Seven High-end
Manufacturing Industries in the International Market from 2007 to 2022

2007|2008|2009|2010{2011{2012|2013|2014|2015|2016|2017|2018|2019|2020{2021 2022

Cs |UD|0.204/0.222/0.179(0.210/0.219/0.209/0.194(0.170|0.147|0.141/0.154(0.185/0.312|0.301/0.338/0.312
1 4 7 8 7 7 3 5 8 2 1 6 5 3 5 5

CRg/0.368|0.367/0.391/0.405(0.413/0.371|0.331/0.304(0.265|0.312/0.379/0.388/0.413/0.431/0.398|0.514
6 6 6 5 8 | 4| 4 | 4 7 6 1 1 3 1| 4 7

SSu|0.075|0.081/0.070(0.085|0.090/0.077|0.064(0.051/0.039(0.044/0.058/0.072|0.129/0.129|0.134/0.160
2 8 4 5 9 9 4 9 3 1 4 0 2 9 9 8

Co |UD|0.121/0.111/0.088|0.095(0.091/0.078|0.072|0.065/0.056/0.054/0.059|0.071/0.081(0.078/0.088/0.081
2 0 6 3 9 6 3 6 9 4 2 5 7 4 0 1

CRs|0.520]0.507|0.512|0.508|0.486/0.474/0.468|0.473/0.466(0.523)0.506|0.423|0.475/0.473/0.436/0.460
2 4 5 5 4 4 1 3 3 1 0 6 8 2 7 5

SSu|0.063|0.056(0.045(0.048/0.044(0.037|0.033(0.031/0.026|0.028|0.030{0.030(0.038/0.037|0.038|0.037
0 3 4 5 7 3 8 1 5 5 0 3 9 1 4 3

C11 |UD|0.0890.096|0.070]0.085(0.086/0.076|0.070|0.063|0.054/0.052/0.057|0.069/0.068(0.065|0.073|0.06 7
6 1 9 1 3 3 0 3 9 4 1 1 8 6 5 6

CRg|0.398]0.374(0.395|0.402(0.393/0.368|0.356|0.351/0.332|0.380/0.399|0.399/0.427(0.432/0.393|0.388
4 0 7 5 6 9 9 5 4 0 9 2 2 3 9 1

SSu|0.035|0.035(0.028(0.034/0.034(0.028|0.025(0.022(0.018/0.019|0.022/0.027|0.029/0.028/0.029/0.026
7 9 1 3 0 1 0 2 2 9 8 6 4 4 0 2

C12 |UD|0.099/0.104/0.088/0.105(0.111/0.103|0.103|0.089/0.077|0.073]0.080/0.097/0.110(0.106/0.119/0.109
1 1 8 3 8 2 7 2 3 9 5 2 8 1 0 6

CRg0.417|0.394/0.403|0.384/0.334/0.294(0.280(0.279/0.260|0.310/0.320/0.363|0.385/0.411/0.378|0.384
3 9 7 0 8 0 5 5 8 7 2 3 1| 4 7 0

SSu|0.041|0.041/0.035/0.040/0.037|0.030(0.029|0.024/0.020(0.023|0.025/0.035(0.042|0.043/0.045(0.042
4 1 9 4 | 4 | 3 1 9 2 0 8 3 7 7 1 1

Ci13 |UD|0.101/0.090/0.078(0.087|0.083/0.076/0.073|0.063|0.055/0.052/0.057|0.069/0.079|0.076|0.085/0.078
7 9 2 7 6 7 0 9 | 419 7 7 6 3 5 8

CRs|0.571]0.589|0.565|0.544(0.497|0.479|0.464(0.515/0.522|0.553|0.542|0.480/0.534(0.522/0.480/0.433
2 5 7 9 7 5 0 9 8 8 8 0 0 4 0 5

SSu|0.058/0.053|0.044/0.047/0.041/0.036(0.033/0.033/0.029|0.029/0.031(0.033/0.042|0.0390.041(0.034
1 6 2 8 6 8 9 0 0 3 3 5 5 9 0 2
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Ci1s |UD|0.244/0.206/0.161/0.161(0.147/0.139|0.135|0.122/0.105(0.101/0.110/0.133|0.155/0.149(0.167|0.154
2 0 5 1 2 5 6 1 9 1 2 0 3 3 6 6

CRg|0.533]0.552|0.544(0.544(0.438/0.435|0.470|0.553/0.563(0.675|0.680|0.517|0.627/0.580/0.554/0.494
4 9 0 9 8 6 6 7 2 3 8 3 5 2 2 5

SSu|0.130(0.113/0.087|0.087|0.064(0.060/0.063(0.067|0.0590.068|0.075/0.068|0.097/0.086|0.092/0.076
3 9 9 8 6 8 8 6 6 3 0 8 4 6 9 5

Ci1s |UD|0.086/0.074(0.060/0.061(0.0600.055|0.052|0.047/0.041/0.039|0.043|0.052/0.059(0.057|0.064/0.059
9 2 2 9 5 5 1 8 4 6 1 0 5 2 2 2

CRg0.648(0.674/0.659|0.635/0.600/0.570|0.558/0.622/0.629|0.650/0.638/0.579|0.630/0.631/0.584(0.583
9 9 1 7 9 | 4 | 2 5 5 2 7 3 6 6 3 5

SSu|0.056|0.050]0.039(0.039|0.036/0.031(0.029|0.029|0.026(0.025/0.027/0.030(0.037|0.036|0.037|0.034
4 1 7 4 | 4 | 7 1 8 1 7 5 1 5 1 5 5

Note: UD denotes upstream dependence; CRg signifies market concentration; SSy indicates upstream risk coeffi-
cient.

The results of the downstream dependence, market concentration, and downstream risk coefficient of China's seven
high-end manufacturing industries in the international market from 2007 to 2022 are listed in Table 9.

Table 9 Downstream Dependence, Market Concentration, and Downstream Risk Coefficient of China's Seven
High-end Manufacturing Industries in the International Market from 2007 to 2022

2007|2008|2009{2010|2011|2012{2013|2014|2015{2016|2017|2018|2019|2020|2021 (2022

DD|0.028(0.036|0.044/0.031/0.032(0.030]0.032/0.033/0.030{0.028/0.030/0.039|0.052/0.053|0.055/0.055

6 7 4 0 2 9 9 0 9 3 9 1 7 6 8 0
Cs

CRg|0.528]0.636|0.600/0.367(0.596/0.665|0.631/0.597/0.589|0.689|0.654(0.730/0.690(0.613|0.458/0.407
5 7 6 2 4 5 5 2 2 5 6 5 5 5 0 7

SSp|0.015/0.023/0.026(0.011/0.019|0.020/0.020(0.0190.018/0.019|0.020/0.028(0.036/0.032/0.025|0.022
1 4 7 4 2 6 8 7 2 5 2 6 4 9 6 4

DD|0.109/0.104(0.076/0.090/0.087|0.073/0.068/0.070|0.066/0.060(0.065|0.065/0.084(0.086/0.089|0.088

4 9 3 3 9 2 5 9 3 9 9 5 6 1 6 3
Co

CRg0.558/0.560/0.533/0.533/0.543/0.526|0.503/0.523/0.523|0.549|0.525/0.361|0.454/0.441/0.401/0.476
7 0 9 6 7 4 7 1 0 9 9 5 6 2 7 5

SSp|0.061|0.058|0.040/0.048/0.047|0.038/0.034{0.037|0.034(0.033|0.034/0.023/0.038|0.038/0.036(0.042
1 7 7 2 8 5 5 1 7 5 7 7 510 0 1

DD|0.053|0.054/0.039(0.053|0.052|0.055|0.054(0.052|0.049|0.045/0.049/0.045|0.048/0.049|0.051/0.050
5 6 5 0 3 9 5 8 4 4 1 3 3 2 2 4
C1
1 |CRg0.486|0.507|0.479(0.471/0.521|0.453|0.427(0.441/0.434(0.442|0.454(0.538|0.611/0.422|0.462/0.493
7 7 5 5 9 9 5 7 5 1 5 0 8 4 4 4

SSp|0.026/0.027|0.018/0.025|0.027|0.025(0.023(0.023]0.021/0.020/0.022(0.024/0.029|0.020/0.023/0.024
0 7 9 0 3 4 3 3 5 1 3 4 5 8 7 9
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0.061/0.073/0.076(0.070]0.067|0.070/0.065(0.060]0.065|0.060/0.070(0.071/0.078/0.077
9 8 1 7 3 3 8 4 4 4 6 8 5 3

0.544(0.553/0.565(0.532/0.498|0.472/0.459(0.486/0.491/0.551/0.595(0.502/0.462/0.531
9 4 7 0 4 1 8 2 6 9 9 0 2 4

SSp|0.056/0.053/0.033/0.040/0.043|0.037|0.033(0.033/0.030/0.029|0.032/0.033/0.042/0.036|0.036/0.041
0 2 7 8 0 6 5 2 3 4 2 3 1 0 3 1

DD|0.209|0.202/0.142(0.179/0.179|0.165|0.157|0.159|0.149|0.137|0.148|0.136|0.226|0.230(0.239/0.235
2 1 0 1 5 4 8 4 2 0 2 8 2 2 5 9
C1
3 |CRg0.468|0.434/0.428|0.413|0.426|0.426(0.405/0.414/0.403|0.401(0.418|0.456/0.424/0.408|0.363|0.412
0 4 9 7 8 6 6 2 0 8 3 6 4 3 1 0

SSp|0.097|0.087|0.060/0.074(0.076/0.070(0.064(0.066/0.060(0.055|0.062(0.062(0.096|0.094/0.087|0.097
9 8 9 1 6 6 0] O 1 0 0| 5 0|0 0 2

DD|0.460/0.416/0.375|0.345/0.317|0.308|0.294(0.296|0.275|0.249|0.265|0.230/0.303|0.308|0.317|0.313
5 3 0 9 3 0 2 2 4 0 2 2 6 9 7 0
Ci1
4 |CR4g0.474(0.463/0.475|0.466|0.465|0.459|0.463|0.488|0.471|0.483|0.503|0.486|0.546|0.514/0.497/0.544
1 2 5 7 3 1 1 4 0 3 4 6 3 0 4 8

SSp|0.218|0.192|0.178/0.161|0.147/0.141/0.136/0.144/0.129(0.120/0.133/0.112|0.165/0.158/0.158(0.170
3 8 3 4 6 4 2 7 7 3 5 0 9 8 0 5

DD|0.129/0.127/0.082|0.089(0.089|0.084/0.072/0.070]0.065|0.060]0.065|0.060(0.080}0.082/0.085/0.084
2 0 3 1 5 0 4 1 6 2 2 2 6 0 3 0
C1
5 |CRg0.443|0.423/0.318/0.341/0.331/0.329(0.352(0.394(0.368|0.382|0.399|0.440/0.431/0.438|0.489|0.456
7 7 0 6 1 6 5 3 5 7 0 7 0 6 8 9

SSp|0.057|0.053|0.026(0.030]0.029|0.027|0.025(0.027|0.024/0.023|0.026/0.026(0.034/0.036|0.041/0.038
3 8 2 4 6 7 5 6 2 0 0 5 7 0 8 4

Note: DD denotes downstream dependence; CRg signifies market concentration; SSp indicates downstream risk
coefficient.

The supply chain security coefficients of China’s seven high-end manufacturing sectors were calculated according
to formula 4, and the results are shown in Table 10.

Table 10 reveals significant variations in the supply chain security coefficients among China's seven high-end
manufacturing industries.

Table 10 Supply Chain Security Coefficients of China's Seven High-end Manufacturing Sectors from 2007 to 2022

Year Cs Co Cu Cn2 Ci3 Cua Cis

2007 0.9097 | 0.8759 | 0.9383 | 0.9026 0.844 | 0.6514 | 0.8863

2008 0.8948 | 0.885 | 0.9364 | 0.9057 | 0.8586 | 0.6933 | 0.8961

2009 0.9029 | 0.9139 0.953 0.9304 | 0.8949 | 0.7338 | 0.9341
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2010 0.9031 | 0.9033 | 0.9407 | 0.9188 | 0.8781 | 0.7508 | 0.9302

2011 0.8899 | 0.9075 | 0.9387 | 0.9196 | 0.8818 | 0.7878 | 0.934

2012 0.9015 | 0.9242 | 0.9465 | 0.9321 | 0.8926 | 0.7978 | 0.9406

2013 0.9148 | 0.9317 | 0.9517 | 0.9374 | 0.9021 | 0.800 | 0.9454

2014 0.9284 | 0.9318 | 0.9545 | 0.9419 | 0.901 | 0.7877 | 0.9426

2015 0.9425 | 0.9388 | 0.9603 | 0.9495 | 0.9109 | 0.8107 | 0.9497

2016 0.9364 | 0.938 0.96 0.9476 | 0.9157 | 0.8114 | 0.9513

2017 0.9214 | 0.9353 | 0.9549 0.942 0.9067 | 0.7915 | 0.9465

2018 0.8994 | 0.946 0.948 | 09314 | 0.904 | 0.8192 | 0.9434

2019 0.8344 | 0.9226 | 0.9411 | 0.9152 | 0.8615 | 0.7367 | 0.9278

2020 0.8372 | 0.9249 | 0.9508 | 0.9203 | 0.8661 | 0.7546 | 0.9279

2021 0.8395 | 0.9256 | 0.9473 | 0.9186 | 0.872 | 0.7491 | 0.9207

2022 0.8168 | 0.9206 | 0.9489 | 0.9168 | 0.8686 0.753 0.9271

Figure 4 is generated from Table 10. Figure 4 shows that the supply chain security coefficient of the Cg decreases,
whereas the coefficients of the other six sectors increase, although at varying rates. The disparity among the seven
industries is rapidly narrowing. In 2007, the gap between Ci4 and Ci; was 0.2869. In 2022, the gap narrowed to
0.1959, indicating a decrease of 31.72%. In 2007, the supply chain security coefficient of Cs was second, following
that of C11. However, it had a significant decline from 2016 to 2019, particularly dropping from 0.9041 in 2018 to
0.8345, leaving it only above Ci4. Before 2018, the supply chain safety factor of Ci3 was only slightly higher than
that of Ci4, but it was gradually increasing. However, in 2019, it experienced a significant decline from 0.9041 in
2018 to 0.8615, after this, it remained stable. The supply chain safety coefficients of Co, Ci5, and Ci2 are all at a
high level, with little variation.
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Fig.4 Supply Chain Security Coefficients of China's Seven High-end Manufacturing Sectors from 2007 to 2022
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CONCLUSION AND RECOMMENDATIONS

This article develops an evaluation index for global supply chain security and applies it to the evaluation of China's
high-end manufacturing sector. China's high-end manufacturing industry exhibits an initial decrease in external
dependencies, followed by a subsequent expansion in both the upstream and downstream domains. The supply
chain security coefficient of China's high-end manufacturing sector is rising; however, it is lower compared to
China's low-end manufacturing. The supply chain safety coefficients of China's seven high-end manufacturing
industries show significant differences. The security coefficients of some sectors are increasing, while those of
others are decreasing. This paper also found that China's high-end manufacturing industry has a higher upstream
dependence and market concentration than the downstream issues on the international market.

Based on the analysis results, the authors propose four suggestions. Firstly, maximize the advantages of China's
huge domestic market. To improve the foreign investment climate, foster collaboration between local and foreign
firms, enhance domestic supply and demand capacities, and decrease reliance on international markets for inter-
mediate goods. Secondly, we need to prioritize the augmentation of technological research and development ca-
pacity. By increasing investment and engaging in collaborative efforts among multiple parties, we can effectively
govern the fundamental technologies and products of the high-end manufacturing supply chain. This will reduce
reliance on technologies and goods from certain countries and regions while also strengthening the supply chain's
resilience. Also, keep moving forward with the "Belt and Road Initiative," improve cooperation across more re-
gions, make the world's trade structure more efficient, increase the variety of intermediate goods imported and
exported, lower reliance on a few economies like the US and Japan for high-end manufacturing, and make the
supply chain more resilient. Implement a supply chain security monitoring system and prioritize industries with
higher supply chain risks or significant declines in supply chain security. As an illustration, within the group of
seven top-tier manufacturing sectors, Ci4 has the lowest level of supply chain security, while Cg experiences a
more significant decrease. Further investigation revealed that Ci4's low supply chain security factor is primarily
due to its greater concentration in the upstream market and its increased reliance on the downstream sector. The
significant rise in international reliance on upstream sources and market consolidation are key factors contributing
to Cg's decrease in supply chain security. To address the issues and underlying factors affecting supply chain secu-
rity in these two industries, it is essential to develop specific industrial policies that target and enhance the security
levels of their supply chains.
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