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Abstract

This study investigates the evolution of global value chains (GVCs) and the strategic
position of the EU27 in these GVCs and production networks. The analysis is based on
input-output data from the FIGARO database that covers the years 2010-2019. An in-depth
coverage is provided for four sectors (food, pharma, electronics, and vehicles) and three
industrial ecosystems (energy intensive industries, mobility-transport-automotive,
aerospace & defence). In terms of the main results, the overall share of foreign sourcing
is quite stable over this period, and the length of GVCs remains roughly the same, so there
is no sign of large-scale backshoring. The most important geographical shifts are the gains
of China as a supplier in the value chains of EU27 and US. Europe’s strategic capacities, as
measured by social network analysis indicators, are in mobility/automotive/transport,
energy-intensive industries, and electronics and are towards the US and China. Strategic
dependencies exist mainly towards China in electronics and energy-intensive industries.
The analysis clearly shows the mutually dependent character of these relationships
between the US, China, and the EU27.
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Executive Summary

Growing trade volumes, increasingly sophisticated global value chains (GVCs), and rising levels of foreign direct
investment characterized the global economy over the last 50 years. Today, many fear that this development
comes to an end: globalization took a first hit from the Global Financial Crisis of 2008/09; COVID-19 led to
large-scale disruptions of value chains; Russia's war against the Ukraine may lead to further de-coupling of the
world economy.

In addition, the global political environment of the 2020s seems to be less favourable than it was the years
before. Weakened international trade institutions and a new focus of countries on their 'national interest' are
signs of an anti-globalization mood. Discussions on globalization more and more focus on strategic autonomy
and a reduction of dependencies. A lot of these demands have emerged during the Covid-19 pandemic, but the
underlying changes started well before: the diminishing role of the United States as global 'hegemon' who
pushed towards trade liberalization, and the rise of populism.

Against this background, the study analyses the emergence of global value chains over time:

e  First, we investigate backward linkages in EU27 and US global value chains and how these evolved
over time, including the length of these value chains;

e Second, to identify strategic global value chains and strategic sectors and trade partners of the
European Union within these global value chains.

Global value chains (GVCs) are at the core of the study. Simply speaking, a GVC is the ‘cooking recipe’ of
everything you need, directly or indirectly, to produce a certain final product (see figure below). The producer of
an electronic gadget, for example, needs components such as PCB boards, a screen, microphone, speakers, but
also electricity, water, transport services, accounting services, advertising services etc. Individual stages of
production can be located abroad or in the same country.

Schematic illustration of a global value chain
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Source: UN, World Development Report 2020

We model supply relations in GVCs with input-output-tables that trace the flows of goods for intermediate and
final use throughout the economy. The analysis will utilize annual inter-country input-output tables from FIGARO
(Full International and Global Accounts for Research in input-Output analysis) provided by EUROSTAT. An
important feature of FIGAROQ is that input-output tables of individual countries are linked by imports and exports
of intermediate and final goods. This allows to analyse global value chains across countries. FIGARO covers the
years 2010 to 2019 and includes data for EU Member States, the United Kingdom, the United States and for
the main trade partners of the EU. We consider the European Union as a single economy by aggregating across
the relevant country-sector partitions of the input-output matrix.



Foreign sourcing patterns of the EU27 and the US

We first investigate how the usage of intermediate products in GVCs (backward linkages) evolved over time.
The data show very little changes over time in the EU27 and the US; the overall share of foreign sourcing as
well as value-added shares on total output are stable in both economies. For the EU27, the share of
intermediate products sourced from outside the EU increased only slightly from 4.6% to 5.6%, whereas these
shares declined in the US. Thus, the data give no evidence for large-scale backshoring of production to the EU27
and the US, or for a de-coupling of the world economy after the Financial Crisis of 2008/09.

The value-added share on output (which equals output minus intermediate inputs) is much higher in the US
than in the EU27 (about 57% vs. 50%). This might be attributable to a larger share for the services industries.
Consequently, the share of intermediates on output is higher in the EU27 and lower in the US. Moreover, the US
tends to show smaller shares of foreign sourcing of intermediary inputs (3.5% in 2019) than the EU27 (5.6%
in 2019).

The most important geographical shifts are the gains of China as a supplier for the value chains EU27 and US.
Chinese inputs gained six percentage points in the US, and around five percentage points in the EU27, which is
a lot given the overall shares of inputs remained stable. China’s gains come at the cost of the Rest of the World
group (ROW), a group of countries not separately listed in the FIGARO database (see figure below). The share
of inputs sourced by the EU27 from the US and vice versa remains stable at around 20% each. Thus, the gains
of China are the most important change in global sourcing patterns in both the US and the EU27 over the last
10 years.

Changes in foreign sourcing structures by partner 2010-2019, in pp
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Source: FIGARO; own calculations.

Global value chains in four industries

In a next step, and we selected four global value chains - food, pharma, electronics, and vehicles - for a detailed
analysis. The value-added shares in these four industries increased in most cases in both economies, which
might point to ongoing specialisation in higher value-added activities. A particularly strong increase can be
observed in the electronics industry. This is also the industry with the strongest increases of intermediate
supplies from China, together with the vehicles industry.

China is responsible for around 34% of all intermediate supplies in the electronics industry in the EU27 and
22% in the vehicles industry. The corresponding values for the US are 43% and 30%, so the reliance on China
is lower in the EU than in the US. In contrast, the shares of intermediate imports coming from the EU27 to the
US in these two industries are below those of China. This does not mean, however, that Chinese suppliers have
replaced their EU27 competitors; China’s gains in US electronics and vehicles GVCs were at the expense of other
countries than the EU27, in particular Japan and Canada. Japan also faces decreasing shares in imports of
intermediate goods in the EU27.



The geographical length of value chains

Disruptions in global value chains from delays and the interruption of transport routes may become more likely
the longer the value chain is. Thus, the geographical distance of value chains might be a proxy for their
vulnerability. We calculate the geographical length of GVCs by weighting the different intermediate inputs by
the geographic distance from the respective supplier country.

The results show that the length of the four selected GVCs basically remained the same or slightly decreased
over time. The big exception is the pharmaceutical industry (C21) in the US where value chains became
considerably longer due to a larger role of the EU27 as the main supplier. The opposite can be seen in the EU27,
where Switzerland considerably strengthened its position as a supplier and thus shortened the GVC.

Geographical distance in selected GVCs of EU27 and the US, 2010-2019
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Source: FIGARO; CEPII; own calculations.

The electronics GVCs (C26) in the EU27 and the US took completely different routes during the 2010s. While
its length remained the same in Europe, it drastically shortened in the US, in particular when we consider direct
as well as indirect inputs needed to produce direct inputs. This may be explained by the fact that China has
replaced suppliers from other Asian countries and integrated large parts of the upstream activities in this GVC
within its own country. Altogether, changes in the length of value chains over time do not support the impression
of an ever-increasing globalization; the results, however, give no support for large-scale backshoring or
nearshoring activities in the US or the EU27 since 2010, either.

Comparative advantage in GVCs

To examine possible drivers for these developments, we considered structural changes within global value
chains by calculating revealed comparative advantage indexes for each GVC (GVC-RCAs). With regard to the
levels, the patterns confirm that China has revealed comparative advantage in supplying high-tech products
within these value chains, although levels are quite differentiated across the using industries considered
(suggesting some industry-specific sourcing structures).

The results point towards stability of comparative advantage structures with respect to domestic sourcing for
both the EU27 and the US. However, some significant changes have occurred in the sourcing patterns of the
EU27 from the US in the pharmaceutical industry where the US lost market shares. China gained market shares
in EU27 sourcing structures in the computer and the vehicles industry. In these two industries China also gained
market shares in the sourcing patterns of the US. Results also show that the pharmaceutical industry has
undergone stronger changes in patterns of comparative advantages in both the EU27 and the US.



Strategic industrial ecosystems in value chains

Covid-19 and the war in the Ukraine paved the way for a new thinking about global value chains in terms of
strategic dependencies that come with GVCs. Here, the term ‘strategic’ indicates the importance and influence
of certain sectors or countries in global value chains (‘strategic autonomy’, ‘open strategic autonomy’, ‘strategic
sovereignty’).

Having a strategic position in the global production network means to have a direct and/or indirect impact on
other ecosystems or countries by means of supply or demand relations, or to rely on strategic ecosystems and
countries which influence EU ecosystems and countries directly and indirectly via supply or demand shocks. This
generally reduces the risk of dependencies and allows to compensate for shocks by having a large range of
alternative supply and demand links. However, being strategic also increases the vulnerability with regard to
potential supply and demand shocks in the production network. It is more likely to receive or pass on shocks to
many other (also strategic) ecosystems or countries.

We operationalize strategic importance or influence of sectors in value chains with four indicators from Social
Network Analysis and data from FIGARO. NACE 2-sectors are aggregated to the level of industrial ecosystems
based on a taxonomy by the European Commission. The four indicators are weighted out-degree centrality,
page rank, hub and authority score.

Based on the four indicators, three industrial ecosystems stand out in their strategic importance:

e The Energy Intensive Industries ecosystem supplies intermediate products such as steel, non-ferrous
metals and chemicals to many downstream sectors.

e The Mobility-Transport-Automotive ecosystem is characterised by a long and complex supply chain and
is dominated by a few global players. The EU is fairly dependent on third countries regarding electronic
components.

e The Aerospace & Defence ecosystem has a similar character to mobility-transport-automotive with a
complex supply chain a few global players as system integrators.

Between 2010 and 2019, the EU industrial ecosystems have improved their strategic position in terms of
outward-orientation and supply-orientation — as indicated by the rank changes in weighted out-degree and hub
score— but lost in their strategic positioning regarding their inward-orientation and demand-orientation - as
shown by the decrease in ranking of authority score and PageRank.

EU industrial ecosystems in international perspective

In an international comparison, the ranking is dominated by China and the US. Especially in terms of its authority
score, China clearly shows a dominating role. The three aforementioned industrial ecosystems also hold
dominant positions in most countries which reflects their importance as highly connected sectors that driver
internationalization to a considerable degree.

We further differentiate the main trade partners of the E27 from the perspective of dependencies and capacities
in the table below which lists the main combinations of countries and industrial ecosystems including their
destination ecosystems in the EU. The EU economies strongly depend on China's Electronics, Energy Intensive
Industries, and Aerospace & Defence ecosystems. With an average rank of 4 and 7 over all four subdimensions
(in 2019), these ecosystems are also globally among the most strategic ones (and even increased in their
strategic position since 2010) and strongly feed into the EU's ecosystems of Aerospace & Defence, Energy
Intensive Industries, Digital, Electronics and Mobility-Transport-Automotive.

A second quite distinct dependency exists with respect to the US ecosystems Energy Intensive Industries, Retail,
and Mobility-Transport-Automotive, which - although globally not as strategic as the Chinese ecosystems -
particularly export to the EU ecosystems Energy Intensive Industries and Mobility-Transport-Automotive.

The EU's strategic capacities are also mainly towards China and the US. Important industrial ecosystems where
the EU reveals strategic capacities are Mobility-Transport-Automotive, Energy Intensive Industries and
Electronics. In terms of their strategic position, all these ecosystems are also quite highly ranked globally (with
average ranks of about 10 and 24). These relationships are mostly mutual - dependencies and capacities
between countries are in the same ecosystems.



Strategic dependencies and capacities of the EU, 2019

EU's strategic dependencies

EU's strategic capacities

Origin country &
ecosystem

EU's destination ecosystem

EU's origin ecosystem

Destination country &
ecosystem

CN - Electronics
(4|5.75)

CN - Energy Intensive
Industries
(7]113.25)

CN - Aerospace & Defence
(7175)

US - Energy Intensive
Industries
(13]135)

RU - Energy Intensive
Industries
(71.25|54.75)

US - Retail
(23.25)28)

Aerospace & Defence

Digital

Electronics
Mobility-Transport-Automotive

Energy Intensive Industries
Construction
Mobility-Transport-Automotive

Aerospace & Defence
Mobility-Transport-Automotive
Digital

Electronics

Energy Intensive Industries

Energy Intensive Industries
Mobility-Transport-Automotive

Energy Intensive Industries
Aerospace & Defence
Mobility-Transport-Automotive
Health

Mobility-Transport-Automotive

(108.75)

Energy Intensive Industries
(10.25|6)

Electronics
(24.25|20.25)

Aerospace & Defence
(16.5|17.5)

Retail
(23.25/21)

US - Mobility-Transport-
Automotive
CN - Mobility-Transport-
Automotive

CN - Energy Intensive
Industries

US - Energy Intensive
Industries

CN - Construction

CN - Aerospace & Defence
CN - Digital
CN - Electronics

CN - Aerospace & Defence
US - Mobility-Transport-
Automotive

US - Aerospace & Defence

US - Health,

US - Mobility-Transport-
Automotive

US - Energy Intensive
Industries

Note: ROW not included; average rank (over all four sub-dimensions of 'strategic’) 2019 and 2010 given in parentheses (2019|2010)

Source: FIGARO, own calculations

There are only small changes in the list of dependencies and capacities between 2010 and 2019; apart from
small changes in positions in the global ranking, dominant ecosystems and countries remain dominant.

Altogether, the results indicate that the European Union could maintain an important position in the global
economic system. In many respects, China became more important since the Global Financial Crisis of 2008/09;
this, however, changed only slightly the length of global value chains.

If the EU wants to better handle its strategic dependencies, short-term remedies include stockpiling and
diversified supply chains. Over the medium and long term, rebuilding or reshoring of production activities may
be one way to reduce dependencies.



1 Background and concepts
1.1Background

1.1.1 Context and objectives of the study

Growing trade volumes, increasingly sophisticated global value chains (GVCs), and rising levels of foreign direct
investment characterize the evolution of the global economy over the last 50 years (Baldwin, 2016; Pahl and
Timmer, 2019). But will globalisation go on forever? The Financial Crisis of 2008/09 was a watershed for
globalisation. Evidence from input-output data suggests that the share of foreign value-added in exports
(‘backward linkages') has decreased in major economies since 2011 (Timmer et al., 2016; UNCTAD, 2018). This
is a sign that imports became less relevant as inputs for domestic production. Another radical departure from
growth was the Covid-19 crisis; inflows and stocks of foreign direct investment have dropped dramatically
during 2020.

Against this background, this report studies the emergence of global value chains over time. The study has the
following main objectives:

e  First, to investigate if global value chains grow or decrease over time, and which GVCs show the strongest
expansion or contractions, and measure the length of these value chains;

e second, to identify strategic value chains and strategic sectors and trade partners of the European Union
within these global value chains;

The analysis of the study is based on input-output data and indicators from social networks analysis. In the
organization of the investigation, we follow a structure of three consecutive steps. The intention of the present
section is to further specify the methodological approach of the study, the data sources, and the indicators and
metrics that will then be used in Sections 2 and 3, as well as to provide some first empirical evidence from the
data.

1.1.2 The FIGARO input-output database

Our analysis will utilize annual inter-country input-output tables provided by the FIGARO (Full International and
Global Accounts for Research in input-Output analysis) project. FIGARO is an initiative by EUROSTAT. The data
covers 2010 to 2019. Input-output tables are provided at a level of 64 industries/products for the economies
of all EU Member States, the United Kingdom, the United States and the main EU trade partners Argentina,
Australia, Brazil, Canada, Switzerland, China, Indonesia, India, Japan, Republic of Korea, Mexico, Norway, Russian
Federation, Saudi Arabia, Turkey, South Africa, and an aggregate for the rest of the world (ROW).

Table 1: The stylized structure of an inter-country input-output database

Country 1 Country J
Sector 1 Sector S Sector 1 Sector S

Country 1 Country J

Sector 1

Country 1

Sector S

Sector 1

Sector S

Total value added

Source: own elaboration

An important feature of FIGARO and similar data sets like OECD TiVA is that input-output tables of individual
countries are linked by imports and exports of intermediate and final goods (Table 1). Input-output relationships
between countries and sectors in a given year are grouped in a single global table comprising j countries and s
sectors. Each table block represents the value of intermediate input flows from countries and their respective
sectors indicated in the leftmost column to countries and sectors importing the inputs as indicated in the top
rows. The tables also include data on the final use of the produced value (as opposed to intermediate use)
subdivided into consumption by households, government, and gross fixed capital formation.



1.2The length of value chains

What is a global value chain? Simply speaking, it is the ‘cooking recipe’ of everything you need, directly or
indirectly, to produce a certain final product (see figure below). The stages of production can be located abroad
or in the same country. The producer of an electronic gadget, for example, needs components such as PCB
boards, a screen, microphone, speakers, but also electricity, water, transport services, accounting services,
advertising services etc.

Figure 1: Schematic illustration of a global value chain
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Source: UN, World Development Report 2020

In order to develop metrics for the length of GVCs we will resort to state-of-the-art methods utilized in the
literature. The study will draw on two different, though related strands of the literature: first, the contributions
concerning measuring value added trade (see e.g. Los et al, 2015, Wang et al. 2017, Arto et al. 2019, Borin and
Mancini, 2019, to mention the most recent ones) and the ‘length of global value chains’ (e.g. Dietzenbacher et
al. 2005, Dietzenbacher and Romero, 2007, Fally, 2011 and 2012) Second, the literature on social network
analysis. In particular, this literature will be reviewed from the viewpoint of assessing the importance of global
value chains in general and from an EU perspective in particular. Given the scope of the study, the focus will be
on the ‘length of GVCs’, also taking into account measures of physical distance (in accordance with the objective
of the study).

Given the focus of the study on the implications for the EU, we will treat the European Union as a single economy
by aggregating across the relevant country-sector partitions of the input-output matrix. This will allow to
distinguish GVCs and their dynamics in terms of length, distance to the final demand and distance from the
upstream sectors attributed to the EU vis-a-vis the rest of the world (differentiating between countries and
sectors), as well as looking at the dynamics within the EU. This approach implies treating intra-EU linkages as
‘domestic’ linkages in line with the approach of Fally (2012), De Backer and Miroudot (2013), Miroudot and
Nordstréom (2015).

1.2.1 Backward and forward linkages

First, we consider indicators for the “length of value chains” commonly applied in the literature. Briefly reviewing
the relevant literature, several approaches have been recognized to date as robust measures of the length of
GVCs. Most commonly, the length of GVCs is computed as the number of production stages that are reflected
in input-output linkages extending across countries and sectors. In particular, Dietzenbacher et al. (2005)
compute the average propagation length measure as the average number of stages through which an
exogenous change in (the value of) one industry impacts the value of production in another industry.

Extending the approach further, Fally (2011, 2012) develops two simple complementary measures: a) the
number of production stages embodied in each product (sector); b) the average number of stages between
production and final consumption. These measures are weighted by the value added at each production stage
along the global value chain for a given product (sector). The measures are shown to have structural
interpretations and consistency with conventional GVC measures of backward and forward participation
(integration). In a similar way, Antras et al. (2012) and Miller and Temurshoev (2015) compute output
upstreamness and input downstreamness measures that reflect the average propagation length (APL) from the



initial producers of intermediate inputs of a given industry and the length of the propagation chain to the final
demand (in other words, ‘how far away’ a given sector is from its suppliers of intermediate inputs on the one
hand, and, on the other, how far it is from the final demand). Fally (2012), De Backer and Miroudot (2013),
Miroudot and Nordstrém (2015) also show that the scope of these measures can be further expanded by
splitting them into the production stages that occur within the domestic economy and those taking place abroad.
Ye et al. (2015) and Wang et al. (2017) extend the approach to decompose the value chains into sub-
components, distinguishing the average production length and the average propagation length, as well as
differentiating between simple and complex global value chains.

The literature advocates these different approaches to the measurement of the length of GVCs, which, at times,
yield different empirical results (e. g. increasing length of GVCs in Wang et al. (2017) and decreasing length of
GVCs in Fally (2012). Thus, we intend to operate with several metrics of GVC length for robustness and in order
to highlight differing aspects of GVC measures that give rise to the differences in the literature.

To this end, we compute the average length of GVCs in line with Fally (2011, 2012) Based on the ICIO matrix,
the measure is computed as n_k"i=1+Y_(j,)iza_kINj n_I"j where a_kINij is the value of inputs from sector | in
country j used to produce a unit-value (one dollar) of output by sector k in country i (it is directly observed in
the input-output matrix). n_k~i and n_I*j are the length of GVC measures of country-sectors ik and jl. By
construction, and given the symmetry of the ICIO matrix, there is one equation like this for each sector i of
country k (for all country-sectors pairs in the database). This results in a system of linear equations that has a
unique solution for the variable of interest (length of GVC). The index takes the value of unity if there is only
one production stage involved. Naturally, the measure can be decomposed into purely domestic and foreign
components.

—

However, it turns out that the solution equals the following measure of backward linkages. Denote the (1 x NC)
vector of indicators as n and the diagonalised vector as fi, the above equation can be written as 1'fi = 1'T +
1'fiA where 1 denotes a summation vector of the appropriate dimension; I is the identity matrix. Rearranging
yields 1'fl — 1'AA = 1'fi(I — A) = 1'I which can be rewritten as

1'i=10-A)"1=1L
This is, however, exactly the backward linkages as defined above as the column sums of the Leontief inverse

for the respective industry (equal to the gross output multipliers). Thus, these indicators of backward linkages
are conceptually the same as the ‘index number of production stages’ in the interpretation of Fally (2011).

1.2.2 Distance to final demand

Further, in line with Antras et al. (2012) and Fally (2011, 2012), we present another robust measure used in

the literature — distance to final demand. This measure is defined as nf = 1+ ¥, n/b], where b}, is the
fraction of production from industry k in country i that is used as an intermediate input by industry I in country
j, which is observable directly in the input-output matrix. Distance to final demand, in other words, shows the
degree of upstreamness and the degree other sectors rely on the output of a particular industry.

Analogously to above, this measure can be calculated and interpreted as the forward linkages based on the
Ghosh inverse which results in

fil=(1-B)'1=G1

Using the FIGARO data for 2019, these backward and forward linkages (preserving the country dimension) can
be calculated by summarising the Leontief or Ghosh inverse, respectively, over industries. Figure 2 presents the
EU27 international backward linkages differentiated by source country while Figure 3 the EU27 forward linkages
by destination country for each of the 64 industries. Finally, Figure 4 presents a scatter diagram allowing to
indicate the industries which are characterized by both strong international backward and forward linkages. The
combined indicator of forward and backward linkages can be seen as a measure for the degree a particular
sector is exposed to international shocks. In addition, Figure 2 and Figure 3 also indicate the share of different
countries on backward and forward linkages — we assume that a low concentration of these linkages at country
level indicates a lower supply chain risk.

The highest distance to final demand can be found in the manufacture of coke and refined petroleum products
(NACE 19), water transport (NACE 50), and the manufacture of basic metals (NACE 24). With some exceptions,
the sectors with the highest backward linkages are not high-technology sectors.



Figure 2: EU27 international backward linkages by country, 2019
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Figure 3: EU27 international forward linkages by country, 2019
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Figure 4: EU27 international backward and forward linkages by industry, 2019
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1.2.3 Backward and forward GVC participation

Next, we further develop the approach to incorporate information on value added generated by each country-
sector in a given value chain. This measure takes the differences in the value created at different stages of
production and therefore the relative importance of that stage to the whole value chain into account.

Apparently, these measures are rather different from the conventional measures of the depth of GVCs
(backward and forward GVC participation based on the values of backward and forward linkages). The
methodology implies decomposing gross trade flows into various components. The principal differences in the
methodologies to compute the measure are related to the identification of the double counting term. To this
end we can use the state-of-the-art methodologies by Koopman et al. (2014) or, more recently developed
(albeit not yet published) methodologies by Borin and Mancini (2019) or Arto et al. (2019), also reported in
Roman et al. (2020). Stehrer (2021) introduces an alternative approach and discusses relations to Koopman et
al. (2014) and Los et al. (2016).

As a first step we calculated the Koopman et al. (2014) decomposition which results in nine terms (see Figure
5)
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Figure 5: Structure of EU industries’ value-added exports following Koopman et al. (2014), NACE 2-
digits, 2019
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Note: 1 DVA in DirFGX: Domestic value added in direct final goods exports; 2 DVA in DirlIX: Domestic value added in intermediate goods
exports absorbed by direct importers; 3 DVA in IIX re-exp: Domestic value added in intermediate goods exports re-exported to third
countries; 4 DVA in IIX re-imp as FG: Domestic value added in intermediate goods exports re-imported as final goods; 5 DVA in IIX re-
imp as Il: Domestic value added in intermediate goods exports re-imported as intermediate goods and finally absorbed at home; 6 DC
11X home: Double-counted intermediate exports originally produced at home; 7 FVA in FGX: Foreign value added in exports of final
goods; 8 FVA in IIX: Foreign value added in exports of intermediate goods; 9 DC IIX abroad: Double-counted intermediate exports
originally produced abroad.

Source: FIGARO (detailed tables); wiiw calculations.

At the industry level the indicators have to be carefully interpreted as exports in value added terms can be
different from those in gross terms. Specifically, gross exports can be higher than the value added produced in
an industry (e.g. due to the importance of domestic and imported intermediary inputs). Further, an industry’s
value-added exports can be larger than its gross exports. Indicators are therefore presented in different ways.
For example, Figure 6 presents the first six components of above decomposition in percent of each industries’
value added. Figure 7 shows the share of foreign value added in each industries’ gross exports.
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Figure 6: Domestic components of value-added exports in % of VA by industry (EU27), 2019
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Figure 7: Foreign components of value-added exports in % of gross exports by industry (EU27),
2019
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Figure 8: Foreign value added in exports by source country in % of gross exports by industry, EU27,
2019
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Source: FIGARO (detailed tables); wiiw calculations.

Using this decomposition backward GVC participation is measured as the share of the imported value added
from foreign suppliers upstream in the country’s exports. Forward GVC integration is measured as the domestic

value added entering the exports of other countries:

Backward GVC participation: GVCEW! = %
ct

Forward GVC participation: GVCEWV! = I:(/—“
ct

These correspond to the decomposition terms 7-9 and 3, respectively. Error! Reference source not found.
shows these measures for the industries in the EU27.*

! This measure can be misleading as for industries with a low value of gross exports these measures can become
very large if gross exports are very small. Therefore, alternatively, one might think to normalize to the

industry’s gross output.
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Figure 9: GVC participation measures for EU27 industries, 2019
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Here also alternative decomposition approaches can be analysed: Figure 10 shows the approach suggested in
Arto et al. (2019) focusing on the EU27 as the exporting country, while Figure 11 depicts the decomposition
presented in Stehrer (2021) differentiating between three stages of production identified as source-assembly-
sink. There is an intimate relation between these two approaches at the total economy level which is presented
in Table 2. Some terms are identical whereas the domestic and complex (double-counted) value added in
intermediates exports is split into the directly absorbed ones and the re-exported intermediates. Arto et al.
(2019) split out the double-counted terms in the foreign value added of exports by including a ‘local
decomposition’ (applying the hypothetical extraction method) which is also applied to the respective terms in
the source-assembly-sink decomposition (Stehrer, 2021).
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Table 2: Relation between decomposition approaches in Arto et al. (2019) and Stehrer (2021) at the total economy level

Arto et al (2019)

Stehrer (2021) “Source-assembly-sink”

2. DVAIT FG: Pure domestic value added in final goods
exports

SAS1. DVA in FGX: Pure domestic value added in final
goods exports

4, DDC FG: Domestic double-counting in final goods
exports

SAS2. CDVA in FGX: Complex domestic value added in
final goods exports

1. DVAIT II: Pure domestic value added in intermediates
exports

SAS4. DVA in DIX: Pure domestic value added in directly
absorbed intermediate goods exports

SAS7. DVA in RIX: Pure domestic value added in re-
exported intermediate goods exports

3. DDC II: Domestic double-counting in intermediates
exports

SAS5. CDVA in DIX: Complex domestic value added in
directly absorbed intermediate goods exports

SAS8. CDVA in RIX: Complex domestic value added in re-
exported intermediate goods exports

6. FVAIT FG: Foreign value added in final goods exports

8. FDC FG: Foreign double-counting in final goods exports

SAS3a. FVA in FGX: Foreign value added in final goods
exports

SAS3b. DCFVA in FGX: Double-counted foreign value
added in final goods exports

5. FVAIT II: Foreign value added in intermediates exports

7. FDC 1I: Foreign double-counting in intermediates
exports

SAS6a. FVA in DIX: Foreign value added in directly
absorbed intermediate goods exports

SAS6b. DCFVA in DIX: Double-counted foreign value
added in directly absorbed intermediate goods exports

SAS9a. FVA in RIX: Foreign value added in re-exported
intermediate goods exports

SAS9b. DCFVA in RIX: Double-counted foreign value added
in re-exported intermediate goods exports

Note: Numbering is according to the ordering of the terms in Figure 10 and Figure 11, respectively.

Source: own elaboration.

16



Figure 10: Structure of EU industries’ value-added exports following Arto et al. (2019), 2019
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intermediates exports; 8 FDC FG: Foreign double-counting in final goods exports

Source: FIGARO (detailed tables); wiiw calculations.

1.2.4 Extensions and further steps
The results presented above are just a first step in the analysis. We plan the following next steps:
Assessing changes in GVC integration of the EU27 over time

First, these measures will be calculated for different years to analyse if and in which industries global
integration of EU27 industries have been growing or decreasing over time, which GVCs show the strongest
expansion or contractions and what are the most dynamic components.
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Figure 11: Structure of EU industries’ value-added exports following and extending Stehrer (2021),
2019
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final goods exports; SAS4 DVA in DIX: Pure domestic value added in directly absorbed intermediate goods exports; SAS5 CDVA in DIX:
Complex domestic value added in directly absorbed intermediate goods exports; SAS6a: FVA in DIX: Foreign value added in directly
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goods exports; SAS7: DVA in RIX: Pure domestic value added in re-exported intermediate goods exports; SAS8: CDVA in RIX: Complex
domestic value added in re-exported intermediate goods exports; SAS9a: FVA in RIX: Foreign value added in re-exported intermediate
goods exports; SAS9b: DCFVA in RIX: Double counted foreign value added in re-exported intermediate goods exports.

Source: FIGARO (detailed tables); wiiw calculations.

Second, the measures are used to identify strategic value chains by using the results to identify “risky products”
from Reiter and Stehrer (2021) and combining them with the underlying detailed trade data will allow to analyse
dependencies by calculating the share of risky versus non-risky imports by source-country and industry (for the
selected using industries). A “partial global hypothetical extraction method” can be used to indicate the
implication of a potential reshoring of these products.

1.3A social networks perspective on GVCs

A network analytic approach seems intuitive and quite promising to empirically trace GVCs, and to
systematically characterize their structures and dynamics. This methodological strategy lies in the vein of the
literature stream that considers such a network perspective as highly useful to study international interaction
between countries, among them trade (see De Andrade and Régo 2018), R&D investments or R&D collaborations
(see Scherngell 2013 or 2019 for an overview), and recently also GVCs (see Amador and Cabral 2017, Criscuolo
and Timmins 2018) and the vulnerabilities arising from the composition of a country’s import basket
(Korniyenko et al. 2017).

In terms of network theory, especially ideas from Social Network Analysis (SNA) have come into fairly wide use.
SNA - originally developed for the analysis of interactions between individuals in smaller social systems (see
Wasserman and Faust 1994) - offers a wide range of analytical tools also enabling the investigation of the
structures and dynamics of larger systems comprising interactions between different entities, in economics
often organizations (firms), regions or countries. In this study, we follow this literature stream and utilize the
rich toolbox of network science and SNA to investigate structures and dynamics of GVCs, laying special attention
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on the identification of strategically important global value chains and the role of the EU being involved in such
value chains.

Formally, both perspectives can be described as weighted graphs comprising a set of nodes (sectors, countries,
or sector-country pairs) that are inter-linked via a set of edges (production linkages). Graph theory sets out the
basic mathematical framework. We define a graph ¢ = (N, L,V) with N = {Nl,Nz,..,Ng} as a set of nodes
(sectors, countries, or country-sector pairs) which are linked through a set of edges and a set of weights for
each edge. When analyzing input-output data, the edges have a direction associated with the edges indicating
a flow of goods from one node to the other. The topology of a graph can be decoded in a n-by-n adjacency
matrix, where n denotes the number of nodes, in our case sectors/industries or countries, respectively.

x11 x12 e xln
.. X21 X2 . Xop ..
xGp=\{"7: 7 . Lj=1.,n (1
Xp1 Xpz e Xnn

where one element of X corresponds to the volume of supply and demand flows between sectors/industries or
countries i and j. Having a directed graph, the adjacency matrix as defined by equation (1) is generally not
symmetric.

Based on the adjacency matrix, we can derive various global and local network measures relevant for the
purpose of this study (see Wasserman and Faust 1994 for formal definitions of these measures). While global
measures are used to characterize the overall structure of the global production network and how it changes
over time, local measures are employed to capture the position of individual nodes (countries, sectors, or
country-sector pairs) and their embeddedness and importance in the network.

1.3.1 The global country-sector perspective on intermediate use

The analysis will use data from FIGARO as described in section 2. In a first step, it is important to get an
understanding of the overall network of intermediate use, with a special emphasis on the embeddedness of the
EU27 sectors. For a basic characterization of the overall network of intermediate use and its change over time,
we employ a set of global network measures such as density, degree centralization and clustering. Network
density indicates the overall level of cohesion, while centralization describes the extent to which this cohesion
is organized around particular focal nodes. Hence, a high density would suggest strong cohesion among the
sectors, while a strong centralization of the sector network would indicate structural centers (single sectors or
clusters of sectors). The differentiation between in-centralization and out-centralization in the case of directed
graphs allows to assess if there are only a few dominant sectors supplying goods and services to many other
sectors (high in-centralization) or if only a few sectors receive input from many other sectors (high out-
centralization). The clustering coefficient expresses the cliquishness of sectors; a high clustering coefficient
would imply dense connections between the single sectors, similar to the mean degree which also indicates the
connectedness of a network.

These are fundamental quantitative SNA indicators. Moreover, network visualizations are important
complementary to these quantitative indicators for the empirical analysis. Visualization has the advantage that
relationships appear quite intuitively, while the indicators approach allows a better comparison of values
between different entities and subnetworks (e.g. sector networks). In this document, we will focus on
visualization, but the main analysis of the study will also be based on quantitative indicators. Comparing these
indicators over time allows to determine changes in the connectedness, the degree of cohesion around focal
sectors and the cliquishness of the network and hence, express the changing resilience of the network to shocks.

To highlight the EU’s strategic role in the network of intermediate products, it is necessary to condense and
reduce the overall network by:

e Creating an EU ego network (only links and associated country-sector pairs with EU sectors are
included);

e eliminating intra-EU links;

o eliminating the weakest edges (up to a certain threshold) and their associated country-sector pairs).
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These steps result in the backbone structure of the network of intermediate products from the perspective of
the EU. Production flows where the EU is not involved are excluded. Along with the visual representations (see
Figure 12), again global network measures are used to assess changes of the core networks over time.

What we can see in Figure 12 is a considerable growth of this backbone from 2010 to 2019, including more
sectors and countries. The central relationships are still those from oil-exporting ROW countries (ROW B) to the
Manufacture of coke and refined petroleum products in the EU (EU C19), closely related to the food value chain
(ROW A01, EU C10T12, ROW C10T12, EUG46, ROWG46). Another major value chains from an EU perspective in
2010 are machinery (around EUC29) and metals and metals products (around EU C24 and EU C25). There is
also an electronics value chain visible around EU C26, ROW C26 and CN C26. This is also the only occasion
where China enters the picture in 2010.

Figure 12: EU ego core networks of intermediate products, 2010 and 2019.
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Source: FIGARO (detailed tables); AIT calculations.

The network for 2019 (right side of the Figure), in contrast to 2010, shows considerably more nodes,
considerably more relationships and a much stronger involvement of China in the network. Main supply
relationships are still organized around the petroleum industry, but the importance of other sectors and goods
is growing fast, as can be seen by the size of the nodes and the thickness of the edges. Examples are electronics
(C26), but also textiles and clothing (13T15).
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1.3.2 The local perspective on intermediate use
Identifying and characterizing strategic sectors

Local SNA measures allow to identify and characterize strategic sectors. A first set of local indicators are
centrality measures, especially degree-based centrality, betweenness centrality? and eigenvector
centrality. In general, centrality indicators can be used to characterize the connectedness and position of the
sectors/industries in the global production network. The different types of proposed centrality measures reflect
upon different aspects and characteristics of production networks. Degree-based centrality is a local measure
based on the direct links of a node in the network, i.e. the degree centrality of a particular sector indicates the
total number of connections to other sectors. Analyzing input-output data by means of a directed sector
network, makes it necessary to distinguish between in-degree centrality and out-degree centrality of the sectors.
This allows to identify sectors that predominantly can be characterized as supplying (high out-degree centrality)
or consuming sectors (high in-degree centrality) embedded in global value chains. In this respect, strategic
sectors are characterized by a high degree centrality, specifically a high out-degree centrality, since they are
well-connected and influential within the value chains spanning the global production network.

The betweenness centrality, as a second type of centrality, describes the importance of a sector as an
intermediary between other sectors, going beyond local connections. In this respect a sector is considered
‘strategic’ in holding an intermediate position as a ‘broker’ or ‘gatekeeper’. A third way of measuring centrality
is the eigenvector centrality, which indicates whether a sector is connected to prominent other sectors (having
a high degree centrality) or to rather less connected countries. Hence, a sector having a high eigenvector
centrality is seen as highly influential, being connected to other sectors with similar importance and leverage.
Sectors with a high centrality (especially betweenness and eigenvector) are seen as strategically critical for
value chains and the production network as a whole. Shocks such as the COVID-19 pandemic which may affect
such focal sectors may have severe effects on global value chains, and by this may constitute a quite high risk.

Comparing this set of network measures over a certain time period allows taking a dynamic perspective on the
‘raise and fall’ of strategic and dominating sectors in specific countries. Figure 13 shows how weighted in- and
out-degrees of EU27 sectors have changed between 2010 and 2019. Systematically looking at changes in
strategic positions of sectors, may serve as an entry point to select certain sectors for more detailed analyses;
most importantly, investigating the cross-country relationships within this sector and identifying respective key
players and EU’s central trade partners.

Focus on selected sectors

In addition to the country-sector perspective, a focus on selected sectors may provide particularly fruitful
insights because it can reveal how sectors are linked together to sectoral ecosystems by supplier-user
relationships. Again, comparing selected local network indicators (also over time) displays countries that are
particularly important and are holding strategic key positions within the sub-network of this particular sector.
For instance, Figure 13 shows the ecosystem of the manufacture of textiles, wearing apparel, and leather
products (C13-C15). The central position of China becomes immediately apparent, highlighting a strong
dependence of the EU and other countries on China. In another example, looking at the network in manufacturing
of motor vehicles etc. (C29), the data show the EU, the US and China as three strong dominant entities;
nevertheless, the EU takes a quite central position in a sense of being quite well-connected to many other
countries — showing a quite diversified, and potentially more resilient, production network than for the sectors
C13-C15.

2 Since betweenness centrality is not defined for weighted graphs, we need to consider similar measures
considering the weighted character of the input-output network (e.g. bridging centrality as define by Bergé
et al. (2017), betweenness for weighted networks).
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Figure 13: Examples of sectoral networks, 2019
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Source: FIGARO (detailed tables); AT calculations.

1.3.3 The value chain perspective on intermediate products

The value chain perspective departs from the node-centred view on global production networks and shift
attention to the edge perspective, highlighting the strength and intensity of input-output relations between
countries and sectors. In a first step, the idea is to identify the EU’s strategic trade relationships and hence, also
trade partners from a purely descriptive perspective. In a second step, the aim is to identify strategic global
value chains using network community detection algorithms, enabling to identify densely connected
subnetworks (communities) in a base network under consideration.

Identifying the EU’s strongest trade relationships and key trade partners

The edge perspective provides a complementary angle on strategic trade partners (see also Section 4.2), namely
via the identification of strong and hence essential links between countries and sectors. These strong links also
point to strategic trade partners, which can be characterized using local network measures; for instance,
country-sector pairs with a high eigenvector centrality, indicate that these trade partners themselves are well-
connected too, as well as partnering countries with a high betweenness centrality that refers to a brokerage
role of particular trade partners. Both measures indicate the potential of the EU’s partner countries to facilitate
access to new product markets, highlighting the partners’ strategic role.

A representation of the overall highest trade flows between countries and sectors allows to benchmark the EU’s
position in the global production network (also over time; see Figure 14 (a)), while a selected view on the EU-
related links shows a detailed picture of the EU’s central trade flows (see Figure 14 (b)). In particular, Figure 14
(b) illustrates increasing trade flows of the EU with the US in the sectors C30 (Manufacture of other transport
equipment - ships, railway, air and spacecraft machinery etc.) and C19 (Manufacture of coke and refined
petroleum products), as well as a strong relationship with China in the sector of C30 (Manufacture of motor
vehicles); emphasizing the US and China as important (and still increasingly important) trade partners in these
respective sectors.

From a network perspective, in order to identify strategic trade partners from the EU’s viewpoint, the EU
countries are treated as an aggregate. By this we can assess the connectedness and embeddedness of the EU
as a whole in the country network of input-output data. In this respect, strategic trade partners for the EU would
be e.g., countries with a high eigenvector centrality, which indicates that these trade partners themselves are
well-connected too, as well as partnering countries with a high betweenness centrality that refers to a brokerage
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role of particular trade partners. Both measures indicate the potential of the EU’s partner countries facilitate
access to new product markets, highlighting the partners’ strategic role. The analysis is complemented by
selected sector specific production networks. Therefore, we choose sectors that are identified as strategic and
critical in the earlier analyses on the identification of strategic sectors.

Figure 14: Changes in edge weights/flow volumes (2010-2019)
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Source: FIGARO (detailed tables); AIT calculations.

Identifying strategic value chains

Here, the aim is to identify strategic GVCs by identifying network communities, referred to as groups of related
nodes or links that are strongly related to each other, but have much weaker relationships to other entities in
the network. This is an addition and a different perspective to the identification of risky value chains described
above.

There are countless community detection algorithms, however only a few are suitable for directed and weighted
edges (as it is the case for global production networks). Moreover, we explicitly focus on algorithms taking edge
attributes — opposed to clustering nodes based on certain node attributes - into account. By this, we highlight
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the importance of input/output flows between certain sectors and countries. So far, we have focused on two
potential approaches:;

The first one is edge betweenness. Edge betweenness is a concept put forward by Girvan and Newman (2002)
that indicates how often edges in a network are - in equivalence to the node betweenness concept - part of
shortest paths between all pairs of nodes; i.e. the edge betweenness of an edge is defined as the number of
shortest paths between pairs of nodes that run along it (Girvan and Newman 2002).

The second approach is linking communities based on an algorithm proposed by Ahn et al. (2010), where
communities are identified based on similarities between links that share a node using the Jaccard coefficient.
With this approach the idea is not to cluster nodes but to identify communities by clustering links. Consequently,
nodes may belong to multiple communities, which accounts for the overlapping and nested structure of global
production networks. By this, link communities naturally incorporate overlap while revealing hierarchical
organization (Ahn et al. 2010).

The idea of the respective algorithms is that edges connecting separate modules more likely have high edge
betweenness as all the shortest paths from one module to another must ‘flow’ through them. Hence, the
algorithm gradually removes the edges with the highest edge betweenness score. This results in a hierarchical
clustering tree representing the detected communities at different stages of the algorithm. Applying the edge
betweenness detection algorithm enables us to classify GVCs by partitioning the global production network into
strategically relevant subnetworks. Notably, such algorithms are highly dependent on the cut-off point (here,
when to stop removing further edges); hence, different criteria to determine the optimal cut-off point will be
applied (e.g. ‘elbow criterion’). Moreover, such algorithms are computationally quite expensive, which requires a
reasonable reduction or sub-sectioning of the networks prior to applying the algorithms.

Once GVCs have been classified and identified, they need to be evaluated with respect to their strategic impact
and relevance within the production network. Employing the local SNA measures and aggregating the
centralities of the single sectors in the identified GVCs allows the assessment of the GVCs with respect to their
overall connectedness (degree), brokerage (betweenness) and prestige (eigenvector); similar to the single node
(sector/country) level.

Figure 15 gives an example of community detection: it shows the application of edge betweenness algorithm
on the EU ego network. Edges which are in the same community have the same colour. The fit between the
detected communities and the sectoral affiliation as found in NACE codes is quite high. However, there are also
communities or value chains that go across NACE codes, as can be seen in the mining-metals cluster in red to
the left.

Extensions and further steps

In addition, we will explore mixed approaches that combine the conventional GVC indicators with those
developed from the network analysis using, for instance, the approach described in Guan et al. (2020) and,
theoretically, in Antras and Gortari (2020).
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Figure 15: Example of community detection using edge betweenness (subset of EU ego network)
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2 The EU's strategic capacities and dependencies in the global
production network

2.1Introduction

The global political environment of the 2020s is less favourable for the emergence of global value chains than
it was 20 years before. Today's political environment is characterised by weakened international trade
institutions, and a new focus of countries on their 'national interest'. Today’s discussions on global economic
issues in Europe emerge around requests for strategic autonomy and a reduction of dependencies (Leonard
and Shapiro, 2019; Fabry and Veskoukis, 2021; Gehrke, 2022). A lot of these demands have to do with Covid-
19 and the war in the Ukraine, but the underlying changes started well before: Witt (2019) identifies the
diminishing role of the United States as global ‘hegemon' as one reason, while Rodrik (2018) or Hoekman and
Nelson (2018) see these developments as a result of the rise of populism. International relations are clearly
moving against globalisation.

In this perspective COVID-19 and Russia's war against the Ukraine are just the final stages of a longer process
of de-globalisation. Both events, for different reasons, have severe consequences for economic integration.
COVID-19 has demonstrated how vulnerable global value chains are and showed the danger that economic
shocks transfer itself over trade links. As a result, new emphasis on sovereignty a reduction of economic
interdependencies between countries and "national interest" over multilateralism which was not known ten
years before can be observed.

Some observers® see the war in the Ukraine as the end of an era in international relations which was
characterised by a convergence of world views and culture, and a common interest in economic prosperity. The
economic sanctions against Russia show the will of Europe and the United States to answer the breach of
international law with economic de-integration and de-globalisation, even at the cost of economic losses. In the
long run, it may even be possible that the world economy disintegrates into two or three blocks where most of
the international trade takes place inside these blocks. The war in the Ukraine also revealed some surprising
trade relations, for example the severe difficulties for Israel's software industry which relied on programmers
in the Ukraine and forces firms to look for such inputs elsewhere?,

One may see the claim for more independence as political rhetoric and consider political programmes and the
actions taken by firms as two different things. However, it is not just rhetoric. Evenett (2019) reports a
considerable increase in discriminatory policy interventions after the Financial Crisis of 2008/09. This includes
measures related to trade, but also related to foreign direct investment. Moreover, it seems likely that the
negative political climate towards economic globalisation may also affect the investments plans of firms and
their international activities. Cuervo-Cazurra et al. (2020) address in detail how scepticism on globalisation has
affected global strategies among MNEs. In particular, economic sanctions against Russia have surprised many
firms active in the country and may change the perceptions of these firms about their future activities in other
parts of the world where sanctions could strike again.

Covid-19, the war, and the reactions to it have also spurred interest in the economic linkages and dependencies
of the European Union vis-a-vis its main trade partners. In this paper, we will investigate these linkages from a
network and an ecosystems perspective. The analysis is based on data from the FIGARO database, a collection
of interlinked input-output tables that covers all main economies of the world up to 2019. One may argue that
this data does not cover the most recent events; however, a number of sources indicate that the de-globalisation
tendencies already started well before 2018 (UNCTAD, 2021).

3 Examples are David Brook’s opinion piece in the New York Times, April 8, 2022, the essay by John Micklethwait and Adrian Wooldridge
for Bloomberg from March 24, 2022 (https://www.bloomberg.com/opinion/articles/2022-03-24/ukraine-war-has-russia-s-putin-xi-
jinping-exposing-capitalism-s-great-illusion), the comment by Clemens Fuest in the blog “Wirtschaftsdienst” from April 2022
(https://lwww.wirtschaftsdienst.eu/inhalt/jahr/2022/heft/4/beitrag/der-ukrainekrieg-und-die-folgen-fuer-unser-wirtschaftsmodell.html),
or the comment by Cora Jungbluth and ThieB Petersen in the blog ,,Global & European Dynamics® from March 22, 2022
https://globaleurope.eu/globalization/how-the-ukraine-war-can-change-the-global-economy/).

4 Times of Israel, March 3rd, 2022 (https://www.timesofisrael.com/israeli-tech-firms-run-strategies-ground-logistics-to-get-ukrainian-teams-
to-safety/); Hareez, March 7th, 2022 (https://www.haaretz.com/israel-news/tech-news/.premium-nepalese-blockchain-israeli-tech-looks-
for-ukraine-alternatives-1.10658078).
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Against this background, the paper wants to answer the following questions regarding the strategic position of
the European Union in global supply chains and the resulting dependencies of the EU economies. In particular,
we ask:

e how can various dimensions of strategic capacities and dependencies be distinguished and
operationalised?

e What are the most strategic ecosystems of the EU economies?
e How has the strategic position of EU ecosystems changed between 2010 and 2019?
e How does the position of EU ecosystems compare to those of other countries?

Our paper is certainly not the first analysis on this topic. Recently, the European Commission analysed strategic
dependencies and capacities bottom-up at the level of individual goods with foreign trade data (European
Commission, 2021b). Criteria include the number of source countries and concentration of suppliers, the relative
importance of extra EU imports, and possible substitutes from EU sources. They identify 137 goods, half of
them originating from China. In a next step the analysis narrows these down to goods relevant for the most
important ecosystems.

Reiter and Stehrer (2021) assess which products can be considered as vulnerable to trade shocks at the global
level. They calculate a 'product riskiness indicator' for 4700 globally traded goods based on components such
as market concentration, clustering tendencies, network centrality of players, or international substitutability. In
a second step they assign risky products to input-output data and analyse the importance of internationally
sourced risky products by country and using industries.

Finally, Baldwin and Freeman (2021) analyse risks in global value chains with input-output data, so their paper
uses similar data like our exercise. He distinguishes between observed and total foreign input reliance, that is,
inputs that are bought directly and indirectly. Indirectly means here that these inputs have been used for the
production of direct or observed inputs. Baldwin and Freeman observe a considerable degree of regonalization
between the US, Canada and Mexico, European countries, and finally between Asian countries in terms of foreign
input reliance. As a general trend, at least 5% of each country’s inputs come from China and this share has
increased in all countries since 2005. Moreover, China reduced its reliance on imported inputs from each country.

The study starts with a brief presentation of the research questions and the related literature. In a later section,
we present the data and our empirical approach which is based on social network analysis. Further on, we
discuss the meaning of the term 'strategic' in the context of global value chains and explain how it relates to a
network perspective. This is the basis for a ranking of the EU's most strategic ecosystems and how they changed
their position over time. We then compare these ecosystems with those of the EU's main trade partners and
have a closer look at four selected ecosystems. The paper finishes with conclusions.

2.2Global production networks of industrial ecosystems

2.2.1 Industrial ecosystems

Studies analysing input-output data from a sectoral perspective (e.g., ISIC sectors) are manifold (e.g., Blochl et
al,, 2011; McNerney et al.,, 2013; Criscuolo and Timmis, 2018). We take an alternative path using industrial
ecosystems as our sectoral breakdown. Industrial ecosystems were brought forward in the March 2020
Industrial Strategy by the European Commission (EC, 2020), highlighting the interconnected character of diverse
economic actors — horizontally and vertically. This approach aims to integrate also activities that are often
considered ancillary to the core industry sector, such as the supply of raw material, research and innovation,
the provision of business services, or the access to distribution networks (European Commission, 2021a).

Currently, the European Commission has identified 14 ecosystems based on their economic and technological
relevance: Aerospace and Defence, Agri-food, Construction, Cultural and Creative Industries, Digital, Electronics,
Energy Intensive Industries, Energy-Renewables, Health, Mobility-Transport-Automotive, Proximity, Social
Economy and Civil Security, Retail, Textiles, and Tourism. They account for approximately 70% of the EU
economy and 80% of the business economy (as a share of value added;European Commission, 2021a).

For each ecosystem, the European Commission has specified core activities mapped into the NACE statistical
classification using sector weights attributed to each ecosystem representing the core activities (see Annex 2
for mapping of sectors to ecosystems). As ecosystems naturally overlap, some sectors are attributed to more

28



than one ecosystem (European Commission, 2021a). We use the mapping proposed by the European
Commission to aggregate the individual sectors to the ecosystem level.

By using industrial ecosystems as our unit of analysis, we highlight a new angle of global production networks
that promises novel and interesting insights into how these ecosystems are linked via supply and demand
relations. Moreover, this perspective directly feeds into state-of-the-art policy debates and strategies focusing
on opportunities and challenges, such as decarbonisation, digitalisation, and resilience of the EU economy.

2.2.2 Network delimitation

The paper employs data from the FIGARO® (‘Full International and Global Accounts for Research in input-Output
analysis') data base described in the previous section 1.

Based on the FIGARO tables, we use the network of intermediate use, representing input and output flows
across sectors and countries. Following graph theory, we define a graph G = (N, L, V) with N = {N,, Ny, ..., N, }
being a set of nodes (here sector-country pairs) which is related through a set of edges L = {L;,L,, ...,Ly} a
set of weights V = {v,, v,, ..., v} for each edge. When analysing input-output data, the edges are associated
with a direction, indicating a flow from one to the other node. The topology of a graph can be decoded in a n-
by-n adjacency matrix where n denotes the number of nodes:

xll xlz e xln
. X21 X2 . Xon ..
X@p=|: A iL,j=1,..,n
Xn1  Xn2 e Xpn

where one element of X corresponds to the input and output relations between the sectors-country pairs. Having
a directed graph, the adjacency matrix as defined is not symmetric.

In our analysis, we are interested in the role of the EU as Single Market in the global production network, and
we are not interested in intra-EU input/output flows. Hence, we aggregate all flows between EU-27 countries,
handling the EU as one entity. Moreover, we exclude all intra-EU links and all intra-country links, in general. This
results in a primary global production network comprising 1280 (=20*64) country-sector observation units.

Since our analysis is not at the sectoral level but instead at the level of industrial ecosystems, this primary
network of global production links between sector-country pairs needs to be adapted accordingly. Therefore, we
employ the mapping of NACE sectors to industrial ecosystems proposed by the European Commission (European
Commission, 2021a, p. 209f) as described in subsection 3.2. The assignment of sectors to industrial ecosystems
is based on shares representing weights, which express to what extent certain sectors are allocable to the
ecosystems based on their core activities. Additionally, a second set of weights represents the horizontal nature
of selected sectors that feed into the ecosystems. First, we combined both weights and assigned them to each
sector in the network of input-output flows; second, we weighted the flows using the weight of the input sector,
and finally aggregated the flows to the ecosystem level. Our final ecosystem network of global production
comprises 20*14 (=280) nodes being ecosystem-country pairs.

We refrained from scaling the network of input-output relations further; for the PageRank, authority score and
hub score ex-ante scaling of the network are not necessary since they are implicitly accounted for in the
indicator themselves. Together with the remaining unscaled indicators, both angles are represented in our
taxonomy of measuring strategic capacities and dependencies.

5 https://ec.europa.eu/eurostat/web/esa-supply-use-input-tables/figaro
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2.3A network perspective on measuring strategic capacities and dependencies

To grasp the EU’s strength and weaknesses in terms of its embeddedness, and hence its ability to cope with
potential shocks of different types, we propose a framework to assess and quantify the EU’s capacities and
dependencies and their strategic character. The term ‘strategic’ indicates the importance and influence of
certain sectors or countries in global value chains (‘strategic autonomy’, ‘open strategic autonomy’, ‘strategic
sovereignty’). The Commission Staff Working Document on Strategic dependencies and capacities (European
Commission, 2021b) defines dependency as "reliance on a limited number of actors for the supply of goods,
services, data, infrastructures, skills and technologies combined with a limited capacity for internal production
to substitute imports". Strategic dependencies further highlight dependencies that are considered of critical
importance to the EU and its Member States' strategic interests, such as security, safety, health and the green
and digital transformation. Strategic capacities are "a certain level of capabilities held within the EU allowing
to produce, provide or rely on strategic goods, services, data, infrastructures, skills, industrial know-how and
technologies" (European Commission, 2021b, p. 8). In a very broad sense, capacities relate to the ability to act
and influence other actors outside the EU. In terms of supply and demand relations, capacities create
dependencies in other countries or ecosystems.

Thus, strategic capacities describe

e countries or ecosystems with a certain degree of strategic importance,

e having a direct and/or indirect impact on other ecosystems or countries by means of supply or demand
relations,

while strategic dependencies reflect

e areliance of EU ecosystems and countries on strategic ecosystems and countries outside the EU,
o which influence EU ecosystems and countries directly and indirectly via supply or demand shocks.

From the perspective of the EU, only EU ecosystems can be capacities, while dependencies refer to ecosystems
outside the EU and to non-EU countries. The lack of medical supplies during the early days of the COVID-19
pandemic is an often-cited example of such a strategic dependency; we may also add a number of raw materials
not available in the European Union. Strategic capacities of the EU in terms of supply relations, on the other
hand, have emerged in aeronautics where EU companies have a high market share world-wide. On the demand
side one may add retail trade which receives a decisive share of overall output of many sectors, in particular
agriculture and food products.

2.3.1 A framework to measure strategic

The degree a certain sector of country is strategic depends on its relationship to other entities. Thus, we rely on
indicators from Social Network Analysis (SNA) and follow the literature that studies the structure of international
input-output networks (e.g., Blochl et al,, 2011; Hausmann and Hidalgo, 2011; McNerney et al., 2013; del Rio-
Chanona et al.,, 2017), in the vein of GVCs (e.g., Amador and Cabral, 2017; Criscuolo and Timmis, 2018), focusing
on the propagation of economic shocks (e.g., Contreras and Fagiolo, 2014), and recently against the background
of the COVID-19 crisis (e.g., Gereffi, 2020; Kano and Hoon Oh, 2020; Vidya and Prabheesh, 2020).

The advantage of the network perspective clearly lies in the level of flexibility in network delimitation and the
level of detail and variety network indicators provide. This distinguishes the network approach from well-
established concepts of analysing changes in global production networks via the 'length of global value chains’
(e.g., Bosma et al., 2005; Dietzenbacher and Romero, 2007; Fally, 2011, 2012), or from their value-added trade
(e.g., Los et al, 2015; Wang et al, 2017; Arto et al., 2019; Borin and Mancini, 2019). Specifically, taking a
network angle allows us to depart from a fairly aggregate interpretation of changes in the structure of the
global production network (e.g., average number of production changes, average production length, average
propagation length) and - regarding our research questions - focus on several dimensions of strategic
capacities and dependencies, getting a comprehensive and detailed picture.

Comparing existing studies taking a network analytic approach shows several terms and indictors that are used
to reflect the strategic character of countries or sectors. For instance, Cerina et al. (2015) identify key industries
using the PageRank indicator and community coreness, Criscuolo and Timmis (2018) employ the Bonacich-Katz
Eigenvector centrality to identify key hubs and spokes but also peripheral countries and sectors, and del Rio-
Chanona et al. (2017) apply strength centrality (ie. weighted centrality) and the PageRank indicator to
characterise important countries.
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Based on these studies, we specify four sub-dimensions of 'strategic’. (i) influential - signalling a strong
outward-oriented (supply) effect on other countries or sectors, (ii) important - showing many inward-oriented
links coming from other important countries or sectors, (iii) bridging - indicating a gatekeeping position of
countries/sectors between authoritative countries/ecosystems, and (iv) authoritative - in the sense of being
connected via many bridges/gatekeepers.

Each sub-dimension is measured by a selected network indicator (see Table 1 for a summary of sub-
dimensions). Given the global production network's properties (directed and weighted) and the indicator's
characteristics we suggest: (i) influential being proxied by the weighted out-degree centrality, (ii) important
being quantified by the PageRank indicator, (iii) bridging being measured by the hub score, and (iv)
authoritative being measured by the authority score. Each of these indicators can be calculated for capacities
and dependencies, depending on the point of view.

Table 1: Sub-dimensions of 'strategic’

Dimension Description Network indicator

Influential having an effect on other sectors/countries; being outward- ~ Weighted out-degree centrality
oriented

Important having many inward-oriented links from other important PageRank

(central) sectors/countries

Bridging acting as bridges/gatekeeper between authoritative Hub score
sectors/countries

Authoritative many bridges leading to this sector/country; connecting Authority score
many bridges

The degree centrality is defined as a node's degree, which is the total number of edges (links) the node has.
The weighted degree is the number of these links multiplied by the weights of the edges. Hence, the degree
measures how central and connected a single country or sector is within the global production network. A variant
of the degree centrality is the weighted out-degree centrality; given a directed graph, it is specified as the
number of outgoing links of a node; again, in its weighted version, multiplied by the edge weight. This indicator
specifically quantifies the degree of outward orientation of a certain country or sector towards other countries
or sectors, reflecting their influential position via supply relationships.

PageRank is an algorithm originally developed by Brin and Page (1997) to detect the most important pages in
the web, that — applied to the network of global production - corresponds to the most important countries or
sectors. It uses the degree centrality of the node, mixed with concepts of the Eigenvector and Katz centrality to
balance the issue of many popular, but not influential points. It is important to note that PageRank does not
require ex-ante standardisation of the network linkages as, e.g., the Katz centrality does.

Finally, we use the hub and authority score - as proposed by Kleinberg (1999) - as a further measure of
'strategic’. While the hub scores of nodes are defined as the principal eigenvector of X*t(X), the authority scores
are defined as the principal eigenvector of t(X)*X, where X is the adjacency matrix of the graph. Nodes with high
hub scores are considered to refer to many important/authoritative nodes, while nodes with high authority
scores are considered important/authoritative because many hubs refer to them. Although the hub and authority
score show quite similar results to the PageRank, especially the hub concept offers an interesting additional
view on sectors and countries acting as 'bridges' to other sectors and countries - identifying them also as
strategic since by definition, they are linked to many authoritative nodes. On the other hand, a high authority
describes sectors or countries that are strategic based on the number of input and output links from various
hubs. Thinking of strategic sectors/countries as being nodes with a strong influence/effect on other nodes - e.g.
via potential shocks — nodes with a high PageRank, hub and authority score are found to have a relatively high
impact on the network's decomposition when removed/infected' (Wan et al., 2021). This makes these indicators
particularly interesting when investigating strategic sectors/countries and the input-output network's resilience
to shocks (see Appendix for formal definitions of the proposed network indicators).
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2.3.2 Strategic capacities and dependencies in times of prosperity and crisis

The idea of strategic capacities is closely related to specialization and competitive advantage from
specialization in foreign trade. Capacities most likely emerge when a country or sector has such a specialisation
compared to other countries or sectors. Having a strategic position in the global production network generally
reduces the risk of dependencies. Once a certain level of strategic capabilities is held by a country, on the one
hand, there is a certain capacity for internal production to substitute imports and, on the other hand, evidently,
there is the possibility to adapt and substitute selected supply chains quickly and by this, to compensate for
ecosystem- or country-specific input or output shocks.

Although a certain level of strategic capacities is generally perceived as desirable, it does not necessarily only
hold positive aspects to it when considering the vulnerability with regard to potential supply and demand shocks
in the production network. The more strategic - in all its sub-dimensions - the position of an ecosystem or
country is, the more likely it is also to be affected by shocks via potentially many sources. At the same time, it
is also more likely to pass on shocks to many other (also strategic) ecosystems or countries. Nevertheless,
although the vulnerability is quite high for strategic sectors and countries, at the same time, generally the
supply chains are quite resilient, being able to compensate for shocks by having a high range of alternative
supply and demand links and hence, quickly, and cost-effectively respond and recover from disruptions.

Narratives on the benefits of strategic capacities and disadvantages of dependencies change over time.
Discussions before the Global Financial Crisis of 2008/09 rarely mentioned dependencies, but rather highlighted
the benefits of specialization, comparative advantage, and an increased international division of labour. This
changed during the various crises since 2008/09: discussion leaned towards too much dependence, too little
diversification and a vanishing influence of the EU in the world economy.

This requires differentiated considerations on the working mechanisms of capacities and dependencies in times
of economic prosperity versus crises and shocks. In times of economic prosperity, having highly strategic
ecosystems (capacities) as well as relying on highly strategic ecosystems or countries is considered to be very
beneficial (see Table 2 for an overview of the four subdimensions of ‘strategic’ separately).

Overall, a high degree of ‘strategicness’ in the sense of the indicators defined above implies on the one hand
strong and diversified external trade with diverse export links to especially dominant key ecosystems or
countries, and, on the other hand, also a diversified import portfolio enabling direct access to a wide range of
suppliers. Being dependent on a highly strategic ecosystem or country potentially enables indirect access to a
wide range of other dominant key ecosystems and hence, allows for a relatively easy and fast expansion of the
import portfolio. Nevertheless, at the same time the market power of the specific dependent ecosystem might
be reduced by being ‘one customer among many others’.

32



Table 2: Being strategic in times of economic prosperity

Capacities Dependencies
Influential Strong and dbersified external trade Being one customer among many others (reduced
high iqhted Reduced risk by being able to market power)
( Itgd weighte export to sufficiently diversified set e Reduced risk of shortage in supply, due to
out-degree) of customers generally high trade volumes
Important Direct access to a wide range of supplieExtended diversification of suppliers also via indirect
hich PageRank Strong and diversified import sources links (not only direct)
(high PageRank) strengthen existing value chains e Represents a sequential value chain (with impor

being dominant)

Authoritative Diversified import portfolio via many Extendeddiversification of suppliers also via indirect

bridging (intermediary) incoming links  links (not only direct
(high  authority idging (i iary) i ing li inks ( y direct)

e Imports from influential and e Similar to PageRank, represents a sequential vi
score) important ecosystems via many chain, but potentially with less impact since
intermediaries (less direct impact mainly bridges link to the authoritative ecosystel
than with PageRank) (rather than influential or importanbnes)
Bridging Potential to act as gatekeeper of critical Indirect access to many dominant key ecosystems
. goods and products (certain degree of bridges acting as multipliers)
(high hub score) - et power) e Relatively easy and fast to expand and diversify
Diverse export links to dominant key import portfolio via these bridges to other
ecosystems in global value chains ecosystems and emtries

(ensures sufficient demand)
e Direct competition with othe
countries (many similar bridges lea
to these key ecosystems)

The generally positive effects of ‘strategic’ may become negative during times of crises and demand or supply
shocks (see Table 3 for an overview of the mechanism of action in times of crises). Highly strategic ecosystems
or countries potentially pass on shocks to many other ecosystems and countries in a quite substantive manner
due to their dominant position, with strong and many export and import links, in the global production network.
In their strategic position, EU ecosystems also potentially transmit EU-external shocks fast and with a high
impact into the Single Market. In the case of supply shocks, upstream input suppliers are directly affected. Once
highly strategic ecosystems are hit by a shock, it causes a high disruption of the total network, possibly also
leading to a wide-reaching defragmentation of (parts of) the network. However, it needs to be emphasized that,
highly strategic ecosystems - in their nature - are also relatively resilient and robust (diversified and strong
trade flows); hence, they might not (fully) transmit shocks to other key players in the network.

33



Table 3: Being strategic in times of economic crises

Capacities Dependencies
Influential Affected by demand shocks ¢ Influential ecosystems relatively resilien
high iqhted Strong influence in tnasmitting shocks via many and robust (diversified and strong trade
( '?d weighted g strong export links flows); might not transmit sticks
out-degree) e Transmitting Etéxternal shocks quickly e Shocks-once hit—are quite
and with strong consequences into the considerable w.r.t their volume and
Single Market strength (large trade volumes at stake)
Important Affected by supply shocks Rapid transmisein of shocks via input
. e Supply shock to direct and indirect input dominated links (i.e. sequential value chain)
(high PageRank) suppliers impacts the ecosystem along the value chain
Considerable effect by indirect upstream
linkages

o Potential substitution effects by other
important ecosystems/countries
(absorbing the shock)

Authoritative Less directly affected by shocks being directly Potentially many sources of shocks (linkages
. ) mostly linked to bridges (that are not per se e.gvia bridges) that may be transmitted via the
(hich —authority 4 ,enial o important) authoritative ecosystem
score) ¢ Indirectly, potentially weakened impact of e Causing high disruption once hit by a
other authoritative ecosystems (since bridge shock (defragmenting the total network
act as intermediaries;ompared to with of global value chains)
PageRank)
Bridging Shocks are potentially transmitted from various Shocks are potentially transmitted from
sources via many authoritative ecosystems various (authoritative) sages via many

(high hub score) e Considerable impact on the overall network bridges

of global value chains once hit by a shock e Potential defragmentation of the total
network of global value chains once hit
by a shock

Energy supply is a prime example for an influential sector because it supplies to almost all sectors of the
economy. Thus, a cut in energy supply affects production in all sectors throughout the economy. Retail trade or
the automotive industry are examples for sectors that receive inputs from many other sectors, thus exhibiting
a high degree of importance measured by PageRank. Car producers receive a number of these inputs from
within the automotive industry, but a lower level of aggregation would suggest a high PageRank here as well.

2.4Mapping the EU’s strategic capacities and dependencies

This section evaluates the strategic capacities of the EU's industrial ecosystems (subsection 2.4.1) and identifies
changes in their strategic positioning over time (subsection 2.4.2). We use a ranking based on the selected
network indicators representing the different subdimensions of 'strategic' to assess these changes. We look at
relative changes among the countries and ecosystems under consideration - rather than comparing the
differences in the absolute values of indicators themselves.

2.4.1 The EU’s capacities: strategic industrial ecosystems

Table 4 reports the ranking of EU industrial ecosystems according to the four metrics or sub-dimensions. Overall,
the most strategic ecosystems in the EU are Energy Intensive Industries, Mobility-Transport-Automotive, and
Aerospace & Defence, which are present in the top five of every metric (see Box 1 for details). Looking at the
sub-dimensions separately, Energy Intensive Industries, Mobility-Transport-Automotive and Retail are the most
influential ecosystems in the EU, indicating a high degree of outward orientation of these ecosystems via many
export links and high trade flows. Mobility-Transport-Automotive, Aerospace & Defence and Energy Intensive
Industries rank as the most important ecosystems, as measured by the PageRank. This characterises these EU
ecosystems as important importing ecosystems, with a strong inward orientation acting as central customers
of globally exported goods.

34



Table 4: Most strategic industrial ecosystems of the EU (2019)

Influential

Important

Authoritative

Bridging

Wagt. out-degree

PageRank

Authority score

Hub score

Energy Intensive
Industries (4)

Mobility - Transport -
Automotive (9)

Retail (10)

Construction (20)

Aerospace & Defence

Mobility - Transport —
Automotive (2)

Aerospace & Defence

()

Energy Intensive
Industries (10)

Tourism (12)
Digital (14)

Aerospace & Defence
(16)

Mobility - Transport -
Automotive (18)

Energy Intensive
Industries (19)

Digital (27)
Electronics (32)

Energy Intensive
Industries (8)

Mobility - Transport -
Automotive (11)

Electronics (19)

Retail (21)

Aerospace & Defence

(21) (22)

Note: global rank in parentheses (maximum 280)

Source: FIGARO, own calculations

The authority score — used to proxy the authoritative position of the ecosystems - points in a similar direction.
It highlights the strategic character of ecosystems that attract many input links from other authoritative
ecosystems. Regarding the bridging nature of the EU ecosystems — apart from the already mentioned Energy
Intensive Industries and Mobility-Transport-Automotive - the Electronics ecosystem stands out in the ranking
among the top 3. This attributes Electronics a strategic role in interlinking various other ecosystems. By this, the
EU's Electronics ecosystem acts as a bridge or gatekeeper in distributing intermediate goods.

From a global perspective, the EU's most strategic ecosystems also rank quite high in the global ranking of
ecosystems associated with their respective countries, especially, Mobility-Transport-Automotive, Energy
Intensive Industries, Aerospace & Defence and Retail rank among the top 10 in their respective sub-dimension.

Box 1. Most strategic EU industrial ecosystems at a glance

The ecosystem Energy Intensive Industries supplies intermediate products such as steel, non-ferrous metals and
chemicals to many downstream sectors. The majority of Energy Intensive Industries operate in global markets driven by
support policies. China, the Gulf countries and Indonesia built major production capacities over the last decades, putting
other global competitors under pressure - also within the EU. Currently, the EU is strongly dependent on critical raw
materials, where the production thereof is controlled by China (European Commission, 2021a).

The Mobility-Transport-Automotive ecosystem is characterised by a long and complex supply chain and is dominated
by a few global players. The EU is fairly dependent on third countries regarding e.g., electronic components and faces
competition from Asia also in leading sectors (European Commission, 2021a).

The Aerospace & Defence ecosystem is also characterised by complex supply chains composed of large system operators
and integrators and high-tech specialised SMEs. While in production, the role of EU member states is mainly to define the
needs as primary customers for a wide range of products, in R&D, European technology institutes play an integral role in
knowledge transfer channels (European Commission, 2021a).

Taking a dynamic perspective, we observe a general, EU-wide decrease in the authority score between 2010
and 2019 in all ecosystems. This change is quite distinct, above the global average change in rank (as indicated
by the light shading of the bars). Hence, the EU fell back in the global ranking of countries and their respective
ecosystems regarding its authoritative position, indicating a less important role of all EU ecosystems as
importing ecosystems joining critical (bridging) trade flows. This is, to some degree, the result of the decreasing
share of the EU on global GDP.

Similarly, most of the EU ecosystems (except Tourism, Retail, and Construction) dropped in the PageRank,
measuring the importance of an ecosystem in terms of its inward orientation. Thus, overall, with a diminishing
role as important demand ecosystem for other important and central ecosystems and countries, the EU's
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strategic position declined in this respect. This could simply be due to less external demand in these ecosystems
but may also have its roots in becoming less attractive as importing ecosystem - relatively to other countries'
ecosystems.

Nevertheless, most EU ecosystems (except Tourism, Retail, and Energy Intensive Industries) moved up in the
hub score, implying a more important role globally as bridges to other authoritative ecosystems. Thus, the EU
- at large, but especially in Digital, Proximity, Social Economy and Civil Security, and Textiles — strengthened its
strategic position in terms of being a central player in connecting other crucial ecosystems and also acting
potentially as gatekeeper or accelerator in the diffusion of goods and products. The decreasing authoritative
position and increasing bridging role also become eminent in crises and resulting shocks in global supply chains.
With the EU ecosystems increasingly acting as intermediaries to other ecosystems but becoming less dependent
on such intermediary ecosystems, on the one hand, the EU overall is less exposed to supply shocks, and on the
other hand, its role in transmitting or hampering incoming shocks changed to a more critical, and potentially
directional, one.

Like its bridging position, the EU also became more and more influential over the years 2010 to 2019, as
proxied by the weighted out-degree, in most ecosystems (except Energy Intensive Industries, Health, Retail, and
Tourism). The changes are depicted in Figure 1. This increase in rank is driven by the overall growth in trade
volume, rather than by the increasing number of output relations. Nonetheless, a sheer increase in outward-
directed trade flows represents a higher degree of influence providing larger quantities to other countries and
ecosystems, increasing their dependence on the supplied goods and products. Especially, the ecosystems
Cultural and Creative Industries, Agri-food, Digital and Textiles, improved their relative strategic position by
increasing their export volumes. Hence, these EU ecosystems became more and more influential suppliers to
other countries and their respective ecosystems and by this, also created dependencies accordingly.

Figure 1: Change in strategic positioning of EU ecosystems

Tourism 4 T —
Textile 1 S
Retail - —
Proximity, Social Economy and Civil Security 1 B e ——
Mobility - Transport - Automotive
Health 1 ——
Energy Intensive Industries - [—
Energy - Renewables 1 __
Electronics 1 __
Digital 1 T e —
Cultural and Creative Industries 1 —
Construction 4 —
Agri-food 1 I —
Aerospace & Defence —
20 -10 0 10
Change in rank (2010 vs. 2019)
Indicator Authority score . Hub score . PageRank Wagt. out-degree

Note: light shading indicates the average negative and positive global change in ranking

Source: FIGARO, own calculations

In summary, the EU ecosystems have improved their strategic position in terms of outward-orientation and
supply-orientation - as indicated by the rank changes in weighted out-degree (influence) and hub score



(bridging) — but lost in their strategic positioning regarding their inward-orientation and demand-orientation —
as shown by the decrease in ranking of authority score (authoritative) and PageRank (importance).

An additional angle on the EU ecosystems is illustrated in Figure 2, showing the degrees to which the EU's
ecosystems are dependent on other countries and ecosystems and the degree of capacity to which they (solely)
affect other ecosystems. For this purpose, we have calculated the Herfindahl Index6 for the importing country-
sector pairs to the specific EU ecosystem and the country-sector pairs the EU ecosystem is exporting to. By this
we get an indication if each ecosystem is rather specialised or diversified in its input (degree of dependency) or
output flows (degree of capacity).

The concentration of input and output flow volumes for the EU ecosystems shows a quite diversified input and
output structure with no specific dependencies and no unique capacities by EU ecosystems. Generally, the
degree of dependency is higher or equal than its capacity for all ecosystems (except Tourism). This indicates
that the EU ecosystems are to a greater extent dependent on a reduced number of important ecosystems than
they are actually in a unique supplier position themselves. However, Tourism takes a quite unique position in
the EU showing the highest degree of capacity. This implies a fairly high dependency of other countries and
ecosystems on the EU Tourism ecosystem. Relatively strong capacities are also found in Electronics, Retail and
Health.

Figure 2: EU's dependencies and capacities 2019 (based on the concentration of trade flows)
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The highest degree of dependency is found for Energy Intensive Industries, Digital and Electronics, where
Electronics — with a relatively high degree of capacity - also takes a quite distinct role for other countries and
ecosystems. This holds the potential to substitute important goods and products EU-internally in the case of a
supply shock.

8 The Herfindahl Index is specified as H, = ¥, a% wWhere a2 _( n) and x denotes the trade volume, i with i = 1,...,nindicates the country

and k with k = 1,...,m indicates the ecosystem. The theoretical boundaries of the Herfindahl Index are between 0 and 1, where 1 indicates
full specializatlon and 0 equals no specialization (i.e., full diversification).
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2.4.2 External dependencies: globally strategic trade ecosystems and trade partners

In this subsection, we globally embed the EU ecosystems by looking at the most strategic countries and
ecosystems and the EU's main trade partners. Table 5 shows the global ranking of countries and respective
ecosystems in terms of the four subdimensions of 'strategic'.

Regardless of the separate subdimensions, the ranking is dominated by China and the US and some selected
ecosystems. Especially in terms of its authoritative position, China clearly shows a dominating role. In terms of
ecosystems, a specific pattern regarding the sub-dimensions is visible. Whereas Energy Intensive Industries
dominate in terms of their weighted out-degree, and hence, being characterised as very influential in the global
network of trade flows via strong exporting links; Aerospace & Defence as well as Mobility-Transport-
Automotive score higher in the PageRank, assigning them a particularly important role as importing ecosystems.
In terms of bridging, the Korean ecosystems Electronics and Aerospace & Defence stand out in their position in
connecting other countries' ecosystems.

Table 5. Global ranking of countries and respective ecosystems in terms of their strategic position (2019)

Influential Important Authoritative Bridging
Weighted out-degree PageRank Authority score Hub score
Rank  Country Ecosystem Country  Ecosystem Country  Ecosystem Country Ecosystem
1 CN Energy CN Aerospace & CN Aerospace & ROW Electronics
Intensive Defence Defence
Industries
2 CN Electronics EU Mobility - CN Digital KR Electronics
Transport -
Automotive
3 ROW Energy us Mobility - CN Electronics ROW Aerospace &
Intensive Transport - Defence
Industries Automotive
4 EU Energy CN Digital CN Energy ROW Energy
Intensive Intensive Intensive
Industries Industries Industries
5 ROW Electronics CN Electronics CN Mobility - KR Aerospace &
Transport - Defence
Automotive
6 us Retail ROW Aerospace & ROW Aerospace & CN Electronics
Defence Defence
7 us Energy EU Aerospace & ROW Energy CN Energy
Intensive Defence Intensive Intensive
Industries Industries Industries
8 CN Aerospace & us Aerospace & ROW Digital EU Energy
Defence Defence Intensive
Industries
9 EU Mobility - ROW Mobility - us Mobility - us Retail
Transport - Transport - Transport -
Automotive Automotive Automotive
10 KR Retail EU Energy CN Energy - us Electronics
Intensive Renewables
Industries

Source: FIGARO, own calculations

Turning to a link perspective, Table 6 shows the EU's main trade partners from the angle of dependencies -
important input ecosystems and respective supplying countries — and capacities — important export links to
ecosystems and respective countries. Regarding the dependencies, the EU strongly depends on China's
Electronics, Energy Intensive Industries, and Aerospace & Defence ecosystems. With an average rank of 4 and
7 over all four subdimensions (in 2019), these ecosystems are also globally among the most strategic ones
(and even increased in their strategic position since 2010) and strongly feed into the EU's ecosystems of
Aerospace & Defence, Energy Intensive Industries, Digital, Electronics and Mobility-Transport-Automotive. A
second quite distinct dependency is present with respect to the US ecosystems Energy Intensive Industries,
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Retail, and Mobility-Transport-Automotive, that — although globally not as strategic as the Chinese ecosystems
- particularly export to the EU ecosystems Energy Intensive Industries and Mobility-Transport-Automotive.

Table 6. Most important EU trade relationships and ecosystems 2019 (based on flow volumes)

EU's strategic dependencies

EU's strategic capacities

Origin country &

EU's destination ecosystem

EU's origin ecosystem

Destination country &

ecosystem ecosystem
CN - Electronics Aerospace & Defence Mobility-Transport-Automotive e US — Mobility-Transport-
(4/5.75) Digital (10/8.75) Automotive
Electronics e CN - Mobility-Transport-

CN - Energy Intensive
Industries
(7]113.25)

CN - Aerospace & Defence
(7175

US - Energy Intensive
Industries
(13]135)

RU - Energy Intensive
Industries
(71.25|54.75)

US - Retail
(23.25/28)

US - Mobility - Transport -
Automotive
(14|225)

CN - Mobility - Transport —
Automotive
(15.75|26 5)

TR - Mobility - Transport -
Automotive
(123|120.5)

Mobility-Transport-Automotive

Energy Intensive Industries
Construction
Mobility-Transport-Automotive

Aerospace & Defence
Mobility-Transport-Automotive
Digital

Electronics

Energy Intensive Industries

Energy Intensive Industries
Mobility-Transport-Automotive

Energy Intensive Industries
Aerospace & Defence
Mobility-Transport-Automotive
Health

Mobility-Transport-Automotive

Mobility-Transport-Automotive

Mobility-Transport-Automotive

Energy Intensive Industries
(10.25(6)

Electronics
(24.25]20.25)

Aerospace & Defence
(16.5|17.5)

Retail
(23.25)21)

Automotive

CN - Energy Intensive
Industries

US - Energy Intensive
Industries

CN - Construction

CN - Aerospace & Defence
CN - Digital
CN - Electronics

CN - Aerospace & Defence
US - Mobility-Transport-
Automotive

US - Aerospace & Defence

US - Health,

US - Mobility-Transport-
Automotive

US - Energy Intensive
Industries

Note: ROW not included; average rank (over all four sub-dimensions of 'strategic’) 2019 and 2010 given in parentheses (2019|2010)

Source: FIGARO, own calculations

With respect to the EU's strategic capacities, they are also mainly towards China and the US, with origin
ecosystems being e.g., in Mobility-Transport-Automotive, Energy Intensive Industries and Electronics. In terms
of their strategic position, these ecosystems are also globally quite highly ranked (with average ranks of about
10 and 24), although with a decreasing trend compared to 2010.

Looking at differences in the dependency and capacity structure between 2010 and 2019, there are no
significant changes observable; apart from small changes in positions in the global ranking, dominant
ecosystems and countries remain dominant.
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2.5A focus on key ecosystems and their value chains

This section is dedicated to a detailed analysis of three selected ecosystems - Agri-food, Electronics, and Health
- and their value chains. An EU-focused input and a global perspective are presented for each ecosystem.

251 The agri-food ecosystem

The agri-food ecosystem (European Commission, 2021a, p. 84) includes all players in the food supply chain
from farms, fishing and hunting to the food industry, food retail and wholesale. Moreover, the agri-food
ecosystem also includes suppliers of inputs and services including machinery, packaging, repair, transport,
finance, advice and logistics. The ecosystem hence has a very broad coverage across the economy from primary
production to services. Considerable relations exist with retail ecosystem (via food trade), and with the tourism
ecosystem (via restaurants).

EU's input perspective

The agri-food ecosystem worked well during the COVID-19 crisis (no food shortages); the war in the Ukraine
may put pressure on the ecosystem via supply shortages. Figure 3 illustrates the ego network” of the EU Agri-
food ecosystem, taking an input perspective. The network representation features the most important 1% (direct
input links to agri-food) and 2™ order (input links to direct input links) input links. The node size is proportional
to the PageRank based on the global network, and hence, indicates the global importance (as one illustrative
subdimension of 'strategic’) of the nodes in the specific subset of the network.

The EU's agri-food ecosystem directly largely depends on various ecosystems of China, and - to a lesser extent
also on ecosystems of the US, Russia, and Turkey. The main direct input links come, amongst others, from
Energy Intensive Industries and Retail. The Energy Intensive Industries Ecosystem includes, for example, the
producers of pesticides and fertilizers, or the producers of paper and paper products with serve as packaging
materials.

Figure 3: Most important input links to the EU agri-food ecosystem (2019)
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Source: FIGARO, own calculations

” An ego network is a special type of network specification, where the network is reduced to nodes directly linked
to a selected (focal) node.
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The Chinese ecosystems are not just in pure quantity essential input links, but also in terms of their global
strategic position in terms of being influential, important, authoritative, and bridging (see Table 7). An input
structure characterized by ecosystems with very strategic positions in the global value chain network, may not
only be beneficial but may also come with certain risks. The EU agri-food ecosystem is characterized by highly
influential ecosystems (high rank in weighted out-degree); especially, Electronics and Energy Intensive
Industries. These ecosystems may act as the main exporting ecosystem to the EU agri-food ecosystem in terms
of the sheer quantity of goods and products, which bears substantial risks, notably, when a certain country
dominates the input structure, country-specific shocks may have a particularly strong effect. At the same time,
these ecosystems also hold a relatively strong bridging position that may also pass on shocks very quickly as
main distributors and act as gatekeepers in transmitting shocks. Moreover, for instance, the Chinese Aerospace
& Defense ecosystem has the highest rank in terms of PageRank and authority, and hence, on the one hand,
has a risk of being affected by a shock very quickly and, on the other hand, also transmits shocks quite rapidly
being connected to other well-connected ecosystems and countries.

Nevertheless, the EU agri-food ecosystem shows some diversity in direct input links, having more than one
country as an input link for highly strategic ecosystems (e.g., China, Russia, and the Rest of the World for Energy
Intensive Industries). Nevertheless, it also assures a necessary degree of diversity via indirect links.

Table 7. Ranking of direct input ecosystems to the EU agri-food ecosystem

Global ranking

Influential
Rank . L
Input ~ country  and Important  pythoritative  Bridging

(in terms of  ecosystem Weighted out-

PageRank i
input flow) degree g Authority score  Hub score

1 ROW - Energy Intensive 3 17 7 4
Industries

2 CN - Energy Intensive 1 16 4 7
Industries

3 US - Retail 6 32 46 9

4 CN - Electronics 2 5 3 6

5 CN - Aerospace 8 1 1 18

6 RU - Energy Intensive 25 133 97 30
Industries

7 ROW - Retail 14 36 34 17

8 CN - Mobility-Transport- 16 13 5 29
Automotive

9 ROW - Agri-food 75 48 42 83

10 TR - Energy Intensive 40 196 99 51
Industries

Source: FIGARO, own calculations

41



Global perspective

The global perspective highlights which countries hold the most strategic position in the agri-food ecosystem
and hence, sheds some light on the potential competitors of the EU in this specific ecosystem.

Table 8 provides an overview of the ranking regarding the four subdimensions of 'strategic’. The agri-food
ecosystem is overall dominated by the same countries. At the top of the ranking in three out of four
subdimensions, the EU holds a very strategic position in the agri-food sector, followed by China, the US, Japan,
and South Korea.

Table 8. Ranking of countries regarding their strategic position in the Agri-food ecosystem (2019)

Rank Country Rank Country Rank I Country R"’?“". Country
influence importance authoritative bridging

1 EU 1 EU 1 CN 1 EU

2 CN 2 CN 2 ROW 2 us

3 usS 3 us 3 EU 3 ROW

4 ROW 4 ROW 4 us 4 CN

5 JP 5 KR 5 KR 5 JP

Source: FIGARO, own calculations

Over the years, some countries made considerable changes regarding their ranking in the selected
subdimensions of 'strategic’ (Figure 4). China, but interestingly also South Korea and Mexico moved up quite
noticeably in the ranking with respect to all four dimensions, influential, important, authoritative, and bridging.
On the contrary, Russia fell back in the ranking of all these subdimensions; but already starting from a quite
low-ranking position.

Other quite substantial changes - in both directions — are visible for Brazil. On the one hand, the agri-food
ecosystem in Brazil increased its rank in terms of influence and bridging, and hence, developed its strategic
position regarding the volume of its output flows and as a trade partner connecting various other countries and
ecosystems. In other words, Brazil strengthened its exporting strategic position in this respect. On the other
hand, it decreased in ranking in terms of importance and authority. Combined, this indicates that the agri-food
ecosystem in Brazil became generally more crucial as an exporting than as an importing ecosystem.

The same pattern as for Brazil - but to a lesser extent - is also observable for the EU, Argentina, and Australia
(also for Rest of the World), which have also strengthened their strategic position in terms of exporting and
outward-orientation as implied by the increasing rank of influence and bridging and a decrease in rank in the
input-oriented indicators measuring authority and importance.

Also, the opposite pattern is visible for India, Canada, and South Africa - but to a fairly limited degree. These
countries established their strategic position with respect to their importance and authority (being important
customers for other countries), which let them grow more dependent as importing countries in the agri-food
ecosystem of time.
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Figure 4: Changes in the global ranking of countries in the Agri-food ecosystem
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2.5.2 The electronics ecosystem

The electronics ecosystem is centered around design and manufacturing of computer, electronic and optical
products; it includes the production of intermediate products (semiconductor wafers, components) to final
products. Moreover, 10% of the machinery industry is also included to represent manufacturing equipment for
the electronics industry.

According to the 2021 Single Market Report (European Commission, 2021ap. 84ff), the European ecosystem is
characterized by vertically integrated design and manufacturing companies, design companies, pure-play
foundries, manufacturing equipment and material suppliers, among others. It also includes 3 world-leading
Research and Development (R&D) Centres of excellence (IMEC, CEA-Leti, Fraunhofer Mikroelektronik) in
microelectronics and digital technologies.

EU's input perspective

Figure 5 illustrates the ego network of the EU electronics ecosystem, taking an input perspective. The network
representation features the most important 1st (direct input links to electronics) and 2nd order (input links to
direct input links) input links. The node size is proportional to the PageRank based on the global network, and
hence, indicates the global importance (as one illustrative subdimension of 'strategic') of the nodes in the
specific subset of the network.

The EU's electronics ecosystem directly largely depends on various ecosystems of China and the US (apart from
Rest of the World), in particular, Electronics, Aerospace & Defense, Retail, and Energy Intensive Industries. With
only a limited number of input linkages, the EU's electronic ecosystem is not very diversified - potentially
causing complications in the case of country-specific shocks.
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Figure 5: Most important input links to the EU electronics ecosystem (2019)
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From the direct input links to the EU's electronics ecosystem, the links from the Chinese ecosystems are highly
strategic (see Table 9); for instance, the Electronics ecosystems in terms of bridging (high rank in hub score)
and the Aerospace & Defense and Digital ecosystems in terms of authority and importance (high rank in
authority score and PageRank). However, an input structure characterized by ecosystems with very strategic
positions in the global value chain network may be beneficial and come with certain risks.

Being dependent on an ecosystem with a strong strategic position in bridging - like the Chinese Electronics
ecosystem — may affect incoming shocks that are passed on relatively quickly to the EU Electronics ecosystem
via this bridging ecosystem. Moreover, a strong strategic position in terms of authority and importance - like
the Chinese Aerospace & Defense and Digital ecosystems — has the risk of being affected by a shock very
quickly and also transmitting these shocks quite rapidly via their well-connected network to not only the EU
electronics ecosystem directly, but also to other direct and indirect links.
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Table 9. Ranking of direct input ecosystems to the EU electronics ecosystem

Global ranking

Rank Input country and ecosystem Influential Important Authoritative Bridging

(in terms Weighted out- PageRank Authority score  Hub score

of input degree

flow)

1 CN - Electronics 5 20 13 1

2 CN - Aerospace & Defense 8 1 1 18

3 US - Retail 6 32 46 9

4 ROW - Energy Intensive 3 17 7 4
Industries

5 CN - Energy Intensive 1 16 4 7
Industries

6 ROW - Electronics 5 20 13 1

7 CN - Digital 27 4 2 36

8 ROW - Retall 14 36 34 17

9 RU - Energy Intensive Industries 25 133 97 30

10 CN - Mobility-Transport- 16 13 5 29
Automotive

Source: FIGARO, own calculations

Global perspective

The global perspective highlights which countries hold the most strategic position in the electronics ecosystem,
and hence, sheds some light on the potential competitors of the EU in this specific ecosystem.

Table 10 shows and overview of the ranking regarding the four subdimensions of 'strategic'. The electronics
ecosystem is overall dominated by the same countries, with China, South Korea, and the US holding the most
strategic positions (apart from the Rest of the World). The EU also holds a quite strategic position in the
electronics ecosystem, although it does not have a particularly strong bridging position (rank 6).

Table 10. Ranking of countries regarding their strategic position in the Agri-food ecosystem (2019)

Rank Country Rank Country Rank Country Rank Country
influence importance authoritative bridging

1 CN 1 CN 1 CN 1 ROW

2 ROW 2 ROW 2 ROW 2 KR

3 KR 3 EU 3 KR 3 CN

4 uUS 4 us 4 EU 4 us

5 EU 5 KR 5 us 5 JP

Source: FIGARO, own calculations
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Figure 6 shows, that over the years, the global electronics ecosystem remained relatively stable with only a few
considerable changes regarding their ranking in the selected subdimensions of 'strategic’. Especially, Brazil
stands out with quite drastic losses in rank in authority and importance (as measured by authority score and
PageRank). This points to a substantially reduced strategic position as importing ecosystem; nevertheless, also
its exporting position became slightly less important — as implied by the loss in rank in trade volume (weighted
out-degree) and bridging capacity (hub score).

Relatively strong changes in rank are visible for the bridging capacity (hub score) for Australia, Mexico and
Norway. Hence, these countries particularly strengthened their role as intermediaries and connecting
ecosystems, being essential bridges to other ecosystems and countries. Moreover, quite significant positive
changes are visible for Canada, India and - to a lesser extent — also Switzerland in terms of their authoritative
position (authority score), indicating that these countries are increasingly central players as export markets for
other countries in the electronics ecosystem.

Interestingly, in the electronics ecosystem the unique pattern of strengthening either inward/import or
outward/export orientation is not as distinct as for instance, for the agri-food ecosystem. However, what is quite
distinct, is the overall increase in ranking of the countries bridging capacity and decreasing ranking in importance
(measured by PageRank). So, most countries relatively reduced their import capacity and strengthened their
relative position by acting as bridges, connecting - via exports - other authoritative and central ecosystems and
countries.

Notably, Canada shows quite a distinct rise in its ranking of importance, bridging and authority — however, it
decreased in its ranking in terms of influence. This, in a sense is remarkable since the increase of Canada's
electronics ecosystem's strategic position is not driven by a sheer increase in exporting trade volumes.

Figure 6: Changes in the global ranking of countries in the electronics ecosystem
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Source: FIGARO, own calculations

2.5.3 The health ecosystem

The health ecosystem spans across manufacturing and service sectors with the pharmaceutical industry, other
manufacturing (medical and dental instruments and supplies), health care services, and residential care
activities including social work activities without accommodation as its main components. Dependencies on
sources outside the EU for medical supplies raised some concerns during the Covid-19 crisis. Manufacturers of
pharmaceuticals are often part of complex global supply chains, and dependencies of EU-based production on
intermediate products from outside the EU became a prominent issue during the pandemic.
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The biggest part of the health ecosystem lies in the services sector, and knowledge intensity is high in the health
ecosystem due to the large demand for trained doctors and other health professionals. Moreover,
pharmaceuticals is considered as a high-technology industry with far above-average R&D intensities.

EU's input perspective

Figure 7 illustrates the ego network of the EU health ecosystem, taking an input perspective. The network
representation features the most important 1st (direct input links to agri-food) and 2nd order (input links to
direct input links) input links. The node size is proportional to the PageRank based on the global network, and
hence, indicates the global importance (as one illustrative subdimension of 'strategic’) of the nodes in the
specific subset of the network.

The EU's health ecosystem largely directly depends on various ecosystems of the US, and China; but also
Switzerland's health ecosystem provides input. The main direct input links come, amongst others, from the
ecosystems Energy Intensive Industries and Health.

Figure 7: Most important input links to the EU health ecosystem (2019)
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Although the EU's health ecosystem partly relies on - globally quite strategic — Chinese ecosystems, such as
Energy Intensive Industries and Electronics, the ecosystem is characterized by a generally more diverse input
structure than e.g.,, the electronics ecosystem. Other strong input links to the EU health ecosystems include
Switzerland and Russia's globally less strategic ecosystems (see Table 11). Given an input structure of highly
strategic ecosystems may be beneficial in terms of providing a relatively diversified risk structure.

This makes the EU's health ecosystem potentially more resilient to shocks and makes it less likely to be affected
by shocks originating in (or passed on by) ecosystems and countries with highly strategic positions in the global
value chain network.

47



Table 11. Ranking of direct input ecosystems to the EU health ecosystem

Global ranking

Rank Input  country and Influential Important Authoritative Bridging

. ecosystem i - .

(in terms  of y Weighted out PageRank Authority score Hub score

input flow) degree

1 US - Retalil 6 32 46 9

2 ROW - Energy Intensive 3 17 7 4
Industries

3 CN - Energy Intensive 1 16 4 7
Industries

4 CN - Electronics 2 5 3 6

5 CH - Health 97 68 127 112

6 US - Health 62 23 45 85

7 CN - Aerospace & 8 1 1 18
Defence

8 RU - Energy Intensive 25 133 97 30
Industries

9 ROW - Retail 14 36 34 17

10 CN - Mobility-Transport- 16 13 5 29

Automotive

Source: FIGARO, own calculations

Global perspective

The global perspective highlights which countries hold the most strategic position in the health ecosystem, and
hence, sheds some light on the potential competitors of the EU in this specific ecosystem.

Table 12 shows and overview of the ranking regarding the four subdimensions of 'strategic'. Particularly, the
EU also holds a very strategic position in the health ecosystem. Moreover, the health ecosystem is overall
dominated by the same countries, with the US, China and Switzerland holding some of the most strategic

positions (apart from Rest of the World).
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Table 12. Ranking of countries regarding their strategic position in the Agri-food ecosystem (2019)

Rank Country Rank Country  Rank Country  Rank Country
influence importance authoritative bridging

1 EU 1 EU 1 CN 1 EU

2 us 2 us 2 ROW 2 us

3 CN 3 ROW 3 us 3 CN

4 ROW 4 CN 4 EU 4 JP

5 CH 5 CH 5 KR 5 ROW

Source: FIGARO, own calculations

In the dynamic perspective, there are no general trends observable of generally decreasing or increasing ranks
regarding the selected subdimensions of ‘strategic’. Also, no distinct patterns of either strengthening
inward/import or outward/export orientation are not as distinct as for instance for the agri-food ecosystem
visible.

In more detail, as illustrated in Figure 8, nevertheless, for some countries, some considerable changes regarding
their ranking in the selected subdimensions of 'strategic’ are observable. Particularly, South Korea and Mexico,
but also China and Saudi Arabia moved up in the ranking with respect to all four dimensions, influential,
important, authoritative, and bridging. On the contrary, Brazil and South Africa fell back in the ranking of all
these subdimensions.

Figure 8: Changes in global ranking of countries in the health ecosystem
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Other substantial changes are visible for Norway and Russia, which decreased considerably in rank in terms of
importance and bridging, and reduced their strategic position regarding the volume of their output flows and
as trade partners connecting various other countries and ecosystems. Additionally, Norway and Russia,
weakened in their position as outward-oriented and exporting ecosystems; already being at a relatively low
level.
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2.6Policy aspects

The topic of strategic capacities and dependencies relates to ideas of competitive advantage, openness, but
also sovereignty and autonomy, which were influential in most discussions of international economic policy over
the last 250 years. Thus, it is also a political topic.

The perceived importance of capacities vs. dependencies seems to shift over time. The view that economic
interdependencies with autocratic regimes could lead to a long-term convergence of these states towards the
‘Western model’ no longer has much currency. While policy discussions in the 1990s and two decades after the
year 2000 focused on increasing the external competitiveness of Europe and the market shares of European
goods abroad, today’s discussions emerge on how to reduce dependencies and increase open strategic
autonomy (Leonard and Shapiro, 2019; Fabry and Veskoukis, 2021; Gehrke, 2022). Strategic autonomy means
to reduce dependencies, gain capacity to act geopolitically, and improve resilience to external shocks, while
maintaining the benefits of free trade; the goal should not be autarky or protectionism. It was also born out of
the observation that the US and China, unlike the EU, “share an unwillingness to separate economics from
geopolitics.” (Leonard and Shapiro, 2019, p. 10).

The analysis of this paper has revealed the strategic capacities and dependencies of the European Union, which
are mainly related to China and the US. These relationships are often mutual. In a similar vein, the European
Commission has taken steps to identify strategic dependencies of the EU economy with the goal of reducing
them and to increase Europe’s capacities in these fields (European Commission, 2021b). This is, however, a
long-term process. We see three ways to increase strategic capacities as defined in this paper and be better
prepared for future crisis and shocks.

First, the dimensions influential and bridging could be strengthened by export diversification and a higher
demand for EU’s industrial output. This means building on the strengths of external trade relationships with
open and competitive markets and increase and/or diversify domestic production. To achieve this goal it is
necessary to improve competitiveness of European industry with R&D and innovation efforts, as well as identify
new export opportunities abroad for European goods. Such measures would help to overcome demand shocks
via diversification and reduce strategic dependencies in terms of export concentration.

Second, policies related to imports can help to become more strategic in terms of importance and authority.
This includes policy measures directed towards supply diversification to tap into a sufficiently diversified set of
suppliers, and more multilateral cooperation and coordination mechanisms.

Various observers and the EC also suggest that Europe has to build or rebuild some of the strategic capacities
currently missing to ensure that the EU can meet its internal demand in case of rapidly increasing demand of
certain goods. This does not, however, mean fully domestic production which may just result in exchanging local
shocks for external shocks. To increase efficiency and avoid duplication, solutions at the European level should
be preferred, since these challenges affect all countries of the European Union to a similar extent.

As short-term remedies, firms already have increased stockpiling and diversified supply chains. Some countries
have also taken measures such as export restrictions for medical goods, but these are exceptions only relevant
for a very small share of overall supply chains. Policy could support this with a further promotion of multilateral
cooperation and coordination mechanisms. Diversification, however, has some trade-offs: it is costly, time-
consuming and risks are difficult to assess (significant investments and operating costs). The example of
Russian gas supplies shows that not all may be ready to bear the considerable cost of diversifying. Moreover,
potentials for diversification can also be limited by a concentration of suppliers. Aside from that, it seems that
building strategic autonomy is a long-term, rather a short-term goal.

An example for solutions at the European level are the Important Projects of Common European Interest (IPCEI),
pan-European consortia aimed at developing industrial pilot applications in fields that are considered strategic
for Europe. IPCEIs already exist for batteries microelectronics, or the production of hydrogen for industrial
applications. A European approach should also be favoured for the recent gas supply disruptions and price
increases. This may include new international partnerships with supplier countries to increase supply chain
security and the availability of diversified sourcing options.

This example points to the key role of science, technology, and innovation policy for expanding strategic
capacities of the EU. However, it also points to one of the pitfalls of active industrial policy, to invest in
yesterday’s key technologies. Such policy interventions need detailed insights into the technologies, economic
incentives, and the rationales of all actors and the relevant value-chains to allow well-grounded judgements.
Moreover, empirical evidence on the success of such interventions is limited and inconclusive (Lipsey and Carlaw,
2021, Criscuolo et al.,, 2022).
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In the long term, bringing back production from outside the EU to locations in the Member States, also known
as backshoring, may also be a remedy for supply chain disruptions. This, however, requires substantial
investments by firms, which may have to be supported by national governments and the EU. Backshoring is a
decision taken at the firm level and thus follows firm-specific rationales of changes in locational advantages
and transaction costs (Dachs et al., 2019). Thus, backshoring decisions do not necessarily take into account the
macroeconomic arguments provided in favour of strategic autonomy. Even if there seems to be a momentum
shift towards backshoring, more backshoring may be preferred from a policy than from a firm perspective. So
far, such a financial support for backshoring - to our best knowledge - does not exist in the European Union.
However, firms may use other forms of national investment support, or investment support as part of the EU
Cohesion policy.

2.7Concluding remarks

Strategic capacities and dependencies have become important terms in European policy discussions. This paper
is an attempt to put them into work to map the trade relationships of the European Union vis-a-vis its main
trade partners. We employ input-output data from the FIGARO database and an approach that considers
network relationships rather than measures of value-added trade or of the length of value chains.

We specify four sub-dimensions of ‘strategic’ and apply the corresponding indicators to the data. Strategic
capacities reflect the direct and/or indirect impact on other ecosystems or countries by means of supply and
demand relations, while strategic dependencies point to the fact that EU ecosystems are influenced by such
relations.

Three industrial ecosystems stand out in terms of their strategic capacities for the EU: Energy Intensive
Industries, including steel, metals, mineral products, or chemicals, Mobility-Transport-Automotive, and
Aerospace & Defence. The strategic dependencies of the EU are found in the fields of Electronics, Energy
Intensive Industries and Aerospace & Defence (all with respect to China). It should also be noted that the
industrial ecosystems that create dependencies and capacities of the EU are similar to some degree, which
points to a highly connected group of ecosystems at the global level that are mutually independent.

The data also indicate that these relationships are quite stable over time. The most notable change is the
strengthening of the EU’s capacities in terms of exports. This speaks in favour of an improvement of Europe’s
external competitiveness. The role of the EU as a strategic importer seems to weaken over time. This is, to some
degree, a result of the faster growth of other economies, in particular China, which became important importers.

Is there a way for policy to reduce Europe’s dependencies? The answer is a cautious ‘yes’, but it seems only
possible in the long run. Diversification of supply is one possible approach, but it is costly, time-consuming and
involves risks. Another way is industrial policy that promotes new investments and reshoring; however, there is
some evidence that such large-scale interventions are risky, and a number of these attempts failed in the past
(Criscuolo et al.,, 2022).

This leads to the question of what exactly the European interest is: a difficult question given the differences
between Member states. A partial decoupling of Europe’s economy from its main trade partners may lead to
similar reactions from these partners, so that everybody may be worse off. Moreover, European multinational
firms have multiple production facilities outside the EU, and some of the imports may be related to intra-firm
trade of these European firms, so less dependencies may be not in everyone’s interest. The goal for European
policy cannot be autarky, but a higher degree of capacity to act.
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Foreign import reliance and specialisation patterns in selected value
chains. A comparison between EU27 and the US

52



3 Foreign import reliance and specialisation patterns in selected value
chains. A comparison between EU27 and the US

3.1Introduction

Supply chain disruptions in the wake of the COVID-19 pandemic, as well as Russia's war of aggression against
Ukraine, made Europe’s dependencies with regard to imports of intermediate goods (especially those from non-
EU countries) painfully clear. In any case, future geopolitical and geo-economic developments are more
uncertain than ever, and answers need to be found.

Looking back, the world economy as we know it today is the result of developments that started in the 1970s.
Growing trade volumes, increasingly sophisticated global value chains (GVCs), and rising levels of foreign direct
investment (FDI) characterise the evolution of the global economy over the last 50 years (Baldwin, 2016; Pahl
and Timmer, 2019). In an even longer timeframe, Baldwin (2016) sees at least two waves of globalisation; the
first was driven by steam power, railways and the telegraph and ended in the political and economic turmoil of
the 1930s. The global financial crisis of 2008-09 was another watershed for globalisation and ended some
long-term trends in the world economy. Today, we might be in the initial phase of a period of deglobalisation,
or least stagnancy. One sign is that imports have become less relevant as inputs for domestic production.
Evidence from input-output data suggests that the share of foreign value-added in exports (*backward linkages')
has decreased in major economies since 2011 (Timmer et al., 2021; UNCTAD, 2018). Moreover, inflows (but not
the stocks) of FDI have diminished as well. This decline has been most pronounced in China, but it can also be
observed in the US and the EU.

The literature identifies a number of possible explanations for this decline. A first important factor is a lower
level of fragmentation in Chinese manufacturing (Timmer et al,, 2021). China’s share of global demand has
been growing fast, but Chinese firms today require fewer imports because more inputs are produced
domestically. Moreover, Chinese firms are also building up their own supplier networks in Southeast Asia
(UNCTAD, 2018). A second factor is political deglobalisation in the form of Brexit, ‘America First’, and trade wars.
Witt (2019) identifies weakened international trade institutions and a diminishing role of the US as global
‘hegemon’ as factors behind political deglobalisation. Rodrik (2018) sees political deglobalisation as a result of
the rise of populism. Other possible explanations refer to changes in demand. non-tradeable services have
gained importance vis-a-vis tradeable goods and sometimes substitute them; services on average require fewer
material inputs than material goods, so value chains may decrease.

Similarly, sluggish demand for investment goods, which are produced in highly globalised value chains, may
reduce overall linkages (IMF, 2016 - chapter 2). Measures to contain the spread of the COVID-19 pandemic
have also led to a dramatic drop in global FDI and in the sales of multinational firms (UNCTAD, 2020). Finally,
there is also evidence that firms have actively been moving production back to their home countries. This
strategy is known as ‘backshoring’ or ‘reshoring’ in the literature. The number of backshoring firms is still small;
however, decreasing labour cost advantages of Asian countries and an ‘overstretching’ of value chains that
reduces flexibility (and hence the ability to satisfy demand within a short time) may foster backshoring in the
future (Dachs et al., 2019a). New digital production technologies, such as smart manufacturing, Industry 4.0 or
the Internet of Things (loT), could also bring an increase in backshoring. These technologies can help firms to
increase productivity, product quality and flexibility, and allow more local production in proximity to customers
in Europe and the US (Dachs et al., 2019h).

The COVID-19 pandemic and Russia’s war against Ukraine, together with its economic (but also humanitarian
and social) disruptions and the resulting sanctions, have also spurred interest in the dependencies of the
European Union vis-a-vis its main trade partners. Recently, the European Commission analysed strategic
dependencies and capacities at the level of individual goods with foreign trade data (European Commission,
2021b). Criteria include the number of source countries and concentration of suppliers, the relative importance
of extra EU imports, and possible substitutes from EU sources. They identify 137 goods, half of them originating
from China. In a next step, the analysis narrows these down to goods relevant for the most important
ecosystems. Baldwin and Freeman (2021) discuss vulnerabilities at a global level. Reiter and Stehrer (2021)
assess which products can be considered vulnerable to trade shocks at the global level. They calculate a 'product
riskiness indicator' for 4,700 globally traded goods, based on components such as market concentration,
clustering tendencies, network centrality of players, or international substitutability. In a second step, they assign
risky products to input-output data and analyse the importance of internationally sourced risky products by
country and using industries.
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Several policies to address these vulnerabilities and risks in global supply chains have been suggested in the
literature. All of these have to be based on empirical research allowing for such assessments, GVC stress testing,
and information on structures and developments of value chains. In this paper, we will investigate these linkages
and how these evolved over time, using indicators of backward linkages.? The analysis is based on data from
the FIGARO database, a collection of interlinked input-output tables that covers all main economies of the world
up to 2019. We compare the EU27 and the US over the period 2010-2019 and select four industries and their
value chains for detailed analysis. Furthermore, we introduce a new measure to highlight the geographical
distance related to GVCs and analyse detailed patterns and developments of specialisation within them,
implementing a measure of GVC-specific revealed comparative advantages. The paper finishes with some
general conclusions.

3.2Research question, data and methodology

This paper addresses the question of how GVC exposure of selected EU27 and US value chains has emerged
since the global financial crisis of 2008-09 and examines important structural differences and trends. In this
respect, the paper is close to the one by Baldwin and Freeman (2021) analysing risks in GVCs using input-output
data from the OECD. Formally, they use input coefficients and the (global) Leontief inverse calculated from the
multi-country input-output-tables and thus distinguish what they call ‘observed’ and ‘total’ foreign input
reliance. The latter takes account of the fact that inputs use other inputs for production, which is reflected in
the Leontief inverse. Baldwin and Freeman observe a considerable degree of regional integration between the
US, Canada and Mexico in terms of foreign input reliance, as well as between European countries and also,
separately, between Asian countries. As a general trend, at least 5% of each country’s inputs come from China
and this share has increased in all countries since 2005. Moreover, China has reduced its reliance on imported
inputs from each country.

The analysis in this paper also uses these direct and indirect (backward)® linkages and analyses the changes
over the period 2010-2019. There is some evidence (e.g. Timmer et al., 2021) that GVC dynamics slowed down
after the global financial crisis, which is therefore taken into account here. The trends in direct and indirect
linkages for the total economies (EU27 and the US), manufacturing, and four selected industries are presented
in Section 3. Also in this section, a novel measure of the geographical distance covered by GVCs is introduced
and compared between the EU27 and the US as well as over time for the four selected GVCs.

Section 4 goes into more detail and discusses whether there have been significant structural shifts within GVCs
over time, i.e. whether specific partner countries have become more important for delivering a specific product
to a using industry. This is done by calculating a novel measure of revealed comparative advantages for GVCs
and testing whether this displays significant changes for the selected GVCs and partner countries. Finally,
Section 5 draws conclusions.

The paper employs data from the FIGARO® (‘Full International and Global Accounts for Research in input-Output
analysis') database. FIGARO has been compiled by Eurostat with the aim of providing integrated inter-country
supply, use, and input-output tables for economic analysis. ‘Integrated’ means that tables for individual
countries are linked via the exports and imports of intermediate and final goods so that researchers can
investigate the effects of changes in demand for a particular sector or good across borders. The data set
includes data for EU member states, the UK, the US, major EU trade partners Argentina, Australia, Brazil, Canada,
Switzerland, China, Indonesia, India, Japan, South Korea, Mexico, Norway, Russia, Saudi Arabia, Turkey and South
Africa, and an aggregate for the rest of the world (ROW). FIGARO includes supply and use data for the EU, the
UK and the US at the level of 64 industries and 64 products. For this paper the industry x industry Mission-
critical (MC) loT has been used (see Table Al for the list of industries). For the analysis in this paper, data for
EU member states have been aggregated into one single analytical entity. FIGARO currently covers the period
from 2010 to 2019.

8 Other literature refers to such measures as the length of value chains, upstreamness and downstreamness
measures, or foreign input reliance, but all of them relying on the global Leontief inverse of multi-country
input-output tables.

9 Baldwin and Freeman (2021) also calculate and analyse the Ghosh inverse, which is referred to as ‘foreign
market reliance’. Similarly, Fally (2011, 2012) advocates such a measure as the length of value chains.

10 https://ec.europa.eu/eurostat/web/esa-supply-use-input-tables/figaro
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3.3Foreign sourcing patterns and dynamics of EU27 and US GVCs

In this section, we consider patterns of foreign sourcing at the total economy level and for total manufacturing
(NACE Rev. 2 C), comparing the EU27 and the US. We do so by considering standard indicators of sourcing
structures and backward linkages and how these developed over time. A similar analysis is then made for
selected industries and their value chains. As the paper compares the EU27 and the US, the data for EU member
states have been aggregated into one single analytical entity.

3.3.1 Importance and dynamics of foreign sourcing

Table 1 shows the shares of value added, and domestically and foreign sourced intermediates in gross output
in 2010-2019. The EU27 is considered as a single economy (like the US), so domestic sourcing refers to all
intra-EU sourcing, whereas foreign sourcing includes all inputs from outside the EU27.

There are two striking facts. First, there is very little in the way of dynamics over time as shares are quite stable.
This is particularly the case for the value-added shares in both economies. However, the share of foreign
sourced intermediates in the EU27 increased (from 4.6% to 5.6%), whereas these shares declined in the US
(from 4.0% to 3.5%).

Second, there are some remarkable differences between the EU27 and the US with respect to magnitudes.
Whereas the value-added share in the EU27 is about 50%, it is much higher in the US, at about 57%, which
might be attributable to a larger share for the services industries.* Consequently, the share of intermediates is
higher in the EU27 and lower in the US. Moreover, the US tends to show smaller shares of foreign sourcing of
intermediary inputs (3.5% in 2019) than the EU27 (5.6% in 2019). To account for the differences in the
importance of the value-added cost shares, the shares of foreign sourced intermediates in total (i.e.
domestically and foreign sourced) is also higher in the EU27 (11% in 2019) than in the US (8% in 2019).

Table 1: Share of value added, and domestic and foreign intermediates in gross output - total economy, in %

EU27 us
Domestic Foreign Domestic Foreign
sourced sourced sourced sourced
Value added intermediates intermediates Value added intermediates intermediates
2010 50.1 45.3 4.6 57.5 38,5 4.0
2011 495 45.8 4.7 56.1 39.0 4.9
2012 49.4 45.7 5.0 56.3 39.3 4.3
2013 49.6 45.3 5.1 55.6 39.6 4.9
2014 49.6 45.2 5.2 55.8 40.0 4.2
2015 49.8 44.4 5.8 56.9 39.1 3.9
2016 50.1 44.5 515 57.3 39.0 3.7
2017 49.8 44.7 5.5 57.0 39.2 3.8
2018 49.4 45.0 5.6 56.6 395 3.9
2019 49.7 44.6 5.6 57.9 38.6 3.5
Average 49.7 45.0 5.3 56.7 39.2 4.1

Sources: FIGARO; own calculations.

The differences between the US and the EU are also evident when we consider only manufacturing (Table 2).
Again, there is little in the way of dynamics with respect to the value-added share in gross output in the EU27,
which hovers just below 33%, whereas this share in the US has risen from almost 40% in 2010 to almost 42%
in 2019. Furthermore, in the EU27 the share of foreign sourced intermediary inputs increased from 8% in 2010
to almost 10% in 2019 (with a corresponding decline in the share of domestically sourced intermediates)
whereas it remained much more constant in the US, at around 11% on average. Importantly, therefore, the
share of internationally sourced intermediates in the manufacturing sector in the US is larger than in the EU27.
The share of foreign sourced intermediates in total intermediates amounts to 17% in the US in 2019, compared
with slightly less than 15% in the EU27.This indicates that the US is more integrated into GVCs (at least more
backward-linked) than the EU27. Thus, the deglobalisation rhetoric of the Trump administration in the US did
not have any real-world effect.

1 However, Table 2 also indicates that the share of value added in gross output in manufacturing is larger in the
US compared to the EU27.
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Table 2: Share of value added, and domestic and foreign intermediates in gross output — total manufacturing, in %

EU27 us

Domestic Foreign Domestic Foreign

sourced sourced sourced sourced

Value added intermediates intermediates Value added intermediates intermediates

2010 33.5 58.5 8.0 39.7 50.0 10.3
2011 32.8 59.1 8.0 37.7 50.0 12.3
2012 32.7 590.1 8.2 38.6 50.4 11.0
2013 32.2 58.9 8.9 37.0 51.0 12.0
2014 32.4 58.7 8.9 38.1 51.2 10.7
2015 32.8 57.3 9.9 39.9 49.4 10.7
2016 32.9 57.6 9.5 40.1 49.3 10.5
2017 32.6 57.8 9.6 39.8 49.3 11.0
2018 32.7 57.8 9.5 40.0 48.8 11.2
2019 32.8 57.3 9.9 41.9 48.1 10.0
Average 32.7 58.2 9.0 39.3 49.8 11.0

Sources: FIGARO; own calculations.

The next two tables - Table 3 and Table 4 - provide some further insights, taking into account not only direct,
but also indirect linkages. These are calculated as the global Leontief inverse L = (I — A)~! where A denotes
the technical coefficients matrix (i.e. intermediary inputs divided by gross output for each sourcing industry).
We can interpret these multipliers as the amount of inputs needed for the production of one unit of output, for
example EUR 1m. The Leontief inverse is then aggregated over industries (using gross output as weights) for
each country and by partners, differentiating between domestic and foreign linkages (columns ‘Domestic’ and
‘Foreign’).?

For the total economy (Table 3), the domestic and foreign multipliers are relatively stable, as is the share of
the latter in the total gross output multiplier (consistent with above findings); only for the US are higher shares
reported in the crisis years 2011-2014. These shares are on average slightly lower in the US than in the EU27.
As discussed above, the share of imported intermediates in total intermediates has been increasing in the EU27
but not (on average) in the US; this share is higher in the EU27, by about 1 percentage point.

Table 3: The domestic and foreign gross output multipliers - total economy

EU27 us
Gross output multiplier Gross output multiplier

Domestic Foreign Share* in % Domestic Foreign Share* in %
2010 1.89 0.22 10.4 1.65 0.18 9.8
2011 1.91 0.23 10.9 1.67 0.21 11.2
2012 1.90 0.23 10.9 1.68 0.20 10.6
2013 1.88 0.22 10.6 1.69 0.20 10.5
2014 1.88 0.22 10.6 1.70 0.19 10.0
2015 1.85 0.24 11.3 1.67 0.17 9.2
2016 1.85 0.21 10.3 1.66 0.16 8.7
2017 1.86 0.22 10.7 1.67 0.17 9.0
2018 1.87 0.23 10.8 1.68 0.17 9.2
2019 1.86 0.22 10.7 1.65 0.14 8.0
Average 1.88 0.23 10.7 1.67 0.18 9.6

Note: Results are based on the global Leontief inverse. *Share of foreign multiplier in total multiplier.

Sources: FIGARO; own calculations.

12 Baldwin and Freeman (2021) refer to this measure as ‘foreign input reliance (FIR)’; the direct linkages reported
in Table and Table are referred to as ‘observed foreign input reliance’. It should be noted that this measure
is based on the foreign multipliers in the total multiplier, and the Feenstra and Hanson (1999) broad
offshoring measure (i.e. the share of foreign sourced intermediary inputs in total intermediates used) is very
similar.
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Table 4 shows the results for the manufacturing industries. First, the indicators are again quite stable over time.
The gross output multiplier in the EU27 is larger than for the US (consistent with the higher share of
intermediary use already presented above). Second, the share of the foreign multiplier in the total gross output
multiplier is slightly larger in the US.

Table 4: The domestic and foreign gross output multipliers — manufacturing

EU27 us
Gross output multiplier Gross output multiplier

Domestic Foreign Share in % Domestic Foreign Share in %
2010 2.21 0.42 16.0 1.93 0.43 18.1
2011 2.24 0.44 16.5 1.94 0.51 20.7
2012 2.23 0.44 16.5 1.96 0.48 19.8
2013 221 0.42 16.0 1.96 0.48 19.6
2014 2.21 0.42 16.0 1.98 0.46 18.8
2015 2.16 0.43 16.7 1.92 0.43 18.3
2016 2.16 0.38 15.1 1.91 0.40 17.4
2017 217 0.40 15.6 191 0.41 17.7
2018 2.18 0.41 15.7 1.91 0.42 18.2
2019 2.16 0.41 15.8 1.87 0.37 16.3
Average 2.19 0.42 16.0 1.93 0.44 18.5

Note: Results are based on the global Leontief inverse.

Sources: FIGARO; own calculations.

3.3.2 Sourcing patterns and dynamics by sourcing partner

Overall, the results so far do not indicate significant (and sudden) changes in the overall sourcing structures for
both economies (of course, the level of ‘foreign input reliance’ might be discussed separately). Another matter
of concern might be that the sourcing structures have changed and have become more concentrated on specific
countries. This is actually revealed in Figure 1, which indicates - based on direct inputs - that both the EU27
and the US sourced relatively more from China, by 4.9 and 6.2 percentage points (pp), respectively, for the total
economy, and even more in manufacturing (6.5 and 7.5 pp for manufacturing), at the expense of the rest of
the world (ROW). Furthermore, the EU27 shifted its sourcing structures towards the US and away from United
Kingdom (UK), whereas the US shifted slightly more to sourcing from Canada and to a certain extent away from
UK. Thus the decline in the share of UK in the global value chains of the EU27 preceded Brexit; we may assume
that this trend also continued after Brexit in 2020. Similar results are found when considering the foreign
multiplier (Figure Al) or the share of it in the total multiplier (Figure A2).

The spacial sourcing structure in 2019 is presented in Table 5. Both the EU27 and the US source almost 30%
from ROW (i.e. the countries not separately tracked in the FIGARO data). Slightly less than 20% is mutually
sourced between EU27 and the US; only for manufacturing the share of US sourcing from EU27 is somewhat
lower, at 16.5%. China ranks third for both economies, although it is more important for the US (by 6 pp for the
total economy and 4 pp for manufacturing); for the EU27 the share of intermediate sourced from China
amounts to 10.8% for the total economy and 12.3% for manufacturing. However, the EU shows a higher
dependency on Russia than the US, with a share of 4% of total inputs sourced from the country.

As indicated in Figure 1, the share of China strongly increased over the period considered (2010-2019), whereas
the ROW share declined sharply. UK and Canada rank fourth for the EU27 and the US, respectively. More than
two-thirds of international sourcing (i.e. imports of intermediary inputs) stems from these top-four ranked
countries.
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Figure 1: Changes in foreign sourcing structures by partner 2010-2019, in pp
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Table 5: Foreign sourcing structures by partner countries 2019, in %

Total economy Manufacturing
EU us EU us

Partner Share Partner Share Partner Share Partner Share

ROW 28.6 ROW 28.6 ROW 26.8 ROW 27.2
us 18.7 EU 18.0 us 19.2 EU 16.5
CN 10.8 CN 12.3 CN 16.1 CN 16.4
UK 10.3 CA 11.9 UK 7.9 CA 12.0
CH 8.0 MX 6.5 CH 7.4 MX 9.2
RU 4.0 JP 4.4 KR 4.1 KR 4.4
KR 2.9 KR 3.8 RU 2.8 JP 3.8
BR 2.4 UK 3.6 TR 2.6 UK 2.6
JP 2.4 BR 2.4 JP 2.4 BR 2.0
NO 2.2 IN 1.8 BR 2.0 IN 1.8
TR 2.1 CH 1.5 IN 1.8 CH 1.1
CA 1.6 AU 14 MX 1.7 RU 0.6
IN 1.6 RU 1.2 CA 1.4 AU 0.5
AU 1.1 SA 0.7 NO 1.4 ID 0.5
MX 1.1 1D 0.5 SA 0.7 TR 0.4
SA 1.0 NO 0.5 ZA 0.6 AR 0.3
ZA 0.7 AR 0.4 AU 0.5 SA 0.3
ID 0.5 TR 0.4 ID 0.5 NO 0.2
AR 0.3 ZA 0.3 AR 0.2 ZA 0.2

Note: Shares are calculated as foreign intermediate imports in total intermediates.

Sources: FIGARO; own calculations.

3.3.3 Sourcing patterns for selected value chains

In this section, we look at some foreign sourcing structures and the changes within these in relation to specific
industries and their value chains:

e Food: Manufacture of food products (C10T12)

e Pharma: Manufacture of basic pharmaceutical products and pharmaceutical preparations (C21)
e Elect: Manufacture of computer, electronic and optical products (C26)

e Vehi: Manufacture of motor vehicles, trailers and semi-trailers (C29)

Table 6 presents the value-added and domestic and foreign sourcing shares in gross output as well as the
domestic and foreign multipliers (‘foreign input reliance’ - FIR) for these four industries. Interestingly, the value-
added shares increased in most cases in both economies, which might point to specialisation in higher value-
added activities. A particularly strong increase of 5.2 pp can be observed in the computer, electronic and optical
products industry (C26) in the EU27 and an even stronger one of 12.5 pp in the US. Generally, the value-added
cost shares increased more strongly in the US than in the EU27, with the exception of pharmaceuticals products
(C21), for which a steep decline was observed in the US. In the EU27 the share of the foreign sourced
intermediates fell sharply in the pharmaceutical industry (C21), by 4.6 pp, and in the computer, electronic and
optical products industry (C26), by 2.9 pp; in the other two industries, the changes are much smaller. For the
US, there was a strong increase of 7.7 pp in foreign sourcing in the pharmaceutical industry (C21), but a
significant decline of 3.6 pp for the computer, electronic and optical products industry (C26). These results
suggest that the reliance of the EU27 on foreign sourced intermediate inputs has not increased over this period;
rather, it has stagnated or even declined.

Comparing levels, there are significant differences across industries. Value-added shares ranged from about
25-30% in the food products industry (C10T12) and the motor vehicles, trailers and semi-trailers industry (C29)
both in the EU27 and in the US to shares of 40% and almost 50% in the two other industries in the EU27 and
much larger shares of 55.7% in the pharmaceutical industry (C21) and almost 80% in the computer, electronic
and optical products industry (C26) in the US. Foreign intermediates account for less than 10% in all industries
with the exception of computer, electronic and optical products (C26), for which they have a share of 15.9% in
the EU27. Some significant differences are observed between the EU27 and the US in the computer, electronic
and optical products industry (C26), where the share of foreign sourced intermediates is 15.9% in the EU27
and only 4.2% in the US, as well as in motor vehicles, trailers and semi-trailers (C29), with shares of 9.4% and
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17.6%, respectively. It seems that these divergences are driven by the strong differences in the value-added
shares.

Table 6: Foreign input reliance for selected industries, changes 2010-2019 and level 2019

Direct observed input (cost) shares

EU27 uUsS
Domestic Foreign Domestic Foreign
Value sourced sourced Value sourced sourced
added intermediates intermediates added intermediates intermediates
Food Change (in pp) 0.8 -1.7 1.0 3.2 -3.2 0.0
Level 2019 25.7 67.2 7.1 28.5 65.2 6.3
Pharma Change (in pp) 12 34 -4.6 -7.5 -0.2 7.7
Level 2019 47.2 43.7 9.2 55.7 33.9 10.5
Elect Change (in pp) 5.2 -2.4 -2.9 12.5 -8.9 -3.6
Level 2019 39.3 44.9 15.9 79.3 16.6 4.2
Vehi Change (in pp) 12 -1.1 -0.1 4.2 -4.3 0.0
Level 2019 27.1 63.5 9.4 25.3 57.1 17.6
Multipliers
EU27 us
Share* Share*
Total Domestic Foreign in % Total Domestic  Foreign in %

Food Change -0.1 -0.1 0.0 -0.1 -0.1 0.0
Level 2019 2.7 2.4 0.3 11.3 2.5 2.3 0.3 10.1

Pharma Change 0.0 0.0 -0.1 0.2 0.0 0.2
Level 2019 2.1 1.8 0.3 13.6 1.9 1.6 0.3 15.4

Elect Change -0.2 -0.1 -0.1 -0.3 -0.2 -0.1
Level 2019 2.4 1.9 0.5 21.0 14 1.3 0.1 9.2

Vehi Change -0.1 -0.1 0.0 -0.2 -0.1 0.0
Level 2019 2.8 2.3 0.4 15.7 2.7 21 0.7 24.0

Note: * Share of foreign multiplier in total multiplier.

Sources: FIGARO; own calculations.

The lower panel in Table 6 presents analogous results for the gross output multipliers. Although the magnitudes
of course differ, there are similar trends over time, for example small declines in the foreign multipliers for the
pharmaceutical industry (C21) and the computer, electronic and optical products industry (C26) in the EU27,
but no significant changes in the other two industries. It is also interesting to note that both measures - the
shares based on direct inputs and the shares based on direct and indirect inputs (i.e. on the Leontief inverse) -
are very similar. Stronger differences in terms of levels can be seen for the electronics industry, which has a
much higher share of foreign sourcing in the EU27 compared with the US, and for the vehicles industry, where
the US is more dependent on foreign sourcing than the EU27, which points towards differences in ‘foreign input
reliance’ and thus vulnerabilities.

The second question is whether there have been substantial shifts in the geographic patterns of the sourcing
of foreign intermediates (Table 7)1 There are only a few notable changes for both the EU27 and the US,
highlighted in red and green. The share of China (CN) as a partner country for intermediates imports strongly
increased, particularly so in the computer, electronic and optical instruments industry (C26) and the motor
vehicles industry (C29); these increases have been twice as strong in the US (with changes of 13 pp and 16.6 pp)
than in the EU27.

The increases in sourcing from China are much smaller in the other two industries analysed. For the EU27, there
is also a strong increase of sourcing from Switzerland (CH) in the pharmaceutical industry (C21), and also strong
declines concerning sourcing from UK. Evidence with respect to changes of sourcing from the US and the rest
of the world (ROW) is mixed. For the US, an increasing share of sourcing from the EU27 (mostly in
pharmaceuticals, C21) and declines in sourcing from Japan (JP) and ROW are observed.

13 Results based on the multipliers are provided in Table A2.
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Table 7: Foreign input reliance by partner

Changes (of direct observed shares), in pp

EU27 us
Food Pharma Elect Vehi Food Pharma Elect Vehi
AR -0.7 -0.3 -0.2 0.1 0.1 -0.1 -0.1 0.0
AU 0.2 -0.3 -0.2 -0.1 0.5 -0.2 -0.1 0.1
BR -0.5 -0.2 -0.3 -0.5 -0.2 -0.4 -0.3 0.3
CA -0.2 0.1 -0.1 -0.4 2.1 -1.1 -4.5 -8.0
CH 0.1 5.5 1.8 -1.9 -0.1 0.4 0.4 0.5
CN 1.6 2.2 6.7 6.8 2.5 2.6 13.0 16.6
EU 1.6 8.8 3.0 -1.1
UK -4.3 -4.9 -3.4 -2.5 0.2 -3.1 1.0 0.0
ID 0.0 0.0 0.0 -0.1 -0.9 0.0 -0.2 0.1
IN 0.6 0.9 -0.4 0.2 0.8 1.2 -0.4 0.6
JP -0.5 0.3 0.1 -4.0 -1.2 2.1 -2.5 -7.1
KR 0.0 0.4 4.1 0.2 -0.4 -0.4 -1.8 -0.3
MX 0.1 0.1 0.1 -0.5 1.4 -0.1 -15 -2.5
NO -0.6 0.1 -0.7 -0.7 -0.1 -0.3 -0.2 0.0
ROW 15 -0.1 -2.8 0.3 -1.9 -4.6 -5.3 0.8
RU -0.4 -1.2 -0.5 -1.5 -0.3 -0.7 -0.5 0.0
SA -0.1 0.1 0.1 0.0 -0.1 -0.1 0.0 0.0
TR 1.7 0.7 0.5 3.9 0.4 0.1 0.0 0.4
us 1.8 -3.3 3.5 1.1
ZA -0.2 -0.1 -0.1 -0.3 0.0 -0.1 -0.2 -0.4
Shares 2019, in %
EU27 us
Food Pharma Elect Vehi Food Pharma Elect Vehi
AR 2.0 0.4 0.1 0.6 0.8 0.2 0.1 0.1
AU 0.8 0.4 0.3 0.2 1.4 0.4 0.3 0.3
BR 6.3 1.0 0.7 1.3 2.8 1.0 0.4 1.3
CA 1.6 1.3 0.7 0.5 155 8.3 3.8 9.8
CH 3.0 23.9 6.6 6.0 0.6 6.2 1.6 1.1
CN 6.3 6.3 33.8 21.8 10.7 12.0 42.7 29.5
EU 17.7 43.8 17.7 15.5
UK 7.9 9.6 6.6 7.5 2.5 3.4 3.7 2.6
ID 1.9 0.4 0.7 0.4 1.9 0.5 0.3 0.4
IN 2.3 2.7 2.0 3.6 2.6 5.1 0.7 2.1
JP 1.2 3.0 6.7 7.6 1.7 3.2 2.5 8.7
KR 0.5 1.1 2.7 6.1 1.0 1.5 2.7 5.1
MX 0.5 0.3 1.0 1.3 12.9 3.1 12.9 14.3
NO 3.2 1.6 0.9 1.2 0.4 0.2 0.1 0.2
ROW 42.9 15.9 16.4 15.8 25.2 9.5 9.7 7.4
RU 2.8 1.8 1.1 2.1 0.5 0.6 0.3 0.5
SA 0.5 0.5 0.1 0.1 0.6 0.4 0.0 0.0
TR 4.2 15 1.4 11.3 0.9 0.4 0.2 0.8
us 10.9 28.1 17.9 10.7
ZA 1.4 0.3 0.2 1.9 0.3 0.2 0.1 0.4

Sources: FIGARO; own calculations.

In 2019 the EU revealed strong backward linkages with China (CN) in the computer, electronic and optical
instruments industry (C26), with 33.8%, and in motor vehicles (C29), with 21.8%, and also with Switzerland (CH)
in the pharmaceutical industry, with 23.9%. Other important partners are the US, with a particularly high share
in the pharmaceutical industry (C29) of 28.1%, the rest of the world (ROW), notably in food products, with
42.9%, and still UK, with shares slightly less than 10%. For the US, China (CN) is an important sourcing partner
in the computer, electronic and optical instruments industry (C26), with 42.7% (although one should take into
account the overall low share of foreign sourcing discussed above) and the motor vehicles, trailers and semi-
trailers industry (C29), with slightly less than 30%. Other important partners are the EU27 (particularly so in
the pharmaceutical industry, with 43.8%), Canada (CA), Mexico (MX), and ROW, although the shares differ
strongly across industries.
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3.3.4 Geographical length of GVCs

One important risk in global value chains are delays and disruptions of transport routes. The longer the value
chains, the more significantly disruptions can impact on their functioning. The geographical distance of value
chains might therefore be an important proxy for their vulnerability.*

We proxy this ‘geographical length of GVCs’ by multiplying each cell in the coefficients matrix or the Leontief
inverse (thus taking direct and indirect linkages into account) by the geographical distance from the respective
partner country. Formally,

GVCd = alf - D'

where a;; denotes the input (per unit of output) of industry j in country s from industry i in country r and D™
denotes the geographical distance between countries r and s (taken from the CEPII database) with D™ = 0.
Summing up over all supplying countries and industries provides us with a measure of geographical GVC
distance for country s and industry j, i.e.

GVCds = Z GvCdrs
r,i

For taking direct and indirect linkages into account, we use the elements of the Leontief inverse instead of the
direct input coefficients. Figure 2 presents the results of this exercise for both approaches. It should be noted
that changes in the geographical length of GVCs are driven by changes in the sourcing structures and therefore
to a large extent reflect the patterns already discussed in the previous subsection.

For example, the direct input distance of the GVC for food products (C10T12) is around 430 km in the EU27
and has been increasing from about 360 km since 2010. A similar length is found in this industry for the US.
The GVC distance for pharmaceuticals (C21) is also slightly above 400 km, although this has been sharply
decreasing since 2010 in the EU27, whereas it has been strongly increasing in the US. The length of the GVC
for computer, electronic and optical products (C26) is more than 1,000 km for the EU27, but only about 350 km
for the US; for the latter the length has decreased from more than 600 km in 2010. Meanwhile, the distance
of the GVC for motor vehicles (C29) is, at 550 km, much shorter in the EU27 than for the US, at more than
1,400 km. Thus, the results indicate that it is simply not true to assume that all GVCs become longer; a much
more sophisticated pattern emerges from the analysis, where not only increases but also decreases in the
length of GVCs become evident.

When also taking the indirect effects into account the geographic lengths of GVCs increases by around a factor
of 4 (lower panel in Figure 2). Furthermore, similar trends prevail as when using direct coefficients only, although
these in some cases are less pronounced.

14 Note that such a measure does not take the mode of transport or ‘riskiness’ of routes into account.
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Figure 2: Geographical distance in selected GVCs of EU27 and the US
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3.4RCAs in selected GVCs

In the previous section we have seen that China has been gaining larger shares of intermediate imports of the
EU27 and the US, particularly so in high-tech industries including computer, electronic and optical products
(C26) and motor vehicles (C29). These gains were mostly at the expense of the rest of the world (ROW) for both
economies, GB in the case of the EU27, and Japan and Canada in the case of the US.

Such a change in the sourcing structures between countries can take place in various forms. To explain, assume
that both the overall value of intermediates’ use and the structure of intermediates’ use by product in country A
remain constant. One extreme case could be that a country B gains market shares in all products. In this case,
the structure of imports of country A from B would not change (although it could change with respect to the
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other countries that provide less imports). In this case, no change in the specialisation pattern of country B in
country A's value chain would be observed and - as introduced below - the revealed comparative advantage
(RCA) would not change (although the country becomes more important for country A). In the other extreme
case, assume that country A imports more from country B only in one specific product. In this case, the structure
of imports of country A from B would change and so would the RCA measure (country B gains RCAs in this
product and loses RCAs in the other ones). In this section, we therefore study whether the geographical shifts
in value chains have been accompanied by changes of specialisation patterns (within GVCs).

3.4.1 Methodology

Specifically, we examine whether there have been significant structural shifts in the sourcing patterns for each
of the four selected industries, i.e. we analyse specialisation dynamics within their value chains. We do this by
calculating an GVC-RCA indicator (specifically, the Balassa index) for the supply chain of a specific using
industry, formally,

Vs
rs ts
GVC-RCAY: = Zi i Zem;
ij

- Ztmff/ - ka{(?/ t
Ykt miﬁ 2kt mksj

This indicator considers the input structures in the using industry j in country s. This industry sources
intermediate inputs from countries r (including country s) and industries i (including industry j itself). An indicator
larger (lower) than one indicates that a country r has a comparative advantage (disadvantage) in supplying
product i in the sourcing structure (the supply chain) of industry j in country s. Accordingly, a value larger
(smaller) than one indicates that country r is specialised in product i of this supply chain. For presentational
purposes, we take the logs of this index to normalise around O; a value lower than 0O indicates a comparative
disadvantage (specialisation of a country in this product relative to other countries), a positive figure indicates
a comparative advantage of industry i and country r in this specific value chain of industry j and country s.

3.4.2 Changing patterns of GVC-related comparative advantages

To present the results, we focus on specific segments of the value chains. First, we present developments of
GVC RCAs for the EU27 and the US between 2010 and 2019 from their own industries (domestic sourcing) in
the upper panel of Figure 3. This figure presents the log RCA of the four GVCs considered in years 2010 and
2019. Readers should note that the figure gives no information on the volume, so a good with a high
comparative advantage may nevertheless be not relevant in a particular value chain because its supplied
volume is only small.

In food products (C10T12), the logs of the RCAs are close to zero (i.e. indicating neither strong comparative
advantages nor disadvantages), whereas comparative advantages are observed for pharmaceuticals (C21) and
computer, electronic and optical products (C26). Stronger comparative disadvantages are found for at least
some sourced products®® in motor vehicles (C29). The EU27, for example, is considerably less specialized in the
supply of textiles, electronics (C26), but also electrical appliances (C27) for the automotive industry than other
countries.

The changes for the EU27 over this period?® are relatively minor, however. On average, comparative advantages
have become smaller for most sourced products. Stronger decreases are found for textiles (C13T15) in all using
industries and for sourcing of products with respect to pharmaceuticals (C21) in its own value chain. For
computer, electronic and optical products (C26) also a strong revealed comparative disadvantage is reported
for the products of this industry itself, and for motor vehicles (C29), for C26, but also other high-tech products
(C27 and C28).

For the US (Figure 3, lower panel) one observes, first, even stronger revealed comparative disadvantages in all
value chains (note the scale on the left-hand side) and in most cases even stronger decreases (i.e. increasing

15 Although these RCAs are calculated from industry x industry MC-IoTs, we refer to the sourced intermediates as
‘products’ for simplicity.
16 | og changes are the difference between the two bars.
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revealed comparative disadvantages), particularly so for manufacture of textiles (C13T15) and manufacture of
computer, electronic and optical products (C26).

Figure 4 presents the log RCAs for sourcing from China for the EU27 (Figure 4 upper panel) and the US (lower
panel of Figure 4). For the EU27, one can observe relative strong comparative advantages of China in C13T15,
and C22 to C28, whereas in C18, C19, C29, and C30 there are strong revealed comparative disadvantages,
although there are some differences across sourcing industries. Particularly, revealed comparative
disadvantages for China are observed for many supplies that go into the computer, electronic and optical
products value chain(C26), apart for product C26 itself (and C13T15); this can also be observed for pharma
(C21). Similar patterns, though even more pronounced are observed for the US (Figure 4 lower panel): China’s
comparative advantages vis-a-vis the US and the EU27 roughly lie in the same products.

An interesting detail in Figure 4 is the fact that the same product can have a comparative advantage in one
GVC, and a disadvantage in another GVC. An example is C22, rubber and plastic products, where China has an
advantage in the food value chain of the EU27, but a disadvantage in the EU27 computer value chain. This
points to a high degree of product heterogeneity below the level of industry (or product) aggregation as reported
in the MC 10T data. On average, China's comparative advantages have become more pronounced over time,
while the comparative disadvantages have become weaker, though in only a very few cases there have been
switchovers from revealed comparative disadvantages to revealed comparative advantages in this period.

Figure 5 shows the patterns of EU27 sourcing from the US (upper panel) and US sourcing from the EU27 (lower
panel). The US has strong comparative advantages (or in some value chains smaller disadvantages) in EU27
value chains in specific products (C18, C20, C21) and some diverse patterns in higher-tech products, particularly
so for sourcing industries C10T12 and C29. In the other two sourcing industries, C21 and C26, the patterns
reveal strong comparative disadvantages of the US in EU27 value chains. Conversely, in the US value chains,
the EU27 is characterised by relatively strong comparative disadvantages for products C13T15, C16, C17 and
C18, particularly so for all four (sourcing) industries (although less so for sourcing industry C13T15), but
relatively strong revealed comparative advantages concerning higher-tech products such as C28 and C29,
particularly in the following sourcing industries: manufacture of food products (C10T12), manufacture of basic
pharmaceutical products and pharmaceutical preparations (C21) and manufacture of computer, electronic and
optical products (C26). Over time, the US revealed comparative advantages have tended to decline and the
revealed comparative disadvantages in EU27 value chains have become more pronounced. On average, the
opposite seems to be case for the patterns of revealed comparative advantages and disadvantages in the EU27
in the US value chains.
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Figure 3: GVC RCA - domestic sourcing
EU27 sourcing from EU27 (=EU RCAs in EU value chains)
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Figure 4: GVC RCA - sourcing from China (= China’s RCAs in EU or US GVCs, backward perspective)

EU27 sourcing from China (=China’s RCAs in EU value chains)

4
2_
0
2
-4 -
.6_
N W O N~ O O O - N MO T WO N0 0 O N N W O N~ O O O T N MO T WO N0 00 N
rrrrrr SRy ILeeN8ZRY Seereog S gnIEeN R8N
SEOOOUOOOUOOOUOOOf ggOOOUOOOUUOOUOOOf\
S o 3 S o 3
4_
2 -]
0
-2
-4
-6 -
N LW © N 0O O O T N O T W O N0 0 O o N B © N~ 0O O O - N O T W O N0 0 O o
vvvvvv Sy yssNs88s8y Neer22gSgnIReN Ry
'5'5000000000000000‘_\ S;UOOOUQOOUOOOOOU‘_\
IS3RS) 3 ISERS) 3
2010 2019
. P . .
US sourcing from China (=China’s RCAs in US value chains)
4
2 ]
0_
-2
-4 -
-6
S e er® S ENRIRELER S C P22 s NN IEERS RS
ffffff SE RIS eNB8ZRN Neereog s anIEeN R RN
’SQUOOOOOOUOOOUQUU‘_\ ggUQUOUOOOUOOOOOO‘_\
S O 3 S o 3
4
2_
0
-2
-4 -
-6
N LW O N~ 0 O O T N O T WO N0 00 N N W O N~ O O O T N T WO N0 00 N
erererer SRy IiLseNs8g8 Seereog S anTeeN Rl
SQOOOUOOOUOOUUOOUf\ g'{;UOOUUOQUOOOUOOOf\
IS3RS) 3 ISERS) 3
2010 2019

Note: C10-C12: Food; C21: Pharma; C26: Elect; C29: Vehi.
Sources: FIGARO; own calculations.

67



Figure 5: GVC RCA - EU27 and US mutual sourcing

EU27 sourcing from US (=US RCAs in EU value chains)
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3.4.3 Significance of changes in GVC RCAs

To test whether the GVC RCAs have changed significantly over time (with respect to the respective trading
partner), we regress the RCA on its lagged value and thus estimate a panel (random effects) over the period
2010-2019, following in essence stability tests suggested by Laursen (2015) and Dalum et al. (1998).
Specifically, this allows to test whether GVC RCAs are stable over time. In the case that the slope coefficient is
statistically significant and equal to 1, the GVC RCA patterns are stable over time. If it exceeds 1, a country in
this GVC is becoming more specialised in the supplied products in which it already had a high RCA (8-
specialisation, as coined by Dalum et al., 1998).

Analogously, if the slope coefficient is below 1, the RCA in which a country was initially relatively specialised is
weakening over time (B-de-specialisation). A constant larger than zero would indicate that the supplied products
with the lowest RCAs have improved also indicating de-specialisation. It should be emphasised that this does
not indicate a general increase in the average RCA, however.r” Thus, if the slope is larger (smaller) than 1 this
indicates a gain (a loss) in comparative advantages.

The important information we gain from this analysis is if the slope coefficient is different from 1, which is not
the same as the statistical significance for coefficients provided by a regression which just determines if the
coefficient differs significantly from O or not. Thus, we include a y?-test of whether the slope coefficient is
significantly different from 1; the results are summarised in Table .

As we can see from Table 8, a significant B-specialisation of China is only found in Food, while coefficients for
other value chains are insignificant. The US shows significant B-de-specialisation in a number of EU27 value
chains.

Table 9 below reports the full results from the regression including the values for the slope coefficients.

Table 8: Summary of results for significant changes in GVC RCAs

Sourcing country EU27 us

Partner EU CN us us CN EU

Food

Pharma .
Elect

Vehi

Orange: no significant change, red: significantly lower than 1; green significantly higher than 1.

Source: own calculations, based on FIGARO.

In addition, Figure 6 and Figure 7 illustrate the changes in the RCAs of Chinese products in the food GVC of the
EU27 and for the US in the pharma GVC of the EU27. Changes are only small in Figure 6, which indicates that
China is still specialised in products in which it already had a comparative advantage in 2010, and vice versa.®

A different picture emerges for the US, where significant shifts are found in all but the food industry. Note that
the RCAs of the US in the EU27 value chains already pointed towards strong comparative disadvantages in
many products (see Figure 5). As an example, we show industry C21 (pharmaceuticals) in Figure 7, which
indicates that the US has further lost RCAs in products in which it had either comparative advantages in 2010
(C30, C26 and C31_32) or relatively minor comparative disadvantages (e.g. C18, C28, C29).

7 Formally, the regression line passes through the mean of the dependent and the independent variable. For a
slope lower than one, the mean of the dependent variable (in this case in year t) could be smaller than the
mean of the independent variable (in this case in year t-1). In other literature (Laursen, 2015), a normalised
RCA is therefore sometimes used.

8 Note that the figures show the changes between 2010 and 2019, whereas in the regressions we use a panel
including all years.
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Table 9: Regression results

Sourcing country

EU27

us
Partner EU CN us us CN EU
Sourcing industry: C10T12 - Food
Lagged RCA 0.996*** 1.052*** 1.014*** 1.011%** 1.014*** 0.980***
(0.021) (0.011) (0.020) (0.010) (0.007) (0.016)
Constant 0.003 -0.064 -0.033 -0.012 0.031 0.090
(0.021) (0.060) (0.044) (0.009) (0.083) (0.060)
Slope =1 0.8468 0.0000 0.4949 0.2730 0.0550 0.2213
Observations 171 171 171 171 171 171
Number of i 19 19 19 19 19 19
r2_o 0.959 0.982 0.936 0.983 0.993 0.956
Sourcing industry: C21 - Pharma
Lagged RCA 0.965%** 1.009%** 0.872%** 0.984*** 0.818*** 0.820***
(0.021) (0.015) (0.032) (0.023) (0.019) (0.047)
Constant 0.032 0.009 0.044* -0.007 0.647*** 0.230%**
(0.022) (0.090) (0.025) (0.018) (0.197) (0.085)
Slope =1 0.0908 0.5535 0.0001 0.4810 0.0000 0.0001
Observations 171 171 171 171 171 171
Number of i 19 19 19 19 19 19
r2_o 0.929 0.965 0.813 0.916 0.918 0.642
Sourcing industry: C26 - Elect
Lagged RCA 0.995%** 1.019%+* 0.887*** 0.993%** 0.995%** 0.997***
(0.017) (0.013) (0.029) (0.014) (0.009) (0.026)
Constant 0.002 0.008 0.045* -0.001 0.013 0.093
(0.020) (0.013) (0.023) (0.013) (0.017) (0.067)
Slope =1 0.7541 0.1239 0.0001 0.6154 0.5363 0.9052
Observations 171 171 171 171 171 171
Number of i 19 19 19 19 19 19
r2_o 0.951 0.982 0.850 0.969 0.987 0.896
Sourcing industry: C29 - Vehi
Lagged RCA 1.002*** 0.998%*+* 0.809*** 1.002*+* 0.968*** 0.987***
(0.018) (0.010) (0.041) (0.016) (0.010) (0.017)
Constant -0.003 0.022 0.207*** -0.009 0.025 0.014
(0.017) (0.035) (0.061) (0.016) (0.022) (0.032)
Slope =1 0.9300 0.8415 0.0000 0.9060 0.0008 0.4588
Observations 171 171 171 171 171 171
Number of i 19 19 19 19 19 19
r2 o 0.950 0.985 0.697 0.958 0.987 0.950
Standard errors in parentheses

#4% p<0,01, * p<0.05, * p<0.1

Source: own calculations, based on FIGARO.
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Figure 6: Changes in the RCAs 2010 to 2019 of Chinese products in EU27 GVC in food (C10T12)
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Source: own calculations, based on FIGARO.

Figure 7: Changes in the RCAs from 2010 to 2019 of US products in the pharmaceuticals GVC (C21)
of the EU27
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Also, for the US there is no indication of a significant change in the structure of its comparative advantages
with respect to domestic sourcing. The results for sourcing from China indicate that the structure of comparative
advantages in pharmaceuticals (C21) and motor vehicles (C29) become less pronounced (i.e. comparative
advantages as well as disadvantages become smaller, although - as indicated in Figure 4 - there is no
switchover in the structure of comparative advantages).'® This situation is shown in a scatter diagram in Figure
8.

For pharma (C21) the EU27 has also de-specialised in the US GVCs of this industry. However, as Figure 9 shows,
the interpretation in this case is more complicated. The EU27 has lost comparative advantages in many products
including those in which it had comparative advantages in 2010 (e.g. C23, C26, C27); it also strongly lost
comparative advantages in C30 (although retaining a positive value). On the other hand, the EU27 gained
comparative advantages in products in which it had small comparative advantages (such as C28 and C31_32)
or small comparative disadvantages (C21 and C19); in these latter cases, a switchover into a comparative
advantage (value larger than 0) took place. Thus, the gain in EU’s input shares in this US industry (as
documented in Section 3) has been accompanied by a strong shift in its structure of comparative advantages.

Overall, results point towards the empirical pattern that the Chinese value chain integration in the EU27 and
the US has been ‘proportional’ (i.e. no significant shifts in patterns of RCAs) or even accompanied by B-de-
specialisation as coined by Dalum et al. (1998). Differently stated, there is no evidence that China has become
more important because of providing more specific products, but it has increased its overall share. A similar
conclusion can be drawn for the US in EU27 value chains and vice versa.

Figure 8: Changes in the RCAs 2010 to 2019 of CN products in US GVC in pharmaceuticals (C21)
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% Note that this concerns only the relative structure of inputs from China. The overall share of China in
intermediary inputs has increased, as pointed out in Section 3.3. Thus, these results indicate that China has

become more important in general, although its comparative advantages in the value chains have changed
little.
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Figure 9: Changes in the RCAs 2010 to 2019 of EU products in US GVC in pharmaceuticals (C21)
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3.5Conclusions

In this paper, we looked at the dynamics of foreign sourcing for the EU27 and the US over the period 2010-
2019 at the total economy level, for manufacturing and for four selected industries. First, the results indicate
that the share of foreign sourced intermediates in gross output has been surprisingly stable at the total
economy level and increased only slightly for manufacturing. This is contrary to the public opinion of an ever-
expanding globalization but confirms academic contributions such as Timmer et al. (2021), who argue that the
GVC dynamics slowed down or even came to a halt after the global financial crisis. The data show that
globalization is stagnating, and this has started before Covid-19.

Second, there have been significant shifts in the geographic sourcing patterns of the EU27 and the US. The
share of inputs from China has increased at the expense of sourcing from the ‘rest of the world’ (ROW) countries,
together with an increase in mutual sourcing between the EU27 and the US, and also some specific changes
(such as the EU27 sourcing less from the United Kingdom, and the US sourcing more from Canada in relative
terms). This rising importance of China as a source of intermediary imports is in line with the findings in Baldwin
and Freeman (2021) who also emphasise this phenomenon. It also matches with the public perceptions that
China has become more important for the EU27 economy. However, the de-coupling of the UK from the EU27
has only been a gradual process between the Brexit vote in June 2016 and the actual leave on 1 January 2021
when the common legal frameworks between the UK and the EU (for example value-added taxes) ended and
border controls were reinstalled.

Third, these patterns are also found in the supply structures of four specific value chains: food products
(C10T712); pharmaceutical products (C21); computer, electronic and optical products (C26); and motor vehicles,
trailers and semi-trailers (C29). Generally, China is gaining shares in all four value chains, both in the US and
the EU27; China’s gains are more pronounced in the high-tech industries. But there are also other winners,
including Switzerland in pharmaceuticals, and the US in electronics. Japan, the UK, and the rest of the world are
losing shares in most of the four value chains.

In a next step, we introduced a measure of geographical distance in value chains. The geographical distance of
value chains for the EU27 has been stable or has even declined over the period considered. We only found one
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GVC where geographical distance increased considerably: US pharmaceutical products (C21). These results give
only little support for large-scale backshoring or nearshoring activities in the US or the EU27 since 2010: the
results are even more striking as we have considered pharmaceuticals, electronics and vehicles, which all three
reveal an above-average backshoring propensity (Dachs et al. 2019a). It will be interesting to see the results of
a similar analysis with data for 2020 and 2021, when supply shortages may have led to more backshoring.

Scrutinising these developments, we considered structural changes within value chains by calculating revealed
comparative advantage index for each GVC (GVC-RCAs). With regard to the levels, the patterns confirm that
China has revealed comparative advantage in supplying high-tech products within these value chains, although
levels are quite differentiated across the using industries considered (suggesting some industry-specific
sourcing structures).

The results point towards stability of comparative advantage structures with respect to domestic sourcing for
both the EU27 and the US. However, some significant changes have occurred in the sourcing patterns of the
EU27 from the US in the pharmaceutical industry where the US lost market shares. China gained market shares
in EU27 sourcing structures in computer, electronic and optical products and motor vehicles. In these two
industries China also gained market shares in the sourcing patterns of the of the US. Results also show that the
pharmaceutical industry has undergone stronger changes in patterns of comparative advantages in both the
EU27 and the US.

Analyzing the structures and the development of GVCs to assess risks is a ‘no regrets’ option for Baldwin and
Freeman (2021). Thus, the analysis contributes to the recent discussions on risks, resilience and robustness of
value chains. However, given these different potential causes for disruptions in the value chains, the economic
policy and company-specific measures also vary, depending on the product, country or region of origin, the
importance of production processes and macroeconomic necessities. These range from diversification strategies
with regard to suppliers and transport routes, building or maintaining redundant production capacities,
stockpiling and measures to improve information regarding the structure and transparency of supply chains
(e.g. 'stress-testing' of supply chains). Empirical analyses and economic policy conclusions are more necessary
than ever, in view of uncertain and risky future developments.
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Formal definition of proposed network indicators

Given a graph ¢ = (N, L,V) with N = {Nl, Ny, ..., Ng} being a set of nodes (here sector-country pairs) which is
related through a set of edges L = {L,,L,, ..., Ly} a set of weights V = {v,,v,, ..., vy} for each edge. The
topology of a graph can be decoded in a n-by-n adjacency matrix where n denotes the number of nodes:

xll x12 ' xln
.. X21 X2 - Xop ..
X, )= : . . . i,j=1,..,n
Xp1 Xpz e Xpn

where one element of X corresponds to the input and output relations between the sectors-country pairs. Having
a directed graph, the adjacency matrix as defined is not symmetric.

The weighted out-degree centrality is a variant of the degree centrality. The out-degree centrality is
specified as Copp (j) = Xj=1 Xij, i.e, the sum of columns of the adjacency matrix X indicating the number of
outgoing links of a node. Consequently, the weighted out-degree centrality is formally defined as
n
Cwon () = Z VijXij
j=1

with v;; representing the edge weight between two nodes i and j.

The following three indicators, PageRank, hub, and authority score are iterative algorithms aiming for a certain
convergence.

The PageRank is defined as the eigenvector of a specific matrix — called Google matrix G - which is a
transformation of the original adjacency matrix X

xij 1
gij=qz_xij+ I-ay

where g denotes a positive parameter (dampening factor) to ensure the existence of a unique solution, and N
is the number of nodes. Accordingly, the elements of the PageRank vector z = (z,, ..., zy)7 are specified as

2@ = gy70)
j

The hub and authority score are inevitably linked to identify essential nodes in a graph. Originally developed by
Kleinberg (1999), the authority score measures the extent of valuable information a node holds, while the hub
score indicates how many highly informative/authoritative nodes this node is pointing to. Formally, the hub
score of a node is specified as

Co(®) = B ) %, C4())
j

where C,(j) denotes the authority score of nodes i. Hence, the hub score is proportional to the sum of authority
scores of nodes pointing to the nodes i. Accordingly, the authority score of a node is proportional to the sum
of hub scores of nodes pointing to it; this can formally be written as

Cal) = @ ) x:Cy ()

J

In the mathematical expressions of the hub and authority score, « and 8 denote normalization factors to make
the sums of all elements become unity. In matrix notation, the hub scores of nodes can be written as the
principal eigenvector of X*t(X), while the authority scores can be specified as the principal eigenvector of t(X)*X,
where X is the adjacency matrix of the graph. Also, here scaling parameters ensure that the result vector has
unit length in the Euclidean norm.
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Table Al: List of industries

No. Code Description

1 AO1 Crop and animal production, hunting and related service activities

2 A02 Forestry and logging

3 A03 Fishing and aquaculture

4 B Mining of coal and lignite

5 C10T12 Manufacture of food products

6 C13T15 Manufacture of textiles

7 C16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of
straw and plaiting materials

8 C17 Manufacture of paper and paper products

9 C18 Printing and reproduction of recorded media

10 C19 Manufacture of coke and refined petroleum products

11 C20 Manufacture of chemicals and chemical products

12 c21 Manufacture of basic pharmaceutical products and pharmaceutical preparations

13 C22 Manufacture of rubber and plastic products

14 Cc23 Manufacture of other non-metallic mineral products

15 C24 Manufacture of basic metals

16 C25 Manufacture of fabricated metal products, except machinery and equipment

17 C26 Manufacture of computer, electronic and optical products

18 c27 Manufacture of electrical equipment

19 C28 Manufacture of machinery and equipment n.e.c.

20 C29 Manufacture of motor vehicles, trailers and semi-trailers

21 C30 Manufacture of other transport equipment

22 C31_32  Manufacture of furniture

23 C33 Repair and installation of machinery and equipment

24 D35 Electricity, gas, steam and air conditioning supply

25 E36 Water collection, treatment and supply

26 E37T39  Sewerage

27 F Construction of buildings

28 G45 Wholesale and retail trade and repair of motor vehicles and motorcycles

29 G46 Wholesale trade, except of motor vehicles and motorcycles

30 G47 Retail trade, except of motor vehicles and motorcycles

31 H49 Land transport and transport via pipelines

32 H50 Water transport

33 H51 Air transport

34 H52 Warehousing and support activities for transportation

35 H53 Postal and courier activities

36 | Accommodation

37 J58 Publishing activities

38 J59_60 Motion picture, video and television programme production, sound recording music and publishing activities

39 J61 Telecommunications

40 J62_63 Computer programming, consultancy and related activities

41 K64 Financial service activities, except insurance and pension funding

42 K65 Insurance, reinsurance and pension funding, except compulsory social security

43 K66 Activities auxiliary to financial services and insurance activities

44 L68 Real estate activities

45 M69_70 Legal and accounting activities

46 M71 Architectural and engineering activities; technical testing and analysis

a7 M72 Scientific research and development

48 M73 Advertising and market research

49 M74_75  Other professional, scientific and technical activities

50 N77 Rental and leasing activities

51 N78 Employment activities

52 N79 Travel agency, tour operator and other reservation service and related activities

53 N80T82  Security and investigation activities

54 084 Public administration and defence; compulsory social security

55 P85 Education

56 Q86 Human health activities

57 Q87_88  Residential care activities

58 R90T92 Creative, arts and entertainment activities

59 R93 Sports activities and amusement and recreation activities

60 S94 Activities of membership organisations

61 S95 Repair of computers and personal and household goods

62 S96 Other personal service activities

63 T Activities of households as employers of domestic personnel

64 U Activities of extraterritorial organisations and bodies

Sources: FIGARO; Eurostat.
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Figure A1 — Changes in foreign sourcing structures by partner 2010-2019, change in foreign GO

multiplier by partner, pp
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Figure A2 — Changes in foreign sourcing structures by partner 2010-2019: change in share of
foreign GO multiplier in total multiplier by partner (in pp)
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Table A2: Foreign input reliance by partner — measured by Leontief inverse

Changes (of multiplier shares), in pp

Food Pharma Elect Vehi Food Pharma Elect Vehi
AR 0.4 0.3 0.2 0.1 0.0 -0.1 0.2 0.1
AU 0.0 0.3 0.3 0.4 0.3 -0.3 0.3 0.2
BR 0.3 0.2 0.4 0.8 0.2 -0.6 0.4 0.1
CA 0.2 0.1 0.2 0.5 -1 2.4 3.4
CH 0.1 21 1.1 -1.0 0.0 1.5 0.3 0.2
CN 4.2 5.1 7.2 5.9
EU 0.8 1.0 -1.7
UK 2.3 3.4 2.0 -1.4 0.1 -1.5 0.4 0.2
D 0.0 0.0 0.2 0.2 0.3 0.1 0.2 0.0
IN 0.4 0.8 0.0 0.2 0.6 1.2 0.3 0.4
JP 0.7 0.2 -1.4 3.3 -1.7 22 2.9
KR 0.1 0.3 3.2 0.1 0.3 -0.5 -1.2 0.0
MX 0.0 0.1 0.0 0.2 0.5 1.1 -1.8 23
NO 0.6 0.0 -0.6 0.6 0.1 -0.2 0.2 0.1
ROW -1.8 3 44 26 48 81 63 -1.9
RU 1.1 0.5 -0.6 -1.7 0.6 -0.7 0.6 0.3
SA 0.2 0.0 0.0 0.1 0.3 -0.7 0.1 0.1
TR 1.4 0.8 0.6 2.3 0.4 0.1 0.1 0.4
us 1.9 2.7 1.8 1.1
ZA 0.3 0.2 0.2 0.6 0.1 -0.2 0.3 0.5

Shares in international Leontief multipliers 2019, in %
EU27 us
C10T12 c21 C26 C10T12

AR 1.3
AU
BR
CA
CH
CN
EU
UK 7.7 8.5 5.7 6.4 2.8
ID 14 06 07 07 14
IN 2.7 3.1 2.1 3.3 2.7
JP 2.3 3.4 5.8 6.9 2.8 3.4 3.5 8.2
KR 15 1.7 3.8 5.2 1.9 1.9 43 5.2
MX 7.9
NO 2.9 2.0 1.4
ROW 342 19.2 17.6
RU : 4.2 25
SA
TR 3.5 1.9 1.6
us 13.0 22.2 14.2 11.2
ZA 15

Sources: FIGARO; own calculations.
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct centres. You can find the address of the
centre nearest you online (european-union.europa.eu/contact-eu/meet-us_en).

On the phone or in writing

Europe Direct is a service that answers your questions about the European Union. You can contact this
service:

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
— at the following standard number: +32 22999696,

— via the following form: european-union.europa.eu/contact-eu/write-us_en.

FINDING INFORMATION ABOUT THE EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa
website (european-union.europa.eu).

EU publications

You can view or order EU publications at op.europa.eu/en/publications. Multiple copies of free publications can be
obtained by contacting Europe Direct or your local documentation centre (european-union.europa.eu/contact-
eu/meet-us_en).

EU law and related documents

For access to legal information from the EU, including all EU law since 1951 in all the official language
versions, go to EUR-Lex (eur-lex.europa.eu).

Open data from the EU

The portal dataeuropaeu provides access to open datasets from the EU institutions, bodies and agencies.
These can be downloaded and reused for free, for both commercial and non-commercial purposes. The
portal also provides access to a wealth of datasets from European countries.
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