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Abstract

The COVID-19 pandemic has thrown the world’s economy and trade into disarray,
putting international reliance in the limelight. This sparked debate on the durability
and resilience of global value chains. In this paper, we construct a ‘product riskiness
indicator’ for 4700 globally traded products based on components such as market
concentration, clustering tendencies, network centrality of players, or international
substitutability to determine which products are vulnerable to trade shocks at the
global level — referred to as ‘risky’ products. In a second step, bilateral risky product
imports are matched to multi-country input—output tables, allowing for an examina-
tion of the importance of globally supplied risky products by country and industry.
Due to the high percentage of dangerous products in high-tech product categories,
higher-tech industries are more vulnerable to supply-chain vulnerabilities. Third,
we analyse the GDP impact of reshoring using a “partial global extraction method.”
Assuming that risky product imports from non-EU27 nations are re-shored to EU27
countries, the EU27 GDP might rise by up to 0.5 percent. Non-EU27 countries suf-
fer as a result of such reshoring activity. This implies that ensuring robust or at least
resilient supply networks is also in the interest of the supplier countries and sectors.
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1 Introduction

The COVID-19 pandemic demonstrated how worldwide manufacturing networks,
global supply and value chains, and global supply and value chains can be vulner-
able to a variety of shocks. This is evident in the fact that trade is more volatile than
GDP, owing to the numerous interconnections between countries. As seen in Fig. 1,
trade volumes in China, the EU27, and the United States all fell in the first half of
2020 before slightly recovering in the second half, with China being the first region
to return to pre-pandemic levels. Early in 2021, the United States surpassed the level
of 2019, while the EU27 is still at the level of 2019. Exports reacted more strongly
than imports in general. Current estimates for annual GDP growth show values of —
5.9% for the EU27 (e.g. — 8% for France, — 4.6% for Germany)' and — 3.4% for the
United States. Only China reported a positive growth rate of 2.4%.”

In response to the global health crisis and the threat of critical supply shortages,
countries around the world began restricting the export of specific products such as
masks and other health-related equipment (as well as people’s cross-border mobil-
ity), reverting to a form of “emergency protectionism”, at least in the short term.
Furthermore, multiple supply-side shocks arose as a result of severe lockdowns in
various regions or nations, impeding manufacturing and transportation. In a world
where industry is organized along global value chains (GVCs), however, the fric-
tionless flow of goods is required to maintain the supply of essential commodities.

Aside from the numerous regionalised production and supply shocks, the pan-
demic highlighted a heavy reliance on foreign manufacturing. As a consequence, the
Environment, Public Health and Food Safety Committee of the European Parliament
has urged the European Commission “to find ways to restore pharmaceutical manu-
facturing in Europe”.® These trends raise the obvious concerns of how vulnerable
our economies are to demand and supply shocks — both of which apply in the case of
the COVID-19 health crisis — from within and outside the EU in general, as well as
what role GVCs play in shock transmission. As a result, the subject of international
trade and production integration’s resilience is once again becoming a focus of eco-
nomic research and a goal of public policy to reduce economic and health hazards.
As the supply of key materials (like drugs, medicines, masks, etc.) demonstrates,
this applies not just to individual enterprises and the way international production
integration is organized within regional and global supply chains, but also to public
sector activities (whether market-oriented or administered by government agencies).

! See https://ec.europa.eu/eurostat/databrowser/view/tec00115/default/table?lang=en.
2 The data for China and the United States is reported in the World Economic Databases, managed by
the IMF. See https://www.imf.org/en/Publications/ WEO/weo-database/2021/October.

3 See https://www.europarl.europa.eu/news/en/press-room/202007 1 2IPR832 14/covid- 19-eu-must-step-
up-efforts-to-tackle-medicine-shortages (accessed 13.4.2021).
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Fig. 1 Monthly trade volume index, 2019 =100. Source: Eurostat, FRED

This study contributes to this literature by identifying potential vulnerabilities of
global value chains at the product level. We provide an assessment of the vulner-
ability of product supplies concerning internationally traded products, by applying a
product riskiness index. This index allows us to identify possible vulnerabilities of
industry sectors and dependencies on trading partners.

In Sect. 3, following the recent literature, the method for identifying “risky” prod-
ucts is outlined. The method is applied at the level of detailed trade data (Harmo-
nised System HS 6-digit products) including more than 4700 products. A summary
of the most important results is then shown descriptively. We will also show the
usefulness of this product riskiness index with two applications: First, combining it
with multi-country input—output tables to analyse the imports of industries accord-
ing to the contained share of risky products. Secondly, to assess potential effects of
re-shoring policies.

2 Literature review

The COVID-19 pandemic and the resulting economic crisis brought the dependen-
cies of a number of products on a few producer countries to light and triggered a
discussion on the resilience and robustness of global production networks and value
chains. However, such aspects were already being considered before the pandemic
from the EU-perspective in conjunction with the debate on the envisaged ‘open
strategic autonomy’ (see e.g. European Parliament 2021; and European Commis-
sion 2021) in the phase of geo-political shifts. During the pandemic, the discussion
has then particularly focussed on critical goods for combatting the pandemic, such
as medical protective equipment, which is to a large extent produced outside the
EU. Consequently, as the COVID-19 pandemic took hold in the EU, in some cases
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countries rushed to secure urgently needed medical equipment and pharmaceuticals
and resorted to protectionism by hastily issuing export restrictions — albeit of short
duration in most cases — to keep important products within country borders. How-
ever, in the literature it is also argued that those global production networks and
value chains actually made it possible to cope with the surge in global demand for
such products. Still, the crisis made it evident that in global production networks,
economic sectors which are largely dependent on imports of certain inputs can be
severely impacted by trade shocks or interruptions in the transport systems together
with their respective downstream sectors (see e.g. Baldwin and Freeman 2020a).
The COVID-19 pandemic has triggered discussions about the vulnerability and fra-
gility of global value chains (GVCs) from the very beginning (see e.g. Baldwin and
Freeman 2020a) and potentially emerging trade conflicts (e.g. Baldwin and Free-
man 2020b). This vulnerability first became virulent in the supply of health-related
products like face masks and other medical protective equipment for which several
protectionist policies were imposed (for an overview see Gonzalez 2020, and Even-
ett and Fritz 2020).

Policymakers called for more self-reliance and shortening of global value chains.
The EU argued for the necessity to increase the resilience of European value chains,
although it is unclear how this increased resilience is to be achieved (European
Commission 2020a and 2020b). Overdependence on individual suppliers has been
identified as a risk factor in the current organisation of international supply chains.
Javorcik (2020) hints at the critical aspect of the “just-in-time” principle, which
aims to reduce logistics costs by minimising or eliminating warehousing. However,
it is by no means clear that a world with reduced global value chains would be a
better option. For example, one topic of debate is whether or not the “renationalisa-
tion” of value chains could shield countries from the negative economic effects of
COVID-19, because the supply bottlenecks due to the lockdown affect both inter-
national and national suppliers (Bonadio et al. 2020). It should also be noted that
despite severe disruptions, many value chains — for example in the food industry
— have continued to function during the crisis (Miroudot, 2020). Baldwin and Free-
man (2022) propose a risk-versus-reward framework according to insights from the
portfolio theory and discuss foreign exposures and potential supply chain disrup-
tions in an input—output framework. Their results argue using measures based on
the global Leontief inverse (i.e. taking direct and indirect linkages into account) that
exposures to foreign shocks are higher than direct indicators would suggest.

Our main reference is the work by Korniyenko, Pinat and Dew (2017). Their
seminal idea of using trade data and interpreting it as a network to identify structural
weaknesses on product level allows us to estimate and classify which products might
be at risk of suffering from supply disruptions. Their proposed method is repro-
duced in the next section. The fact that international trade can be seen as a network
that consists of nodes (the trading entities, e.g. countries) and vertices (the trade
flows) has received new attention in recent years: See e.g. De Benedictis and Tajoli
(2011), Carvalho and Tahbaz-Salehi (2019) or Acemoglu et al. (2012) who consider
the linkages between industries (within a national) as a network. Piccardi and Tajoli
(2018) show that more complex products are traded in more centralized networks.
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Since centralized networks are also prone to higher fragility, they argue that the cur-
rent production and trading system is very vulnerable to shocks.

The availability of multi-country input—output tables (MC-IOTs), such as the
WIOD (see Timmer et al. 2015) or EORA (see Lenzen et al. 2012), also have con-
tributed to the rising interest in this research area: For example, Blochl et al. (2011)
show how random walk centrality and betweenness can be calculated and inter-
preted as economic shocks rippling through a production network. MC-IOTs are
also commonly used to analyse global value chains (GVCs), which themselves can
be interpreted as paths connection one production stage with the next. Amador et al.
(2018) calculate the foreign value-added that is contained in a country’s exports
(using MC-IOTs) and use these flows as a network to analyse the role of certain
countries within this network.

When seeing international trade as a network, a natural research question is how
shocks are transmitted in such a network as, for example, in Frohm and Gunnella
(2017). Before COVID-19, researchers saw natural disasters as possible sources of
shocks and studied their transmission over the global trade network, as in Carvalho
et al. (2016) or Boehm et al. (2016). Nowadays, it is either the pandemic that is seen
as the disrupting force, as e.g. in Vidya and Prabheesh (2020) and Fortunato (2020),
or the Russian invasion of Ukraine which unsettled especially global energy markets
(for an early assessment see Redeker 2022). Due to the disruptions in GVCs there
has been also an increasing focus and interest in making GVCs more resilient or
robust.

The product risk index developed in this paper helps to identify products that
might be more vulnerable to shocks in global supply chains and thus policy targets
for increased resilience or robustness. While most research mentioned here looks
on the production network from an aggregate, national perspective, Bernard et al.
(2019), Bernard and Moxnes (2018) and Tintelnot et al. (2018) consider firms as the
trading entity and explore how the production network between firms is formed.

3 Assessing the vulnerability of product trade

In this section we first introduce the methodology of how to define the “riskiness”
of trade in products at the detailed HS 6-digit level. Our method identifies more than
400 products as “risky” or vulnerable to supply shocks. A descriptive assessment
of the magnitudes of these products and their composition focussing on the EU27
is presented in Sect. 3.2. In the following Sect. 3.3 we validate our findings with
results from the existing literature and compare them with the products identified as
being “risky” during the COVID-19 pandemic. Linking the import of these products
to a multi-country input—output table, the WIOD (Timmer et al. (2015)), we then
assess the importance of these risky products as imported intermediate inputs in the
industry’s production, indicating the vulnerability of global value chains (Sect. 3.4).
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3.1 Methodology

As we extend the product fragility indicator developed by Korniyenko, Pinat and
Dew (2017), abbreviated henceforth as KPD, we present a short overview of their
product fragility indicator: Their indicator is based on three separate components
— the outdegree centrality, the tendency to cluster, and international substitutabil-
ity — that capture structural dependencies or weaknesses which make the products
potentially “risky”, “fragile” or “volatile”. In addition, we add two more compo-
nents — the Hirschmann-Herfindahl index and accounting for non-tariff measures
— to make this indicator more robust and more accurate. The motivation to include
the Hirschmann-Herfindahl component is to include a measure for the import con-
centration (as the outdegree centrality component measures the concentration in
the export of goods): a product should be more risky, if a country imports it only
from a very small number of exporters. The new non-tariff measures component
draws on a different dataset (non-tariff measures notifications) which allows us to
incoporate another dimension of riskyness: namely that of riskyness in trade due to
legal and organisational restrictions and frictions. The more non-tariff measures are
applied on a given product, the more likely it is that the trade of this product willl be
interrupted.

Compared to KPD we use a more recent and comprehensive database for human
capital and use an older HS revision to obtain a longer, consistent timeframe of
product-level trade data on which the calculation of the product fragility indicator is
based on. As in KPD we exclude products that are not reported in all years. Contrary
to KPD however, we also consider final or consumption products according to the
UN BEC classification: while KPD is mainly concerned with shocks that affect sup-
ply chains, we are also interested in shocks that might affect end consumers.

In the next subsections we present the method for the components of the indica-
tor. Most calculations below are carried out separately for every product. For ease of
presentation, we exclude the product index k where possible.

3.1.1 Outdegree centrality

The first component “outdegree centrality” detects the presence of central players.
Central player refers to a country that exports to many countries and has a high mar-
ket share in the importing countries. As the name suggests, this component is based
on the outdegree centrality of all countries, for a given product defined as

w

n .

i

=y -
=i

Here, w;; is the value of country i’s exports to country j, and w; is the average
value of country j’s imports. Based on this, KPD define the standard deviation of the
outdegree centrality.
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,where C; is the average outdegree centrality, as the first component ¢, of their index.
In a situation where one country i is the supplier of all other countries for a specific
product, that country will have a high outdegree centrality, while the other countries
have an outdegree centrality of 0. In this case the standard deviation for country
i has a high value. On the contrary, in a situation where all countries export to all
other countries and no country stands out, the outdegree centralities will be similar
and the standard deviation will be low.

3.1.2 Tendency to cluster

The second component of the KPD product fragility index is the “tendency to
cluster”. If countries form clusters characterised by trade only within this cluster,
then a supply disruption within a cluster can have severe effects on the coun-
tries in the cluster. To capture this, KPD propose to use the clustering coefficient
— which is a commonly used metric in network analysis — to assert the tendency
of countries to trade within groups. This clustering coefficient is defined as

k
2 T.T.T
k(k—1) w2 7K

CC; =

l

where k; refers to the number of countries that are connected to node i, wy; is the
weight of the connection between i and j, w; = ). T;/k; is the average weight of i’s
connections and 77; is an indicator variable that takes a value of 1 when a connection
between i and j exists and O otherwise. This cluster coefficient is then averaged and
multiplied by the diameter d of the network. The diameter is the longest distance
between two nodes that exist in a network. The second component of the product
fragility index is then

n
;=) CC/n-d
i=1
The more countries that form clusters and the larger “apart” countries are from

each other (i.e., the diameter has a high value), the more fragile is this product
network.

3.1.3 International substitutability
The third component of the product fragility index captures international substi-

tutability. For this, KPD use the “revealed factor intensity” methodology of Shi-
rotori, Tumurchudur and Cadot (2010) to compute human capital intensities per
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country and product. They calculate Balassa-style weights from the trade data (x;‘
are the exports of country i and product k and x; are the total exports of country

0):
e

k L

TS ()

The revealed human capital intensity can then be computed as L;‘ = v;‘ - H;
where H, refers to a human capital measure (such as years of schooling) in coun-
try i. The third component of the fragility index is then again defined as the stand-
ard deviation of the revealed human capital intensity (as before, Lf.‘ is the average
human capital intensity for product k):

n

—\2
¢ = %Z(Lf—Lf)

i=1

Trade between countries with very different revealed human capital intensity
implies a larger component for the product fragility measure.

3.1.4 Hirschmann-Herfindahl index

In addition to these three components suggested by KPD we add an additional com-
ponent that captures the situation when an importer country is dependent on just a
few exporting countries, meaning that the market concentration among the export-
ing countries is high. For this we calculate the Hirschmann—Herfindahl index (HHI)
that is commonly used to quantify the market concentration of firms in a market.
First, we compute the HHI, for a given product, for every importing country in our
sample, i.e.

n X 2
_Z -
HHI; = Z <xj>
i=

Here, x; is the trade flow from country i to country j and x; are total imports of
country j. Then we aggregate these country-level HHI values with a weighted aver-
age, where the weights are the total imports of a country. This yields the fourth com-
ponent ¢, which is defined as

cy = ) HHI; - w,
J=1

n .
where w; = x;/ EFI x; so that the weights sum up to one.
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Standardized Hirschmann-Herfindahl component Standardized Non-tariff measures component
0.6

0.4

0.2

0.0
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Fig.2 Distribution of the standardised Hirschmann-Herfindahl and Non-tariff measure component.
Source: wiiw calculation

3.1.5 Non-tariff measures

In our second addition, we want to identify products that are often targeted by non-
tariff measures. As Griibler and Reiter (2021) show, TBT STC and SPS STC* are
the two types of non-tariff measures that have the most consistently negative effect
on trade flows. We compute the fraction of world trade (for a given product) that is
affected by one of the two measures as

n n n n
cs = ZZXU'NTMU/ZZXU

i=1 j=1 i=1 j=1

where NTM; is a dummy variable indicating whether the flow between exporter i
and importer j is affected by a TBT STC or SPS STC.

Figure 2 shows the distribution of the standardized values for all products for both
the Hirschmann-Herfindahl and the non-tariff measures component, already differ-
entiated by the risk index (the computation is described in the upcoming section). It
shows that products that are considered to be risky tend to have higher Hirschmann-
Herfindahl values, thus are characterised by higher concentrations among the sup-
pliers. The differentiation between risky and non-risky products is not as clearly vis-
ible for the non-tariff measures component, but we do see that a large mass of risky
products is characterised by high values, meaning that these products tend to be
more often affected by non-tariff measures. High tech products are characterized by
a high degree of technical regulations and TBTs. As we will see below, this group of
products is particularly often classified as risky.

4 TBT STC are special trade concerns (STC) of technical barriers to trade. Specific trade concerns to
Sanitary and Phytosanitary measures (SPS STC).
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The correlation of the product values of the non-tariff measure component with
the other four components is low (they range from 0.09 with the Hirschmann-Her-
findahl component to 0.163 with the outdegree centrality component), which points
to the fact that this component captures important additional information on risky-
ness: riskyness that is due to legal and organisational restrictions and frictions.

3.1.6 Constructing the “product riskiness indicator”
To calculate the “product riskiness index (PRI)”® the five components are normal-
ised. The normalised scores of the components are then used by the k-means algo-
rithm to find four groups of similar products. The group of products that shows the
highest values in all five components over the whole period is considered as the
group of risky products. The other three groups of products are considered non-
risky. The resulting product riskiness index is thus defined on product level and has
no time dimension. That means that short run fluctuations in the trade data have
only a limited impact on the product riskiness index. We assess however how the
relative importance of these thus defined risky products has evolved over time.
There is one caveat to consider: As the product riskiness index is based on global
trade data, it identifies structural weaknesses on the global level. These weaknesses
may or may not apply to every single country individually.” Thus further and more
detailed information may be required when applying the product riskiness index
to the trade flows of a single country (or region like the EU-27). For example, the
product riskiness index can be used as a starting point, providing a first possible
classification of products into risky/non-risky products after which one can iden-
tify “essential products” (e.g. medical appliances or specific drugs) within the risky
products. This list of risky and essential products can then be re-evaluated, using
e.g. detailed trade data such as the UN Comtrade, to identify to which degree this
riskiness also applies to the single country at hand: Which (globally) risky prod-
ucts are actually imported in large quantities? What is the market share of the big-
gest exporter? Answering these questions can help to identify those products that are
“actually” risky for the studied importing country giving important insights about
potential vulnerabilities of global value chains relevant for this country. Another
potential avenue for further research could be to develop a product riskiness index
that has both an importing country and a product dimension. The difficulty is that
e.g. the “central player” indicator cannot simply be calculated on the product net-
work of a single country (as such a network has much less nodes and edges which
might lead to wrong and/or volatile results). However, restricting the attention to a
single country might also have the advantage of allowing the usage of special and

5 A figure displaying the distribution of all five components and their piecewise correlations can be
found in the Appendix.

6 We refer to this index as the “product riskiness index” as it includes more components than the original
“product fragility index” suggested by KPD.

7 E.g. even if the Hirschmann-Herfindahl index shows a high concentration in exporting countries (on
average), this may not apply equally to every importing country.
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more detailed data sources (such as firm micro data, which are available for single
countries but not for the whole world), thus achieving a higher degree of accuracy.
However, the aim of this paper is to develop such a riskiness indicator for the global
trading system and global supply chains.

3.2 Data and descriptive results

The components of the product riskiness index are calculated using the BACI data-
set.® To calculate the “International substitutability” and the “Non-tariff measures”
components we additionally make use of the following two datasets: First, informa-
tion on human capital on a country-year level is based on the “mean years of school-
ing” variable reported in the “Human Development Report” by UNDP (2019). This
is a more recent and comprehensive database on human capital compared to the
Penn World tables that KPD use. Secondly, data on non-tariff measures is sourced
from the wiiw NTM data. This dataset is based on the non-tariff measures database
provided by the WTO i-tip, but has been significantly improved by imputation of
large fraction of the missing HS codes.’

The results of the analysis presented below are based on the BACI dataset. This
database spans a period of 23 years (from 1996 to 2019), includes 4706 products
and contains more than 200 countries as both exporters and importers. The main
advantage of the BACI database is that it provides reconciled trade flows on detailed
HS 6-digit level across countries (see Gaulier and Zignago (2010) for a description
of the process), which means that differences in the reporting of trade flows from
importer or exporter countries have been eliminated.

3.2.1 Characteristics and import shares of risky products

In this section we describe some selected aspects of the risky products. Our product
riskiness index identifies 435 out of 4706 products as risky (9%). Of these, 294 risky
products are intermediate products (68%) and the remaining 141 goods are classified
as final or consumption goods according to the BEC classification.

Table 1 shows ten risky products with the highest share in world trade. The prod-
ucts belong mainly to the HS-Sect. 84 (machinery and mechanical appliances) and
group 85 (electrical machinery and equipment); all of them are intermediate prod-
ucts. Interestingly however, a risky final product tops the table. This product (HS
code 300,490) consists of medicaments and takes the first position. The other two
final goods that are in the top ten are television receivers (852,812) and other plastic
articles (392,690).

8 The BACI trade data is provided by the CEPII institute free of charge: http://www.cepii.fr/CEPII/en/
bdd_modele/presentation.asp?id=37.

 The WTO i-tip database can be accessed here: https://www.wto.org/english/res_e/statis_e/itip_e.htm.
The wiiw NTM data is available from https://wiiw.ac.at/wiiw-ntm-data-ds-2.html. See Ghodsi, Griibler,
Reiter and Stehrer (2017) for a description of the data.
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Fig.3 Development of the share of risky products in imports by region. Note: Including intra-EU trade.
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Fig.4 World trade in HS 2d sections by product riskiness index. Source: BACI, wiiw calculation

Figure 3 depicts the evolution of the risky product share (as measured by import
value) through time for three regions: the United States, the EU27, and the rest of
the globe. The three regional patterns were relatively similar until the financial crisis
of 2008. In comparison to the EU27 and the rest of the world, the share of riskier
products in US imports appears to have increased since the financial crisis.

In Appendix Table 4 we list the number of risky and non-risky products in each
of the 96 HS 2-digit product groups. This confirms the product specific results in
Table 1. In HS group 8 (which consists of articles of base metals, machinery and
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mechanical appliances, vehicles, and transport equipment) almost 30% of products
are classified as risky. The share is particularly high in HS85 (Electrical machin-
ery and equipment and parts thereof; sound recorders) where more than 40% of the
products are classified as risky. The highest number of risky products is reported in
HS group 84 (Nuclear reactors, boilers, machinery & mechanical appliance; parts)
with 147 out of 475 products (31%). This product group alone accounts for about
one third of the number of risky products. A very high share of risky products is also
found for HS group 90 (Optical, photo- and cinematographic, measuring, checking,
precision instruments) with 57 out of 128 (44%). Note that almost two thirds of the
products characterised as risky are part of HS group 8 (including the products from
HS group 90 this share increases to 77%) which indicates that high-tech products are
mostly considered as being risky products.

In terms of trade values, Fig. 4 shows the shares of both risky and non-risky
products in total global trade. The five HS sections with the largest shares in risky
products are shown, whereas the remaining HS sections are subsumed under “Other
HS sections”. This figure basically confirms the above results: HS Sect. 84 (Nuclear
reactors, boilers, machinery, and machinery appliances, etc.) accounts for dispro-
portionally larger shares among risky products than among non-risky products: The
products belonging to and classified as risky products in HS Sect. 84 account for,
on average, 24% of the traded values among all risky products and for 6.4% of total
trade. Contrary, the products in this HS Sect. 84 classified as non-risky account for
only 7.7% of traded values in non-risk products, whereas there share in total trade is
as well high with 5.6%. The next most important HS section with many risky prod-
ucts is then HS Sect. 85 (electrical machinery, etc. with 14% of the traded values
among all risky products), followed by HS Sect. 90 (furniture, bedding, mattress,
etc., 8%), HS Sect. 30 (pharmaceuticals, 7%), and HS Sect. 62 (apparel & clothing,
5%).

3.3 Validation

In this section we provide a comparison of the results with other existing studies.
Additionally, we analyse the impact of the pandemic crisis on trade and how this
relates to the product riskiness of trade.

3.3.1 Comparison with other results

First, promisingly, our results are comparable to the result of KPD even though we
use different data sources to achieve a wider coverage in terms of countries and
years. For example, for the international substitutability component we use data on
mean years of schooling from the UNDP (2019) which is available for more coun-
tries and more recent years, compared to the PWT9.1 data that KPD use. Also, for
the underlying trade data we use the BACI HS1996 dataset since it is available for a
longer period. In addition, we employ further indicators to identify the riskiness of
products.
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Table 2 Risk classification of selected products in 2010. Source: KPD, wiiw calculation

HS Code Description Risk classification

Japanese earthquake

840890 Combustion engines # Other engines Risky
853229 Electrical capacitors # Other Risky
901380 LCDs # Other devices, appliances and instruments Risky
Thailand floods

847170 Computers # Storage units Risky
854121 Semiconductor devices # with a dissipation rate of less ~ Non-risky

than 1 W
870421 Delivery trucks # not exceeding 5 tonnes Risky

In their work KPD classify 421 products as being risky. With our extended frame-
work and different data sources we find 435 risky products. Thus, in terms of the
total number of products being considered as risky our two frameworks are very
similar. Furthermore, KPD present two case studies: the 2011 Japanese earthquake
and subsequent nuclear catastrophe and the floods in Thailand in the same year. For
each of the two natural disasters they identify three products that were mentioned in
the media as being severely affected and then check if their methodology had identi-
fied those products as being risky. Table 2 shows these six products (according to
KPD) as well as the risk classification according to our methodology.

Our product fragility index identifies five out of the six products as risky, like the
results in KPD. Only certain semiconductor devices are treated as non-risky. Since
our index contains additional information, it is not surprising that our index consid-
ers fewer products as risky.

3.3.2 Comparison with COVID-19 related products

The EU Commission produced a list of medicinal goods that are essential to combat
the COVID-19 pandemic and are now duty-free in the EU.!® There are 103 prod-
ucts on this list, 98 of which fall into our risk/non-risk category.'! Approximately
one-third of the 98 COVID-19-related items are deemed dangerous. The apparent
question is how these product categories’ trade dynamics differ and whether there
is a systematic difference between risky and non-risky products.'> Table 3 shows
the growth rates of EU27 imports from 2019 to 2020, separating the dimensions of

10 For the publication of the EU Commission decision, see: https://ec.curopa.eu/taxation_customs/sites/
taxation/files/03-04-2020-import-duties-vat-exemptions-on-importation-covid-19.pdf. The updated list of
products can be found here: https://ec.europa.eu/eurostat/documents/6842948/11003521/Corona+relat
ed+products+by-+categories.pdf.

! The product list contains 103 products in CN 8-digit codes. The conversion to HS 1996 classification
(which is the basis for our product riskiness index) reduces the number of products to 98.

12 We consider here the longer run (2019-2020) and not short-term fluctuations (see Mirodout 2020, for
an assessment of short-term fluctuations for vital medical supplies).
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Table 3 Growth of imports from 2019 to 2020. Source: EU Commission, EU Comext, wiiw calculation

Non-risky products % Risky products
%
EU27 COVID-19 related 14.8 17.5
Non-COVID-19 related - 11.8 -17.6
EU27 (extra-EU COVID-19 related 14.1 9.8
trade) Non-COVID-19 related -94 -76

non-risky and risky products, as well as whether they are COVID-19 connected or
not.

We see that imports of risky products have tended to grow faster (if they are
COVID-19 related products) or decline slower (if they are non-COVID-19 related
products). Only for extra-EU-trade of COVID-19 related products this does not
hold. Also when looking at the level of the 27 European Member States, we discover
a similar pattern: in nearly 80% of the cases, imports of risky COVID-19 prod-
ucts have grown more and imports of risky, non-COVID-19-related products have
declined less than their non-risky counterparts.

3.4 Risky products in industry supply chains

So far we have considered the shares of risky products in imports based on product
classification. However, to analyse the importance and impacts on international pro-
duction networks and GVCs it is also to consider the industries using intermediary
products in their production. Thus, we differentiate between intermediary products
and final goods. Focusing on the former we analyse in this section which sectors
show a high share of risky products in their imported intermediate inputs allows us
to identify industries which are vulnerable to supply shocks and might destabilise an
economy.

3.4.1 Risky imports by using industries

Trade data do not include such information on the using industry. We therefore proxy
this by combining the trade data from BACI with the input—output data from the World
Input—Output Database (WIOD) and by using a mapping from the HS product classifi-
cation to the NACE Rev. 2 industry classification. In this way we can map the product
fragility indices from all HS 6-digit products to the using industries.'® This, for exam-
ple, tells us how much and which electronic products a certain country has imported
from, e.g., China. Further information from the world input—output database (WIOD)
includes imports of the using industries in a bilateral dimension (i.e. for example how

13 We use the same mapping as has been used for the WIOD.
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many products the automotive industry of a certain country i imports from the Chi-
nese electronics industry). As also adopted in the construction of WIOD (and gen-
erally all existing multi-country input—output tables) due to lack of further detailed
information we have to assume that the geographic sourcing structure of a specific
products imported by e.g., the automotive industry’s is the same as the geographic
sourcing structure of this product of the country’s intermediary imports as a whole
(i.e., using the “vertical proportionality”” assumption that has also been applied to con-
struct multi-country supply and use tables, see Timmer et al. 2015).'* This allows us
to calculate a risk score for every cell in the input—output table. By aggregating the
share of imported risky products for one industry across all its partner countries and
industries we arrive at a riskiness index for each industry. Figure 5 shows how the
shares of risky products in imports of the EU27 and the US vary by industry as well
as by exporting region.'> This exercise strongly suggests that higher-tech manufactur-
ing sectors’ imports have a much higher proportion of risky products than lower-tech
manufacturing sectors. It is also self-evident that the United States imports a greater
proportion of risky products in all industries. We also see that China exports a big por-
tion of the risky products in the higher-tech manufacturing sectors.

4 Summary and policy conclusions

To summarise, the results demonstrate that the employed method classifies approxi-
mately 9% of the examined products (435 out of 4706) as “risky”. The most risky
goods are found in HS Sects. 85 (Electrical machinery and equipment and parts
thereof; sound recorder), 84 (Nuclear reactors, boilers, machinery and mechani-
cal appliances; parts), and 90 (Nuclear reactors, boilers, machinery and mechani-
cal appliances; parts) (Optical, photo- and cinematographic, measuring, checking,

4 For clarification, the use of import-use tables in constructing multi-country input—output tables in
the WIOD Release 2016 allowed to differentiate to which extent industries import specific intermediary
products (such information has not been available in the first WIOD Release 2012). However, one still
must assume that the shares by partner country for a specific imported product are the same for all using
industries (though, of course, e.g. the automotive industry sources more microchips (of which a certain
share stems from China) compared to the tobacco industry (of which the same share stems from China
by this assumption of “vertical proportionality”). Deviating from this assumption is impossible without
more detailed data sources. Thus, whereas the overall level of imports of risky products is backed by the
underlying import use tables, the figures by partner country could be affected by this assumption of “ver-
tical proportionality”. In essence, one would need micro data at the firm level to understand which indus-
tries are importing which products from which specific countries. Combining such firm-level information
with the riskiness index (which would be possible at least for some countries) would be another way to
assess further details and vulnerabilities at a fine grained level in a quantitative and maybe also qualita-
tive way. This avenue of research however has to be relegated to future analysis. We are aware, how-
ever, of the implications of violations of this assumption: as, e.g., the automotive industry (very likely)
imports car parts to a higher degree than the tobacco and beverages industry it is thus also more depend-
ent and vulnerable to supply shocks of car part products.

15 We restrict the figure to show only agricultural, mining and manufacturing industries, as they are the
main transmitter of shocks and the industries that are the most dependent on international trade flows.
See e.g. Stehrer and Stollinger (2015. p. 6ff) for a discussion of the importance of manufacturing sectors
with respect to global value chain participation.
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EU27 USA

30%

20%

e allal

Importing industries

Share of risky products in imports, in %

Mining
Low-tech

manufacturing
Mining
Low-tech

manufacturing
High-tech

High-tech
manufacturing

Agriculture
manufacturing
Agriculture

Medium-low-tech
manufacturing
Medium-high-tech
manufacturing
Medium-low-tech
manufacturing
Medium-high-tech
manufacturing

Exporting region [ china [Jl] €U27 [T] Restof world [l] usA
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country. Notes: Intra-EU27 trade is excluded. Source: BACI and WIOD, wiiw calculation

precision instruments). HS group 8 accounts for over two-thirds of the products
classified as risky (adding products from HS group 90, the percentage rises to 77
percent), indicating that risky products are largely high-tech.

Risky products account for over 31% of EU27 imports and almost 36% of US
imports, with global shares just above 27%. These findings emphasize that supply
disruptions of risky products can harm not just firm, but also end consumers. We
focus on intermediate imports in Sect. 3.4 since they, too, can have severe knock-on
impacts on other, more downstream, economic sectors.

In terms of partner countries, China accounts for a significant portion of both the
EU27 and the United States’ risky product imports. In the medium-high-tech and
high-tech manufacturing industries, the risky product share is especially high. This
shows the growing importance of high-tech imports from China and “factory Asia”
for the EU27 and the US.

These findings can be used to underpin various policy recommendations, also
frequently argued in the literature and policy debates. More concretely, first,
national institutions, policy makers and civil society would have to decide which
products they deem to be “essential” or “critical” for the economy and society as
a whole (e.g. medical care products, drugs, etc.) and products which are crucial
to maintaining future competitiveness (e.g. in high tech products) in the case of
the EU. The supply of these products should then be made more robust or resil-
ient, e.g., by pursuing the reshoring of production of these strategically essential
products (e.g., inputs to high-tech sectors or medical equipment), wherever it is
conceivable and economically viable. For example, initial considerations at the
European level on the expansion of technological capacities and the procurement
of critical raw materials were made well before the COVID-19 pandemic. In 2011
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the European Commission drew up a list of critical raw materials for the first time
including 14 materials in this list, which has since been expanded to 30, although
these can also be removed from the list again in the event of a corresponding
change in demand or supply (European Commission, 2020c). In the European
Commission’s 2014 “Criteria for the Assessment of the Compatibility of State
Aid in Support of Important Projects of Common European Interest”, more com-
monly known as Important Projects of Common European Interest (IPCEI) estab-
lishes certain criteria by which projects should be supported after approval by
the European Commission (European Commission 2014). The first project was
approved by the European Commission for the field of microelectronics result-
ing the European Chips Act (European Commission 2022). In 2017, the Euro-
pean Battery Alliance was established, with the aim of building a value chain
in Europe, focusing here mainly on the automotive sector. The IPCEI for “pan-
European research and innovation project of seven member states on all segments
of the battery value chain” was then also the second approved by the European
Commission. It aims to develop competitive batteries for electric cars.

Second, the high-tech sectors reliance on Chinese imports needs to be more closely
monitored, and efforts should be taken to lessen it in the face of the ongoing geopo-
litical and geo-economic shifts. Specifically, in September 2021, the European Com-
mission with the EU External Action Service (EEAS) presented its Indo-Pacific Strat-
egy. In political terms, this mentions the consolidation and defence of a rules-based
world order, the application of inclusive and efficient multilateral cooperation based
on shared values and principles, and the commitment to democracy, human rights, and
the rule of law. In addition to the implementation and conclusion of trade agreements,
the creation of resilient and diversified supply chains is targeted. Cooperation with
partners in the region is to be pursued with regard to protection against unfair trade
practices and other practices deemed unfair, such as subsidies for industrial sectors,
the exertion of economic pressure, forced technology transfer and the theft of intel-
lectual property. Furthermore, in this strategy the European Commission has set itself
the goal of concluding trade agreements with Australia, New Zealand and Indonesia,
as well as opening negotiations with India. In addition, a resumption of negotiations
with Malaysia, the Philippines and Thailand should be considered or partnership and
cooperation agreements should be concluded with Malaysia and Thailand.

Third, trade flows of strategically important products (such as rare earths, which
are crucial inputs to high-tech manufacturing processes) might be subject to geopo-
litical strategies in the face of geopolitical developments such as the US-China con-
flict and even more so in the wake of the Russian war against Ukraine and the not
yet foreseeable geopolitical consequences. Increasing supplier redundancy for these
products reduces reliance on a single partner, reducing the possibility of these prod-
ucts’ trade flows being used as a political tool. Robustness and resilience of GVCs
can, for example, also be achieved by providing information on potential concentra-
tion and bottlenecks along supply chains, urging stress tests for value chains in these
categories, or engaging in strategic stockpiling of such products (see, e.g. also Bald-
win, 2022, coming to similar conclusions). Thus, there are several overlapping chal-
lenges at work here: (i) increase the resilience and robustness of global value chains,
(i1) enhance competitiveness in industries and products which are deemed to be
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strategically (e.g. to gain or maintain leadership in key future technologies) or sys-
temically (e.g. public concerns such as the provision of health services) important.
These issues transcend the narrow purview of trade policy alone; a mix of industrial
policy, foreign diplomacy, and trade policy is required to address them. The role of
trade policy, in our opinion, is primarily to provide a stable regulatory framework.

Fourth, finally, the EU’s “open strategic autonomy” (European Parliament 2021)
must be substantiated in the near future. The goal of “open strategic autonomy” is to
keep the EU open to trade and investment while enabling the EU to shield European
enterprises from unfair trade practices and acting as a leader in shaping the world to
become both greener and fairer. However, as it still unclear what aspects and products it
will cover and which (trade or industrial) policy measures will be included, it is equally
unclear what effects it will have on the efficiency and resilience of GVCs. A clearer
objective can be seen in the Chips Act proposed by the European Commission (Euro-
pean Commission 2022), where, among other goals, the security of supply should be
strengthened by building production facilities on European soil. One should notice that
the CHIPS Act, proposed by the current administration in the United States, has a simi-
lar goal: to minimize the US economy’s reliance on a limited number of suppliers.'®

As these examples show, countries have to strike a delicate balance between
maintaining the rules-based multilateral trading system and shielding themselves
from geopolitical risks, which have become more evident than ever. In that respect,
one has to acknowledge that policy measures with the goal of increasing resilience
or robustness of GVCs, such as reshoring or “friendshoring”, can be achieved by
industrial policy measures (which are thus not trade-distorting) and are also more
and more applied at firm level (“diversification of supply chains”). Supply-chain
resilience or robustness can be achieved by industrial policy instruments (e.g. the
EU chips act) and thus work via competitiveness and need not necessarily fostered
by trade policy instruments.

Detailed product-level studies like this are a step to identify those products which
are prone to be vulnerable in global supply chains and need to be analysed in more
detail. Specific measures might then only be applied to those products which are
identified as “essential” or strategically important. The above mentioned already
implemented or ongoing policy measures go in the direction of increasing the resil-
ience of GVCs and to strengthen competitiveness in critical products (e.g. EU Chips
act, EU battery alliance, etc.) as well as the need to combat unfair trade practices
(e.g. dumping) in specific products. The backbone of these measures is to maintain
the rule-based multilateral trading system which is very much under stress given the
geo-political developments from which governments need to shield themselves by
reducing strong dependencies.

Appendix

See Tables 4 and 5, Fig. 6.

16 See https://www.nist.gov/semiconductors/chips-act.
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Table 4 Non-risky and risky products by HS 2-digit. Source: wiiw calculations

HS96 2-digit description (shortened) Non- Risky products

risky
products

01 Live animals 15 0
02 Meat and edible meat offal 10 0
03 Fish & crustacean, molluscs & other aquatic invertebrate 1 0
04 Dairy prod; birds’ eggs; natural honey; edible prod n.e.s 7 0
05 Products of animal origin, n.e.s or included 15 0
06 Live tree & other plant; bulb, root; cut flowers 8 1
07 Edible vegetables and certain roots and tubers 1 0
08 Edible fruit and nuts; peel of citrus fruit or melons 5 0
09 Coffee, tea, mate and spices 2 0
10 Cereals 14 0
11 Prod. milling industry; malt; starches; inulin; wheat gluten 20 0
12 Oil seed, oleaginous fruits; miscellaneous grain, seed, fruit 35 1
13 Lac; gums, resins & other vegetable saps & extracts 10 0
14 Vegetable plaiting materials; vegetable products n.e.s 5 0
15 Animal/veg fats & oils & their cleavage products 35 0
16 Prep of meat, fish or crustaceans, molluscs 1 0
17 Sugars and sugar confectionery 12 0
18 Cocoa and cocoa preparations 7 0
19 Prep. of cereal, flour, starch/milk; pastry cooks’ prod 2 0
21 Miscellaneous edible preparations 3 0
22 Beverages, spirits and vinegar 3 0
23 Residues & waste from the food industry; prepared animal fodder 20 1
24 Tobacco and manufactured tobacco substitutes 4 0
25 Salt; sulphur; earth & stone; plastering mat; lime & cement 67 0
26 Ores, slag and ash 31 0
27 Mineral fuels, oils & product of their distillation 38 0
28 Inorganic chemicals; compounds of precious metal, radioactive elements 154 1
29 Organic chemicals 283 1
30 Pharmaceutical products 15 4
31 Fertilisers 23 0
32 Tanning/dyeing extract; tannins & derivatives; pigments 34 8
33 Essential oils & resinoids; perf, cosmetic/toilet prep 8 2
34 Soap, organic surface-active agents, washing prep 6 [§
35 Albuminoidal subs; modified starches; glues; enzymes 11 3
36 Explosives; pyrotechnic prod; matches; pyrophoric alloy 6 0
37 Photographic or cinematographic goods 25 2
38 Miscellaneous chemical products 46 7
39 Plastics and articles 90 27
40 Rubber and articles 51 13
41 Raw hides and skins (other than furskins) and leather 21 1
43 Furskins and artificial fur; manufactures 9 0
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Table 4 (continued)

HS96 2-digit description (shortened) Non- Risky products
risky
products

44 Wood and articles of wood; wood charcoal 53 1
45 Cork and articles of cork 7 0
47 Pulp of wood/of other fibrous cellulosic mat; waste 20 0
48 Paper & paperboard; art of paper pulp 73 8
49 Printed books, newspapers, pictures & other product 3 2
50 Silk 8 0
51 Wool, fine/coarse animal hair, horsehair yarn & fabric 34 0
52 Cotton 121 0
53 Other vegetable textile fibres; paper yarn & woven fabrics 23 0
54 Man-made filaments 59 4
55 Man-made staple fibres 101 1
56 Wadding, felt & nonwoven; yarns; twine, cordage 30 0
58 Special woven fabrics; tufted textile fabrics; lace; tapestries 35 2
59 Impregnated, coated, cover/laminated textile fabric 19 3
60 Knitted or crocheted fabrics 15 2
63 Other made up textile articles; sets; worn clothing 10 1
65 Headgear and parts 3 0
66 Umbrellas, walking-sticks, seat-sticks, whips 0
67 Prepared feathers & down; artificial flowers; articles of human hair 3 1
68 Articles of stone, plaster, cement, asbestos, mica 37 8
69 Ceramic products 21 3
70 Glass and glassware 51 3
71 Natural/cultured pearls, precious stones & metals, coin 8 0
72 Tron and steel 167 0
73 Articles of iron or steel 83 21
74 Copper and articles 47 2
75 Nickel and articles 17 0
76 Aluminium and articles 32 2
78 Lead and articles 8 0
79 Zinc and articles 0
80 Tin and articles 5 0
81 Other base metals; cermet; articles 33 0
82 Tool, implement, cutlery, spoon & fork, of base metal 35 13
83 Miscellaneous articles of base metal 22 11
84 Nuclear reactors, boilers, machinery & mechanical appliance; parts 328 147
85 Electrical machinery and equipment and parts thereof; sound recorder 125 86
86 Railway/tramway locomotives, rolling stock & parts 23 0
87 Vehicles other than railway/tramway roll-stock, parts & accessories 53 20
88 Aircraft, spacecraft, and parts 13

89 Ships, boats, and floating structures 17 0
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Table 4 (continued)
HS96 2-digit description (shortened) Non- Risky products
risky
products
90 Optical, photo- and cinematographic, measuring, checking, precision 71 57
instruments
92 Musical instruments; parts and access of such articles 5 0
93 Arms and ammunition; parts and accessories 11 0
94 Furniture; bedding, mattress, matt support, cushion 7 12
95 Toys, games & sports requisites; parts & access 1 2
96 Miscellaneous manufactured articles 18 3
Table 5 WIOD industries. Source: WIOD
WIOD 2016  Industry description
industry
code
A01 Crop and animal production, hunting and related service activities
A02 Forestry and logging
A03 Fishing and aquaculture
B Mining and quarrying of coal, petroleum extraction
C10-C12 Manufacture of food, beverages, tobacco products
C13-C15 Manufacture of textiles, wearing apparel, leather
Cl6 Manufacture of wood and of products of wood and cork, except furniture; manufacture of
articles of straw and plaiting materials
C17 Manufacture of paper and paper products
C18 Printing and reproduction of recorded media
C19 Manufacture of coke and refined petroleum products
C20 Manufacture of chemicals and chemical products
C21 Manufacture of basic pharmaceutical products and pharmaceutical preparations
C22 Manufacture of rubber and plastic products
C23 Manufacture of other non-metallic mineral products
C24 Manufacture of basic metals
C25 Manufacture of fabricated metal products, except machinery and equipment
C26 Manufacture of computer, electronic and optical products
C27 Manufacture of electrical equipment
C28 Manufacture of machinery and equipment n.e.c
C29 Manufacture of motor vehicles, trailers and semi-trailers
C30 Manufacture of other transport equipment
C31_C32 Manufacture of furniture; other manufacturing
C33 Repair and installation of machinery and equipment
D35 Electricity, gas, steam and air conditioning supply
E36 Water collection, treatment and supply
E37-E39 Sewerage, waste collection and disposal activities, waste management
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Table 5 (continued)

WIOD 2016 Industry description

industry

code

F Construction of buildings, civil engineering

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

G46 Wholesale trade, except of motor vehicles and motorcycles

G47 Retail trade, except of motor vehicles and motorcycles

H49 Land transport and transport via pipelines

H50 Water transport

H51 Air transport

H52 Warehousing and support activities for transportation

H53 Postal and courier activities

1 Accommodation and food and beverage service activities

J58 Publishing activities

J59_J60 Motion picture, video and television programme production, sound recording and music
publishing activities; Programming and broadcasting activities

Jol1 Telecommunications

J62_J63 Computer programming, consultancy and related activities; Information service activities

K64 Financial service activities, except insurance and pension funding

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

K66 Activities auxiliary to financial services and insurance activities

L68 Real estate activities

M69_M70 Legal and accounting activities; Activities of head offices; management consultancy
activities

M71 Architectural and engineering activities; technical testing and analysis

M72 Scientific research and development

M73 Advertising and market research

M74_M75 Other professional, scientific and technical activities; Veterinary activities

N Rental and leasing activities; employment activities, travel agency, security and investiga-
tion; building and landscape activities; office administration

084 Public administration and defence; compulsory social security

P85 Education

Q Human health activities; Residential care activities; Social work activities without accom-
modation

R_S Creative, arts and entertainment activities; Libraries, archives, museums and other cul-
tural activities; Gambling; Sports activities; repair of computers and household goods;
other personal activities

T Activities of households as employers of domestic personnel

U Activities of extraterritorial organisations and bodies
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Outdegree centrality Tendency to cluster International itutabili i findahl Non-tariff measures
06 Corr: 0.674%** Corr: 0.532%** Corr: 0.617%** Corr: 0.163***
04 Non-risk products: 0.739 Non-risk products: 0.487 Non-risk products: 0.440 Non-risk products: 0.21
02 ’

Risky products: 0.448++* Risky products: -0.125%+* Risky products: 0.420%** Risky products: 0.155%+*
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Fig.6 Correlogram of all five components of the product riskiness index. Source: wiiw calculation
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