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Abstract

This technical report presents a flexible methodology for identifying vulnerabilities
in global supply chains and simulating the impact of supply disruptions. Specifi-
cally, the methodology identifies vulnerabilities at the product-level for importing
sectors and simulates the effects of supply shocks on the output of importing sec-
tors. Its granularity makes the methodology highly informative for designing tar-
geted industrial and trade policy. The methodology proceeds in three steps. (i) It
first constructs a global dataset of trade in intermediate products between sectors
by combining trade flow data with input-output tables, (ii) subsequently identifies
supply chain vulnerabilities at the product-level from the perspective of import-
ing sectors or countries, and (iii) finally simulates the effects of supply shocks on

downstream sectors’ output using a readily interpretable framework.
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1 Introduction

This technical report presents a methodology for identifying vulnerabilities in global
supply chains and simulating the effects of supply chain disruptions. By combining
input-output data with product-level trade flows, both of these exercises can be con-
ducted at a highly disaggregated level. The methodology proceeds in three steps: (i)
It first constructs a global dataset of trade in intermediate products between sectors by
combining trade flow data with input-output tables, (ii) subsequently identifies sup-
ply chain vulnerabilities at the product-level from the perspective of importing sectors
or countries, and (iii) finally simulates the effects of supply shocks on downstream
sectors” output using a readily interpretable framework.

The first step fills a data gap: Whereas data on global trade flows is readily available
at the product level, input-output tables are restricted to the sector level. Combining
the sector-level information embedded in input-output tables with product-level trade
flows, one can create a dataset of global bilateral trade flows of intermediate goods
between country-sectors. Compared with standard data sources, this approach allows
for more detailed analysis of supply chain dependencies. As these dependencies may
differ significantly between sectors within an importing country, this level of detail is
essential for designing targeted and effective policy interventions.

The second step, identifying dependencies and vulnerabilities in global supply
chains, has been at the center of policymakers” attention in the past years. Against the
backdrop of the US-China trade conflict ramping up after 2016 as well as the COVID
pandemic and the war on Ukraine, trade fragmentation has been on the rise. Many
countries have turned their attention towards being less dependent on other countries,
with the EU for instance pursuing "open strategic autonomy" (European Commission
(2021), Bormans et al. (2025)). Achieving this goal requires identifying for which prod-
ucts a country or importing sector is dependent on its trading partners. This may be
done either by dissecting supply chains theoretically and identifying inputs which are
difficult to substitute, or by turning to the data to observe dependencies in trade flows.
The former approach is widely adopted in policy applications, with countries drafting
lists of strategic goods such as critical raw materials, inputs necessary for semiconduc-
tor development and production, or "dual-use" goods with both civilian and military
applications. Alternatively, one can use data to identify dependencies and vulner-
abilities in supply chains. For instance, an importer may be vulnerable for a given
product if it either sources a given product from only a few locations or if supplies of
that product are limited to a small number of producers. Following this data-driven

approach, this report lays out how to identify vulnerabilities in global supply chains



at the product-level. Using product-level trade flows between country-sectors, vul-
nerabilities may be identified from the perspective of importing countries and, more
importantly, importing sectors.

In the third and final step, this report outlines a methodology for simulating the ef-
fects of a product-level supply shock on the output of downstream sectors. The frame-
work used in this exercise is a partial equilibrium model for supply shock propaga-
tion borrowed from the production network literature. It employs a nested Constant
Elasticity of Substitution (CES) structure to capture substitution between (i) affected
and non-affected goods imports, (ii) affected and non-affected intermediary inputs,
and (iii) affected intermediary inputs and non-affected value added (which includes
primary factors). This setup is highly flexible in that it can capture either short- or
medium-term effects of a supply shock hitting any number of exporting countries,
exporting sectors, and/or products. By simulating the impact of supply shocks to vul-
nerable products, this model can be used to quantify how "dangerous" vulnerabilities
and dependencies in supply chains may be for importers.

The subsequent section reviews related literature and details the contribution of
this report. Section 3, then, outlines how to construct a dataset of global intermediate
goods flows between sectors at the product-level. Building on this dataset, section 4
presents a methodology to identify dependencies in global production at the product
level for importing countries and, importantly, sectors. Section 5 presents a simulation
framework able to quantify the effects of supply disruptions on sectoral output, section

6 concludes.!

IThis report is a first result of the ongoing development of simtool 1.0 "Globale schokken" as speci-
fied in the ECOOM year plan (Jaarplan) 2025. The second outcome in 2025 will be a practical application

of the methodology presented in this report for the case of Belgium.
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2 Related Literature and Contribution

The methodology presented here is rooted in international trade and global value chain
analysis, while borrowing insights from the research on international production net-
works. In doing so, it largely follows the approach developed by Berthou et al. (2024)
in their OECD working paper on granular global value chains.

Much of global value chain analysis relies on international input-output tables, for
instance to produce global value chain indicators (cf. Baldwin et al. (2022)) or to con-
struct counterfactuals via structural models such as Antras and Chor (2018). The ap-
proach taken here follows a different route and uses international input-output tables
as a component to create a dataset of direct trade flows at a more detailed level than
traditionally available.

Identifying vulnerabilities in supply chains using trade data has become increas-
ingly popular in policy-focused research, not least due to the increased attention to the
issue by policymakers. Recent work by Dumont et al. (2024) for the Belgian Federal
Planning Bureau or by Arjona et al. (2024) and Bonnet and Ciani (2023) for the Euro-
pean Commission illustrates this point. We contribute to this literature both by using a
more granular dataset and by allowing simulation of the effects of supply disruptions.

Quantifying the potential economic losses arising from shocks to the supply of vul-
nerable products is rarely done in the empirical literature on global supply chains,
despite being highly informative. The key reason behind this is a lack of sufficiently
granular data. The contributions by Berthou ef al. (2024) and Bachmann et al. (2024)
stand out in this regard. The former develop a methodology largely similar to the one
laid out in the previous section. Bachmann et al. (2024) on the other hand use a sector-
level model to investigate the effects on output of a disruption to the supply of Russian
gas to Germany and the EU. In doing so, they employ a state-of-the-art general equilib-
rium model following Bagaee and Farhi (2024). They also present a simplified, partial
equilibrium model which lays the foundation for the one used by Berthou et al. (2024)
and in this report.

Bachmann ef al. (2024)’s research is part of a wider literature on shock propagation
in production networks. The seminal work on this stems from Acemoglu et al. (2012),
who build on a model by Long and Plosser (1983). For an overview of this literature,
readers may refer to Carvalho and Tahbaz-Salehi (2019). Baqaee and Farhi (2024) bring
these shock propagation models to an international trade setting. In recent years, much
of the focus in empirical work on shock propagation has been focused on moving to
more granular data. Oftentimes, this is done by moving to firm-level data. Relevant

examples for this come from Carvalho et al. (2021), who study the propagation of the



shock induced by the 2011 Japan earthquake across the domestic production network,
and Magerman et al. (2017), who extend the domestic network by also accounting for
firm-level import and export data. Instead of moving to the firm-level, this report de-
tails how merging input-output tables with trade flows may yield information on inter-
national trade between sectors at the product-level. The shock transmission model laid
out here differs from the current literature on production networks in that it captures

only direct linkages between exporters and importers.



3 Data

As detailed earlier, researchers in international economics and trade face a data gap:
While trade data is available at the product-level, input-output tables are not. Typ-
ically, researchers therefore decide between using sector-level input-output data or
product-level trade data. The former allows tracing value added and the propagation
of shocks across the network, whereas the latter provides flows at a more detailed level
yet misses the network structure. This project follows the approach posited by Berthou
et al. (2024), combining sector-level input-output data with product-level trade flows
of intermediate goods. The resulting dataset provides an exceptional degree of gran-
ularity, detailing global flows of intermediate goods between sectors at the product

level.

3.1 Data Inputs: Trade Flows and Input-Output Tables

The first key ingredient to facilitate the methods presented in the following sections
is data on bilateral trade flows between countries at the product-level. Such data is
readily available, for instance from the United Nations, Eurostat, and research projects
like BACI (cf. Gaulier and Zignago (2010)). These datasets provide statistics on trade
in goods between country-pairs. An observation covers the trade flow of product p
between exporting country i and importing country j, measured by value Vjj,. Prod-
ucts are typically defined by a numerical code of six to ten digits. Table 1 provides an
illustration of bilateral trade flow data for two countries (Belgium and Germany) and

two products (p; and p»).
Table 1: Example - Product-Level Trade Data

Exporting Country Importing Country Product Trade Value Vj;,

BE DE 1 500
BE DE 2 900
DE BE 1 700

DE BE 2 400

The second key ingredient are international input-output tables. For a given country-
sector, these tables show in the corresponding row its sales to all purchasing country-
sectors and in the corresponding column where it sources its inputs. The resulting ma-
trix of "intermediate" flows Z between country-sectors forms the heart of any input-

output table. These intermediate flows are complemented by information on how



much of a sector’s output goes to a country’s final demand F. Reading across a row,
then, gives the output of a given sector used as intermediate input and for final con-
sumption. Summing these components provides total output as revenue of that sector
(last column). In contrast, each column lists intermediate input purchases of a sector
along with information on the sector’s value added VA. Summing these components
provides total output as cost of production of that sector (last row). This also reveals
the underlying interpretation of value added: it is primarily a composite of primary
factors, such as labor and capital, that sectors require alongside intermediate inputs
in the production process. In input-output tables, value added generally also covers
taxes less subsidies on production.

Due to their steep data requirements, international input-output tables are a rela-
tively new phenomenon. Even today, global input-output tables typically work with
a rest-of-world (ROW) aggregate that groups all countries for which detailed data is
not (yet) available. This ROW aggregate is treated as if it was one large country, with
inputs and outputs disaggregated between sectors. Table 2 provides an example of an
international input-output table for Belgium (BE), Germany (DE), and a ROW aggre-

gate for two sectors (Manufacturing and Other).

Table 2: Example - International Input-Output Table

Intermediate Demand (Z) Final Demand (F) Tot. Rev.
Country Industry BE DE ROW BE DE ROW

Man. Other Man. Other Man. Other

BE Man. 100 500 50 150 100 400 | 300 50 200 1850

Other 200 900 150 400 200 950 | 750 250 500 4300

DE Man. 350 150 400 300 100 50 | 100 200 50 1700

Other 550 400 800 900 50 150 | 200 500 100 3650

ROW Man. 50 400 50 100 500 750 | 300 50 500 2700

Other 150 750 150 300 900 1500 | 700 150 900 5500
Value Added (VA) 450 1200 100 1500 850 1700
Tot. expend. 1850 4300 1700 3650 2700 5500

3.2 Combining Datasets

This section details how the two data formats detailed in the previous section may be
combined to obtain trade flows of intermediate goods at the product-level between
country-sectors. Consider first the dimensions of product-level bilateral trade data
and international input-output tables. The former provide flows of product p between

exporting country i and importing country j, which we denote Vjj,. For the latter,



a cell in the Z matrix of intermediate input flows provides the value of goods and
services provided by one country-sector ir to another country-sector js, denoted Zjys.
As evident from the subscripts of Z and V, both data sources contain information on
exporting and importing countries. The goal of merging is to combine the additional
information contained in each of the two datasets, i.e., on sectors and products, to
obtain intermediate flows Z;j,,r.

A preliminary, practical step is to restrict trade flows to intermediate goods, as
this project is concerned with import dependencies and vulnerabilities in production,
which by definition depends only on intermediate goods. Restricting product-level
trade flows to intermediate goods can be done via correspondence tables matching all
products to an end-use category (one of which is intermediate use).

The first challenge to combining trade data and input-output data, then, is to match
intermediate goods p uniquely to a producing sector r. Similar to the end-use cate-
gories, correspondence tables exist which assign to each product (at least) one produc-
ing sector. Uniquely assigning each intermediate trade flow a producing industry r
allows us to rewrite flows Vi, as Vijp,.

The second, crucial step required to build the sector-product-level dataset is a so-
called "proportionality assumption”. It defines how flows V;;,, are distributed over
importing sectors s. Specifically, the proportionality assumption states that product-
level flows between exporting sector ir and importing sector js mimic flows at the
sector-level: If 5% of ir’s production exported to country j go to sector s, it is also
true for each intermediate good produced by ir that 5% of exports to country j go to
sector s. Applying this assumption requires both the augmented trade flows V;;,, and
information from international input-output tables. Put simply, this is where the two
main data sources are merged.

Sector-level shares can be readily computed from input-output tables by dividing a
given intermediate flow between two sectors, denoted Z;j,5, by the total intermediate
input purchases of the importing country j from country-sector ir, denoted Z;;,. This
provides the share c;j,5 of intermediate input flows from ir to country j that go as an
input to sector s.

ijr

The resulting shares ¢;j,s can be matched with the augmented trade flows Vj;, for
each combination of exporting country-sector and importing country (i.e., via a many-
to-many merge along dimensions i, j, r in technical terms). Trade flows V;;,, to country
j are then distributed across purchasing sectors s according to the shares. As products

are uniquely matched to producing sectors, and using Z and V interchangeably to
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denote flows between sectors, we can write the following.

Zijps = Zijprs = Vijprs = Cijrs * Vijpr

The resulting bilateral product-sector-level international trade flows provide an ex-
ceptional degree of granularity. The data are structured as bilateral, product-level trade
flow data (similar to Table 1) where importer and exporter are defined as a country-
sector combination. Two notes are in order. First, the data do not serve as input-output
tables at the product-level. For this, one would require information on which prod-
ucts are used in the production of other products (cf. Fetzer et al. (2024)) along with
the respective input shares. Second, while they are not directly observed, product-
sector-level trade flows calculated via the method shown here represent a data-based
approximation of real trade flows. The following sections show how this highly gran-

ular information can be used for the analysis of global supply chains.



4 Identifying Granular Dependencies and Vulnerabili-
ties

One important research exercise profiting from information on global, product-sector-
level trade flows is the identification of supply chain dependencies and vulnerabili-
ties. Specifically, compared with similar analysis using traditional product-level trade
flows, the dataset detailed in the previous section allows identifying vulnerabilities at
the sector-level. This naturally requires a definition of what constitutes a supply chain
vulnerability. This section lays out three widely used metrics employed in a similar
fashion also by Berthou et al. (2024) and the European Commission (2021). These met-
rics together serve to gauge the extent of a vulnerability. In conjunction with threshold
values, they can be used to categorize a product as a vulnerability for an importing
country or sector.

All three metrics are calculated per product. The first metric captures how geo-
graphically concentrated the imports of a sector or country are. A higher value indi-
cates that, for the product in question, the majority of imports come from only one
or very few locations. Consider as an example a scenario where the Belgian phar-
maceutical sector imports certain products almost exclusively from Germany and the
Netherlands. A supply shock to one of these main sources could then have severe con-
sequences for the importing sector. This is particularly true in the short run, where the
importer might not be able to source from an alternative supplier in time or switching
suppliers may be costly due to searching or transport costs. The metric is calculated as
a Herfindahl-Hirschman index (HHI), denoted HHIM. Like all HHISs, it is bounded be-
tween 0 and 1. HHIM is calculated by squaring the share of each origin in the imports

of a given product and then summing across origins:

\%

2
V..
HH Iﬁf =) <ﬂ> for countries, and
i=1 jp

2
HHI]A;S = 1—21 <‘%ZZS> for sectors.

In the calculation for sectors, we exploit the fact that any product matches uniquely
to a producing sector. As a result, we can simply sum over origin countries i. By
looking at these equations, it is also clear that the metric reaches its upper limit of 1
when all imports come from a single origin (i.e., that origin’s share in imports is 100%).

The second metric is again an HHI, denoted HH I;( . It measures the concentration
of global exports for a given product. Again, a value closer to 1 indicates that a larger

share of global exports comes from fewer suppliers. Note that HH Iff is independent of

9



whether we take the perspective of an importing country or sector, as the calculation

only hinges on country-level exports and global exports of a product.

HHIX = Vi)’
Y=L (v

i=1

An example for a product with a high HH 15( are rare earth elements, where China
provides the vast majority of global exports. In case of a disruption to Chinese supply,
importers of rare earth elements might not be able to substitute by shifting imports to
alternative sources due to a lack of options. This particular example has received sig-
nificant attention from policymakers, for instance in the form of the U.S. Department of
Defense (2025)’s recent efforts to establish domestic "Mine-to-Magnet” supply chains.

The final criterion captures whether a country is a net importer or net exporter of
a given product. The underlying idea is that a net exporter of a good has sufficient
domestic production to cover demand in case of a supply disruption abroad. The cri-

terion is defined as a binary variable at the level of the importing country:

net_Mip _ 1 if impip > expip
0 otherwise.

In conjunction, the three metrics provide a comprehensive indication of whether an
importing country or sector is vulnerable to supply disruptions for a given product.
For empirical applications, setting defined thresholds allows us to categorize products
as "vulnerabilities". From the perspective of an importing sector r located in i, consider
the three metrics in reverse order. Starting with the binary variable, i must be a net im-
porter of p, meaning net_M;, must be equal to 1. In addition, both HHIs must exceed
their respective thresholds. The literature typically uses thresholds between 0.25 and
0.5 (Dumont et al. (2024), Bonnet and Ciani (2023), European Commission (2021)), with
a higher threshold indicating a stricter definition of what qualifies as a vulnerability. If
all three criteria are met, an intermediate product is considered a vulnerability for the
importing sector in question. Compared to similar approaches at the country-level,
this definition of vulnerabilities at the sector-level allows for more targeted research

and policy efforts.
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5 Simulation Framework

We now turn to presenting a simulation framework capturing the effects of supply dis-
ruptions on the output of importing sectors. Importantly, it can simulate disruptions to
the supply of intermediate goods identified as vulnerabilities, allowing us to quantify
the risk associated with these vulnerabilities. More generally, the framework can simu-
late an arbitrarily large supply shock to any number of intermediate goods, producing
sectors, or exporting countries. The simulation then yields the changes in output of all
sectors abroad resulting from a supply disruption. This combination of global cover-
age and high granularity is facilitated by datasets of the type detailed in section 3. Note
that the structure of these datasets prevents analysis of how shocks propagate through
the network via indirect linkages. The model presented here is borrowed from Berthou
et al. (2024), who build on the "simplified model" presented in Bachmann et al. (2024),
who use it as an approximation of the state-of-the-art quantitative general equilibrium
approach by Baqaee and Farhi (2024). As such, it is firmly rooted in the literature on
production networks in international trade.

As there are many types of possible supply disruptions, let us first define the type
of shocks considered here. Shocks are taken to exogenously affect producers, mean-
ing they are unexpected and outside of the control of the affected producers. In the
baseline specification, the resulting decrease in production translates into a uniform
reduction of exports to all purchasing sectors (in relative terms). If we speak of a 20%
shock to the production of rare earth elements in China, for instance, this is repre-
sented in the framework as a 20% reduction in Chinese exports to all purchasing sector
abroad. This format of shocks plausibly covers natural disasters as well as negative
technology shocks. Examples of the latter include IT systems crashes, hacking attacks,
machine failure, and energy price shocks. Technically, the framework also allows sim-
ulation of shocks affecting only a subset of importers or affecting importers to different
extents. Supply shocks of this kind include transport disruptions (e.g., the 2021 Suez
canal blockade caused by the container ship Ever Given) and geopolitical shocks like
sanctions or export quotas.” Note, however, that these shocks rarely are exogenous
and there often are underlying dynamics which the framework presented here cannot
tully capture.

The simulated effects on output obtained via the framework shown here are rele-
vant for the analysis of short- to medium-term scenarios, defined as up to one year after

the shock. The frictionless, partial equilibrium nature of the model renders it unsuit-

2Tariff shocks cannot be captured by this framework without additional information. Tariffs are

typically modeled as price wedges, whereas the framework shown here works with shocks to quantities.
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Stage 2 Stage 3
determine total determine output
- intermediate input use (substitutability between
(substitutability between intermediate goods and
intermediate inputs) value added components)

Figure 1: Each step of the CES simulation framework captures one form of subsitutability. This

allows producers to attenuate the effects on output of a supply disruption.

able to the analysis of long-term effects. Factor prices, policy decisions, and financial
frictions all play an increasingly important role as time passes. Beyond the horizon
of one year, simulation results may therefore diverge significantly from what can be

considered realistic.

5.1 CES Model

The model works via three nested equations assuming constant elasticity of substitu-
tion (CES) with constant returns to scale.® Each equation captures one form of input
substitution in production, progressively zooming out from the product-level to the
sector’s output. The first choice is between suppliers of a product, then between in-
termediate inputs, and finally between intermediate inputs and value added in the
production process. Figure 1 outlines the model’s three stages.

Upon introducing a supply disruption to the system, the first CES equation deter-
mines the importing country-sector js’s total import demand for products p across all

shocked and non-shocked exporters i, denoted X]’-ps.

_&_

/ T
ijs = Z (wijpszijps ) 1)

/
ijps
shock to the system. The wjj,s are the shares of exporters i in the importing country-

In this expression, Z;; . are exports of product p from i to js after introducing a
sector js’s import demand for p. These shares sum to one and can be calculated di-
rectly from the data. Lastly, the parameter ¢ represents the elasticity of substitution
between suppliers of a product. Intuitively, the equation captures how country-sectors
may shift their import demand for a product across exporters of similar products in

response to a shock. Again using the example of rare earth elements, a disruption to

3Constant elasticity of substitution in production means that the ease with which one input can be
replaced with another input is independent of how much output is produced. Constant returns to scale
entails that if inputs increase by some proportion, output increases with the same proportion regardless
of the level of output.
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Chinese exports of rare earth elements will lead importing sectors to search for alter-
native sources and suppliers. This may be difficult for various reasons, for instance a
lack of non-Chinese export supply (high HH Ir}f) or high switching costs. Unless we
assume products from different producers are perfectly substitutable, equation (1) also
implements a type of Armington (1969) assumption: For a product p, each exporting
country that an importer sources from produces a variety of p offering distinct value
in the importing sector’s production process.

Subsequently, equation (2) follows the same structure as equation (1) and deter-
mines country-sectors’ total intermediate input use M]’.S following a shock, taking into

account the import demand X]’ computed in equation (1).

ps

1 e\ 71
Mj; = ; <(X]{TPSX]/'P5 ’ ) (2)

The parameter o captures the elasticity of substitution between intermediate inputs.
A higher ¢ indicates that imports of the shocked product (e.g., rare earth elements)
can more easily be replaced by other intermediate inputs in the production process.
&jps is observed in the data as the pre-shock share of product p imports in js’s total
intermediate input use.*

In the third and final step of the nested CES structure, country-sectors combine
intermediate inputs and the primary factors bundled in value added VAjs to produce

output Y]-S.

1 p—1 1 p-1 %
Y, = (p;;M;SV F (1= p) VA ) 3)

Again, the result of equation (2), intermediate input use Mjs, is used in the calcula-
tion. u is the elasticity of substitution between intermediate inputs and value added,
capturing how easily intermediate inputs may be replaced by factors such as capital
and labor in the production process. The observed shares of value added and inter-
mediate inputs, which can be calculated from the input-output tables, correspond to
pjs and (1 — pjs), respectively. Altogether, equation (3) determines sectoral output Yj’s
following a supply disruption. The model thereby quantifies the risk that supply chain

vulnerabilities pose to importing sectors.

. . . . Xips

“With some abuse of notation, we impose Yy ajps = 1. Computing ajys as M’—]’”s leads to 3, ajps < 1
because domestic flows at the product level as well as services trade are unobserved in the combined
dataset, but included in Mjs. We solve this by adding a composite input which makes up for the differ-

ence between X, and M.
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Source: own calculations.

5.2 Simulation, Elasticities, and Input Shares

We now turn to building intuition for the model outlined in the previous subsection
by discussing how the model may be applied and interpreted. In doing so, we first
explain our simulation approach before examining in turn the crucial roles played by
the elasticity parameters and input shares.

To make both the shocks and the results intuitively interpretable, we express all
variables as relative deviations from baseline when simulating the model. This allows
us to directly compare the impact of a shock on importing sectors of different sizes.
We express deviations from baseline using hat algebra (Dekle et al. (2007)), meaning
that for some variable with baseline level X and value after the shock X’, we calculate
X = XY/ By normalizing all inputs to one and holding all input shares constant, we can
easily introduce shocks to the system. For a disruption reducing exports by 20% (i.e.,
Zl{]-ps = 0.8), we set Zl-]-ps =08 = Zlf]-ps.
easy to interpret, with Y;; = 0.95, for instance, indicating a 5% drop in output.

The simulated effects on output are similarly

When simulating effects of a given supply shock, the only components affecting
results are the three elasticity parameters and the input shares. All other variables are
defined by the supply shock or normalized to one. While input shares are calculated
directly from the data, elasticity parameters may either be estimated or taken from the

literature.
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As stated earlier, the simulation framework is designed to simulate the short- to
medium-term effects of supply disruptions on the output of importing sectors. The
key to modeling the effects at different horizons in this model lies in the elasticity pa-
rameters, which may be very different depending on the time frame. Consider as an
example the elasticity of substitution in equation (1) between varieties of a product p
from different suppliers, some of which are affected by a shock: Within the first weeks
or months, producers may not be able to compensate the drop in imports of an inter-
mediate good by shifting to other suppliers. Possible reasons include that the varieties
are not immediately substitutable in the production process, high costs of searching
for a new supplier, or time required for transport. Over the course of a year, however,
producers may well be able to substitute away from the shocked suppliers and thereby
stabilize their output by setting up relations with new suppliers or adjusting their pro-
duction process to accommodate different varieties of a product. This is reflected in a
higher elasticity of substitution in the medium term compared to the short-term.

Figure 2 shows how this concept can be implemented in the model. It graphs how
shocks to one supplier (x-axis) map into changes in the total imports of product p by
the importing sector (y-axis). Keeping all else constant, the shapes of the curves de-
pend only on the elasticity of substitution €. Note that, as the three equations are struc-
turally identical, the graph also translates to equations (2) and (3). Generally speaking,
it maps the link between changes in an input and the resulting change in output in CES
functions of the kind used here. The two special cases shown here are Cobb-Douglas
(¢ = 1) and Leontief (¢ = 0) production. For the former, the impact of shocks is roughly
proportional to the shocked supplier’s share in imports of p by producer js, which is
here set at 20%. For a drop of supplies from i of 10%, output hence drops by slightly
by more than 2%. For the Leontief case, output drops one-to-one with input, regard-
less of the supplier’s share in imports. The reason is that inputs are treated as perfect
complements in this scenario, meaning a drop in one input cannot be compensated
via other inputs. Interestingly, elasticities even slightly larger larger than zero are far
closer to the Cobb-Douglas case than the Leontief case, particularly for small changes
in the input (cf. Bachmann et al. (2024)). This highlights how small changes to the elas-
ticity of substitution between inputs can greatly attenuate the consequences of supply
disruptions. When trying to improve the resilience of domestic production, focusing
on substitutability (for instance by standardizing products or processes) may therefore
be a worthwhile alternative to decreasing import concentration.

Figure 3, then, shows results using equation (1) for different input shares. Specifi-
cally, it shows for a shock resulting in a 50% drop in supplies of product p from country

i, how country-sector js’s total imports of p change (y-axis) depending on i’s share in
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Figure 3: Relative change in imports in percent (i.e., (Xj,s — 1) * 100 ), depending on shocked
supplier’s share in imports of p by importer js, denoted wjjps.

Source: own calculations.

js’s imports of p (x-axis). As in figure 2, the shapes of the curves depend only on the
elasticity of substitution e. Again, results for equations (2) and (3) would look iden-
tical when plugging in identical values. First considering the two extreme values on
the x-axis, we can see that if js sources no imports of p from i (wjj,s = 0), it remains
unaffected by the shock. In contrast, in models accounting for indirect linkages, these
linkages could result in a non-zero effect on js even if it does not directly import p from
the shocked exporter i. At the other extreme, for an input share of 1 (i.e., 100%), the
50% drop in supplies of p from i transmits one-to-one into a 50% drop in imports of
product p by js. These results are independent of the chosen elasticity of substitution.
It is between the two extremes of the input share that the elasticity makes a marked
difference, as shown by the different curves in figure 3. For a low elasticity of 0.1,
which may be a reasonable value in the short term after a shock hits, an input share
of 20% already leads to a drop in imports of over 40%, as varieties of p from different
suppliers cannot easily be substituted. In comparison, an elasticity of 0.5 (which is far
lower than common medium- to long-term product-level estimates; cf. Fontagné et al.
(2022)) attenuates the drop in imports to less than 20% for the same input share. This
again highlights the importance of elasticities in all three stages of the model. Moving
to higher values of ¢, the curves become far closer. As goods become perfectly substi-

tutable and e approaches infinity, the curve becomes a 45-degree line where shocks are
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transmitted exactly proportional to input shares.

Using this intuition on how parameters and observed input shares play into the
equations, we now illustrate the transmission of shocks through all three stages of the
model. Figures 4 and 5 present a numerical example, tracing a 50% drop in supplies
of one product from one supplying country-sector. Whereas figure 4 summarizes the
results of each stage of the model, figure 5 illustrates in more detail what drives these
results. Input shares are chosen arbitrarily and elasticities are set to values which could
be considered reasonable in the short term. Introducing the shock in the first stage of
the model, the parameterization chosen here leads to an almost one-to-one drop in
imports of the affected good. This is due to the importer, at baseline, sourcing 60%
of its imports of the affected good from the shocked supplier (w;j,s = 0.6) and the
relatively low elasticity of substitution between suppliers (¢ = 0.1), visible in figure
5 from the highly convex curve for stage 1. Feeding the first stage results into stage
2, the effect of the shock is attenuated significantly. Although total imports of the
shocked product decrease by close to 50%, total intermediate input use only decreases
by around 25%. Again, this is driven by the specific parameterization: Although the
elasticity of substitution between intermediate inputs is chosen to be relatively small,
suggesting a strong effect of the shock, the input share of the shocked product is set to
only 20%, limiting the shock’s impact on total intermediate input use. Finally, output
in the example drop by around 20%, only slightly less than intermediate input use.
Figure 5 confirms that this is primarily due to the large share of intermediate inputs
in production, resulting in a strong pass-through of the shock from stage 2 to stage
3. The stark differences in results between the three stages highlight that the model
can not only simulate output losses at the sector level, it can also identify where in the

production process these output losses arise.
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6 Conclusion

This report presents a methodology for (i) constructing a dataset of global trade flows
between country-sectors at the product level, (ii) identifying product-level vulnerabil-
ities of importing sectors in this dataset, and (iii) simulating how supply disruptions
affect the output of downstream sectors.

The first step, constructing the dataset, can be done using any data on product-
level trade flows and international input-ouptut tables including information on value
added. Depending on the data sources, the resulting dataset will have very different
coverage and level of detail, making it suitable to a wide range of applications. Sim-
ilarly, in identifying vulnerabilities and simulating the effects of supply disruptions,
researchers are left free reign within the limitations of their dataset. This flexibility
makes the presented methodology a useful tool for policy-makers: it can easily be ap-
plied to investigate any country, sector, or product of interest, providing descriptive
information along with a framework to simulate supply shocks. Going forward, we
intend to apply this methodology to the case of Belgium by constructing a dataset with
global coverage, identifying vulnerabilities of Belgian sectors in their imports of in-
termediate goods, and quantifying the risk these vulnerabilities pose by simulating a

series of possible supply disruptions.

19



References

Acemoglu, D., Carvalho, VM., Ozdaglar, A. and Tahbaz-Salehi, A. (2012), “The Network Ori-
gins of Aggregate Fluctuations,” Econometrica 80(5), 1977-2016, URL https://doi.org/10.
3982/ECTA9623. [3]

Antras, P. and Chor, D. (2018), “On the Measurement of Upstreamness and Downstream-
ness in Global Value Chains,” in LY. Ing and M. Yu (Eds.), “World Trade Evolution:
Growth, Productivity and Employment,” Routledge, 126-194, URL https://doi.org/10.
4324/9781315161986-6, originally NBER Working Paper No. 24185, January 2018. [3]

Arjona, R., Connell, W. and Herghelegiu, C. (2024), “Supply Chain Tectonics: Empirics on how
the EU is plotting its path through global trade fragmentation,” Single market economics papers,
European Commission, Directorate-General for Internal Market, Industry, Entrepreneurship
and SMEs, URL https://doi.org/10.2873/5370707. [3]

Armington, PS. (1969), “A Theory of Demand for Products Distinguished by Place of Produc-
tion,” Staff Papers (International Monetary Fund) 16(1), 159-178, URL https://doi.org/10.
2307/3866403. [13]

Bachmann, R., Baqaee, D., Bayer, C., Kuhn, M., Loschel, A., Moll, B., Peichl, A., Pittel, K. and
Schularick, M. (2024), “What if? The Macroeconomic and Distributional Effects for Germany
of a Stop of Energy Imports from Russia,” Economica 91(364), 1157-1200, URL https://doi.
org/10.1111/ecca.12546. [3,11, 15]

Baldwin, R., Freeman, R. and Theodorakopoulos, A. (2022), “Horses for Courses: Measuring
Foreign Supply Chain Exposure,” Working paper, National Bureau of Economic Research,
URL https://doi.org/10.3386/w30525. [3]

Baqaee, D. and Farhi, E. (2024), “Networks, Barriers, and Trade,” Econometrica 92(2), 505-541.
[3, 11]

Berthou, A., Haramboure, A. and Samek, L. (2024), “Mapping and Testing Product-Level Vul-
nerabilities in Granular Production Networks,” OECD Science, Technology and Industry Work-
ing Papers 2024/02, OECD Publishing, URL https://doi.org/10.1787/9bcde495-en. [3, 5,
9,11]

Bonnet, P. and Ciani, A. (2023), “Applying the SCAN methodology to the Semiconductor
Supply Chain,” JRC Working Papers in Economics and Finance 2023/8, European Commis-
sion, Joint Research Centre, URL https://publications. jrc.ec.europa.eu/repository/
handle/JRC133736. [3, 10]

Bormans, Y., Renneberg, L. and Reynaerts, J. (2025), “Handelstektoniek: de invloed van

handelsverstoringen en geopolitieke spanningen op Belgische aanvoerlijnen,” Beleidsrap-

20


https://doi.org/10.3982/ECTA9623
https://doi.org/10.3982/ECTA9623
https://doi.org/10.4324/9781315161986-6
https://doi.org/10.4324/9781315161986-6
https://doi.org/10.2873/5370707
https://doi.org/10.2307/3866403
https://doi.org/10.2307/3866403
https://doi.org/10.1111/ecca.12546
https://doi.org/10.1111/ecca.12546
https://doi.org/10.3386/w30525
https://doi.org/10.1787/9bcde495-en
https://publications.jrc.ec.europa.eu/repository/handle/JRC133736
https://publications.jrc.ec.europa.eu/repository/handle/JRC133736

port wewis-vives-25-002, Departement Werk, Economie, Wetenschap, Innovatie & Sociale

Economie. [1]

Carvalho, V.M., Nirei, M., Saito, Y.U. and Tahbaz-Salehi, A. (2021), “Supply Chain Disruptions:
Evidence from the Great East Japan Earthquake,” Quarterly Journal of Economics 136(2), 1255—
1321. [3]

Carvalho, V.M. and Tahbaz-Salehi, A. (2019), “Production Networks: A Primer,”
Annual  Review of Economics 11, 635-663, URL https://doi.org/10.1146/
annurev-economics-080218-030212. [3]

Dekle, R., Eaton, J. and Kortum, S. (2007), “Unbalanced Trade,” American Economic Review 97(2),
351-355, URL https://wuw.aeaweb.org/articles?id=10.1257/aer.97.2.351. [14]

Dumont, M., Michel, B. and Rayp, G. (2024), “Belgium’s import and export dependence on non-
EU countries,” Working Paper 2024-13, Federal Planning Bureau, URL https://www.plan.
be/en/publications/belgiums-import-and-export-dependence-non-eu, english version.
[3, 10]

7

European Commission (2021), “EU Strategic Dependencies and Capacities,” Tech. rep.,
European Commission, URL https://commission.europa.eu/system/files/2021-05/

swd-strategic-dependencies-capacities_en.pdf. [1,9, 10]

Fetzer, T., Lambert, PJ., Feld, B. and Garg, P. (2024), “ AI-Generated Production Networks: Mea-
surement and Applications to Global Trade,” Tech. rep., AIPNet, URL https://aipnet.io/
wp-content/paper/ai_generated_production_networks_aipnet_v20241118.pdf. [8]

Fontagné, L., Guimbard, H. and Orefice, G. (2022), “Product-Level Trade Elasticities,” Jour-
nal of International Economics 138, 103618, URL https://doi.org/10.1016/j.jinteco.2022.
103593. [16]

Gaulier, G. and Zignago, S. (2010), “BACI: International Trade Database at the Product-Level.
The 1994-2007 Version,” Working Paper 2010-23, CEPIL. [5]

Long, ].B.J. and Plosser, C.I. (1983), “Real Business Cycles,” Journal of Political Economy 91(1),
39-69. [3]

Magerman, G., De Bruyne, K., Dhyne, E. and Van Hove, J. (2017), “Heterogeneous Firms and
the Micro Origins of Aggregate Fluctuations,” Working paper. [4]

u.s. Department of Defense (2025), “DOD Looks to Establish
"Mine-to-Magnet’ Supply Chain for Rare Earth ~ Materials,” URL
https://wuw.war.gov/News/News-Stories/Article/Article/3700059/
dod-looks-to-establish-mine-to-magnet-supply-chain-for-rare-earth-materials/,
accessed September 24, 2025. [10]

21


https://doi.org/10.1146/annurev-economics-080218-030212
https://doi.org/10.1146/annurev-economics-080218-030212
https://www.aeaweb.org/articles?id=10.1257/aer.97.2.351
https://www.plan.be/en/publications/belgiums-import-and-export-dependence-non-eu
https://www.plan.be/en/publications/belgiums-import-and-export-dependence-non-eu
https://commission.europa.eu/system/files/2021-05/swd-strategic-dependencies-capacities_en.pdf
https://commission.europa.eu/system/files/2021-05/swd-strategic-dependencies-capacities_en.pdf
https://aipnet.io/wp-content/paper/ai_generated_production_networks_aipnet_v20241118.pdf
https://aipnet.io/wp-content/paper/ai_generated_production_networks_aipnet_v20241118.pdf
https://doi.org/10.1016/j.jinteco.2022.103593
https://doi.org/10.1016/j.jinteco.2022.103593
https://www.war.gov/News/News-Stories/Article/Article/3700059/dod-looks-to-establish-mine-to-magnet-supply-chain-for-rare-earth-materials/
https://www.war.gov/News/News-Stories/Article/Article/3700059/dod-looks-to-establish-mine-to-magnet-supply-chain-for-rare-earth-materials/

	Introduction
	Related Literature and Contribution
	Data
	Data Inputs: Trade Flows and Input-Output Tables
	Combining Datasets

	Identifying Granular Dependencies and Vulnerabilities
	Simulation Framework
	CES Model
	Simulation, Elasticities, and Input Shares

	Conclusion

