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Abstract

We develop a network trade model with country-sector
level input-output linkages with the objective of eval-
uating the impact of trade shocks. This framework is
particularly useful to decompose the direct and the indi-
rect trade effects of both a bilateral and a third country
trade shock, evaluated at the country-sector level. Using
the sectoral World Input-Output Database (WIOD)
combined with sectoral employment data, we evaluate
the impact in terms of value added and employment
of different scenarios of Brexit for 56 industries in the
27 Member States of the European Union, as well as the
United Kingdom. In this respect, we consider both the
results under the current EU-UK Trade agreement, as
well as a counterfactual scenario in which WTO tariffs
would apply. In contrast to other studies, we find EU-
27 value added and job losses to be substantially higher
than hitherto believed as a result of the closely inte-
grated EU network structure. Our approach finds that
upstream sectors are particularly vulnerable to indirect
trade shocks effects due to their network centrality.
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1 | INTRODUCTION

Production processes are increasingly fragmented within and across national boundaries. To as-
sess the impact of trade shocks in a world of global value chains, several models and approaches
have been developed. For example, Caliendo and Parro (2014) build a Ricardian model with sec-
toral linkages and trade in intermediate goods to quantify the welfare effects from tariff changes.
Anderson et al. (2015) offer a structural gravity approach with and without intermediates in pro-
duction to quantify output and welfare effects. These models show that accounting for interme-
diate goods in production and sectoral linkages is of the utmost importance since these channels
amplify the trade and welfare effects of trade costs and tariffs relative to one sector gravity models
(Anderson & Van Wincoop, 2003). This paper proposes an alternative approach that builds on
these insights but digs deeper into the input-output (I-O) structure, which results in a more
detailed quantification of the economic effects of trade shocks. In the course of this paper, we
argue that our approach is particularly useful to explicitly decompose the direct and indirect (via
third countries) value added and employment effects of both a bilateral and a third country trade
shock, evaluated at the country-sector level. This will allow us, for instance, to quantify how
Brexit will affect the Belgian steel sector not just through a reduction in bilateral exports of steel
from Belgium to the UK, but also through a reduction of Belgian steel exports used in German
cars, which are subsequently shipped to the UK.

A lot of work in recent years has gone into identifying the welfare gains and losses from trade
policy, albeit without a strong focus on inter-sectoral linkages and intermediates (see Costinot
and Rodriguez-Clare (2014) for an overview).! An increasing number of papers in trade also turn
to I-O data in the context of trade policy but with a different focus, for example Blanchard et al.
(2016) who show that countries, which are more connected in global value chains have lower
tariff protection between them, Dhingra et al. (2017) who evaluate Brexit on UK household in-
come levels and Caliendo and Parro (2014) who assess the welfare effects of NAFTA. Blonigen
(2016) examined the downstream effects of industrial policy in the steel sector. Finally, several
studies in international trade have now shown that gross trade flows do not necessarily reflect the
domestic production underlying the trade flow but value added is more appropriate (Bernard
et al., 2018; Koopman et al., 2014).2

This paper provides more than just policy conclusions about Brexit. The academic contribu-
tion of this paper is to show that the network effects of a trade shock cannot be uncovered with a
more traditional gravity one sector model.” Nor can they be uncovered with existing multi-
country, multi-sector models given that the input-output structure assumed in these alternative
models is at sector level, which contrasts to the country-sector level used in this paper.* In other
words, while most network models use the Ricardian assumption, where every input is assumed
to be sourced from only one particular country (e.g. German cars source steel only from the
cheapest source), we rely on the Armington assumption. In such a setting, an input can

!An analysis of welfare effects would be outside the scope of this paper, which focuses on quantifying the direct and
indirect value added impact at the level of the country-sector.

“Bernard et al. (2018) empirically show that many products shipped by manufacturing firms are not produced in-house,
but are ‘carry-along trade’, that is gross export sales are much larger than the domestic production shipped.

*In the Brexit debate only a few papers have emphasised the importance of input-output linkages (Chen et al., 2018;
Giammetti et al., 2020).

“See Caliendo and Parro (2014), Dhingra et al. (2015), Eaton and Kortum (2002), Felbermayr et al. (2018) or Yotov et al.
(2016).
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simultaneously be sourced from several countries as for instance, in the case of German automo-
tive producers, they can use Belgian, Polish and Slovakian steel. An important characteristic of
the Armington setup is that, at sectoral level, it is in line with publicly available world Input-
Output (I-O) databases.” Consequently, while a Ricardian approach results in a gravity model
with I-O linkages between sectors, the Armington assumption leads to a richer network model
with I-O linkages between country-sectors, which results in a framework that is better equipped
to study trade shocks taking into account all the network linkages.

Where other models are general equilibrium in nature, our framework is partial equilibrium
and short-term in the sense that we do not consider reallocation effects across sectors. In this
paper, we purposely focus on the short-run static effects of different counterfactual Brexit trade
shocks, and we allow for job losses and unemployment at the country-sector level. Clearly, not all
workers who lose their job as a result of the shock will remain unemployed as at least some will
find their way to other jobs in the same or a different sector. However, such a process may take
time, which is why there is room for a paper that explores the negative job effects at country-sector
level, even before the reallocation of workers across sectors (or firms) takes place. This paper anal-
yses the short-term trade effects of Brexit and does not consider foreign direct investment (FDI)
responses to trade policy, which may take longer to materialise. Moreover, we disregard any dy-
namic effects of Brexit related to investment and innovation, capital mobility and migration. In the
empirical application, we focus on the trade destruction effects of the trade shock,® which corre-
sponds to studying the nodes in the existing network that will be affected. Consequently, in our
empirical application, we refrain from making empirical estimates about the creation of new
nodes in the global network, which would entail a much more speculative exercise. While a per-
manent change in the network structure is likely to occur, it would typically take time to materi-
alise.” In the structural gravity literature, where trade diversion effects are relatively easy to
quantify, there are a number of studies (cfr. Magee, 2008) that suggest that trade diversion effects
can mitigate some of the trade destruction effects of a trade shock. However, they are typically
small compared to the first-order trade effects, which are the main focus of this paper.®

The country-sector level approach followed in this paper does not account for firm heteroge-
neity. However, given the limited geographical scope of current firm-level data sets, these would
not allow to trace all upstream and downstream linkages in production. For this reason, we turn
to I-O data, where we can trace all the upstream and downstream linkages in production for each
country-sector. These linkages are captured in our network model through the Leontieff coeffi-
cients.” In addition, global I-O databases have an underlying proportionality assumption embed-

>Contrary to the sectoral aggregation of I-O tables, the Ricardian and Armington assumption are empirically equivalent
at variety level.

°In the network model developed in Section 2, we do obtain a closed form solution for the trade diversion effects of a
trade shock in a network context.

Other papers have aimed at quantifying trade diversion and substitution effects (see Giammetti et al., 2020), which
may result in lower estimates of the Brexit impact.

8Magee (2008) finds that bilateral trade flows are estimated to increase by 82% after countries engage in a regional
agreement and this effect is significant across different econometric specifications. On the contrary, the variable
capturing trade diversion reduces imports from outside by 2.9% but is not significant across different econometric
specifications, suggesting that trade diversion is rather small.

°To our knowledge, a comprehensive database with firm-level production linkages across the globe is not available. For
this reason, many firm-level studies with information on firm-level trading are often limited in their geographic scope
and typically only include firms from one country without information on who these firms are buying from or selling to
(see Amiti and Konings, 2007; Topalova and Khandelwal, 2011 or Vandenbussche and Viegelahn, 2018).
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ded in the way the data are constructed.'® However, this potential shortcoming cannot be
overcome with firm-level data either. Indeed, firm-level input-output linkages also require mak-
ing a proportionality assumption when deciding which inputs are used in which outputs (see
Vandenbussche & Viegelahn, 2018).

Our country-sector level approach offers a number of important advantages compared to
more aggregate country-level analysis such as Noguera (2012). These advantages are not unique
to this study but shared by all studies that use sector-level input-output analysis. First, we allow
for tariff heterogeneity across sectors. Second, trade elasticities are allowed to differ across sec-
tors, that is consumers (and firms) respond differently to price changes in different sectors. Third,
we include services in our analysis, which is important given that services are increasingly traded
as well as embedded in the exports of goods. Trade in services is not subject to a WTO tariff, but
services are indirectly subject to tariffs when used as an input in goods trade and services are also
subject to non-tariff barriers. Finally, as the production linkages between two countries typically
differ greatly across sectors, our country-sector approach yields a more precise assessment of the
indirect effects of a trade shock.

The main features of our network model are as follows. A nested Cobb-Douglas-CES struc-
ture is assumed on the consumption and production side. Gravity equations for intermediate
and final bilateral exports are obtained and combined with an Input-Output structure, which
yields an expression that allows for the quantification of the impact of tariff changes on value
added at the country-sector level. Our framework predicts that an increase in import barriers
results in a reduction of production and employment all along the supply chain. The potential
losses in value added production depend on the sectoral trade elasticity, the value added shares
in production, changes in the tariff and non-tariff barriers and the Leontief input-output coeffi-
cients. In the empirical application, potential employment losses are then obtained by combin-
ing the value added loses with the sectoral employment elasticities with respect to value added.

While our framework can be applied to any trade shock, in this paper we use it to predict the
impact of different counterfactual scenarios of Brexit. The Free Trade Agreement (FTA) between
the EU and the UK of December 2020 has officially avoided the installation of permanent import
tariffs on either side. However, the introduction of WTO tariffs on the trade across the channel is
still a distinct possibility."* For this reason, in this paper, we consider the free trade agreement
scenario (soft Brexit), where hard tariffs are absent but non-tariff barriers apply (new customs
procedures, border checks, new certificates of origin, VAT administration, sanitary and phy-
tosanitary measures, new labelling, delays etc.). In addition, we also consider a benchmark sce-
nario in which hard tariffs additionally apply (hard Brexit) between the UK and the EU-27 and
consider all other trade relations to remain unchanged. This benchmark is useful since the cur-
rent trade regime is probably somewhere in between the soft and the hard Brexit scenario. Given
the high uncertainty surrounding the current rules and the likelihood that tariffs can be imposed
in the future, the soft Brexit scenario developed in this paper is probably too optimistic and the
outcomes are more likely in the range between the soft and the hard Brexit scenario both devel-
oped in this paper.

1%l the WIOD tables, the use of the BEC classification to identify intermediate trade flows removes the proportionality
assumption across use categories (intermediate consumption, final consumption and capital formation). However,
there is still a proportionality assumption to allocate bilateral intermediate trade flows across using industries.

"yUnder the Brexit Agreement, tariffs can still be imposed whenever rules-of-origin are not respected, or whenever
products standard diverge sufficiently.
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This paper relies on the World Input-Output Database (WIOD) to analyse global produc-
tion networks. WIOD has also been used by Foster-McGregor and Stehrer (2013), Timmer et al.
(2014), Timmer et al. (2015) and others to investigate the inter-sector and international linkages
in supply chains, albeit to address different questions. The database contains more disaggregated
sectoral information than the data used by Johnson and Noguera (2012) that only include four
composite sectors including one service sector. Given our sectoral focus, WIOD is quite appro-
priate given its coverage of 56 sectors including 30 service sectors. While our interest lies in
the job losses of trade shocks, our approach differs from Autor et al. (2013), who assess US em-
ployment effects of Chinese import penetration at the regional level as they do not consider the
input-output linkages between industries. The novelty of our approach is that we consider all the
upstream and downstream employment effects of a trade shock. In that respect, our approach is
closer to Feenstra and Sasahara (2018) who study the labour demand effects of US exports and
imports from China. Their paper is entirely empirical whereas we rely on a network model to
identify the critical parameters to quantify the value added impact of Brexit.

In comparison to other studies, we find the losses for the EU-27 countries as a result of Brexit
to be much higher than previously thought and to be mainly driven by the increase in non-
tariff barriers. The main reason is that our approach incorporates all national and international
country-sector-level input-output linkages in both goods and services. Given that EU-27 produc-
tion networks are closely integrated, changes in tariff and non-tariff barriers do not just affect
direct bilateral trade flows between any EU-27 country and the UK, but also indirect trade flows
via third countries. Indeed, we find that on average, the indirect effects of a hard Brexit amount
to ca. 70% of the total Brexit impact for the EU-27 country-sectors. This finding suggests that
production networks in the EU are closely integrated and that an approach that fails to account
for these indirect effects would significantly underestimate the effects of Brexit in terms of sector-
level production and jobs.

The remainder of this paper is organised as follows. In Section 2, we describe the theoretical
model and obtain an expression for a country-sector's value added production and its determi-
nants on the basis of which we obtain clear predictions on the effects of trade shocks. In Section
3, we explain the methodology and describe the data used in this analysis. Section 4 presents
the results of different Brexit scenarios. Section 5 compares our results to existing results in the
literature and Section 6 concludes.

2 | A GLOBAL NETWORK MODEL OF TRADE

This section describes the theoretical framework that forms the basis of the analysis of trade
shocks in this paper. In this section, we restrict to spelling out the most important features of the
model and summarising its key results. A detailed description of the model's assumptions and
derivations can be found in the Appendix. Throughout this section, countries are denoted by i, j
and k and sectors by 7, s and 712

The model is based on the Armington assumption, which means that goods produced by dif-
ferent sources are imperfect substitutes. As a result, within a sector, goods from different coun-
tries can coexist in the same destination market, even though their prices may differ as they are

12We need at least three symbols in the model to denote countries and sectors because input-output models typically
consider three nodes in a supply chain: (1) the supplier of intermediate inputs, (2) the final producer and (3) the
consumer.
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determined by the country-sector’'s marginal production cost and costs of trade with the destina-
tion country.”® Consumers (and firms) in the destination country have a love-for-variety and
prefer to consume positive amounts of each available variety.

A nested Cobb-Douglas-CES structure is assumed on the demand and supply side. Consumers
and producers rely on a Cobb-Douglas combination of quantities sourced from different sec-
tors. The sector-specific goods are CES aggregates across all countries the goods can be sourced
from. Firms maximise profits and households maximise utility taking factor and goods prices as
given. Under iceberg-type trade barriers, we thus derive optimal intermediate and final demand,
which can be plugged into the market clearing condition. In a similar vein as Anderson and Van
Wincoop (2003), but at the sector level, we can solve for prices to obtain gravity equations for
intermediate and final bilateral exports.

Using matrix algebra and the structure of I-O tables, we can write a country-sector's value
added production as a function of global Leontief coefficients and gravity equations for final de-
mand. Define each element Ai.‘sz of the Leontief inverse matrix A as the Leontief coefficient that
measures the total of dollars worth of country-sector kz goods required to meet 1 dollar worth of
is' final demand. This value combines kz goods used as inputs in is directly, as well as kz goods
used as inputs in other industries which then also produce inputs for is. Defining V¥ as the value
added to output ratio, we can write the total value added production by country-sector kz as:

(€8]

N S N yisa§ ZS— (1 _ ﬁ]r) y]'r £is 10y
k j ~r=1 J
vale =k z 2 AE Z > <HiSPS )
= J

where we substitute the gravity relation for final demand fjkz, which relates bilateral final goods trade
between firms in country-sector kz and the consumers in country j to (i) the economic masses of
source (y*%) and destination (ZSS=1 (1 - ﬂ’s) 15)' relative to the economic mass of the world (y*),
(ii) the importance of sector z final goods in the destination’s consumption (a), (iii) the bilateral trade
costs, which can take the form of tariffs or non-tariff barriers (NTBs), between countries k and j in
sector g (r’.‘z), and (iv) outward and inward multilateral resistance terms (IT% and P?).

This value added production (and the jobs depending on it) might be severely impacted in the
case of a trade shock such as Brexit. Equation (1) shows that an import tariff (or NTB equivalent)
imposed on a specific good does not only affect the producer of the good, but also the suppliers
of goods and services whose output is used as an input in the production of the good. This im-
plies that when the UK imposes a tariff on German cars, the Belgian steel sector, which supplies
inputs to the German car industry will also be affected, even in the absence of a UK import tariff
on Belgian steel. This channel is missing in a traditional gravity approach but can be captured by
our sector-level model.

13As in Noguera (2012), production and trade costs are the only determinants of prices in our model. This does not
imply that firms cannot charge mark-ups. In WIOD, however, we have no information on the underlying firm-level
distribution within each sector. The absence of mark-ups in the model is assumed at sectoral level.

!“This expression reflects the fact that consumers in country j get their income from supplying labor to all sectors s.



VANDENBUSSCHE ET AL.

ﬂl—Wl LEY-# The World Economy

Assessing the impact of a trade shock in this framework amounts to considering what hap-
pens when the variable trade costs (¢) change.'” Our interest lies in the change dva*? in country-
sector kz' value added production, which we find to equal:

N S
dva’® = —vkzz Z os—1) AkZZA’S Is ©)

R dris s dps ) . . . .
where we defined 7 ]’S = T—’ e S’ as the proportionate change in tariffs T}S relative to the pro-
B

portionate changes in the multilateral resistance (MR) terms. From Equation (2), we can derive the
following general result. Rising trade costs reduce bilateral trade flows e®* (of both final and interme-
diate goods) between any country-sector is and j. As kz has an interest Aﬁ‘sz in each of these bilateral
flows, va*? will decrease as well. The drop depends on the magnitude of the change in relative trade
costs ?Jl:S between is and j and the corresponding trade elasticity o.

When examining trade policy, it is important to take into account that the multilateral resis-
tance (MR) terms will change along w1t12{ the tariffs. Therefore, Equation (2) not only examines
the impact of = d’ - but also that of w and - J through 7 As it is relative tariffs that matter rather

J

than absolute tariffs to determine a country's global competitiveness, individual tariff changes
should be compared with changes in the average tariff, which is captured by the multilateral re-
sistance terms. Suppose, for instance, that the UK tariff on Belgian goods goes up by 3%. Further
suppose for a moment that the UK raises its tariffs on all its other trading partners with 2%, then
the ‘real’ or ‘relative’ increases in the BE-UK tariff is only 1% (3%-2%). In that case, what matters
for a country-sector's production change dva’? is the tariff change it faces relative to the tariff
change its competitors face.

However, under different hypothetical Brexit scenarios, the only countries that are likely to
face increased tariffs from the UK are the EU-27, whereas the tariffs the UK imposes on its other
trading partners such as the United States will not change. This means that US goods will become
relatively less expensive for the UK, even though the UK tariffs on US imports do not change. The
reason is that Brexit actually decreases (i.e. ’\US * < 0) the ‘relative’ US-UK trade costs compared
to EU-UK trade costs As a result some trade Wlll be diverted from the EU-27-UK to the US-UK.
f are essential for trade diversion to happen. We can see this by disen-
J

tangling the change 7% into its different components, namely the tariff change and the MR
changes:

N S y N dTJlS N S N dHiS dPJS .
dvakz:—vkzz E (as—l)A.ZE — eS¢ vkzz E (6s—1) AZE —+ =€
is ,L.zs J I ps J
i=1 s=1 =1 i=1 s=1 j=1 J
A J - v
v hd
trade destruction effect trade diversion effect

(3)

1>We disregard exchange rate effects on EU-UK trade. Recent work has shown that exchange rate effects may have little
effect on trading firms as most importers are also exporters, that is a depreciation of say the pound would be bad for UK
firms’ imports but great for their exports (Amiti et al., 2014).
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Equation (3) shows that the change in kz' value added production after a change in trade costs
7 is a combination of a ‘trade destruction effect” (—) as a result of higher tariffs and a ‘trade diver-
sion effect’ (+) caused by the change in the multilateral resistance terms.

The ‘trade destruction effect’ measures the drop in va*? that is caused by the reduced trade
between any country-sector is and country j. This drop depends on how the output of country-
sector kz is used by country i's sector s, as it is the latter sector’s exports that will face increased
protectionist measures from country j.

The ‘trade diversion effect’, consists of two channels. First, country-sector is will divert some
of its exports away from j to alternative destinations that do not impose tariffs on its goods, since
these destinations have now become relatively more attractive (i.e. less expensive) for is to export
to. This is caused by the increase in is' outward MR term IT. Second, the fact that j increases the
tariffs on its imports will raise the average price in market j, which makes the market less com-
petitive, captured by the increase in j's inward MR term P?. As a result, any country i will find it
easier to export to country j. Both the first and second channel of trade diversion increase the
exports of is and hence its production, which results in an increase in its demand for inputs from
country-sector kz, which in turn increases the latter's value added production va?. Therefore, the
‘trade diversion effect’ can mitigate some of the negative ‘trade destruction effect’ on va’?. The
results can be summarised in the following proposition:

Proposition The change in kz' value added production after a trade shock depends on two ef-
fects. First, the negative ‘trade destruction effect’ indicates that the loss in vak? depends on kz'
connection with each exporting country-sector is. The drop in va*2 will be greater, (i) the higher
is the trade elasticity in sectors (higher (o, — 1)); (ii) the greater is the increase in protection
imposed by j on sectors goods originating in country i (higher di), (iii) the greater is the produc-
tion interlinkage of kz with is (higher Af.‘sz) and (iv) the strongér is the direct bilateral trade re-
lation in both final and intermediate goods between i and j in sector is. Second, these negative
effects will be mitigated through the ‘trade diversion’ channel, as some of kz' production will be
used in exports that are diverted to different destinations after the trade shock.

Equation (3) sums up the effects of a trade shock on vak¥?. It characterises all the different
channels through which a trade shock affects a sector's output. It also shows why the effect of a
trade shock such as Brexit can substantially vary by sector, depending on production interlink-
ages with other sectors as captured by the Leontief coefficients (A), the linkages to exporting
sectors (e), the product differentiation in the sector (¢) and the extent of the sector-level tariff (or
NTB equivalent) change (d—;).

3 | EMPIRICAL APPLICATION TO BREXIT

This section takes the model to the data and simulates the effects of different scenarios of Brexit
using input-output data for the latest available year (2014) from WIOD, which covers 43 coun-
tries and 56 sectors. While empirically we simulate a scenario of increased trade costs on both
sides of the channel, for expository simplicity we just discuss the effects of a unilateral UK pro-
tection on EU goods, since the analysis is entirely symmetric. We investigate the impact on kz’
production when the EU faces a higher cost of exporting to the UK using Equation (3).

In our Brexit application, we concentrate on the short-run effects and restrict Equation (3) to the
first term that measures the ‘trade destruction’ effect. In order to divert trade, new business
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contacts have to be established, new contracts negotiated and so on, which takes some time to ma-
terialise. Consequently, we refrain from making empirical estimates about the creation of new
nodes in the global network, as this would entail a much more speculative exercise. For this reason
we focus on the trade destruction effect, which is the first-order trade effect and captures the main
effects resulting from Brexit trade shock.'® The drop in value added production as a result of in-

creased UK trade protection on EU goods (higher rffé’s) under Brexit will thus be approximated by:
N S dTEU,S
kz o, _ kg UK A kz,i
dva® ~ —v z Z (o5—1) 0 N ok
i€eEU s=1 TUK

Next, we distinguish two different channels of value added loss by decomposing the trade de-
struction effect of UK protection into ‘direct’ and ‘indirect’ losses. These refer, respectively, to the
losses in value added of country-sector kz stemming from direct bilateral trade (via domestic sec-
tors) with the UK and the value added losses arising through its production linkages with other
affected sectors in other EU-27 countries. For any country-sector kz, the loss in va*¥? can be de-
composed into a ‘direct’ (via domestic sectors) and ‘indirect’ (via foreign sectors) loss as follows:

S dTEU,S N S dTEU,S
kz o _ kzZ _ UK akz ks _ - kz Z Z _ 1\ UK kzis
dva®~ — v (65—1) o Ntk — v (65—1) o Nieuk y
s=1 Tuk i€eEU\{k} s=1 Tuk ( )
N ~ A ~ _
direct loss indirect loss

Equation (4) thus captures the effect on va*? of increased UK trade protection on EU-27 goods
and services. Similarly, the effects of increased EU-27 protection on UK goods and services can
be obtained from Equation (4) by simply reversing the country of origin and destination.!” In
Section 4, we present results for the UK and the EU-27 combined even though these were first
obtained separately.'®

3.1 | Value added production losses

In this section, we lay out our empirical strategy to estimate changes in value added resulting
from a trade shock, where Equation (4) holds the key variables for the estimation. From the
WIOD database, we obtain the value added share of country-sector kz' production, v/%, which
captures the value added, obtained as gross output minus gross intermediate inputs, per unit of

!8In the structural gravity literature, where trade diversion effects are relatively easy to quantify, there are a number of
studies that suggest that trade diversion effects are typically low compared to the first-order trade effects, which is the
main focus on in this paper. For example, Magee (2008) finds that bilateral trade flows are estimated to increase by 82%
after countries engage in a regional agreement and this effect is significant across different econometric specifications.
On the contrary, the variable capturing trade diversion reduces imports from outside by 2.9% but is not significant
across different econometric specifications, suggesting that trade diversion is rather small. Similarly, Soloaga and
Wintersb (2001) find trade diversion in only 2 out of the 9 FTAs analysed.

Note that our theoretical framework predicts a loss in UK production even if we only consider trade protection
imposed by the UK itself. The main mechanism is that it increases the price of (EU-27) inputs for UK firms and it
decreases the demand for UK inputs that are embedded in EU-27 goods and services destined to the UK consumer.

®The two separate sets of results are available upon request.
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gross output. From the WIOD database, we also compute the Leontief coefficients, Ai.‘sz, and the
direct trade (final and intermediate) flows ej?s from country is to country j.

In addition, the estimation of Equation (4) requires the use of sectoral trade elasticities,
o, — 1. This set of variables measures the proportionate decrease in sectoral demand after a 1%
increase in sectoral trade costs. Indeed, higher UK tariffs and Non-Tariff Barriers (NTBs) are
likely to increase the price of EU-27 products in the UK (and vice versa), which will lower UK
consumers’ demand of EU-27 goods as they substitute away to products of cheaper origin. The
economic literature has shown that trade elasticities vary both across countries and sectors. This
is Imbs and Méjean (2017), who use product-level gross export flows between 1995-2004 to esti-
mate trade elasticities based on a multi-sector model developed by Arkolakis et al. (2012) and
Costinot and Rodriguez-Clare (2014)." In order to allow for the heterogeneity across sectors that
is present in the theoretical framework, we use the average sectoral trade elasticity across EU
countries reported by Imbs and Méjean (2017). In this way, we obtain elasticities for 16 different
manufacturing sectors. For the remaining sectors, we assign a trade elasticity of —4, which is a
lower-bound estimate of the trade elasticities reported in earlier literature.?>*' While our results
depend on the choice of the trade elasticity, what has to be kept in mind is that our results vary
linearly with the trade elasticity, that is doubling the trade elasticity in every sector, doubles the
value added gains from Brexit. Hence, results depend monotonically on the trade elasticity
parameter. s

Finally, Equation (4) also hinges on the increase in trade barriers, that is - Eu: We consider two
Brexit scenarios, an optimistic (‘soft Brexit’) and a pessimistic (‘hard Brexit’ ) scenario. In reality,
the Brexit deal between the EU and UK avoided the installation of permanent import tariffs on
either side, which justifies the analysis of a ‘soft’ Brexit scenario where hard tariffs are absent but
relatively low NTBs apply. However, given the high uncertainty surrounding the current and fu-
ture regulatory standards and the likelihood that tariffs can be imposed in the future, we argue
that the current EU-UK Brexit Agreement ranges between the ‘soft’ and ‘hard’ Brexit scenario
presented in this paper.

In our empirical application, in the ‘soft Brexit’ scenario, the UK continues to belong to
the EU Single Market or Customs Union and tariffs remain zero, while NTBs increase by
2.77%, consistently with Dhingra et al. (2017). The quantification of NTBs in Dhingra et al.
(2017) as well as in this paper is based on Berden et al. (2009), which computes the tariff
equivalent of non-tariff barriers to trade between the EU and the United States and vice versa
for a subset of sectors. These barriers include ‘border measures’ (such as customs procedures)
and ‘behind-the-border measures’ that result from domestic regulations and standards. Part
of these regulatory differences between trade partners are driven by language, geography and
culture and refer to frictions that cannot be eliminated. The weighted average tariff equiva-
lent for the NTBs on US-EU trade amounts to 20.4%, of which only 54% (roughly 11%) is

Other trade elasticities estimates in the literature confirm this heterogeneity. Baier and Bergstrand (2001) use trade
data to estimate a demand elasticity of —6.4, while Broda et al. (2017) use ten-digit HS data to obtain price elasticities of
around —12. A paper by Cosar et al. (2016) uses a trade elasticity of —5.7. Ossa (2015) estimates sector level trade
elasticities, which range between —1.5 and —25.

*The use of the lower-end estimate is justified given that we analyse trade in value added rather than gross flows and
that our data are at sector level and not at product-level.

#Related to trade elasticities, we assume complete pass-through of tariffs into domestic prices (congruent with the
model).
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reducible. Following Dhingra et al. (2017), we consider a NTB tariff equivalent of 2.77% on
EU-UK trade, corresponding to one quarter of the reducible NTB level of 11% observed on
EU-US trade.***

In the hypothetical ‘hard’” Brexit scenario, the UK would have left the Single Market and all
trade between the EU-27 countries and the UK would have been governed by the World Trade
Organization (WTO) rules. This would have implied an increase in all trade tariffs from the cur-
rent level of 0% to the sectoral ‘applied tariffs’ imposed under the Most Favored Nations (MFN)
clause, which would have differed by sector.?* In our counterfactual analysis of ‘hard’ Brexit, we
use the unweighted MFN tariffs between the United States and the EU across the different sec-
tors. Consequently, in the ‘hard’ Brexit scenario, we assume EU-UK and UK-EU trade to be sub-
ject to an increase in the trade tariffs on goods from 0% to the MFN tariff in each sector. In terms
of NTBs, based on Dhingra et al. (2017), we assume that under a ‘hard’ Brexit scenario, NTBs
would have risen further to a tariff equivalent of 8.31%, corresponding to three quarters of the
estimated NTBs that apply to EU-US trade.

3.2 | Employment losses

To arrive at employment effects, we require an employment elasticity. An employment elasticity
measures the proportionate drop in employment after a 1% decrease in value added production.
Konings and Murphy (2006) using European firm-level data, estimate employment elasticities
with respect to value added for manufacturing and non-manufacturing sectors. They find em-
ployment elasticities to range between 0.57 and 0.72 in manufacturing sectors and find the aver-
age employment elasticity in non-manufacturing sectors to be 0.33.>>?® Given our focus on
European data, we use the lower bound of these sectoral estimates. Similar to the trade elastici-
ties, the Brexit results on employment depend linearly on the choice of the employment elastic-
ity. Thus, once we have obtained the relative drop in employment from the decrease in production,
we compute the absolute number of jobs lost by multiplying by the country-sector's total employ-
ment base.”’

#The imposed Non-Tariff Barriers apply to trade in goods as well as services.

2 Alternatively, Felbermayr et al. (2018) use sectoral costs calculated using gravity estimations in order to obtain
directional NTBs changes between the EU and the UK.

2In reality, application of trade tariffs may occur if Rules-of-Origin are violated or in situations where product
standards would differ.

»In theory, Hamermesh (1986) argued that a production function characterised by constant returns to scale is
identified by an elasticity of 1, which differs from empirical evidence.

%An employment elasticity of 1 would imply that wages do not adjust and stay constant. An employment elasticity
below 1 suggests that wages adjust somewhat but are not fully flexible since that would imply an observed employment
elasticity of 0.

“"Throughout the analysis, we assume that any job lost in the UK is not going to move to the EU-27 and vice versa.
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4 | RESULTS
4.1 | Results by country

In this section we present the results in the two scenarios of Brexit. Table 1 shows the overall ef-
fects of a ‘soft’ Brexit scenario, where we sum over all the losses from tariffs applied by both trad-
ing partners. Columns (1) and (2) show the losses in terms of value added® and Columns (3) and
(4) display the losses in terms of employment. In a similar manner, Table 1 also shows the overall
estimated effects of the hypothetical ‘hard’ Brexit scenario. While the sector-level effects are ag-
gregated at the country level, our analysis is carried out entirely at sectoral level.

We observe that the UK is hit relatively harder than the EU-27. Brexit would reduce eco-
nomic activity in the UK three times more than in the EU-27. The UK is estimated to expe-
rience a drop in value added production as a percentage of GDP of 1.2% under a ‘soft’ Brexit
and up to 4.5% under a ‘hard’ Brexit scenario. This corresponds to UK job losses of around 140
000 jobs in the ‘soft’ Brexit and 530,000 jobs in the ‘hard’ Brexit scenario. For the EU-27, the
absolute job losses are larger, with the number of EU-27 jobs at risk varying between 280,000
jobs and 1, 2 million jobs respectively. This corresponds to value added losses as a percentage
of GDP of 0.4% for the ‘soft’ and 1.5% for the ‘hard’ Brexit. The results clearly show that Brexit
appears to be an EU-wide shock, which is not just limited to countries that are close located to
the UK, but also affects more distant countries. The main reason is that production networks
tied to the UK run across many EU-27 countries. Take for example the case of Czech Republic,
which is estimated to be hit relatively hard by Brexit mainly through indirect trade (e.g. sup-
plying inputs to the German car industry, which in turn find their way to the UK). In Figure
1, we visualise the total employment losses (in absolute terms) for every EU-27 Member State
and the UK as a result of a ‘hard’ Brexit. The intensity of blue represents the relative impact,
as a share of total employment, where darker countries are bound to suffer more from Brexit
in relative terms.

Given the uncertainty surrounding the application of NTBs when predicting the economic
consequences of trade shocks, it is important to be able to distinguish between those effects
originated from MFN tariffs compared to NTBs. Using the ‘hard’ Brexit scenario, the potential
effect of NTBs on value added can easily be documented in Table 2, which splits the estimated
value added effects under the ‘hard’ Brexit scenario by type of trade barrier. Overall, the value
added loss due to the increase in NTBs is estimated to be two to four times higher than the
loss induced by the rise in tariffs. The discrepancy is particularly large in services-driven
economies such as Cyprus, Malta, Luxembourg and the UK, as tariffs do not apply to trade in
services.

4.2 | Direct versus indirect effects by country

This section decomposes the total impact from a ‘hard’ Brexit* into the direct and indirect im-
pact of the trade shock. When we do this at the country-sector level, it turns out that on average
70% of the Brexit impact is due to indirect trade, which will be discussed in more detail in the

*Total Value Added (TVA) for each country is obtained using the WIOD database.

PFor expositional simplicity, we only discuss results of the ‘hard’ Brexit scenario in the remainder of the paper.
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FIGURE 1 ‘Hard Brexit Employment Losses (absolute numbers).

Note: The absolute number in each country refers to the employment losses predicted under a reciprocal ‘hard’
Brexit scenario. The intensity of the blue color reflects the relative impact as a share of total employment,

with darker shades indicating the most affected countries in relative terms [Colour figure can be viewed at
wileyonlinelibrary.com]

next section. For expositional purposes; however, we also pursue this decomposition at the more
aggregate country level and display the results in Table 3.

At the country level, we follow the decomposition in Equation 4, where the indirect impact
of Brexit is defined as the loss in value added that a country as a whole incurs as a result of its
intermediate production being used in third country exports to the UK. The direct effect then
captures the loss in value added from Brexit related to its own exports (of all its domestic sectors).
Results of this aggregation of direct versus indirect effects at country level are shown in Table 3,
which reveals substantial heterogeneity among Member States in the magnitude of the defined
indirect effect. Countries like Germany and France have an indirect effect of 15%, while a country
like Slovenia has a much larger indirect trade effect of Brexit at the county-level of 45%. By and
large, it appears that countries that are geographically close to the UK have a relatively large di-
rect effect from Brexit, owing to their direct trade with the UK. When we average over all Member
States, the indirect effect at a country level is close to 20%. In other words, on overage across EU
countries, one-fifth of the loss in value added stemming from Brexit is due to their trade with
third countries.

Our study is unique in documenting this differentiation and quantifying the indirect im-
pact, which could provide an indication of the error margin in traditional gravity models when


https://onlinelibrary.wiley.com/
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TABLE 2 ‘Hard’ Brexit scenario. Impact of MFN tariffs vis-a-vis NTBs

‘Hard’ Brexit

Losses (% VA) from Losses (% VA) from Total losses (% of

MFN tariffs NTBs VA)

@ () 3)
AUT —0.25% —0.74% —0.99%
BEL —0.61% —1.74% —2.35%
BGR —0.25% —-0.72% —-0.97%
CYP —0.10% —0.92% —1.02%
CZE —-0.57% —1.44% —2.01%
DEU —0.49% —-1.27% —1.76%
DNK —0.38% —-1.29% -1.67%
ESP —0.28% —0.63% —0.91%
EST —0.21% —0.83% —1.04%
FIN —0.18% —0.76% —0.95%
FRA —0.30% —0.95% -1.25%
GRC —0.06% —0.32% —0.38%
HRV —0.14% —0.55% —0.69%
HUN —0.47% —1.31% —1.78%
IRL —1.84% —-3.90% —5.74%
ITA —0.37% —0.86% —1.23%
LTU —0.40% —-1.02% —1.42%
LUX —0.23% —1.28% —1.51%
LVA —0.25% —0.94% —-1.19%
MLT —0.17% —4.69% —4.86%
NLD —0.57% —-2.02% —-2.59%
POL —0.45% —1.24% —1.68%
PRT —0.36% —-0.79% —-1.16%
ROU —0.28% —0.67% —0.95%
SVK —0.39% —1.60% —-1.99%
SVN —0.26% —0.76% —1.02%
SWE —0.26% —0.98% —1.24%
EU-27 —0.41% —-1.13% —1.54%
UK —0.84% —3.64% —4.47%

Note: The losses reported are obtained using a reciprocal ‘hard’ Brexit scenario, which implies summing the effects from both
UK protection against EU-27 and EU-27 protection against the UK.

estimating the impact of Brexit. The reason is that these models would only take into account the
direct impact and not the indirect impact of Brexit, which we show to be substantial across the
board. At this point, it is important to point out that the UK and the EU-27 also stand to be af-
fected by their own tariffs, as shown in Column (3) in Table 3. Consider the case of UK steel that
is used in German cars that are exported back to the UK. Trade protection imposed by the UK on
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TABLE 3 ‘Hard’ Brexit scenario. Decomposition of value added losses
‘Hard’ Brexit

(€Y) 2 3

VA loss from own trade
Direct VA loss Indirect VA loss protection

million$ (% of Totalloss) million$ (% of Totalloss) million$ (% of Total loss)

AUT —2159 (54%) ~1571 (39%) —286 (7%)
BEL —8662 (74%) —2284 (19%) —836 (7%)
BGR —299 (58%) -175 (34%) -38 (8%)
CYP -103 (46%) —104 (47%) -15 (7%)
CZE —2542 (64%) —1203 (30%) —240 (6%)
DEU  —49640 (78%) —9851 (15%) —4207 (7%)
DNK —4138 (78%) —780 (15%) —365 (7%)
ESP —9236 (78%) —1982 17%) —683 (6%)
EST —148 (58%) —88 (34%) —21 (8%)
FIN —1491 (64%) —649 (28%) —208 (9%)
FRA  —25704 (77%) —5093 (15%) 2392 (7%)
GRC —598 (72%) —162 (19%) -72 (9%)
HRV —208 (59%) -122 (34%) -25 (7%)
HUN —1429 (63%) —676 (30%) —151 (7%)
IRL —12300 (91%) —605 (4%) —670 (5%)
ITA —19436 (79%) —3862 (16%) —1301 (5%)
LTU —459 (70%) -151 (23%) —42 (7%)
LUX —422 (46%) —420 (46%) -77 (8%)
LVA —229 (67%) -85 (25%) —29 (8%)
MLT —434 (91%) -25 (5%) —16 (4%)
NLD  —14578 (68%) —5047 (23%) —1897 (9%)
POL —5883 (68%) —2178 (25%) —557 (7%)
PRT —1919 (77%) —440 (18%) —135 (5%)
ROU —1079 (61%) —593 (33%) —104 (6%)
SVK —1341 (69%) —498 (26%) —100 (5%)
SVN —221 (48%) —206 (45%) —34 (7%)
SWE —4487 (68%) —1569 (24%) —540 (8%)
UK  —119161 (95%) —6337 (5%)

Note: (i) This table decomposes the total VA losses under a reciprocal ‘hard’ Brexit scenario, which is obtained by summing

the effects from both UK protection against EU-27 and EU-27 protection against the UK. Column (1) shows the direct effect
and captures the VA loss due to the increased costs a country faces when exporting from its own sectors. Column (2) shows

the indirect effect, which captures the VA loss for a country as a result of the increased costs that other countries face when
exporting from their own sectors. Column (3) shows the country’s loss due to the increased trade costs it imposes on other
countries. In the case of UK steel that is used in German cars that are exported to the UK, Column (3) would capture the loss in
UK steel production as a result of reduced exports of German cars to the UK following UK trade protection.

(ii) Employment data in Eurostat is missing for some sectors in the following countries: Estonia, Latvia, Lithuania, Luxembourg,
Malta and Sweden. Therefore, the presented employment results for these countries will likely underestimate the true impact.
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German cars would reduce German car manufacturers' exports to the UK, their production and
ultimately their demand for UK steel.

4.3 | Results by country-sector

There are large differences in the impact of Brexit across country-sectors. Table 4 lists those sec-
tors that stand to lose most from a ‘hard’ Brexit in terms of value added and employment, in each
country. For example, in terms of value added, the German ‘Motor Vehicles’ sector would have
lost the most from a hypothetical ‘hard’ Brexit, while in terms of employment, it would be
‘Machinery & Equipment’.*® In the UK, the sector that loses most is the services sector
‘Administrative & Support activities’. These sector-level losses are the combination of both direct
effects and indirect effects.

We cannot display the split between the direct and indirect Brexit impact for every country-
sector in Europe, but the average indirect effect across all country-sectors is close to 70%.
This suggests that many country-sectors are affected by Brexit through their network linkages
and through trade to the UK via third countries and sectors rather than through their direct
trade with the UK. However, the magnitude of the indirect effect appears to be affected by
the network centrality of the sector and its degree of upstreamness (or downstreamness) in
the supply chain. To illustrate this point, in Figure 2, we list a number of sectors for both
the UK and Germany, where we display the direct against the indirect effect at the level of
the country-sector, expressed as a percentage of the total impact of the sector's value added.
The main purpose is to illustrate that the magnitude of the indirect effect of the trade shock
appears to go hand in hand with the network centrality of the sector. The sectors on the left-
hand side of Figure 2 are typical downstream sectors that produce final goods, which are
closer to the consumer, for example motor vehicles, furniture, textiles and food products. For
these downstream sectors, the direct impact (represented by the dark bar) clearly constitutes
the lion's share of the impact of Brexit.

The sectors at the right end of Figure 2 are more upstream sectors, whose output is used as an
input in the production process of other industries. These include manufacturing of metal prod-
ucts, wood, mining and services such as insurance. We clearly see that for those upstream sectors,
the impact of a ‘hard’ Brexit is largely indirect, where for instance, almost 56% of the value added
production losses in ‘Metals Products’ for Germany are due to an decrease in exports of other domes-
tic or foreign sectors after a hypothetical ‘hard’ Brexit. For Germany, the upstream sector ‘Metals
Products’ displays much larger indirect production effects from Brexit than the downstream car
sector. The reason is that metal is used as an input in many other sectors. Consequently, in the
case of hypothetical trade shock such as Brexit, it is not just the tariff change in metals that affects
the metals production but also tariff changes in all sectors that use metals and then ship output
to the UK. Finally, the difference between Germany and the UK appears to be quite small in most
sectors, which confirms the idea that there is more heterogeneity across sectors than across coun-
tries in terms of the importance of the indirect network effects in the total impact of a hypothet-
ical ‘hard’ Brexit scenario. We do observe significant differences in some sectors, however. The
Mining industry provides a good example, with indirect effects that are much larger in Germany
than in the UK in this sector. Direct exports of German mining output to the UK are limited since

3The reason is that the value added contribution per worker differs substantially across sectors, which means that the
same reduction in value added might lead to different employment effects in different sectors.



23i|—Wl LEY-# The World Economy

TABLE 4

AUT

BEL
BGR
CYP
CZE

DEU
DNK

ESP
EST
FIN
FRA

GRC
HRV
HUN

IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROU
SVK
SVN
SWE
UK

support act.

VANDENBUSSCHE ET AL.
‘Hard’ Brexit. Most affected sectors across countries
‘Hard’ Brexit
Value added terms Employment terms
Machinery & C28 Metal products C25
Equipment
Food Product C10-C12 Food product C10-C12
Textiles C13-C15 Live animals A01
Financial services K64 Administrative and support act. N
Electronics and C26 Metal products C25
Computers
Motor vehicles C29 Machinery & Equipment C28
Mining and B Food Product C10-C12
quarrying
Food Product C10-C12 Live Animals A01
Wood and Cork C16 Wood and Cork C16
Paper Products C17 Administrative and support act. N
Administrative and N Administrative and support act. N
support act.
Water transport H50 Live Animals AO01
Other services R_S Metal products C25
Electronics and C26 Electronics and Computers C26
Computers
Food Product C10-C12 Live Animals A01
Textiles C13-C15 Textiles C13-C15
Petroleum Products C19 Textiles C13-C15
Financial Services K64 Administrative and support act. N
Wood and Cork C16 Administrative and support act. N
Other services R_S Other services R_S
Wholesale trade G46 Administrative and support act. N
Wholesale trade G46 Live Animals A01
Textiles C13-C15 Textiles C13-C15
Textiles C13-C15 Textiles C13-C15
Real Estate L68 Metal products C25
Metal products C25 Metal products C25
Petroleum Products C19 Machinery & Equipment C28
Administrative and N Administrative and support act. N

Note: (i) The most affected sector can differ depending on whether we look in terms of value added or employment. The reason
is that the value added contribution per worker can differ dramatically across sectors, which means that the same drop in value
added might lead to different employment effects in different sectors. (ii) Employment data in Eurostat is missing for some

sectors in the following countries: Estonia, Latvia, Lithuania, Luxembourg, Malta and Sweden.

most of the sector’s output is used as an input in other German and EU-27 sectors, before it is
shipped to the UK. The significance of this indirect channel for German mining is reflected by
the large blue bar. The mining industry in the UK, in contrast, has a much higher share of direct
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FIGURE 2 ‘Hard’ Brexit. Decomposition of losses at country-sector level.

Note: The indirect impact of a country-sector is computed as the share of the value added production loss that
is due to a decrease in exports of other domestic or foreign sectors after a ‘hard’ Brexit Scenario. The direct
impact is the share of the value added production loss that is due to the sector’s own decreased of exports after
a ‘hard’ Brexit Scenario. The results in the Figure are mainly driven by the sector’s position in the supply chain,
and not so much by the tariff or NTB structure (for instance if trade barriers would be significantly higher in
downstream vis-a-vis upstream sectors) [Colour figure can be viewed at wileyonlinelibrary.com]

exports to Europe, and therefore, a larger grey bar for indirect impact. Indeed, there are fewer
industries (i.e. only the UK's domestic sectors) that can process the mining inputs before they are
exported to the UK.*!

Moreover, Figure 2 suggests that a network approach like ours is especially relevant to accu-
rately quantify the impact of a trade shock in upstream sectors, which hinges in large part on
the indirect channel. In those upstream sectors, a gravity approach would only consider direct
trade flows at sector level to the final destination and disregard a substantial share of the impact
of a trade shock. Our network approach aims to overcome this limitation by also quantifying the
production and employment effects in a sector that result from its linkages to other exporting
country-sectors.

5 | DISCUSSION

This section compares our results with other papers. Emerson et al. (2017) summarise the results
of a set of papers that study the impact of Brexit under an optimistic and pessimistic scenario that

*INote that only bilateral trade between UK and EU-27 is subject to increased trade barriers due to Brexit. The indirect
impact in the mining example in the text does not capture UK mining output exported to a non-EU country, which
then exports to the EU-27.
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are in line with our ‘soft’ and ‘hard’ Brexit scenarios.>? For the UK, our results are in line with
those of other studies,* while for the EU-27 our results diverge somewhat. The negative impact
that we find for the EU-27 is larger, with losses being approximately three times as high as put
forward by other papers. Previous studies find larger absolute losses for the UK than for the EU-27
as a whole, whereas we find the absolute loss in value added production for the EU-27 to be 1.7
times larger than the UK losses. As the EU-27 economy is roughly 6-7 times larger than the UK's,
an absolute loss in VA production that is 1.7 times higher (‘hard’ Brexit) for the EU-27 seems
plausible. The same holds true for employment. However, the ratio of the EU-27's impact to UK's
impact is slightly higher when evaluating potential employment losses. This indicates that in the
EU-27, relatively more employment is concentrated in sectors that will be hit harder by Brexit.
[Jtsma et al. (2018) finds that the UK has become much less integrated into global production
networks than other EU countries over the period 2000-2014. This offers a potential explana-
tion as to why the results that we report are larger than in other studies on Brexit. In a network
setting, it is very important to take on board the indirect linkages in trade to have a correct as-
sessment of all the effects of a trade shock. This then adds to the effects of direct trade captured
earlier in the literature. Moreover, since many services are intermediates that are embedded in
manufactured goods, the inclusion of services reinforces the negative impact on local jobs result-
ing from indirect trade effects via ‘third countries’. Our analysis relies on the WIOD database that
fully covers the services sectors. Finally, the larger impact of the Brexit trade shock in this paper
demonstrates the importance of the sector-level dimension for an analysis of trade shocks and
suggests a potential bias in studies that are based on a more aggregated country-level analysis.
In this paper, we only focus on the static effects of a trade shock and do not include dynamic
effects such as access to foreign markets, firm investment and innovation, capital mobility or
accumulation and migration. Clearly, if Brexit would trigger more European FDI into the UK in
order to avoid trade barriers, some of the negative trade effects for the UK would be mitigated. If
multinationals leave the UK due to the decrease in the attractiveness of the UK as an FDI desti-
nation as a result of the restricted access to the EU Single Market, foreign investment previously
flowing into the UK may be diverted to the EU-27 Member States, which would aggravate the
losses for the UK. This makes it difficult to predict whether the more dynamic longer-run aspects
of Brexit would aggravate or mitigate the negative trade effects that we report in this paper. Also,
our model assumes perfect pass-through of tariff and non-tariff barriers into prices, which is an
assumption that might not hold in reality. With imperfect pass-through, prices and demand ef-
fects will tend to be smaller. What we do know is that the trade effects are first order in magnitude
and these are likely to account for the main part of the Brexit impact, while the dynamic effects,
although potentially important, are only of a second order nature.** In terms of timing, we as-
sume all effects to occur immediately after Brexit happens, which will have a substantial impact
on the size of the UK and EU-27 economies. The induced reduction in value added would be
permanent, with the economies shrinking compared to the counterfactual scenario where the
UK does not leave the Single Market. However, in reality it can take some time for this effect to
materialise, especially considering that Non-Tariff Barriers (NTBs) can have a lagged effect.*

323ee Aichele and Felbermayr (2015), Ottaviano et al. (2014), the OECD study by Booth et al. (2015), Kierzenkowski et
al. (2016), Rojas-Romagosa (2016) and HMTreasury (2016).

33See, for instance, Aichele and Felbermayr (2015), Booth et al. (2015), Ottaviano et al. (2014) and Rojas-Romagosa (2016).
See for example Dhingra et al. (2017), HMTreasury (2016), Kierzenkowski et al. (2016).

3Jung (2012) estimates that for NTBs an adjustment period of 10 to 12 years could be in order.
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6 | CONCLUSION

This paper develops a new network trade model with country-sector level input-output linkages
in production. This model is well-suited to evaluate trade shocks and quantify the short-term
impact when tariffs and/or non-tariff barriers are imposed. We derive a closed-form solution for
the trade destruction and trade diversion effects of a trade shock on all goods and services sectors
in the network.

We apply our network theory to various counterfactual Brexit trade shocks using data from
WIOD on input-output production structures and trade and employment elasticities from the
literature in order to generate predictions on the change in value added and employment for
every country-sector on both sides of the Channel. We consider several Brexit scenarios, which
range from the current Brexit Agreement where tariffs are avoided but non-tariff barriers are
present, to a scenario that explicitly considers the imposition of tariffs since tariffs can still occur
under the present EU-UK Agreement whenever rules-of-origin are violated or diverging product
standards emerge. We focus on the short-run trade destruction effects, even before trade diver-
sion takes place and we aggregate results at country level for representation purposes.”® A key
insight from the model is that every EU-27 Member State is not only affected through its direct
trade with the UK, but also via an indirect channel, depending on its indirect exports to the UK
via ‘third’ countries.

An EU-27 country's value added is not just affected by trade barriers on its own exports
to the UK (gravity approach), but by all trade barriers on goods and services that are further
down the value chain in Europe and are subsequently exported to the UK (network approach).
With our approach, we document the losses in value added for all EU-27 countries as well as
the UK, that result from a pass-through of tariffs into higher prices for final and intermediate
goods and services, resulting in lower demand and a loss in sector-level production and em-
ployment. Our findings clearly indicate that the indirect effects of the trade shock, a channel
typically omitted in the traditional gravity approach to trade shocks, turn out to be substantial.

We further observe a strong heterogeneity in the impact of Brexit across different industries.
A sector's network centrality, its upstream and downstream supply chain interlinkages, as well
as the trade barriers the sector and its trade partners will face all play a role in determining the
magnitude of the losses. In particular, upstream sectors, such as the German metal industry, will
be mainly exposed to Brexit through exports to the UK of industries further down the supply
chain. Downstream sectors like the German automotive industry, in contrast, are likely affected
directly by increased barriers to trade with the UK.

Our findings give support to the idea that the network centrality of sectors determine the
impact of an aggregate shock through a ‘cascade effect’ in the input-output network (Acemoglu
et al., 2012). In that sense, the network approach that we follow to quantify the impact of a trade
shock on employment is very different from Autor et al. (2013), who study the local employment
effects in the United States of trade liberalisation with China but do not take into account down-
stream effects. In this paper, we provide a more encompassing approach of the overall employ-
ment effects brought about by a shift in trade policy.

We rely on observed data to document the global fragmentation of production processes,
which is a limitation in the sense that these sources only capture pre-Brexit supply structures. In
future research, however, the network model can be used for ex-post evaluations of trade shocks.

*%In the longer run, some of the negative effects of the shock that we report here can be mitigated through trade
diversion effects and substitution effects Giammetti et al. (2020).
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An analysis of the input-output structure and how they change over time would allow research-
ers to study to what extent trade shocks might induce technological innovation or productivity
shifts in production.
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APPENDIX
Theoretical framework

We use superscripts to denote the country-sector of origin and subscripts to denote the country-
sector of destination, for example the quantity of intermediate steel from Belgium shipped to the
German car industry is denoted by ng’gffl. In general, countries are denoted by i, j and k and
sectors by r, s and z. Demand for labor by country k's sector z for example is captured by L;,.
Throughout this section, upper-case symbols refer to real quantities, whereas lower-case symbols
denote their nominal counterparts.

The model is based on the Armington assumption, which means that goods produced by dif-
ferent sources are imperfect substitutes. As a result, within a sector, goods from different coun-
tries can coexist in the same destination market, even though their prices may differ as they are
determined by the country-sector’s marginal production cost and costs of trade with the destina-
tion country.’”” Consumers (and firms) in the destination country have a love-for-variety and
prefer to consume positive amounts of each available variety.

Consumer demand

The representative consumer in country k derives utility from consuming quantities of an ag-
gregate final good F:

o
—
-
i)
S
:

Ug=F = ©)

s=1

which is a Cobb-Douglas combination of quantities F; consumed of final goods from all sectors
s € S, with a; the corresponding share in total expenditures. This sector-specific final good is a CES
aggregate across all countries the good can be purchased from,

Os

N . og—1 og—1
F, = l (Fe) = ] (6)
1

i

where o > 1is the elasticity of substitution (for final goods) within sector s between the countries of
origini € N.**

%7As in Noguera (2012), production and trade costs are the only determinants of prices in our model. This does not
imply that firms cannot charge mark-ups. In WIOD, however, we have no information on the underlying firm-level
distribution within each sector. The absence of mark-ups in the model is assumed at sectoral level.

*¥For simplicity, we assume this sector-specific elasticity of substitution to be the same across all countries k.
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Producers

In country k's sector z, output Y*2 is produced according to a Cobb-Douglas technology combin-
ing labor L, and intermediate inputs sz39:

YR = (L) (X ) (7)

where gkz represents the share of intermediate expenditures in total sales of country k’s sector z. The
intermediate goods composite X, is a Cobb-Douglas combination of intermediate goods from all
sectors s € S, Xlizz

S s
Xe = [T ] ™ ®)

where X; SZ denotes the real aggregate demand of intermediates from sector s by country k’s sector z,
and J’kz is the corresponding share in total expenditures on inputs. The sector-specific intermediate
good X ]iz is a CES aggregate across all countries the input can be purchased from:

N 5=l

S _ is\ rs

X = l 21, (sz) ] 9)
i=

where p; > 1is the elasticity of substitution (for intermediate goods) between the countries of origin

within sector s.** Note that this nested Cobb-Douglas-CES structure is similar to that of the con-
sumer demand aggregates.

Utility and profit maximisation

Let wy, denote the price of labor in country k’s sector z (L) and p% the price of output from kz
(Y*k2), Given iceberg-type trade barriers in order to satisfy country j’s demand of one unit of kz,
kz needs to produce o units, with /% > 1. The price of one unit of kz’s output in destination j
then equals p* pi=r pkz accounting for differences in trade costs across destinations j. Note that
we typically assume there are no barriers to trade within a country, that is TI;Z =1

Firms maximise profits by choosing L, and Xllfz and households maximise utility choosing F;®
subject to their budget, which equals 1, = Zs_l Wy L that is their income from supplying labour
Ly, to each sector zin country k. Firms and households take factor price wy, and goods prices r] < pke
as glven. This results in the optimal nominal counterparts of real demand (which are denoted by a
lower-case symbol and that are obtained by multiplying real demand by the corresponding price).
Nominal output of kz is represented by y¥ = pY*2. The CES price index in country k of final
goods from sector s equals P = [Zfi ) (pfcx)l—vs] . The price of the aggregate intermediate input X, is

given by the Cobb-Douglas price index P, = TI5, (P;)yiz where P]f is the CES price index in country
k for intermediate goods from sector s, which we assume, for tractability, to be the same as the cor-
responding price index for final goods (this implies that o, = p; and that the price of a certain good

¥Following several standard trade models, we only account for labour as a factor of production. This assumption can
be relaxed, for instance by accounting for high-and low skilled labour.

“For simplicity, we assume this sector-specific elasticity of substitution to be the same across all countries k.



VANDENBUSSCHE ET AL.

}Eﬁ’ The World Economy}W[ LEYJE

from sector s is the same whether it is sold as an intermediate or a final good).41 The (FOB) price of
output from kz equals = (1V_V_;zkz)1’” ke (%)ﬂ “ 2 The optimal nominal demands then equal:

lkz = Wiy, = a- ﬁkz)ykz

Xig = PLi Xy, = f%y%

s — s _ .S pkz,kz
% =PiXig =1iPy
,L_ispis 1-o;
is — NiSyris _ IS iSyris _ k s pkz, kz
Xig = PiXig = TP Xjp = <T> Vih™y (10)
k
T;cpls 1-0y S
s _ ispis s ispis Ko\ K

is = pISIS = ispispls = < L ) ) Y (1-p) ke (1

k z=1

Market clearing

kz _ rkz S kz .
Lete” = ]; + 2 X denote the nominal gross exports from country-sector kz to (the con-

sumer and producers in) country j. Market clearing requires

N
kz _ kz
Y= j_Zl ¢ (12)

Following the same logic as in Anderson and Van Wincoop (2003), we derive gravity equations
for final and intermediate goods exports, but now at the sector level. Denote world nominal out-
put by y* and country-sector kz’s share in world output by % = yk¢/y"_ Substituting Equations
(10) and (11) into Equation (12) allows to solve for prices p®. Substituting these into the price
index P} and plugging the resulting expression for P} into (10) and (11) results in the following
gravity equations for intermediate and final bilateral exports and equilibrium price indices:

k2,2 RjSy,js kz 'Oz
xke = Y yjsﬂ] I (13)
s VAl Imkep?
J
s . . 1-0
e ykzaf Zs:l (1 _ ﬂ]s) y]s T]l.cz z
= " ke p? )
J

“IThe assumption that firms and consumers share the same price elasticities allows us to substantially simplify the
analysis, as in Noguera (2012).

“The assumption of perfect pass-through inherent to this theoretical framework is a limiting assumption since
pass-through depends on firm size with larger firms having lower pass-through rates (Amiti et al., 2014). However, in
the WIOD data we have no information on the underlying firm size distribution within a sector.
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kz 1—O'Z I*UZ

< J

N .
g

where ¢Z Z 1 6’5(;/ ﬁ’s + (1 — ) is a measure of the importance of goods from sector z for
producers and consumers in country j. It takes into account (i) the dependence of producers in all
sectors s in country j on intermediates from sector z through Hisyfs B and (ii) the importance of
goods from sector z in the final demand by households in country j (through aj?) and the total income
these households earn in all sectors s in j (through (1 — #¥)).

Equation (13) relates bilateral intermediate trade between firms in country-sector kz and
country-sector js to (i) the economic masses of source and destination relative to the world, (ii)
the importance of inputs in the destination’s production (#*) and the importance of sector z
goods within these inputs (yj ), (iii) the bilateral trade costs between countries k and j in sector g
(TJ Z) and (iv) outward and inward multilateral resistance terms ([T and PJZ) Similarly, Equation
(14) relates bilateral final goods trade between firms in country-sector kz and the consumers in
country j to (i) the economic masses of source (y¥¢) and destination (Zle (1 - p)y%)* relative
to the economic mass of the world ("), (ii) the importance of sector z final goods in the destina-
tion’s consumption (ajz) (iii) the bilateral trade costs between countries k and j in sector g (rkz)
and (iv) outward and inward multilateral resistance terms (IT¥ and Pz)

Input-output production linkages

Dividing both sides of Equation (13) by )/ we obtain the technical coefficient ajksZ or ‘dollar’s
worth of inputs from kz per dollar’s worth of output of js’:

. 1-0
kz kz.,2 pjs kz z
P ) (15)
s — T js w kzpz
¥ Yy <P

Plugging the technical coefficients into the market clearing in condition in Equation (12), we
have

which can be summarised for all countries and sectors as
N
_ 16
Y =AY + 21, f, (16)
]:

“This expression reflects the fact that consumers in country j get their income from supplying labor to all sectors s.
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where fjis the (S * N)x1vector of country j’s final demands and A the (S*N)x (S*N) global bilateral
input-output matrix at the sectoral level. The system in Equation (16) can be written as

N
I-AY=)f 17)
j=1

with [ the (S*N)x (S*N) identity matrix. If (I — A) can be inverted, we can find the solution for nom-
inal output as

N N
Y=0-2" Y =AY
j=1 j=1 (18)

where A is known as the Leontief inverse matrix. Each element Aé‘sz of A is the Leontief coefficient
that measures the total of dollars worth of country-sector kz goods required to meet 1 dollar worth
of is' final demand. This value combines kz goods used as inputs in is directly as well as kz goods used
as inputs in other industries which then also produce inputs for is. Using this, we can obtain country
k’s nominal output in sector z as

kz

N
3

j=1

N is a ir\ 1 jr is
AES ya Zr_ (1 pryr (o .
B TP ’
J

J=1

DM
>
kG

y
(19)

M= IM=
b 1

Il
-
©

Il
—_

where we substituted the gravity relation from Equation (14) for the final value fjis flowing from
country-sector is to the consumer in country j. Finally, we can transform this into value added pro-
duction. For this purpose, we assume that the value added share of a country-sector’s production is
the part that is generated by its labour. Looking back at the production function in (7), the value
created by country-sector kz after accounting for the intermediates used is captured by the share of
labor 1 — g¥. Hence, following Noguera (2012) we find the value added embodied in kz’s nominal
production y*¢ as (1 — g*%)y*2 where 1 — g% = V¥ is the value added to output ratio. The total value
added production by kz can thus be written as

N S N

vake = ke Z 2 A;‘SZ Z ];.’S (20)

This value added production (and the jobs depending on it) might be severely impacted in the
case of a trade shock, which is the subject of the next section.

Evaluating trade shocks

In this section, we examine the impact of a trade shock such as Brexit on a country-sector’s value
added production. Equation (20) shows that an import tariff imposed on a specific good does not
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only affect the producer of the good, but also the suppliers of goods and services whose output is
used as an input in the production of the good. This implies that when the UK imposes a tariff on
German cars, the Belgian steel sector, which supplies inputs to the German car industry will also
be affected, even in the absence of a UK import tariff on Belgian steel. This channel is missing in
a traditional gravity approach but can be captured by our sector-level model.

Assessing the impact of a trade shock amounts to considering what happens when the variable
trade costs (z) change.* For this purpose we now evaluate the new gravity Equation in 19 and the
total value added in (20) when 7 changes. Our interest lies in the change dva*? in country-sector
kz’s value added production, which we find to equal

N S N N
o= <3 TN T+ T Tant T
i=1 s=1  j=1 i=1 5= = (21)
- - - -
vV
final trade effect intermediate trade effect

Next, we apply the following rule to Equation (21): Differentiating A=A =1 yields
A7'dA 4+ dA™'A = 0 from which it follows that dA = — AdA™'A. Given that A = [1-A]"}, we
have that dA~™! = — dA and hence dA = AdAA, from which it is straightforward to obtain the
individual elements dAi.‘sz. Hence, we obtain

N S N S N S N
Al ~ 2%
s =33 (10 BT 3 TS (1m0 0l AT T T
i=1 s=1 h=1 r=1 W'=1 r'=1 i=1 s= j=1
N S N S N S
kz kz Als is 4 kz kz hr h'r' ~hr
=VZ21%AZ Ve Y X 2 (1= Alay R
i= = = — I—1 pl=
1N1 ssl th rSI hN 1 rS 1 (22)
_kz kz Alseis | ke kz. isnis
Y Y (- A TS Y Y T (1) A
i=1 s=1 Jj=1 i=1 s=1 j=1 r=1
N S N S N S N
_ ke _ kZZAiS is Z is \ _ _ kzz Z _ kz A~ls s
=-v Z Z (as 1) A T e g =Y (O’S 1) L ;¢
i=1 s=1 Jj=1 r=1 i=1 s=1 Jj=1

from which we can derive the following general result. Rising trade costs reduce bilateral trade flows

el between any country-sector is and j. As kz has an interest A in each of these bilateral flows, va®

will decrease as well. The drop depends on the magnitude of the change in relative trade costs 7 "jls

between is and j and the corresponding trade elasticity .

In Equation (22), we defined 2is — d; _dms de as the proportionate change in tariffs T;S
%

T s IS P
J
relative to the proportionate changes in the multilateral resistance (MR) terms. When examining

trade policy, it is important to take into account that the multilateral resistance (MR) terms will

change along with the tariffs. Therefore, Equation (22) not only examines the impact of = dr = but
]
dris

o and . As it is relative tariffs that matter rather than absolute tariffs to determine

7

also that of

“We disregard exchange rate effects on EU-UK trade. Recent work has shown that exchange rate effects may have little
effect on trading firms as most importers are also exporters, that is a depreciation of say the pound would be bad for UK
firms’ imports but great for their exports (Amiti et al., 2014).
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a country’s global competitiveness, individual tariff changes should be compared with changes
in the average tariff, which is captured by the multilateral resistance terms. Suppose, for in-
stance, that the UK tariff on Belgian goods goes up by 3%. Further suppose for a moment that the
UK raises its tariffs on all its other trading partners with 2%, then the ‘real’ or ‘relative’ increases
in the BE-UK tariff is only 1% (3%-2%). In that case, what matters for a country-sector’s produc-
tion change dva*? is the tariff change it faces relative to the tariff change its competitors face.
However, under Brexit, the only countries that are likely to face increased tariffs from the UK
are the EU-27, whereas the tariffs the UK imposes on its other trading partners such as the United
States will not change. This means that US goods will become relatively less expensive for the
UK, even though the UK tariffs on US imports do not change. The reason is that Brexit actually
decreases (i.e. Agis < 0) the ‘relative’ US-UK trade costs compared to EU-UK trade costs As a
result, some trade will be diverted from the EU-27-UK to the US-UK. The MR changes and

HZS

are essential for trade diversion to happen. We can see this by disentangling the change ?jl:s into
its different components, namely the tariff change and the MR changes:

N S N dris N S 1'[”
dva? = — VR 2 2 (o, —1) AR 2 —Leis 4 i Z 2 (05— 2 es
4 is 4 is ) Hls PS J (23)
i=1 s=1 Jj=1 °j i=1 s=1
. J .- /
' v
trade destruction effect trade diversion effect

Equation (23) shows that the change in kz's value added production after a change in trade
costs 7 is a combination of a ‘trade destruction effect’ (—) as a result of higher tariffs and a ‘trade
diversion effect’ (+) caused by the change in the multilateral resistance terms.

The ‘trade destruction effect’ measures the drop in va*? that is caused by the reduced trade
between any country-sector is and country j. This drop depends on how the output of country-
sector kz is used by country i's sector s, as it is the latter sector's exports that will face increased
protectionist measures from country j.

The ‘trade diversion effect’, consists of two channels. First, country-sector is will divert some of
its exports away from j to alternative destinations that do not impose tariffs on its goods, since
these destinations have now become relatively more attractive (i.e. less expensive) for is to export
to. This is caused by the increase in is’ outward MR term [T, Second, the fact that jincreases the
tariffs on its imports will raise the average price in market j, which makes the market less com-
petitive, captured by the increase in j's inward MR term P%. As a result, any country i will find it
easier to export to country j. Both the first and second channel of trade diversion increase the
exports of is and hence its production, which results in an increase in its demand for inputs from
country-sector kz, which in turn increases the latter's value added production va*, Therefore, the
‘trade diversion effect’ can mitigate some of the negative ‘trade destruction effect’ on va*z.
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