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Abstract
Exploiting changes in the geography of economic integration in Europe, this 
paper quantifies the effects of Brexit from ex post to ex ante using structural 
gravity. By isolating the directional treatment effects of EU agreements for the 
UK, the analysis reveals important heterogeneity across agreements, sectors, 
and within pairs. We find that these directional effects matter for the size and 
distribution of the welfare effects of Brexit—the withdrawal of the UK from 
EU agreements resulting into a return of trade costs to the situation quo ante. 
We make this point with the help of a modern multi-sector trade model that is 
able to capture inter- and intranational production networks. In line with other 
papers, the welfare costs of Brexit are higher in the UK than in most other EU 
countries. However, heterogeneity tends to attenuate overall costs while giving 
rise to substantial heterogeneity between EU27 members and sectors. A sce-
nario that could shift bargaining power eliminates asymmetries in the costs of 
Brexit as soon as the UK fully liberalizes its market.
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1 Introduction

The relationship between the European Union (EU) and the United Kingdom (UK) 
has always been fraught with complexity for reasons related to history, culture and 
geography. Differences over the long term goal of the EU integration process—
whether the objective is a political union or just the establishment of a common 
market – date back at least to 1983 when the term “ever closer union” was coined.1 
The creation of the European Monetary Union—from which the UK opted out—
and even more so the emergence of deficiencies in the construction of the Euro-
zone made the necessity of further political integration apparent, and widened the 
gap between the UK and the continent. At the same time, the relative importance of 
Europe as a trade partner for the UK fell from about 65% in the early 1990s to less 
than 45% in 2016, presumably because trade costs with third countries dropped by 
more than costs of intra-EU trade.2 This fact, together with rising net budgetary con-
tribution to the EU, seems to imply that the relative costs of a withdrawal from the 
EU are lower today than what they would have been 25 years ago.

In this paper, we ask: If, in 2014, the UK had not been part of the EU? What 
would counterfactual real consumption, trade volumes, and sectoral value added 
have looked like? This provides us with an estimate of UK benefits from EU mem-
bership, which—in turn—we take as a proxy of what the costs of leaving the EU 
would be. To answer this question, we first conduct an ex post evaluation to back out 
trade cost changes. These can be used as proxies for non-tariff barriers in different 
counterfactual Brexit scenarios. More specifically, we exploit different integration 
steps of the UK and the EU members (i.e. becoming a member of the European 
Union Single Market, or joining a free trade agreement) on the sector level. To cor-
rectly estimate trade cost shocks, we consider directionality in the treatment effects 
of UK-EU relations. Second, we run ex ante simulations of the effects from revers-
ing those trade cost savings in a quantitative Ricardian trade model. We focus on 
the trade effects and do so in great detail, distinguishing 22 goods and 28 services 
industries and 43 countries and a rest of the world component representing more 
than 90% of world GDP.

We are not the first to study the potential economic consequences of UK’s with-
drawal from the EU, but we believe we offer the most detailed and most data-driven 
analysis of the trade-related effects of Brexit. We contribute by embedding a careful 
ex post evaluation of British EU membership into an ex ante analysis of its dissocia-
tion from the EU.

First, we estimate directional trade effects of the British EU membership or of EU 
trade agreements with third countries (such as with Korea) and allow these to differ 

1 The term first appeared in European Council (1983), “A Solemn Declaration on European Union” at 
the Council Meeting in Stuttgart, Germany. The document prepared the creation of the Single Market, a 
central request of Margaret Thatcher, but also led to the granting of annual budget rebates to the UK in 
1984.
2 Exports of goods and services; see Ward (2017).
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across industries.3 Separating tariff and non-tariff barrier (NTB) trade effects in EU 
membership, we use the estimated trade cost shocks to carry out our comparative 
statics exercise in the year 2014, for which we have real data.4 This allows us to put 
special emphasis on sectoral heterogeneity. In contrast, Dhingra et  al. (2017) use 
estimates of NTBs by Berden et al. (2013) for the US–EU relationship dating from 
the year 2007 and assume a uniform increase by 25% across all sectors. Moreover, 
they also assume that the UK would not be able to participate in future reductions 
in NTBs. Further, we estimate the changes of non-tariff barriers and not the lev-
els, which makes the results independent of other policy components.5 Second, we 
estimate the crucial trade elasticities on exactly the same data that we calibrate our 
model with and which also defines the baseline that we compare our counterfactual 
equilibrium with. This is in the spirit of structural gravity modeling (see Yotov et al. 
(2016) for an excellent survey and Mayer (2019) for an application to the costs of 
non-Europe) and allows for a tight connection between theory, estimation and cali-
bration. Moreover, the econometric exercise supplies us with the necessary informa-
tion to simulate confidence intervals for all of our endogenous variables. By quan-
tifying uncertainty, we also go beyond Dhingra et al. (2017) and Steinberg (2019). 
Third, when evaluating the possible effects of new bilateral trade agreements of the 
UK with third parties, we do not make educated guesses about the size and distri-
bution of sectoral changes in NTBs. Rather, we estimate the potentially asymmet-
ric sectoral trade effects of the EU–Korea trade agreement for the UK and assume 
that new agreements could implement what has proven feasible in that agreement. 
The EU–Korea deal has been in force since 2011 and is one of the most ambitious 
(and successful) FTAs of the EU (Lakatos and Nilsson 2017). Further, next to tariffs 
and NTBs, we consider fiscal transfers within the EU as an important component of 
EU membership. Hence, we evaluate their impact on disintegration by decompos-
ing welfare effects into tariff, NTB, and fiscal transfer components in the context of 
Brexit.

We use a computable general equilibrium framework (see e.g,, Costinot and Rod-
riguez-Clare 2014). A common feature of these models is that they give rise to a 
theoretical foundation of the gravity equation of international trade and that they 
can be solved in changes, a feature referred to as “exact hat algebra” in the literature 
(Dekle et al. 2008). This has obvious computational advantages but also helps with 
calibration as unknown constants drop out. More specifically, our modeling frame-
work is based on Caliendo and Parro (2015)’s multi-sector input-output version of 

3 Baier (2019) show that asymmetries in trade agreements occur particularly within pairs and play an 
important role for their exports and imports. Graziano et al. (2018) estimate uncertainty effects surround-
ing the probability of Brexit considering such asymmetries.
4 Steinberg (2019) uses a dynamic general equilibrium model with firm heterogeneity, but relies on the 
calibration of parameters from different sources of data and on several specific assumptions surrounding 
e.g. future technology adoption. Our focus lies on the identification of the trade cost shocks surrounding 
Brexit by separating tariffs and NTBs, considering the directionality of treatment effects, and the consid-
eration of fiscal transfer systems within the EU. Relying on a single source of data has the advantage to 
rely on fewer assumptions, but obviously limits us with respect dynamic adaptions in case of Brexit.
5 Sampson (2017) provides an excellent overview of trade and other issues related to Brexit.
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the Ricardian trade model by Eaton and Kortum (2002). We extend this setup to 
include services trade, non-tariff barriers and the directional treatment heterogeneity 
of trade agreements. Our parameter estimation and the calibration of the model are 
based on data provided by the World Input–Output Database (WIOD) as described 
by Timmer et al. (2015). Importantly, the model features a detailed account of inter-
national input–output linkages.6

We consider four scenarios: (i) a WTO scenario (hard Brexit) in which the UK 
loses preferential access to EU27 countries and to third countries with which the 
EU currently maintains free trade agreements; most favored nations (MFN) tariffs 
apply and non-tariff barriers (NTBs) are reintroduced; (ii) a scenario with a modern 
and ambitious trade agreement between the EU27 and the UK, comprising tariffs 
and NTBs, and modeled after the EU–Korea FTA; (iii) a global Britain scenario, 
with tariffs and NTBs as defined in the WTO scenario, but bilateral FTAs between 
the UK with USMCA countries, Asian countries and non-European members of the 
Commonwealth; and (iv) a hard but smart Brexit scenario in which the UK decreases 
its tariffs to zero for all trading partners and does not impose additional non-tariff 
barriers against the European Union, while the EU27 increase tariffs against the UK 
to MFN levels and impose non-tariff barriers against the UK.

The main results of our ex post evaluation of EU integration steps are that the 
EU has been very successful in reducing trade costs between its members. While, 
in the partial equilibrium, EU integration has boosted goods exports of the UK to 
the other EU countries by about 24%, it has increased other EU members’ exports 
to the UK by as much as 76%. In services trade, we find that UK exports to EU27 
countries are by 64% higher due to EU membership, while bilateral services exports 
of other EU27 countries to the UK have almost doubled. Ignoring this important 
directional heterogeneity, one could easily overestimate the costs of Brexit to the 
UK and underestimate it for the rest of the EU. At the finer sectoral level, a lot of 
heterogeneity exists, but the general picture remains. For example, EU membership 
has increased exports of the UK to the EU in the air transport sector substantially, 
while it has not affected exports in its postal and courier sector. The opposite pat-
tern holds for the UK’s imports in these sectors. Also, the results suggest that the 
EU–Korea FTA from 2011 has not had any positive effects on UK overall exports of 
goods, but on services trade.

We use these partial equilibrium estimates to define directional trade cost shocks 
for the counterfactual general equilibrium analysis. It turns out that effects very 
much depend on treatment heterogeneity. We show that sectoral heterogeneity and 
asymmetries in trade cost changes matters for the size of macroeconomic outcomes. 
Ignoring heterogeneity, the costs of Brexit could be inflated by as much as 25% for 
the UK. Next, we fully account for the directionality of effects and simulate four 
Brexit scenarios to assess the general equilibrium effects on real consumption, trade, 
and sectoral value added for 43 countries and a rest of the world component. We 
find substantial heterogeneity among EU27 members. A hard Brexit reduces real 

6 Recent work by Vandenbussche et al. (2019) highlights the importance of such networks in the context 
of Brexit.
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consumption more in Ireland, Luxembourg and Malta than in the UK, where the 
90% confidence interval is [–3.32%, –2.19%]. The core EU economies France, Ger-
many, and Italy face losses in the intervals [–0.66%, –0.38%], [–0.84%, –0.59%], and 
[–0.50%, –0.31%], respectively. The conclusion of a modern FTA, drafted after the 
existing EU–Korea FTA, allows avoiding three quarters of the loss from Brexit in 
the EU27 countries and two thirds in the UK compared to the hard Brexit scenario. 
If the UK concludes FTAs with many countries outside of the EU27, the change in 
real consumption is contained in the 90% interval [–2.10%, –0.76%] for the UK. 
Due to trade diversion effects, losses in EU countries would be higher than under 
the hard Brexit scenario. For third countries, real consumption changes are mostly 
not statistically different from zero. An exception is Switzerland, who could slightly 
benefit from a hard Brexit and a subsequent relocation of financial services. With a 
hard but smart Brexit strategy, the UK decreases tariffs across all goods sectors to 
zero for all trade partners and does not impose additional controls on imports from 
the EU27, while the EU imposes tariffs and additional non-tariff barriers against the 
UK. With this strategy, the UK could lower its economic damage to half a percent. 
The existing asymmetry between Britain and the EU27 would vanish and the bar-
gaining power would shift from Brussels to London.

The remainder of this paper is organized as follows. Section 2 presents the meth-
odological framework. Section  3 discusses the main data sources, explains the 
empirical estimation method, and discusses gravity results. Based on the defined 
Brexit scenarios, we examine general equilibrium consistent results on trade and 
welfare in Sect. 4. The final chapter concludes.

2  Model

The model follows Caliendo and Parro (2015), who provide a multi-sector version 
of the Eaton and Kortum (2002) gravity model with input–output linkages.

2.1  Setup

There are N countries indexed by iand n,   as well as J sectors indexed by jand k. 
Sectoral goods are either used as inputs in production or consumed, with the repre-
sentative consumer having Cobb–Douglas preferences over consumption Cj

n of sec-
toral final goods with expenditure shares �j

n ∈ (0, 1) and 
∑

j �
j
n = 1.

Labor is the only production factor and labor markets clear. The labor force Ln 
is mobile across sectors such that Ln =

∑J

j=1
L
j
n , but not between countries. In each 

sector j, there is a continuum of intermediate goods producers indexed �j ∈ [0, 1] 
who combine labor and composite intermediate input and who differ with respect 
to their productivity zj

i

(

�j
)

. Intermediate goods are aggregated into sectoral com-
posites using CES production functions with elasticity �j. On all markets, there is 
perfect competition.
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A firm in country i can supply its output at price

The minimum cost of an input bundle is cj
i
 , where Υj

i
 is a constant, wi is the wage 

rate in country i,   pk
i
 is the price of a composite intermediate good from sector k,   

�
j

i
≥ 0 is the value added share in sector j in country i and �k,j

i
 denotes the cost share 

of source sector k in sector j’s intermediate costs, with 
∑J

k=1
�
k,j

i
= 1 . � j

in
 denotes 

trade costs of delivering sector j goods from country i to country n such that

where tj
in
≥ 0 denotes ad-valorem tariffs, Din is bilateral distance, and �in is a vector 

collecting trade cost shifters (such as FTAs or other trade policies).
Productivity of intermediate goods producers follows a Fréchet distribution with 

a location parameter �jn ≥ 0 that varies by country and sector (a measure of absolute 
advantage) and shape parameter �j that varies by sector (and captures comparative 
advantage).7

Producers of sectoral composites in country n search for the supplier with the 
lowest cost such that

Caliendo and Parro (2015) show that it is possible to derive a closed form solution 
of composite intermediate goods price

where Aj = Γ
[

1 + �j(1 − �j)
]

1

1−�j is a constant.
Similarly, a country n’s expenditure share �j

in
 for source country i’s goods in sec-

tor j is

which forms the core of a gravity equation.

(1)p
j

in
(�j) = �

j

in

c
j

i

z
j

i

(

�j
)
with c

j

i
= Υ

j

i
wi

�
j

i

[

J
∏

k=1

pk
i

�
k,j

i

](1−�
j

i
)

.

(2)�
j

in
= (1 + t

j

in
)D

�j

in
e�

j�in ,

(3)pj
n
= min

i

{

p
j

in
(�j); i = 1,… ,N

}

.

(4)pj
n
= Aj

(

N
∑

i=1

�
j

i

(

c
j

i
�
j

in

)
−1

�j

)−�j

,

(5)�
j

in
=

�
j

i

�

c
j

i
�
j

in

�
−1

�j

∑N

i=1
�
j

i

�

c
j

i
�
j

in

�
−1

�j

,

7 Convergence requires 1 + 𝜃j > 𝜂j.
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2.2  General equilibrium

Let Yj
n denote the value of gross production of varieties in sector j. For each country 

n and sector j, Yj
n has to equal the value of demand for sectoral varieties from all 

countries i = 1,… ,N.8 The goods market clearing condition is given by

where national income consists of labor income, tariff rebates Ri and the (exogenous) 
trade surplus Si , i.e. Ii = wiLi + Ri − Si and Xj

i
 is country i’s expenditure on sector j 

goods.9 The first term on the right hand side gives demand of sectors k in all countries 
i for intermediate usage of sector j varieties produced in country n, the second term 

denotes final demand. Tariff rebates are Ri =
∑J

j=1
X
j

i

�

1 −
∑N

n=1

�
j

ni

(1+t
j

ni
)

�

.10

The second equilibrium condition requires that, for each country n,  the value of 
total imports, domestic demand and the trade surplus has to equal the value of total 
exports including domestic sales, which is equivalent to total output Yn:

Conditions (6) and (7) close the model.

2.3  Comparative statics in general equilibrium

We are interested in the effects of different Brexit scenarios on trade flows, wages, 
sectoral value added, and real consumption (as our measure of welfare). Hence, we 
need to quantify the comparative static effects of changes in trade costs (tariffs and 
non-tariff barriers) � j

in
 on endogenous quantities such as trade flows, wages, sectoral 

value added, production and tariff income. As shown by Dekle et  al. (2008), we 
solve the model in changes. Let z denote the initial level of a variable and z′ its 

(6)Yj
n
=

N
∑

i=1

�
j

ni

(1 + t
j

ni
)
X
j

i
with X

j

i
=

J
∑

k=1

�
j,k

i
(1 − �k

i
)Yk

i
+ �

j

i
Ii,

(7)

J
∑

j=1

N
∑

i=1

�
j

in
(

1 + t
j

in

)X
j
n
+ Sn =

J
∑

j=1

N
∑

i=1

�
j

ni
(

1 + t
j

ni

)X
j

i
=

J
∑

j=1

Yj
n
≡ Yn

8 Our exposition differs from Caliendo and Parro (2015) in that they use total expenditure on composite 
goods instead of total production of varieties as endogenous variable. So in Caliendo and Parro (2015) 
the value of gross production comprises all foreign varieties that are bundled into the composite good 
without generation of value added.
9 Note, we keep the trade surplus relative to GDP constant; quite mechanically, this forces additional 
asymmetry on the change in trade flows even if trade cost shocks are rather similar. We do not eliminate 
the trade surplus through reparameterization as in Caliendo and Parro (2015).
10 Instead of the goods market clearing condition, one can also use the expenditure equation 
X
j

i
=

�

∑J

k=1
�
j,k

i
(1 − �k

i
)(Fk

i
Xk
i
+ Sk

i
) + �

j

i
Ii

�

 as in Caliendo and Parro (2015).
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counterfactual level. Then, trade cost shocks are given by �̂� j

in
=

1+t
j�

in

1+t
j

in

e𝛿
j(Z

�

in
−Zin) and the 

change in real consumption is

In Appendix A.1, we present the system of equations in changes required to solve 
the model. An important advantage of solving the model in changes is that certain 
constant parameters such as the absolute advantage or the elasticity of substitution 
between input varieties � drop out and need not be estimated. This reduces the data 
needs and lowers the scope for measurement error—of course, at the price of func-
tional assumptions.

Our comparative statics exercise refers to the long-run, i.e., to a new equilib-
rium in which all relevant general equilibrium interactions have already fully taken 
place. Short-run effects can differ from those long-run predictions. Moreover, we 
hold technology fixed and abstract from endogenous innovation or technology adop-
tion. The latter would require leaving the bedrock of a standard and widely accepted 
modeling framework.

3  Empirical model, data, and parameter estimates

3.1  Empirical model

From Eqs. (2) and (5) we derive the following sector-level gravity equations which 
we use to estimate the parameters � and �:

M
j

in,t
 denotes the value of imports of country i to country n in sector j at time t 

(including internal trade), the ad valorem tariff factor is given by 1 + t
j

in,t
 , and the 

trade elasticity is 1∕𝜃j > 0 . �j
i,t

 and �jn,t denote importer- and exporter-specific year 
fixed effects, respectively. �j

in
 denotes bilateral country-pair fixed effects which 

account for all time–invariant determinants of trade, such as geographical distance, 
or initial conditions. The time-varying importer and exporter effects control for mul-
tilateral resistance. By triangulation, they also account for the effects of exchange 
rate variation. �j

in,t
 is a random error term.

(8)
Ŵn =

X̂n

∏J

j=1

�

p̂
j
n

�𝛼
j
n

.

(9)

M
j

in,t
= exp

[

−
1

�j
ln
(

1 + t
j

in,t

)

+
�
j

1

�j
EU27

j

in,t
+

�
j

2

�j
EU

j

UKn,t

+
�
j

3

�j
EU

j

iUK,t
+

�
j

4

�j
Euro

j

in,t
+

�
j

5

�j
Schengen

j

in,t
+

�
j

6

�j
EU27KOR

j

in,t

+
�
j

7

�j
UKKOR

j

in,t
+

�
j

8

�j
FTA

j

in,t
+ �

j

in
+ �

j

i,t
+ �

j

n,t

]

+ �
j

in,t
.
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For the simulation, we require estimates of �j
k
∕�j . Whenever an agreement affects 

the UK, we allow for treatment heterogeneity, hence, its effect to differ for the UK 
and the other 27 EU members (EU27). For example, we impose symmetry in the 
trade cost effect of EU membership amongst the EU27, EU27

j

in,t
 , but allow the EU 

membership for the UK to differ from that average; moreover, we also allow for 
directionality. UK exports to the EU27 may be affected differently than imports 
from the EU27, EUj

UKn,t
 and EUj

iUK,t
 . We deal similarly with the conclusion of the 

EU–Korea agreement in 2011. The effect of the Korea agreement for the EU27 is 
captured by EU27KOR

j

in,t
 , while the effect for the UK is captured by UKKORj

in,t
 . 

Because the UK is neither a member of the Schengenzone, Schengenj
in,t

 , nor the 
Eurozone, Euroj

in,t
 , we do not further differentiate those effects.11

All integration measures are defined as binary variables taking the value one in a 
year if countries i and j are both members of an agreement. Schengenj

in,t
 is different; 

it systematically treats European countries as heterogeneous, as land-borne trade 
within Europe from i to n may cross one or up to eight Schengen-internal borders. 
Aside, even if i and/or n are outsiders to the Schengen area, a pair in may experience 
lower transit costs. We thus use a variable Schengenj

in,t
= {1,… , 8} that counts the 

number of Schengen-internal borders between a pair in (see Felbermayr et al. 2018).
Econometric identification relies on countries joining the EU, the Euro, the 

Schengenzone or FTAs in the period 2000–2014. Thus, the trade cost effect of the 
Single Market is identified through the various waves of Eastern enlargement (2004, 
2007, 2013). The Eurozone was created in 1999 by 11 EU members; until 2014 
seven additional countries joined. Similarly, Schengen was gradually expanded. The 
EU–Korea FTA entered into force in 2011 (the latest trade agreement of the EU 
available in our data), as did a number of other FTAs amongst non-EU countries.

The selection of country pairs into trade agreements with many members such as 
the EU is not random; the same is true for the setting of tariffs. To obtain unbiased 
estimates of �j and �j

k
 we require that the covariances between the error term �j

in,t
 

and the integration dummy on the one hand and between �j
in,t

 and the sectoral tar-
iff rate on the other are zero conditional on controls. Note that we include bilateral 
fixed effects �j

in
 to account for all time–invariant variables that jointly affect policy 

variables and bilateral trade flows. Next to potential endogeneity, this also addresses 
omitted variable bias in integration agreements (see, e.g., Baier and Bergstrand 
2007).

As recommended by Silva (2006) and Fally (2015), we estimate the model using 
Poisson Pseudo Maximum Likelihood (PPML) methods. We cluster standard errors 
at bilateral pairs.

3.2  Data sources

To calibrate the model and to estimate the possible effects of the UK leaving the EU 
Single Market and Customs Union, we need comprehensive data.

11 The same approach is taken for FTAs other than the EU-Korea agreement, FTAj

in,t
.
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The World Input–Output Database (WIOD) comprises our main data source. It 
contains information on sectoral production, value added, and bilateral trade in final 
and intermediate goods in producer and consumer prices detailed by sector, and 
internal trade. This allows us to extract bilateral input–output tables and expenditure 
levels. WIOD includes 43 countries and a rest-of-the-world (RoW) aggregate for the 
years 2000–2014. It captures 56 sectors, which we aggregate into 50 industries as 
some sectors display zero output for some countries (see Table 8 in the Appendix). 
This aggregation concerns mostly services; we keep the sectoral detail in the manu-
facturing and agricultural industries.12

Data on bilateral preferential and MFN tariffs stem from the World Integrated 
Trade Solutions (WITS-TRAINS) and the WTO’s Integrated Database (IDB).13 
Data on simple tariffs and on trade from WIOD are used to estimate trade elasticities 
for the 22 manufacturing sectors—jointly with the ad valorem equivalent changes 
in NTBs associated with the different steps of European and trade integration in 
general.14 We use data on FTA membership from the WTO.15 Data on membership 
in the EU, the Eurozone and the successive accession of countries to the Schengen 
agreement stem from the European Commission.16 We capture membership in the 
EU, the Euro or in FTAs by indicator variables. To obtain a geographical measure 
of Schengen, we follow Felbermayr et al. (2018) and use the count of the number of 
Schengen borders crossed by truck and ferry when moving from economic centers 
of i to n in year t.

We use those data to structurally estimate the elasticities � and coefficients � . 
Input-output tables provide us with data on the expenditure shares � , and the cost 
shares � and � . Further, data on bilateral trade shares � , countries’ total value added 
wnLn , and trade surpluses S are calculated from input–output tables.

We take information on net fiscal transfers of EU members to the EU budget from 
the European Commission. Transfer redistribution is calculated based on the oper-
ating budgetary balance for the 2010–2014 UK average, relative to each country’s 
gross national income (see Table 9 in the Appendix). The year 2014 is the latest year 
available in the WIOD data and thus serves as our baseline. Our simulation exer-
cise compares the status quo in 2014 with a hypothetical situation in which the UK 
would leave the European Union in that year.

12 We use the approach outlined in Aichele (2018) to account for the fact that WIOD expenditure shares 
are valued in “basic” (or “producer”) prices (net of tariffs), while expenditure shares in the model are 
defined in “market” prices (including tariffs). Further, we utilize their approach to account for changes in 
inventory as part of the accounting system of WIOD but do not feature in our model.
13 As tariffs are not available for every year and every pair within our time frame, we interpolate tariff 
levels forward and backward.
14 For services sectors, we borrow an average estimate of the elasticity of services trade with respect 
to trade cost from Egger et al. (2012). We adapt their method to obtain a trade elasticity of services and 
apply it to our estimated goods elasticity from our aggregated gravity estimation.
15 The RTA gateway is accessible via http:// rtais. wto. org/ UI/ Publi cMain tainR TAHome. aspx.
16 Tariffs are zero for internal trade and between EU members. For FTAs, we use the officially reported 
preferential tariffs.

http://rtais.wto.org/UI/PublicMaintainRTAHome.aspx
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3.3  The UK’s Europe exposure in comparison

Our analysis is based on one important conjecture, namely that inward and out-
ward market access costs of the UK have benefited differently—possibly by less—
from EU membership than other countries, and one key assumption, namely that 
the analysis of sector-level trade data for the years 2000–2014 is informative about 
the unwinding of integration steps between the UK and continental European coun-
tries that happened much earlier. In fact, through Brexit, we assume that trade costs 
between the EU and the UK go up by the amount that the Eastern enlargement has 
brought them down. While this is innocuous for trade costs between the UK and the 
new EU members, it may underestimate the effect of EU membership on trade costs 
between the UK and old EU member states.

Here, we present very simple facts suggesting that our presumptions are plau-
sible. Consistent with our formal model, we compute a simple index of average 
inverse trade frictions of the form

where Yi and Yn denote country i’s and n’s GDPs, Yw =
∑

i Yi is world GDP and Xin 
are country i’s exports to country n.17

Figure 1 plots countries’ inverse trade frictions with other EU members and with 
trade partners outside of the EU. The upper row looks at goods trade; the lower row 
at services trade. The left column compares inverse trade frictions of countries with 
EU members and with non-EU members. The right column compares countries’ 
inverse trade frictions with ‘old’ EU and with ‘new’ EU members. The pictures sug-
gest that all 25 countries (the ‘old’ 15 EU members and the ten countries that joined 
in 2004) have lower frictions amongst themselves than with the rest of the world. 
This is no surprise and reflects lower geographical and political trade costs. How-
ever, intra-EU goods trade frictions Ω−1

i,EU
 are nowhere higher than in Greece, Cyprus 

and the UK, while the latter occupies a middle ground when looking at trade fric-
tions with third parties. Hence, the UK seems less strongly tied to intra-European 
goods trade than other countries of similar size such as Italy, France, Spain, or Ger-
many. This also implies that it has less to lose should it exit the union. With services 
trade, the UK’s position is slightly better.

The right-hand diagram in Fig. 1 plots inverse trade frictions of countries relative 
to ‘old’ (EU15) and ‘new’ (EU10) EU members. Again, the UK lies in the bottom-
lower corner, signaling relatively high trade costs with both groups of countries. 
Importantly, it lies on the 45-degrees line, both for goods and services trade. This 

(10)Ωin ≡ ln
[

X
1∕2

in
X
1∕2

ni
Yw∕

(

YiYn
)

]

,

17 A simple way of writing a model-consistent gravity equation is to posit Xin =
(

YiYn∕Y
w
)

Ω̃in. Total 

bilateral trade is characterized by the geometric mean 
(

XinXni

)1∕2
=
(

YiYn∕Y
w
)(

Ω̃inΩ̃ni

)1∕2
. The inverse, 

non-directional (i.e., average) index of bilateral trade costs Ωin ≡ ln[
(

Ω̃inΩ̃ni

)1∕2
] can be calculated by 

available data. We know that this index is only an approximation; however, we do not calculate the Head-
Ries-Index, as this would require trade cost symmetry and our point is that trade costs involving the UK 
and the EU are indeed asymmetric.
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suggests that UK exporters and importers face similar situations in both new and old 
member states. This leaves us confident that, even though our strategy identifies the 
effects of EU membership using accessions within the period 2000–2014, the esti-
mates are, on average, also sensible with regard to the UK’s trade relationship with 
the old EU15 countries.

3.4  Gravity analysis of aggregate data

Table 1 shows results from regressions on aggregate data. Columns (1)–(6) report 
the effects on integration arrangements on goods trade; columns (7)–(10) on ser-
vices trade. It reveals four insights that are of paramount importance for the follow-
ing quantitative analysis.

First, on average, EU membership is associated with substantial trade creation. 
Coefficients on goods [column (1)] and on services [column (7)], both statisti-
cally significant at the 1% level, imply trade creation of 72% and 95%, respectively. 
Assuming an elasticity of 3.5 for goods and 1.5 for services,18 the estimates imply 
trade cost reductions of 14% and 36%, respectively. FTAs other than the EU cre-
ate less trade and indicate trade cost reductions of 3.4% and 4.8%, respectively. The 
Chi2-test clearly rejects equality of EU and FTA effects; for services, FTAs are not 
even significant.

Second, accounting for other steps of European integration is important to cor-
rectly isolate the role of EU membership. Columns (2) and (8) add Eurozone and 
Schengen membership. It turns out that Schengen matters, both, for goods and ser-
vices trade; but Eurozone membership is (marginally) not significant statistically. 
However, controlling for those, the coefficient for the EU membership falls to 0.470 
for goods and 0.594 for services, implying a fall in the trade cost reduction relative 
to columns (1) and (7).

Third, the effect of EU membership on trade may differ between country pairs 
involving the UK and those involving only EU27 members (excluding the UK). 
For goods, the coefficient in column (3) is smaller for pairs involving the UK than 
for non-UK pairs; column (4) indicates that estimated trade cost reductions due to 
EU membership are 13% for EU27-pairs and 11% for pairs involving the UK. Note 
that the difference is not statistically significant. For services, trade cost reductions 
in pairs involving the UK are stronger than for EU27 [column (9)]. Again, the dif-
ference is not statistically different from zero. Importantly, adding tariffs for goods 
trade in column (4) yields a very plausible estimate of the trade elasticity (3.5), with 
a variance of 0.92. Accounting for tariffs reduces trade costs of EU membership 
from 12.5% to 8.1% for EU27 pairs and from 10.7% to 6.4% for EU27-UK pairs. 
This is crucial, as tariffs imply very different welfare implications than iceberg trade 
costs (non-tariff barriers, NTBs); mistaking tariffs with NTBs would lead to an over-
estimate of the welfare damage of Brexit.

18 See below for more details.
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Fourth, allowing exports of the UK to EU27 to be affected differently than 
imports, i.e., turning to directional FTA effects, columns (5), (6) and (10) provide 
evidence for strong asymmetries. In contrast to column (5), column (6) adds tariffs 
and thus separates the EU Single Market and the EU Customs Union effect. Col-
umns (5) and (6) show that EU27 goods exports to the UK have increased through 
EU membership of the UK [49% in column (6)], but UK exports to EU27 countries 
have benefited only through the elimination of tariffs but not through NTBs—the 
effect in column (6) of 4% turns insignificant. The difference between UK exports 
and imports is statistically significantly different from zero at the 1%-level. In the 
area of services, UK exports seem to have benefited more (98% compared to 64% 
increase in imports), but here the difference is not statistically different from zero in 
column (10).

3.5  Gravity analysis of sectoral data

Table 2 reports key results from sector-level gravity regressions which are replica 
of the equations on aggregate data described in columns (6) and (10) of Table 1. 
It documents substantial heterogeneity across the 22 goods and 28 services sectors 

Fig. 1  Inverse trade frictions with different trade partners, 2014. Note Data from WIOD 2016. The 
straight line is the 45-degrees line
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Table 2  EU integration steps and bilateral imports (2000–2014)

Dep. var.: Bilateral imports

Sector description exp: EU27 exp: UK EU27 - KOR UK - KOR Tariff

imp: UK imp: EU27

1 Crops and Animals◦ 1.254*** 0.733*** 0.327 – 0.212 – 3.471***
2 Forestry and Logging◦ 0.194 0.267 0.091 – 0.919*** – 3.471***
3 Fishing and Aquaculture◦ 0.003 1.057 – 0.174 0.605 – 3.471***
4 Mining and Quarrying◦ – 0.797*** – 0.192 1.136*** 2.792*** – 3.471***
5 Food, Beverages and Tobacco 0.736*** 0.555*** 0.18 – 0.611*** – 1.066
6 Textiles, Apparel, Leather◦ 0.117 0.295 0.345*** – 0.414* – 3.471***
7 Wood and Cork◦ 0.076 – 0.109 0.410*** 0.479*** – 3.471***
8 Paper◦ 0.369 0.307** 0.341*** – 0.167 – 3.471***
9 Recorded Media Reproduction – 0.111 – 0.011 0.879*** 0.174 – 1.254
10 Coke, Refined Petroleum – 0.292 – 0.029 0.512* 0.372*** – 6.020***
11 Chemicals 0.777*** 0.253** 0.318*** 0.166** – 3.531***
12 Pharmaceuticals 1.098*** 0.828*** – 0.061 – 0.088 – 11.390***
13 Rubber and Plastics 0.698*** 0.448*** 0.307*** 0.116* – 2.258**
14 Other non-Metallic Mineral 0.265 0.223* 0.029 0.033 – 1.366*
15 Basic Metals 0.681** 0.641*** 0.308*** 0.075 – 3.191***
16 Fabricated Metal 0.551*** 0.254 0.275*** 0.135 – 1.543***
17 Electronics and Optical Prod-

ucts
0.694*** – 0.208 – 0.15 – 0.809*** – 7.780***

18 Electrical Equipment 0.601*** 0.151 0.370*** – 0.003 – 6.001***
19 Machinery and Equipment 0.568*** 0.214* 0.119* 0.180*** – 7.873***
20 Motor Vehicles 0.730*** 0.364 0.311*** 0.144 – 4.611***
21 Other Transport Equipment 0.188 – 0.303 0.315 0.169 – 2.947
22 Furniture and Other Manufac-

turing
– 0.086 – 0.149 – 0.571*** – 1.110*** – 3.727***

23 Electricity and Gas 0.895** 1.068** 0.355 – 1.653*** – 1.446***
24 Water Supply – 0.334 0.001 0.629*** 0.623*** – 1.446***
25 Sewerage and Waste 1.314*** 0.893*** – 0.015 – 0.015 – 1.446***
26 Construction 1.239*** 2.154*** 0.137 0.234 – 1.446***
27 Trade and Repair of Motor 

Vehicles
1.503** 2.256*** 0.736*** 1.097*** – 1.446***

28 Wholesale Trade 1.515*** 2.611*** 0.471*** 1.299*** – 1.446***
29 Retail Trade 1.374*** 1.571*** 0.425* 0.847*** – 1.446***
30 Land Transport 0.333* 1.047*** 0.327* 0.384 – 1.446***
31 Water Transport 0.679** 0.759** 0.302 – 1.020** – 1.446***
32 Air Transport 0.198 0.700*** 0.108 – 0.859** – 1.446***
33 Aux. Transportation Services 0.24 0.638*** 0.04 – 0.025 – 1.446***
34 Postal and Courier 1.266*** 0.245 0.680** – 0.163 – 1.446***
35 Accommodation and Food 0.002 – 0.018 – 0.456*** – 1.576*** – 1.446***
36 Publishing 0.23 0.542* – 0.191 – 0.096 – 1.446***
37 Media Services 0.027 0.565** 0.071 0.063 – 1.446***
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with respect to the trade elasticity, and regarding effects of EU membership or the 
EU-Korea FTA.19

We find reasonable trade elasticities (estimated coefficients on tariffs) for most 
goods sectors; in sectors where the estimates violate regularity conditions, we report 
estimates based on tariff adjusted imports and replace elasticities with estimates 
obtained for aggregate data; see Table 1, column (6). Economic integration arrange-
ments have very different effects on different sectors. Bilateral trade between the 
EU27 and the UK is shown to increase unambiguously through EU integration in 33 
out of 50 sectors (both UK exports and imports go up with at least one effect statisti-
cally significant at the 10%-level). In 16 cases (mostly manufacturing), UK imports 
increase by more than UK exports; in 15 sectors (mostly services) the opposite is 
true. In the automotive sector (20), UK imports are affected very positively, but 
UK exports are not. A strong asymmetry exists in the chemicals sector, too, while 
in basic metals the situation is relatively balanced. In services sectors, postal and 

Table 2  (continued)

Dep. var.: Bilateral imports

Sector description exp: EU27 exp: UK EU27 - KOR UK - KOR Tariff

imp: UK imp: EU27

38 Telecommunications 0.466 0.323 0.604*** – 0.06 – 1.446***
39 Computer and Information 

Services
1.067*** 0.532** 0.848** – 0.221 – 1.446***

40 Financial Services 1.809*** 0.484 0.899*** – 0.366* – 1.446***
41 Insurance – 0.121 – 0.609 0.058 – 0.147 – 1.446***
42 Real Estate 0.832** 1.104*** 0.04 0.544 – 1.446***
43 Legal and Accounting 0.520** 0.599** 0.16 0.018 – 1.446***
44 Business Services 0.999*** 0.993*** 0.809*** 0.413*** – 1.446***
45 Research and Development – 0.134 – 0.049 – 0.138 – 1.095*** – 1.446***
46 Admin. and Support Services 0.229 – 0.097 0.046 – 0.509*** – 1.446***
47 Public and Social Services 0.438 0.657 0.095 1.085*** – 1.446***
48 Education 1.062*** 1.503*** 0.555 1.065*** – 1.446***
49 Human Health and Social Work 0.271 0.959** 0.971*** 1.058*** – 1.446***
50 Other Services, Households 0.824 0.397 0.023 0.919*** – 1.446***

***, **, * denote significance at the 1%, 5%, 10% levels, respectively. All models estimated use Poisson 
Pseudo Maximum Likelihood (PPML) methods. Robust standard errors (not reported) allow for cluster-
ing at the country-pair level. Pair as well as year specific importer and exporter fixed effects included but 
not reported. Sectors marked with ◦ report estimates based on tariff adjusted imports, applying overall 
trade elasticities for goods trade from Table (1) column (5). For services sectors, we calculate the trade 
elasticity for services according to Egger et al. (2012). Varying observations between 23,085 and 27,735. 
Detailed effects for the 22 goods and 28 services sectors can be found in Tables 10 and 11 in the Appen-
dix

19 To save space, the table drops other covariates included in the model; see Tables 10 and 11 in the 
Appendix for full detail.
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courier and financial services stand out, where, against the trend, UK imports have 
grown by more than UK exports due to EU integration.

4  General equilibrium results

4.1  Counterfactual scenarios

We have now paved the way to simulate general equilibrium effects of the UK leaving 
the European Union Single Market and Customs Union. For each sector, the gravity 
model provides us with estimates of the (inverse) trade elasticity � and of the NTB 
effects � of various integration steps, as well as with estimates of the associated vari-
ance-covariance matrices. For services, we have no trade cost shifters such as tariffs. 
We turn to Egger et al. (2012) to infer a trade elasticity of ̂1∕𝜃Services = 1.446.20

Assuming that parameters are jointly normally distributed, we draw a value of � 
to calibrate the model, and a full set of NTB shifters � to inform the counterfactual 
analysis.21 We repeat this procedure 1000 times and obtain a distribution of NTB 
cost shocks and a distribution of changes of endogenous variables. This allows us to 
construct confidence intervals.22

We define the following counterfactual scenarios. Figure 2 illustrates trade cost 
shocks �̂� (Eq. 2) and their distribution for each sector. 

S1 WTO Scenario (“Hard Brexit”) The UK is no longer part of the European Single 
Market and Customs Union and there is no new FTA substituting for it. The EU27 
and the UK apply MFN tariffs as currently granted under WTO rules on imports 
of third countries.23 In addition, directional NTBs are reintroduced between the 
EU27 and the UK according to the sectoral trade costs calculated from the grav-
ity estimations. Figure 2a shows NTB changes for the UK (importer) with EU27 

23 Figure 4 in the Appendix shows sectoral trade-weighted MFN tariffs granted at the product-level by 
the EU to third countries in 2014. These are used for simulation in the WTO scenario.

20 Importantly, Egger et  al. (2012) state that services trade reacts more elastically to trade liberaliza-
tion than goods trade. Hence, assuming an elasticity of 5 as in Caliendo and Parro (2015) seems not to 
be a reasonable choice in our context. This is supported by recent applications of Hobijn et al. (2019) 
using VAT data for the EU25 and Marquez (2006) using price and income data for the US. Both find a 
range for services elasticities between 1 and 3. More specifically, Egger et al. (2012) estimate a param-
eter � in their model (which belongs to a related class of new quantitative trade models), which is given 
by � = �Goods − �Services . Given their estimate 𝛽 = 2.026 and our own estimate 𝛽Goods = ̂1∕𝜃Goods , we can 
infer 𝛽Services = ̂1∕𝜃Services , with a variance 0.144.

22 The underlying normality assumption is not completely innocuous, given that the model outcomes are 
potentially highly non-linear functions of the parameters. The distribution of model outcomes might be 
highly asymmetric even if the size of the underlying sample is large enough for the normal approxima-
tion to work well for parameter estimation.

21 The choice of normal distribution implies that we will always obtain some draws that violate the 
model-imposed parameter constraint 1∕𝜃 > 0 . To circumvent this problem we drop the (very few) param-
eter draws of 

�
 that violate the constraint. This comes at the expense of a small upward bias of the mean 

parameter estimate and a downward bias of the standard errors.
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countries; Fig. 2b shows respective barriers for EU27 members with the UK 
(exporter). Moreover, the UK loses all existing tariff and non-tariff preferences 
that it currently enjoys with third countries with whom the EU has an FTA in 
force. We apply the heterogeneous UK-Korea agreement effect from the gravity 
model and effects from further pre-EU accession treaties. Additionally, we con-
sider fiscal transfers by correcting the specific trade balances for fiscal transfers 
between the EU27 and the UK.

S2 FTA Scenario (“Soft Brexit”) The UK exits the EU Single Market and Customs 
Union, but the EU27 and the UK negotiate a modern free trade agreement (FTA), 
which comprises not only tariffs but also affects NTBs on goods and services. We 
model the FTA scenario as a replication of the EU-Korea agreement of 2011—the 
latest and most comprehensive trade agreement of the EU covered in the data. We 
utilize the estimated trade cost reductions of the EU-Korea FTA from our gravity 
model as a proxy for a potential NTB effects between the EU27 and the UK (see 
Fig. 2c). Tariffs stay at zero between the EU27 and the UK.

S3 Global Britain Scenario We model the same relationship regarding tariffs and 
NTBs between the EU27 and the UK as under the WTO scenario, but now the UK 
unilaterally eliminates tariffs and concludes FTAs with various third countries in 
order to lower NTBs. The scenario is divided into three stages: 

(a) The UK concludes an FTA with the USMCA countries the US, Mexico, 
and Canada. NTBs are reduced as under the EU-Korea FTA.

(b) Further, the UK concludes an FTA with selected non-EU Commonwealth 
countries, namely Australia and India.

(c) Finally, we assume that the UK also concludes additional FTAs with 
selected Asian countries (JPN, KOR, CHN).

S4 Hard but Smart Brexit Similar to S1, the UK is no longer part of the European 
Single Market and Customs Union with no new FTA in place. The EU27 apply 
MFN tariffs to the UK as currently granted under WTO rules on imports to 
third countries. Directional NTBs are reintroduced in the EU27 for UK’s exports 
according to the sectoral trade costs calculated from the gravity estimations. In 
contrast to S1, the UK now decreases all existing tariffs for all its trading partners 
to zero. Additionally, we account for fiscal transfers within the EU by correcting 
the specific trade balances between the EU27 and the UK.

4.2  The role of treatment heterogeneity

Before turning to the detailed general equilibrium analysis, we illustrate the impor-
tance of considering heterogeneity in trade cost shocks for quantitative results. 
Table 3 shows the real wage changes for various model specifications under the hard 
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Brexit scenario (S1).24 While allowing for the heterogeneity of treatment effects, 
Panel A uses the broad sector specification of Table 1, while Panel B allows elastici-
ties to vary across the 50 sectors in our data (cp. Table 2).

Panel A reveals that moving from a simple dummy treatment of EU membership 
(row [1]) to a more subtle measurement allowing for variable geometry (row [2]), to 
asymmetry between the effects on EU27 pairs and pairs involving the UK (row [3]), 
and to directionality in the EU27-UK effects (row [4]) gradually reduces the real 
wage losses due to Brexit from 0.57% in row [1] to 0.41% in row [4] for the EU27 
and from 3.20% to 2.53% for the UK. Hence, a simple dummy approach overesti-
mates the costs from Brexit by about 40% for the EU27 average and 25% for the UK.

If trade elasticities and treatment effects vary across sectors (rows [5–8]), we find 
higher simulated costs from Brexit relative to estimates based on a two-sector model 
(goods and services)—but only for the combination of sectoral heterogeneity and 
directional UK-specific treatments. Consequently, being precise in the econometric 
identification of NTB effects matters for macroeconomic outcomes, even if the most 

(a)

(b)

(c)

Fig. 2  Change in non-tariff barriers, in %. Note Dots depict percentage changes of non-tariff barriers. 
Bars show 90%-confidence bounds, which are based on 1000 replications and approximate normal dis-
tribution. Sector 1–4 are agricultural and natural resources sectors, 5–22 are manufacturing sectors, and 
23–50 are services sectors

24 We focus on real wages which are less strongly affected by whether trade cost shocks are modeled as 
affecting tariffs or iceberg trade costs, a distinction that is lost when lumping together different steps of 
European integration.
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simplistic treatment (row[1]) and our preferred, more sophisticated specification 
(row[8]) show rather similar effects.

4.3  Effects on real consumption

We now turn to the detailed general equilibrium analysis of Brexit by using the trade 
cost shocks described in the counterfactural scenarios in our general equilibrium 
trade model. Table 4 starts by reporting changes in real consumption, our preferred 
measure of welfare, for 44 countries and the four Brexit scenarios. The advantage 
of reporting real consumption compared to real wage changes (see Table 18 in the 
Appendix) is that real consumption accounts for the direct effects of tariff income, 
transfers, and trade imbalances.

A hard Brexit (S1) decreases the UK’s real consumption by 2.76% per annum rel-
ative to the status quo in the year 2014.25 This compares to a reduction of 0.93% in 
the case of a modern FTA (S2). Opening the British market toward non-EU countries 
(S3) cannot fully compensate for the negative effect of Brexit and causes the UK’s 
real consumption to fall by 1.43%. This indicates that the well-established trade ties 
between EU27 economies and the UK cannot easily be compensated through trade 
agreements between the UK and other Commonwealth countries, Japan, Korea, or 
China, and the USMCA economies. Real consumption effects for the UK and the 
EU27 average are statistically significant at the 10%-level. The changes in real con-
sumption for the EU27 are on average smaller than those for the UK in the first 
three scenarios. The reason is that a smaller trade share per EU27 country is affected 

Table 3  Average real wage changes in a hard brexit scenario (S1), in %, based on various NTB estima-
tions

RoW: Rest of the World. The baseline year is 2014. All reported numbers are statistically different from 
zero at the 10%-level based on 1000 replications. Panel A uses estimates from Table 1, while those of 
Panel B stem from Table 10 for goods sectors and Table 11 for services sectors in the Appendix

EU27 UK RoW

Panel A: Broad sectoral disaggregation (estimates from Table 1)
[1] Single EU dummy [col. (1) and (7)] – 0.57 – 3.20 – 0.01
[2] Variable geometry [col. (2) and (8)] – 0.51 – 2.88 – 0.01
[3] UK and EU treated differently [col. (3) and (9)] – 0.49 – 2.76 – 0.01
[4] Allowing for directionality [col. (5) and (10)] – 0.41 – 2.53 – 0.01
Panel B: Detailed sectoral disaggregation (estimates from Table 2)
[5] Single EU dummy [col. (1) and (7)] – 0.59 – 3.50 – 0.01
[6] Variable geometry [col. (2) and (8)] – 0.43 – 2.61 0.00
[7] UK and EU treated differently [col. (3) and (9)] – 0.56 – 3.29 0.00
[8] Allowing for directionality [col. (5) and (10)] – 0.60 – 3.45 0.00

25 This effect is different from Table 3 as it treats changes in tariffs and NTB changes separately. It uses 
detailed trade costs derived from Table 2.
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by Brexit compared to the UK. The EU27 real consumption losses are nearly four 
times as large under a hard Brexit (– 0.78%) compared to a FTA (– 0.20%). Global 
Britain slightly increases the losses (– 0.83%) for the EU27 economies, as a hard 
Brexit with additional FTAs between the UK and non-EU countries would cause 
trade diversion away from Europe.

EU27 countries are affected very differently; mean losses lie between – 8.16% 
in Ireland and – 0.34% in Croatia. This reflects the initial strength of trade ties by 
taking input-output linkages involving third countries into account.26 In case of a 
hard Brexit, Luxembourg and Malta would face higher losses than the UK and the 
Netherlands, Belgium, and Cyprus would experience drops in real consumption of 
more than one percent each. Malta and Cyprus are former colonies; Luxembourg 
has strong linkages to the UK financial services industry, and the Netherlands and 
Belgium are geographically very close to the UK. Larger EU countries would expe-
rience smaller losses as they are protected by larger home markets and also tend to 
have more diversified trade ties. In case of a hard Brexit, Germany faces a decrease 
in real consumption of 0.72%, while France loses 0.52%. A FTA between the EU27 
and the UK nearly divides the size of real consumption losses for EU27 by four. 
With a FTA, Ireland’s real consumption decrease is 3.08%, still substantially more 
than the UK’s with 0.93%. Germany would have to face a loss of 0.20%, almost 
identical to the EU27 average, and statistically different from zero at the 10% level. 
France, in contrast, would suffer a loss of 0.10% only, which is statistically not dis-
tinguishable from a zero effect. Compared to a hard Brexit, losses in real consump-
tion slightly worsen for EU27 countries under a global Britain scenario, as countries 
are negatively affected by trade diversion caused by the conclusion of trade agree-
ments between the UK and third countries. Germany and France would experience 
a drop in real consumption of 0.80% and 0.54%, respectively; the EU average goes 
from – 0.78% under S1 to – 0.83% under S3.

Turning to non-EU countries, we find small losses for Brazil, Turkey, or the US 
and slight benefits for China, India, Indonesia, Norway and Taiwan from a hard 
Brexit. Countries with whom the UK would conclude a new FTA would mostly ben-
efit in real consumption terms; but the relative gains are rather small: India’s real 
consumption would go up by about 0.20% or the real consumption of the US by 
0.11%. Canada, with its relatively small home market, would benefit most: its real 
consumption could increase by 0.26%. All those gains are statistically different from 
zero.

The EU’s dominating power in the Brexit negotiations rests upon the believe that 
the UK would suffer substantially more in the case of an unsorted, non-coopera-
tive Brexit than the EU27 on average. Our counterfactual scenarios S1–S3, next to 
the existing literature that quantifies the outcome of Brexit (see, e.g. Dhingra et al. 
2017; Sampson 2017; Steinberg 2019) support this believe. While under any pre-
vious scenario the UK would lose substantially more than the EU27 on average, 
the question is whether a hard Brexit that reintroduces MFN tariffs and NTBs is 

26 The relatively strong effect on Hungary or Slovakia from Brexit is related to their role in German pro-
duction networks.
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27 Detailed results are provided in Tables 12 and 13 in the Appendix.
28 Note that separate welfare effects of (a) to (f) do not add up to the total effect of all components 
together, as the different barriers may complement or substitute each other.

feasible. London could shift the bargaining power with a simple trick: the hard but 
smart Brexit strategy (S4). Under S4, the UK would no longer suffer fundamentally 
more than the EU27. The UK’s real income would decrease by half a percent (see 
Table 4)—which is more than 5 times less than under a hard Brexit, and about half 
the loss from a soft Brexit. The effect is mainly driven by two channels: First, the 
absence of tariffs does not lead to additional price increases for British consumers, 
in contrast to the hard Brexit scenario (S1). In fact, the complete tariff liberaliza-
tion even leads to price decreases. A negative nominal income effect still outweighs 
these positive price effects. As the EU27 increase their barriers (tariffs and non-tar-
iff barriers), exporting British goods and services to the EU27 becomes more expen-
sive and thereby decreases the nominal income. Overall, the reduction in nominal 
income dominates. Still, no other scenario is more endurable for the UK than this 
one, even though the EU27 increase their barriers. The effects for the remaining EU 
members do not substantially differ from the hard Brexit scenario.

In a next step, we decompose the hard Brexit scenario to identify the key com-
ponents of the overall welfare effects; see Fig.  3a for the UK and Fig.  3b for the 
EU27.27 We distinguish between the effects of (a) fiscal transfers, (b) tariffs on 
agriculture, and (c) tariffs on manufacturing, (d) NTBs on agriculture, (e) NTBs on 
manufacturing, and (f) NTBs on services.28

Ending net fiscal transfers has direct effects on real consumption, but it also 
affects countries’ terms-of-trade; see the famous debate about the German trans-
fer problem between Keynes (1929) and Ohlin (1929). In Keynes’s logic, transfers 
worsen the terms of trade (TOT) since exports would have to increase and imports 
to decrease so that the price for exported relative to imported goods would have to 
fall. Transfers, thus, impose an additional burden on the paying countries. As shown 
in Table 9, UK net transfers to the EU27 amounted to an average of about 6.5 bil-
lion Euro in the 2010–2014 period or slightly more than 0.30% of GDP. Figure 3a 
shows that unwinding those transfers would allow UK consumers to increase real 
consumption by 0.29%, slightly less than the pure transfers themselves. In line with 
Keynes (1929), the UK benefits from an end to transfers not only from a direct effect 
but also from an amelioration of its TOT, even though this gain is extremely small. 
Regarding the remaining EU27 members, we assume that the end of UK transfers 
is borne by all countries proportionally to their GDP. This amounts to an average 
reduction of net transfers by 0.06% of GDP. Not surprisingly, the real consumption 
losses from such a scenario are indeed centered around 0.06%; losses in Ireland or 
Luxembourg, the Netherlands, or Germany are increased by adverse movements in 
TOT: these countries seem to benefit from the system of EU transfers as this drives 
up the relative demand for their exports.

Figure 3a, b also show that the reintroduction of agricultural tariffs yields a very 
small positive consumption effect in the UK; the UK benefits as the negative allo-
cation effects are outweighed by positive TOT effects. Tariffs are at least partly 
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absorbed by the UK’s trading partners while agricultural tariff income remains in 
the country. A similar picture emerges in manufacturing. However, gains and losses 
on real consumption from reintroducing tariffs are very minor, as tariff income is 
rebated and welfare damages are always of a “triangular” form.

4.4  Effects on bilateral trade

Table 5 reports changes in bilateral trade flows in our four scenarios for the EU27, 
the UK and the rest of the world (ROW). Sectors are aggregated into three broad 
categories: agriculture, manufacturing, and service. Bold face characters denote 
mean effects that are statistically different from zero.29 Trade flows are impacted by 
changes in bilateral trade costs and by general equilibrium forces through changes 
in total expenditure and revenue, and by multilateral resistance terms. Note that we 
keep the trade surplus of countries relative to GDP constant; quite mechanically, this 
forces some additional asymmetry in the rates of change in trade flows even if trade 
cost shocks are very similar.

Our analysis implies that EU27 exports to the UK would fall by 27% in the hard 
Brexit scenario (S1), with 90% of the probability mass lying in the interval [– 30, 
– 25]. Exports would fall by 29% in the global Britain scenario (S3). With a FTA 
(S2), exports would fall by an expected effect of 4%, but the associated confidence 
interval is large: [– 9, 1]. So, if the EU27 and the UK sign an ambitious FTA, it is 
no longer certain that trade will actually fall. Interestingly, this does not apply to 
services transactions, where we report a statistically significant expected drop of 8%. 
In all other scenarios, EU27 exports to the UK would contract in all sectors, with the 
largest effects expected in manufacturing. In the hard but smart Brexit scenario (S4), 
the UK offers a liberal market access for exporters from the EU27 and the RoW. 
Hence, EU27 exports to the UK fall by only 9%, and thereby decrease by less than 
half compared to a hard Brexit.

Overall, we find that UK exports to the EU27 fall by 25% in S1 and S3, which 
is 3 to 4 percentage points less than what is expected to happen to EU27 exports to 
the UK. However, the difference is not statistically distinguishable from zero. UK 
manufacturing exports suffer most; in agriculture, effects are not significant, reflect-
ing the lack of trade cost reductions in this area. Services exports of the UK fall 
by about 21% in S1 and S3; with a FTA, they drop by 7% only, but trade effects in 
other sectors are indistinguishable from zero. With a hard but smart Brexit, it is not 
surprising that UK’s exports towards the EU27 would also decrease by – 18%, as the 
market access to the EU27 is simulated similarly to a hard Brexit, where tariff and 
non-tariff barriers against the UK exist.

EU27 exports to RoW increase by about 1% in S1 and S3, signaling the pres-
ence of some trade diversion. Interestingly, exports from one EU27 member to the 
other barely change; and if they do, the sign is negative. It appears that the increased 
trade costs with the UK lead to an overall reduction of intra-EU27 trade flows along 

29 Tables 14, 15 and 16 in the Appendix provide details.
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the highly-integrated EU production networks. Similarly, the model does not predict 
that UK exports to the RoW go up from Brexit scenarios S1 and S2, as increased 
trade costs with Europe reduce the UK’s competitiveness with third countries. Of 
course, in the context of global Britain, UK exports to third countries would go up 
quite substantially and slightly less with a hard but smart Brexit; in manufactur-
ing, the increase can be expected to be about 15% in S3 and 10% in S4; exports of 
third countries to the UK are expected to go up by much more with an FTA. Again, 
this reflects the lack of evidence for strong trade creating effects of FTAs with third 
countries for the UK.

4.5  Effects on overall trade

Next, we turn to the effect on overall trade in Table 6. We show baseline trade levels 
for 2014, where the UK features a small deficit in goods and services trade, while 
the EU27 has a substantial surplus of 780 bn USD. Across all scenarios, overall 
UK exports and imports drop; compared to the change in GDP, trade falls by more 
such that the openness of the UK economy (measured as total trade over GDP) 
drops quite substantially. With a hard Brexit (S1), the reduction in both exports and 
imports is strongest in manufacturing, but UK services imports drop substantially 
as well, as domestic output is increasingly absorbed by domestic rather than for-
eign demand. Total EU27 exports fall by 1.43% and total imports by 1.75%; man-
ufacturing exports fall the most; while the import side is dominated by services. 

(a) (b)

Fig. 3  Decomposing the real consumption effects of a hard Brexit. Note a: fiscal transfers; b: tariffs in 
agriculture; c: tariffs in manufacturing; d: NTBs in agriculture; e: NTBs in manufacturing; f: NTBs in 
services. The baseline year is 2014. Bars depict real consumption percentage changes; details are shown 
in Tables  12 and 13 in the Appendix. The black solid lines show 90%-confidence bounds, which are 
based on 1000 replications



428 G. Felbermayr et al.

1 3

Trade effects for the RoW are relatively low yet statistically significant and typically 
positive.

With a FTA (S2), trade losses for all parties are strongly reduced, but they remain 
about five times as large for the UK as compared to the EU27, and the effects are 
mostly not statistically significant. As expected, UK trade losses fall by about two 
thirds under global Britain (S3) compared to a hard Brexit, while they increase 
slightly for the EU27. RoW can expect a small and statistically significant increase 
in its overall trade, most pronounced in manufacturing. With a hard but smart Brexit, 
the UK’s overall exports still decrease by 4%, but this is almost solely driven by the 
decrease of exports in services.

4.6  Changes in sectoral value added

Changes in bilateral trade depend on the sectoral composition of value added trade 
flows. The dependence on (imported) intermediate inputs varies greatly across 

Table 5  Bilateral exports, in %

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 rep-
lications. Table reports cross-border trade only (no domestic trade). Full results are presented in 
Tables 14, 15, and 16 in the Appendix

Percentage changes of

EU27 exports to UK exports to ROW exports to

EU27 UK ROW EU27 ROW EU27 UK ROW

S1
Agriculture – 0.24 – 22.74 0.85 – 4.46 – 6.31 – 1.19 10.05 0.25
Manufacturing – 0.14 – 30.63 1.15 – 32.19 – 10.00 – 0.91 9.80 0.24
Services – 0.30 – 21.21 0.44 – 20.85 – 0.43 – 0.96 0.07 0.20
Total – 0.18 – 27.42 0.87 – 24.69 – 4.57 – 0.97 7.16 0.23
S2
Agriculture – 1.34 40.06 – 0.13 96.05 – 7.20 – 1.96 9.62 – 0.04
Manufacturing – 0.31 – 4.71 0.35 7.16 – 7.58 – 0.68 1.80 0.06
Services 0.25 – 7.55 0.32 – 7.16 – 0.76 – 0.33 1.04 0.01
Total – 0.20 – 4.15 0.33 3.15 – 3.80 – 0.75 2.40 0.03
S3
Agriculture – 0.34 – 19.87 0.95 – 6.70 7.11 – 1.49 22.05 0.27
Manufacturing – 0.35 – 34.35 1.14 – 32.33 14.80 – 1.35 34.19 0.03
Services – 0.48 – 19.76 0.37 – 21.33 4.49 – 1.13 9.04 0.11
Total – 0.39 – 29.31 0.84 – 25.11 8.81 – 1.30 26.05 0.08
S4
Agriculture – 0.28 – 10.90 – 0.12 2.50 7.61 – 0.57 – 2.51 0.25
Manufacturing – 0.22 – 11.52 – 0.51 – 17.84 9.93 0.19 9.96 0.16
Services 0.28 – 4.29 0.21 – 18.79 1.44 – 0.07 – 4.28 0.19
Total – 0.09 – 9.23 – 0.23 – 17.47 5.15 – 0.01 4.77 0.18
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sectors, but it is generally more important for complex manufacturing goods than for 
raw materials or services. We show the changes in sectoral value added for the UK 
and the EU27 average in Table 7.30 Sectoral value added is affected by a price and a 
quantity effect. Brexit changes the wage rate by the same in all sectors (roughly by 
the same effect as GDP per capita; see Table 18 in the Appendix), and it reallocates 
labor between sectors. For the UK, for example, sectors whose value added falls by 
less than 3.37% under a hard Brexit (S1) experience an increase in employment, 
while sectors whose value added falls by more see their employment shrink.

Within manufacturing, the largest sectors for the UK in terms of value added are 
food, beverages and tobacco, mining and quarrying (includes oil and gas extraction), 
machinery and equipment, fabricated metals, pharmaceuticals, and motor vehicles, 
with 47, 43, 32, 28, 22, and 21 bn USD value added, respectively. Amongst these, 
mining and quarrying and machinery and equipment are expected to lose most with 
a hard Brexit (– 8% and – 7%, respectively). The other mentioned sectors feature 
changes that are not statistically significant; the food sector even is expected to 
expand as higher trade costs force the UK to move into this comparative disadvan-
taged sector. The same is true for crops and animals. The largest percentage loss is 
expected in basic metals (– 17%) and fishing and aquaculture (– 16%), but initial 
value added positions in these sectors are relatively small.

Value added changes from a FTA (S2) differ from those in S1 in sign, size and 
statistical significance, because the structure of trade cost savings available under 
the FTA may deviate from those obtained in the EU Single Market. Nonetheless, 
the overall picture remains: Brexit drives the UK into the agri-food sectors and out 
of manufacturing sectors, such as basic metals. Note, however, that changes are sta-
tistically insignificant for many UK sectors in S2. Global Britain (S3) yields secto-
ral value added gains where trade cost reductions with third countries are expected. 
This is the case in transportation, for example, but not in chemicals or pharmaceu-
ticals, where reductions in NTBs are usually harder to realize. The expansion of 
agri-food remains, as historical experience does not suggest significant trade costs 
savings from FTAs with third countries in these sectors. UK textiles is expected to 
shed employment as import competition goes up. Compared to the other three sce-
narios, a hard but smart Brexit (S4) leads to stronger sectoral divergences. The liber-
alization of the agrifood sector puts pressure on British farmers, while effects in the 
manufacturing industry are quite heterogeneous. The value added increases in sec-
tors that import a large amounts of intermediate products and simultaneously export 
only few final goods (i.e. pharmaceuticals, chemicals, machinery, and electronics). 
The explanation is simple: the intermediate product imports are cheaper than before.

Turning to services, the largest losses from a hard Brexit (S1) in the UK are 
expected in wholesale trade (– 8%), a sector that generates value added worth 88 
bn USD in 2014; legal and accounting and business services, both quantitatively 
important sectors, also have to expect sizable losses of 2% and 3%, respectively. 

30 Full results and initial VA per sector in 2014 are provided in Tables 19, 20, 21, and 22 in the Appen-
dix. Country-sector level results on all remaining economies in the sample can be obtained from the 
authors on request.
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Table 7  Changes in sectoral value added, in %

UK EU 27

S1 S2 S3 S4 S1 S2 S3 S4

1 Crops and Animals 7.87 6.71 8.30 – 2.22 – 1.36 – 0.70 – 1.46 – 0.54
2 Forestry and Logging – 1.96 – 1.28 – 1.22 – 0.10 – 0.52 0.04 – 0.63 – 0.70
3 Fishing and Aquaculture – 15.83 – 7.68 – 10.36 – 15.11 1.08 0.91 1.00 0.71
4 Mining and Quarrying – 7.93 8.22 – 3.60 6.77 2.51 5.86 2.75 – 1.07
5 Food, Beverages and 

Tabacco
1.86 2.39 3.50 – 3.06 – 1.55 – 0.53 – 1.67 – 0.63

6 Textiles, Apparel, Leather – 6.82 – 2.97 – 10.62 – 4.02 – 0.38 0.93 – 0.83 – 1.15
7 Wood and Cork 0.43 – 3.86 – 1.78 0.45 – 0.72 0.16 – 0.88 – 0.84
8 Paper 0.81 0.36 1.00 0.46 – 0.83 – 0.29 – 0.88 – 0.85
9 Recorded Media Reproduc-

tion
– 1.13 1.10 0.55 0.40 – 0.47 – 0.23 – 0.62 – 0.49

10 Coke, Refined Petroleum 4.13 18.84 19.89 0.75 – 0.44 2.02 – 0.82 – 1.02
11 Chemicals – 5.71 0.34 – 4.12 – 3.74 – 1.10 – 0.64 – 1.33 – 0.80
12 Pharmaceuticals – 3.08 – 5.82 – 11.94 8.75 – 0.67 – 2.16 – 0.02 – 1.92
13 Rubber and Plastics – 0.68 0.93 0.66 – 3.25 – 1.16 – 0.49 – 1.37 – 0.51
14 Other non-Metallic Mineral – 1.01 0.94 0.71 – 0.93 – 0.70 – 0.23 – 0.84 – 0.54
15 Basic Metals – 16.95 – 9.73 – 6.11 – 2.13 – 0.43 – 0.14 – 0.74 – 0.43
16 Fabricated Metal – 0.49 1.44 2.63 1.21 – 0.79 – 0.26 – 1.00 – 0.61
17 Electronics and Optical 

Products
– 3.05 – 2.15 – 6.60 13.07 – 1.73 – 2.69 – 1.48 – 2.43

18 Electrical Equipment – 8.48 – 0.35 – 8.93 3.67 – 0.60 – 0.25 – 1.18 – 1.10
19 Machinery and Equipment – 6.86 – 3.93 – 4.11 8.38 – 0.12 – 0.24 – 0.16 – 1.04
20 Motor Vehicles – 2.52 – 1.49 5.13 – 3.33 – 1.57 – 0.21 – 2.24 – 0.81
21 Other Transport Equipment – 2.80 11.80 23.45 10.01 – 0.77 1.22 – 3.86 – 1.40
22 Furniture and Other Manu-

facturing
– 3.10 – 1.29 – 2.29 4.39 – 0.27 – 0.58 – 0.05 – 1.34

23 Electricity and Gas – 1.08 0.67 0.99 – 0.53 – 0.67 – 0.12 – 0.86 – 0.52
24 Water Supply – 0.67 0.46 0.91 – 0.35 – 0.61 – 0.07 – 0.80 – 0.48
25 Sewerage and Waste – 1.72 – 0.79 – 0.84 – 2.45 – 0.62 – 0.14 – 0.79 – 0.16
26 Construction – 0.46 0.87 1.15 – 0.70 – 0.70 – 0.18 – 0.89 – 0.50
27 Trade and Repair of Motor 

Vehicles
– 2.14 – 0.74 0.38 – 2.62 – 0.45 0.09 – 0.69 – 0.07

28 Wholesale Trade – 7.91 – 6.50 – 5.40 – 9.32 0.05 0.51 – 0.10 0.52
29 Retail Trade – 0.60 0.49 1.01 – 1.02 – 0.65 – 0.14 – 0.83 – 0.39
30 Land Transport – 1.86 – 0.58 – 0.30 – 1.87 – 0.51 – 0.01 – 0.68 – 0.40
31 Water Transport 0.78 – 1.00 0.97 1.45 – 0.41 0.33 – 0.52 – 0.37
32 Air Transport – 0.84 – 0.25 0.49 – 0.18 – 0.62 0.06 – 0.68 – 0.76
33 Aux. Transportation Ser-

vices
– 3.28 – 2.08 – 1.76 – 3.15 – 0.39 0.06 – 0.55 – 0.29

34 Postal and Courier 0.03 1.71 1.41 – 0.31 – 0.86 – 0.48 – 1.01 – 0.43
35 Accommodation and Food – 0.76 0.47 0.53 0.16 – 0.57 – 0.15 – 0.75 – 0.46
36 Publishing – 1.59 – 0.73 – 0.64 – 0.18 – 0.82 – 0.18 – 0.96 – 0.77
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Interestingly, financial services are not affected in a statistically significant way. The 
reason is the combination of two effects: First, the ex post analysis of trade integra-
tion does not suggest large trade cost savings in the first place; Second, the UK has 
a strong comparative advantage over its competitors. This is less true for publishing 
and media services, two sectors with smaller quantitative importance which would 
lose about 2% of their value added. With a hard but smart Brexit (S4), the services 
sectors lose more compared to manufacturing and agriculture, as potential tariff 
reductions are not relevant for services.

In the EU27, sectoral value added effects are generally less pronounced. One 
sector worth pointing out is motor vehicles, where losses of about 2% are to be 
expected, as the relatively high EU tariffs of 10% kick in and strongly affect the 
tight production network between the EU27 and the UK. With global Britain (S3), 
the loss increases as EU firms face tougher competition from third country suppliers 
in the UK. In contrast, if the EU and the UK strike a FTA (S2), losses for the EU 
car industry disappear. With a unilateral reduction of UK tariffs, losses from a hard 
Brexit in the automotive industry are reduced by half under a hard but smart Brexit 
(S4).

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions. Full results and initial value added per sector in 2014 are provided in Tables 19, 20, 21, and 22 in 
the Appendix

Table 7  (continued)

UK EU 27

S1 S2 S3 S4 S1 S2 S3 S4

37 Media Services – 1.77 – 0.54 – 0.67 – 0.78 – 0.17 0.15 – 0.34 – 0.08
38 Telecommunications – 0.65 0.62 0.64 – 0.83 – 0.68 – 0.17 – 0.82 – 0.45
39 Computer and Information 

Services
– 0.64 1.02 0.89 – 0.22 – 0.43 – 0.23 – 0.56 – 0.35

40 Financial Services 0.38 1.78 1.43 0.16 – 0.78 – 0.43 – 0.94 – 0.48
41 Insurance 1.17 3.17 2.29 2.73 – 0.94 – 0.61 – 1.09 – 0.94
42 Real Estate – 0.35 0.73 1.09 – 0.58 – 0.67 – 0.17 – 0.85 – 0.45
43 Legal and Accounting – 1.51 0.66 0.74 – 0.87 – 0.46 – 0.05 – 0.62 – 0.34
44 Business Services – 2.57 0.51 0.78 – 2.05 – 0.39 – 0.12 – 0.58 – 0.06
45 Research and Development – 0.68 0.41 0.52 0.38 – 0.56 – 0.12 – 0.73 – 0.52
46 Admin. and Support Ser-

vices
– 0.17 1.47 1.16 0.90 – 0.77 – 0.37 – 0.90 – 0.69

47 Public and Social Services – 0.59 0.61 0.93 – 0.56 – 0.67 – 0.15 – 0.87 – 0.50
48 Education – 0.66 0.49 0.84 – 0.56 – 0.68 – 0.14 – 0.87 – 0.50
49 Human Health and Social 

Work
– 0.52 0.60 0.94 – 0.51 – 0.71 – 0.14 – 0.91 – 0.54

50 Other Serivces, Households – 0.22 0.89 0.80 – 0.37 – 0.70 – 0.21 – 0.89 – 0.45
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Table 8  List of WIOD 
manufacturing sectors

Sector ID Sector name ISIC Rev. 4

1 Crops and Animals A01
2 Forestry and Logging A02
3 Fishing and Aquaculture A03
4 Mining and Quarrying B
5 Food, Beverages and Tabacco C10–C12
6 Textiles, Apparel, Leather C13–C15
7 Wood and Cork C16
8 Paper C17
9 Recorded Media Reproduction C18
10 Coke, Refined Petroleum C19
11 Chemicals C20
12 Pharmaceuticals C21
13 Rubber and Plastics C22
14 Other non-Metallic Mineral C23
15 Basic Metals C24
16 Fabricated Metal C25
17 Electronics and Optical Products C26
18 Electrical Equipment C27
19 Machinery and Equipment C28, C33
20 Motor Vehicles C29
21 Other Transport Equipment C30
22 Furniture and Other Manufacturing C31_C32
23 Electricity and Gas D35
24 Water Supply E36
25 Sewerage and Waste E37–E39
26 Construction F
27 Trade and Repair of Motor Vehicles G45
28 Wholesale Trade G46
29 Retail Trade G47
30 Land Transport H49
31 Water Transport H50
32 Air Transport H51
33 Aux. Transportation Services H52
34 Postal and Courier H53
35 Accommodation and Food I
36 Publishing J58
37 Media Services J59_J60
38 Telecommunications J61
39 Computer and Information Services J62_J63
40 Financial Services K64
41 Insurance K65_K66
42 Real Estate L68
43 Legal and Accounting M69_M70
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4.7  Discussion

Finally, we compare the results of the different Brexit scenarios with the existing lit-
erature. Bisciari (2019) and Emerson et al. (2017) provide detailed summaries of all 
relevant Brexit papers. All papers include a soft and a hard Brexit scenario, which 
we will use as base for the comparison. Most of the Brexit studies examined a "hard" 
WTO scenario, which is closest to our WTO scenario, namely no deal between the 
UK and EU27. The second scenario is the soft Brexit, which implies a deep trade 
agreement between the two trading regions, UK and EU27.

Overall, Brexit implies negative effects for the EU, as well as the UK. Similar to 
our study, the macroeconomic losses are higher for the UK than for the EU27-aggre-
gate. The rational behind such results is that EU27 is a crucial trading partner for 
UK and relatively less crucial for the EU27 in total. The country-specific Brexit out-
comes depend on the underlying methodology. Other differences across the studies 
stem from the data used, the severity of the trade shocks (tariff and non-tariff barrier 
changes) and specifications other key parameters such as the trade cost elasticity 
[see Dhingra et al. (2017), the OECD study by Kierzenkowski et al. (2016); Rojas-
Romagosa (2016); Booth et al. (2015) and Treasury (2016)]. Overall, our results are 
in line with the literature. Depending on the described parameters, the losses vary 
across the other studies. Especially the range of the losses for the UK vary more 
than for the EU27. Our results lie in the average of both ranges. The welfare changes 
of the EU27 lie in the average of the different outcomes across all studies. Similar to 
our study, the geographic proximity and intensity of the trade relationship with the 
UK drive the negative effects.

5  Robustness

Finally, we analyze the robustness of our findings with regard to the choice of trade 
elasticities. We focus on changes in real consumption for the hard Brexit scenario. 
Results are summarized in Table 24 in the Appendix.

First, even though our calculated services elasticities are in line with the above 
discussed literature on services elasticities, we now rely on elasticities of a value 
of five as assumed in Caliendo and Parro (2015) and Costinot and Rodriguez-Clare 

Table 8  (continued) Sector ID Sector name ISIC Rev. 4

44 Business Services M71, M73–M75
45 Research and Development M72
46 Admin. and Support Services N
47 Public and Social Services O84
48 Education P85
49 Human Health and Social Work Q
50 Other Services, Households R-U
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(2014). Overall, we find that real consumption losses are slightly smaller due to the 
down weighting of trade cost changes in services. We need to keep in mind that 
services sectors are extremely important for the UK, hence, assuming a much higher 
trade elasticity might strongly affect results. For a hard Brexit, losses are 5.4 times 
smaller compared to the baseline in Table  4 for the most extreme case (Luxem-
bourg) with its very strong reliance on services sectors. Other EU27 countries expe-
rience losses that are two to three times smaller compared to the baseline. The UK 

Table 9  Gross national income 
and transfer redistribution

Redistribution calculated based on the operating budgetary balance 
as stated by the European Commission for the 2010–2014 UK aver-
age, relative to each country’s gross national income. The value of 
fiscal transfers that get redistributed makeup 0.06% of EU27 member 
states’ GNI and 0.30% of UK’s GNI

Gross national income Fiscal transfers
in mn EUR

Austria 328,897 183
Belgium 402,665 224
Bulgaria 40973 23
Cyprus 16,583 9
Czech Republic 144473 81
Germany 2,972,188 1657
Denmark 264,873 148
Spain 1,052,245 587
Estonia 19,049 11
Finland 203,977 114
France 2,179,155 1215
United Kingdom 2,174,280 – 6549
Greece 178,381 99
Croatia 41,773 23
Hungary 100,695 56
Ireland 159,732 89
Italy 1,613,795 900
Lithuania 35,203 20
Luxembourg 29,477 16
Latvia 23,868 13
Malta 7,629 4
Netherlands 662,465 369
Poland 396,058 221
Portugal 171,108 95
Romania 146,462 82
Slovak Republic 73,854 41
Slovenia 36,676 20
Sweden 445,168 248
EU27 11,747,422 6549
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Table 14  Bilateral exports of EU27, in %

Exports to EU27 Exports to UK Exports to ROW

Initial Initial Initial

mn USD Δ in % in mn USD Δ in % in mn USD Δ in %

S1
Agriculture 126230.6 – 0.24 13150.26 – 22.74 55078.38 0.85

[– 0.72, 0.25] [– 41.40, 
– 4.09]

[0.50, 1.19]

Manufacturing 2185370 – 0.14 266238 – 30.63 1726202 1.15
[– 0.34, 0.07] [– 34.45, 

– 26.81]
[0.86, 1.44]

Services 839322.2 – 0.30 127694 – 21.21 1097312 0.44
[– 0.53, – 0.06] [– 24.98, 

– 17.43]
[0.25, 0.63]

Total 3150923 – 0.18 407082.2 – 27.42 2878593 0.87
[– 0.36, – 0.01] [– 30.14, 

– 24.71]
[0.67, 1.08]

S2
Agriculture 126230.6 – 1.34 13150.26 40.06 55078.38 – 0.13

[– 2.97, 0.30] [– 15.79, 
95.91]

[– 0.50, 0.23]

Manufacturing 2185370 – 0.31 266238 – 4.71 1726202 0.35
[– 0.62, 0.00] [– 10.75, 1.34] [0.00, 0.69]

Services 839322.2 0.25 127694 – 7.55 1097312 0.32
[– 0.02, 0.51] [– 13.07, 

– 2.03]
[0.05, 0.59]

Total 3150923 – 0.20 407082.2 – 4.15 2878593 0.33
[– 0.45, 0.04] [– 9.03, 0.72] [0.07, 0.58]

S3
Agriculture 126230.6 – 0.34 13150.26 – 19.87 55078.38 0.95

[– 0.84, 0.15] [– 39.10, 
– 0.64]

[0.54, 1.35]

Manufacturing 2185370 – 0.35 266238 – 34.35 1726202 1.14
[– 0.56, – 0.15] [– 38.42, 

– 30.29]
[0.82, 1.47]

Services 839322.2 – 0.48 127694 – 19.76 1097312 0.37
[– 0.72, – 0.24] [– 23.72, 

– 15.81]
[0.18, 0.56]

Total 3150923 – 0.39 407082.2 – 29.31 2878593 0.84
[– 0.56, – 0.21] [– 32.21, 

– 26.41]
[0.62, 1.07]

S4
Agriculture 126230.6 – 0.28 13150.26 – 10.90 55078.38 – 0.12

[– 0.75, 0.19] [– 14.53, 
– 7.27]

[– 0.39, 0.14]
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faces losses of – 1.17% of real consumption, which is 2.4 times smaller than in the 
baseline of – 2.76%.

Second, we apply sectoral elasticities estimated by Caliendo and Parro (2015) 
(see Table  23 in the Appendix). To be empirically consistent, we re-estimate our 
sector-level gravity equations constraining � to equal the external estimate and back-
ing out new NTB changes. We find that countries lose less from a hard Brexit com-
paring magnitudes to the baseline. In relative terms, EU27 countries real consump-
tion losses are doubled compared to the baseline. On the contrary, the UK loses 0.8 
times more (– 3.27% compared to – 2.76%). Note, that 10% confidence intervals 
in the baseline are [– 3.32, – 2.19] and [– 3.95, – 2.59] for the UK, such that the 
slightly higher losses are still close to the range of our baseline estimates.

While the magnitudes of real consumption changes vary slightly with the choice 
of elasticities, the ranking of countries does not vary much. Countries with the high-
est losses in the baseline and both robustness checks are Ireland, the UK, Malta, 
Luxembourg and the Netherlands. EU27 countries with the lowest losses are 
Greece, Romania, Austria, Croatia. Germany varies between rank 11 and 15, while 
France switches between rank 17 and 19. Hence, we are confident that our base-
line results represent reasonable estimates for the changing trade policy environment 
with Brexit.

6  Conclusion

In this paper, we conduct an ex ante analysis of trade and welfare effects of Brexit 
based on an econometric ex post assessment of EU integration and other trade 
agreements. We quantify the economic consequences of Brexit through a quanti-
tative trade theory framework and isolate the role of EU membership for the UK 
in three distinct ways: first, we allow for directional treatment heterogeneity in the 

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions and an approximate normal distribution. Confidence intervals in square brackets. Domestic trade is 
not taken into account

Table 14  (continued)

Exports to EU27 Exports to UK Exports to ROW

Initial Initial Initial

mn USD Δ in % in mn USD Δ in % in mn USD Δ in %

Manufacturing 2185370 – 0.22 266238 – 11.52 1726202 – 0.51

[– 0.44, – 0.00] [– 12.98, 
– 10.06]

[– 0.70, – 0.33]

Services 839322.2 0.28 127694 – 4.29 1097312 0.21
[0.03, 0.52] [– 5.12, – 3.46] [0.02, 0.40]

Total 3150923 – 0.09 407082.2 – 9.23 2878593 – 0.23
[– 0.28, 0.09] [– 10.37, 

– 8.09]
[– 0.36, – 0.09]
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Table 15  Bilateral exports of UK, in %

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions and an approximate normal distribution. Confidence intervals in square brackets. Domestic trade is 
not taken into account

Exports to EU27 Exports to ROW

Initial Initial

mn USD Δ in % in mn USD Δ in %

S1
Agriculture 12761.92 – 4.46 17163.94 – 6.31

[– 37.27, 28.35] [– 8.11, – 4.52]
Manufacturing 116610.8 – 32.19 187800.8 – 10.00

[– 38.09, – 26.28] [– 11.98, – 8.02]
Services 160391.2 – 20.85 253204.4 – 0.43

[– 26.24, – 15.45] [– 0.80, – 0.06]
Total 289763.9 – 24.69 458169.1 – 4.57

[– 28.29, – 21.08] [– 5.49, – 3.65]
S2
Agriculture 12761.92 96.05 17163.94 – 7.20

[– 14.14, 206.25] [– 9.57, – 4.82]
Manufacturing 116610.8 7.16 187800.8 – 7.58

[– 6.68, 21.00] [– 10.24, – 4.93]
Services 160391.2 – 7.16 253204.4 – 0.76

[– 14.19, – 0.13] [– 1.33, – 0.20]
Total 289763.9 3.15 458169.1 – 3.80

[– 4.83, 11.12] [– 5.15, – 2.45]
S3
Agriculture 12761.92 – 6.70 17163.94 7.11

[– 38.26, 24.86] [– 5.83, 20.04]
Manufacturing 116610.8 – 32.33 187800.8 14.80

[– 38.11, – 26.55] [8.30, 21.31]
Services 160391.2 – 21.33 253204.4 4.49

[– 26.50, – 16.16] [2.94, 6.03]
Total 289763.9 – 25.11 458169.1 8.81

[– 28.70, – 21.53] [6.07, 11.56]
S4
Agriculture 12761.92 2.50 17163.94 7.61

[– 32.46, 37.46] [3.75, 11.46]
Manufacturing 116610.8 – 17.84 187800.8 9.93

[– 24.12, – 11.56] [7.92, 11.94]
Services 160391.2 – 18.79 253204.4 1.44

[– 24.25, – 13.33] [1.10, 1.77]
Total 289763.9 – 17.47 458169.1 5.15

[– 21.12, – 13.82] [4.20, 6.10]
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Table 16  Bilateral exports of the rest of the world, in %

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions and an approximate normal distribution. Confidence intervals in square brackets. Domestic trade is 
not taken into account

Exports to EU27 Exports to UK Exports to ROW

Initial Initial Initial

mn USD Δ in % in mn USD Δ in % in mn USD Δ in %

S1
Agriculture 323832.4 – 1.19 37293.41 10.05 1678540 0.25

[– 2.13, – 0.25] [1.73, 18.37] [0.17, 0.33]
Manufacturing 1172862 – 0.91 223334.2 9.80 6719728 0.24

[– 1.18, – 0.65] [7.46, 12.14] [0.19, 0.29]
Services 721619.4 – 0.96 98251.83 0.07 2389414 0.20

[– 1.27, – 0.65] [– 0.89, 1.03] [0.16, 0.23]
Total 2218314 – 0.97 358879.5 7.16 1.08e+07 0.23

[– 1.23, – 0.71] [5.24, 9.08] [0.19, 0.28]
S2
Agriculture 323832.4 – 1.96 37293.41 9.62 1678540 – 0.04

[– 4.55, 0.62] [– 3.23, 22.47] [– 0.20, 0.12]
Manufacturing 1172862 – 0.68 223334.2 1.80 6719728 0.06

[– 1.12, – 0.24] [– 1.35, 4.94] [– 0.02, 0.14]
Services 721619.4 – 0.33 98251.83 1.04 2389414 0.01

[– 0.67, 0.02] [– 0.37, 2.46] [– 0.05, 0.07]
Total 2218314 – 0.75 358879.5 2.40 1.08e+07 0.03

[– 1.22, – 0.28] [– 0.29, 5.09] [– 0.05, 0.11]
S3
Agriculture 323832.4 – 1.49 37293.41 22.05 1678540 0.27

[– 2.42, – 0.55] [11.28, 32.81] [0.14, 0.39]
Manufacturing 1172862 – 1.35 223334.2 34.19 6719728 0.03

[– 1.64, – 1.06] [28.66, 39.73] [– 0.05, 0.10]
Services 721619.4 – 1.13 98251.83 9.04 2389414 0.11

[– 1.42, – 0.83] [6.21, 11.87] [0.07, 0.14]
Total 2218314 – 1.30 358879.5 26.05 1.08e+07 0.08

[– 1.58, – 1.02] [21.96, 30.13] [0.02, 0.15]
S4
Agriculture 323832.4 – 0.57 37293.41 – 2.51 1678540 0.25

[– 1.38, 0.23] [– 5.76, 0.74] [0.21, 0.29]
Manufacturing 1172862 0.19 223334.2 9.96 6719728 0.16

[– 0.10, 0.48] [8.06, 11.87] [0.12, 0.20]
Services 721619.4 – 0.07 98251.83 – 4.28 2389414 0.19

[– 0.40, 0.26] [– 5.07, – 3.50] [0.16, 0.21]
Total 2218314 – 0.01 358879.5 4.77 1.08e+07 0.18

[– 0.25, 0.24] [3.35, 6.18] [0.15, 0.21]
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Table 21  Changes of EU27’s sectoral value added of agricultural and manufacturing goods, in %
initial VA Change of sectoral value added in %
 
in mn USD

 
S1

 
S2

 
S3

 
S4

Crops and Animals 221514 – 1.36 – 0.70 – 1.46 – 0.54
[– 1.65, – 1.08] [– 1.14, – 0.25] [– 1.75, – 1.18] [– 0.68, – 0.41]

Forestry and Logging 29863 – 0.52 0.04 – 0.63 – 0.70
[– 0.85, – 0.20] [– 0.38, 0.47] [– 0.97, – 0.29] [– 0.80, – 0.60]

Fishing and Aquaculture 7486 1.08 0.91 1.00 0.71
[– 0.29, 2.45] [– 1.21, 3.04] [– 0.35, 2.36] [– 0.59, 2.01]

Mining and Quarrying 78597 2.51 5.86 2.75 – 1.07
[0.46, 4.56] [1.48, 10.24] [0.60, 4.89] [– 1.94, – 0.20]

Food, Beverages and 
Tabacco

311327 – 1.55 – 0.53 – 1.67 – 0.63
[– 1.94, – 1.15] [– 0.90, – 0.16] [– 2.07, – 1.28] [– 0.81, – 0.45]

Textiles, Apparel, 
Leather

83953 – 0.38 0.93 – 0.83 – 1.15
[– 1.05, 0.29] [– 0.22, 2.08] [– 1.53, – 0.14] [– 1.61, – 0.69]

Wood and Cork 44213 – 0.72 0.16 – 0.88 – 0.84
[– 1.19, – 0.26] [– 0.54, 0.87] [– 1.36, – 0.41] [– 1.03, – 0.65]

Paper 55968 – 0.83 – 0.29 – 0.88 – 0.85
[– 1.57, – 0.08] [– 1.15, 0.56] [– 1.64, – 0.12] [– 1.11, – 0.59]

Recorded Media Repro-
duction

40974 – 0.47 – 0.23 – 0.62 – 0.49
[– 0.61, – 0.33] [– 0.46, – 0.01] [– 0.77, – 0.47] [– 0.64, – 0.33]

Coke, Refined Petroleum 60143 – 0.44 2.02 – 0.82 – 1.02
[– 1.52, 0.64] [– 0.25, 4.29] [– 1.87, 0.23] [– 1.74, – 0.29]

Chemicals 178271 – 1.10 – 0.64 – 1.33 – 0.80
[– 1.42, – 0.79] [– 1.05, – 0.24] [– 1.66, – 1.01] [– 1.06, – 0.54]

Pharmaceuticals 121944 – 0.67 – 2.16 – 0.02 – 1.92
[– 2.38, 1.04] [– 3.70, – 0.61] [– 1.93, 1.89] [– 3.06, – 0.77]

Rubber and Plastics 113713 – 1.16 – 0.49 – 1.37 – 0.51
[– 1.39, – 0.93] [– 0.81, – 0.17] [– 1.62, – 1.12] [– 0.68, – 0.34]

Other non-Metallic 
Mineral

84895 – 0.70 – 0.23 – 0.84 – 0.54
[– 0.85, – 0.54] [– 0.42, – 0.04] [– 0.99, – 0.69] [– 0.64, – 0.44]

Basic Metals 91464 – 0.43 – 0.14 – 0.74 – 0.43
[– 0.79, – 0.07] [– 0.60, 0.32] [– 1.12, – 0.37] [– 0.69, – 0.16]

Fabricated Metal 220110 – 0.79 – 0.26 – 1.00 – 0.61
[– 0.97, – 0.61] [– 0.47, – 0.05] [– 1.20, – 0.81] [– 0.71, – 0.52]

Electronics and Optical 
Products

126896 – 1.73 – 2.69 – 1.48 – 2.43
[– 2.54, – 0.92] [– 3.58, – 1.80] [– 2.33, – 0.63] [– 3.29, – 1.58]

Electrical Equipment 124261 – 0.60 – 0.25 – 1.18 – 1.10
[– 1.09, – 0.10] [– 0.88, 0.38] [– 1.66, – 0.71] [– 1.42, – 0.78]

Machinery and Equip-
ment

381086 – 0.12 – 0.24 – 0.16 – 1.04
[– 0.55, 0.30] [– 0.67, 0.19] [– 0.61, 0.28] [– 1.36, – 0.72]

Motor Vehicles 249064 – 1.57 – 0.21 – 2.24 – 0.81
[– 2.03, – 1.10] [– 0.84, 0.42] [– 2.74, – 1.73] [– 1.23, – 0.38]

Other Transport Equip-
ment

68303 – 0.77 1.22 – 3.86 – 1.40
[– 1.87, 0.33] [– 0.69, 3.14] [– 5.85, – 1.87] [– 2.32, – 0.49]

Furniture and Other 
Manufacturing

103874 – 0.27 – 0.58 – 0.05 – 1.34
[– 0.88, 0.34] [– 1.14, – 0.01] [– 0.76, 0.67] [– 1.96, – 0.72]

The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions and an approximate normal distribution. Confidence intervals in square brackets
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relation between the UK and EU27 economies; second, we distinguish different 
steps of European integration that affect tariffs and iceberg trade costs separately 
to model trade cost shocks. Third, we consider fiscal transfers within the EU, which 
affect the terms-of-trade of countries, and their role in the economic costs of Brexit. 
The analysis is based on the integration of parameter calibration and scenario defini-
tion based on the estimation of sector-level gravity equations. It allows for simulat-
ing confidence intervals for all endogenous variables. This makes an important com-
ponent of uncertainty surrounding our results visible. Interestingly, in most cases, 
the confidence intervals are rather narrow.

In the partial equilibrium gravity analysis, we find that the EU and trade agree-
ments have been very successful in reducing trade costs and boosting trade between 
its members, but effects turn out to be directional, in particular, with respect to the 
UK. We make use of the treatment heterogeneity identified at the finer sectoral level 
and of the model structure to back out the trade cost effects of European integra-
tion steps for the counterfactual general equilibrium analysis. Allowing for treatment 
heterogeneity in the ex post analysis turns out relevant quantitatively for the overall 
economic costs of Brexit and its distribution between the UK and the other Euro-
pean countries. Neglecting the asymmetry in EU–UK relations overestimates the 
costs from Brexit up to 40%.

We simulate real consumption, gross and value added trade changes for four dif-
ferent scenarios. While we find a lot of heterogeneity across the 43 geographical 
countries and the RoW component, a general pattern persists. Both, the UK and 
EU27 countries lose welfare in any of the assumed Brexit scenarios. Some small 
EU27 countries with very close trade ties to the UK, such as Ireland, Luxembourg, 
and Malta, lose even more than the UK itself. Overall, conducting new trade agree-
ments outside of the EU cannot fully compensate the losses suffered from Brexit for 
the UK, while EU27 countries lose even more in this scenario due to trade diversion. 
A comprehensive trade agreement between the EU and the UK would definitely be 
preferred. But in the light of the staggering process around such a new and com-
prehensive trade agreement, we offer an alternative hard but smart Brexit—where 
besides falling back to WTO rules, the UK eliminates all existing tariffs against the 
remaining EU27 members and the RoW countries. For the UK, this generates the 
smallest losses, while the EU27 at least loose less than under a hard Brexit. Still, 
a lot of potential exists in trade relations between the UK and the remaining EU 
countries.

Overall, our paper is probably the most ambitious amongst the existing studies 
on Brexit in mapping out the trade effects. But it does not feature labor or capital 
mobility. Needless to say, a careful analysis of these facets of European integration 
would be important but faces both modeling and data-related issues. Brexit under-
lines the urgency for additional research in these areas.

Even though it will take some time until a full ex post evaluation of Brexit can be 
undertaken, with the conclusion of a comprehensive Trade and Cooperation Agree-
ment provisionally in force since 1 January 2021, the EU and the UK have opened 
a new chapter in their relations and lay ground for future trade cooperation. Several 
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Table 22  Changes of EU27’s Sectoral value added of services, in %

initial VA Change of sectoral value added in %

in mn USD S1 S2 S3 S4

Electricity and Gas 284959 – 0.67 – 0.12 – 0.86 – 0.52
[– 0.77, – 0.57] [– 0.27, 0.02] [– 0.96, – 0.75] [– 0.62, – 0.43]

Water Supply 37499 – 0.61 – 0.07 – 0.80 – 0.48
[– 0.71, – 0.51] [– 0.21, 0.08] [– 0.90, – 0.70] [– 0.57, – 0.39]

Sewerage and Waste 99891 – 0.62 – 0.14 – 0.79 – 0.16
[– 0.84, – 0.41] [– 0.38, 0.10] [– 1.00, – 0.58] [– 0.41, 0.09]

Construction 751630 – 0.70 – 0.18 – 0.89 – 0.50
[– 0.80, – 0.60] [– 0.31, – 0.04] [– 1.00, – 0.79] [– 0.59, – 0.40]

Trade and Repair of 
Motor Vehicles

209725 – 0.45 0.09 – 0.69 – 0.07
[– 0.70, – 0.20] [– 0.22, 0.41] [– 0.94, – 0.44] [– 0.31, 0.17]

Wholesale Trade 762831 0.05 0.51 – 0.10 0.52
[– 0.31, 0.42] [0.11, 0.90] [– 0.46, 0.26] [0.09, 0.95]

Retail Trade 600221 – 0.65 – 0.14 – 0.83 – 0.39
[– 0.77, – 0.53] [– 0.29, 0.01] [– 0.96, – 0.71] [– 0.51, – 0.27]

Land Transport 357195 – 0.51 – 0.01 – 0.68 – 0.40
[– 0.61, – 0.41] [– 0.15, 0.13] [– 0.78, – 0.57] [– 0.49, – 0.31]

Water Transport 42166 – 0.41 0.33 – 0.52 – 0.37
[– 0.71, – 0.12] [– 0.37, 1.03] [– 0.83, – 0.21] [– 0.42, – 0.31]

Air Transport 43027 – 0.62 0.06 – 0.68 – 0.76
[– 1.20, – 0.04] [– 0.67, 0.78] [– 1.28, – 0.08] [– 0.87, – 0.65]

Aux. Transportation 
Services

266620 – 0.39 0.06 – 0.55 – 0.29
[– 0.49, – 0.28] [– 0.07, 0.19] [– 0.66, – 0.43] [– 0.40, – 0.19]

Postal and Courier 60266 – 0.86 – 0.48 – 1.01 – 0.43
[– 1.09, – 0.64] [– 0.77, – 0.19] [– 1.23, – 0.78] [– 0.63, – 0.23]

Accommodation and 
Food

407634 – 0.57 – 0.15 – 0.75 – 0.46
[– 0.67, – 0.47] [– 0.28, – 0.03] [– 0.86, – 0.64] [– 0.56, – 0.37]

Publishing 79566 – 0.82 – 0.18 – 0.96 – 0.77
[– 1.02, – 0.63] [– 0.42, 0.06] [– 1.16, – 0.76] [– 0.95, – 0.59]

Media Services 73756 – 0.17 0.15 – 0.34 – 0.08
[– 0.44, 0.09] [– 0.26, 0.55] [– 0.60, – 0.09] [– 0.33, 0.17]

Telecommunications 185217 – 0.68 – 0.17 – 0.82 – 0.45
[– 1.09, – 0.27] [– 0.68, 0.34] [– 1.23, – 0.40] [– 0.66, – 0.23]

Computer and Infor-
mation Services

315976 – 0.43 – 0.23 – 0.56 – 0.35
[– 0.53, – 0.32] [– 0.38, – 0.07] [– 0.67, – 0.45] [– 0.46, – 0.24]

Financial Services 498840 – 0.78 – 0.43 – 0.94 – 0.48
[– 0.95, – 0.60] [– 0.69, – 0.16] [– 1.11, – 0.76] [– 0.63, – 0.33]

Insurance 249245 – 0.94 – 0.61 – 1.09 – 0.94
[– 1.35, – 0.52] [– 1.17, – 0.06] [– 1.50, – 0.69] [– 1.39, – 0.49]

Real Estate 1574061 – 0.67 – 0.17 – 0.85 – 0.45
[– 0.77, – 0.57] [– 0.30, – 0.04] [– 0.96, – 0.75] [– 0.55, – 0.35]
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The baseline year is 2014. Bold characters indicate significance at the 10%-level based on 1000 replica-
tions and an approximate normal distribution. Confidence intervals in square brackets

Table 22  (continued)

initial VA Change of sectoral value added in %

in mn USD S1 S2 S3 S4

Legal and Accounting 439618 – 0.46 – 0.05 – 0.62 – 0.34

[– 0.63, – 0.28] [– 0.27, 0.17] [– 0.79, – 0.44] [– 0.50, – 0.19]
Business Services 328994 – 0.39 – 0.12 – 0.58 – 0.06

[– 0.60, – 0.18] [– 0.36, 0.12] [– 0.79, – 0.38] [– 0.29, 0.16]
Research and Devel-

opment
121236 – 0.56 – 0.12 – 0.73 – 0.52

[– 0.69, – 0.43] [– 0.28, 0.05] [– 0.87, – 0.60] [– 0.62, – 0.42]
Admin. and Support 

Services
581599 – 0.77 – 0.37 – 0.90 – 0.69

[– 1.19, – 0.35] [– 0.84, 0.11] [– 1.33, – 0.47] [– 0.97, – 0.41]
Public and Social 

Services
993571 – 0.67 – 0.15 – 0.87 – 0.50

[– 0.78, – 0.57] [– 0.28, – 0.02] [– 0.97, – 0.76] [– 0.60, – 0.40]
Education 731363 – 0.68 – 0.14 – 0.87 – 0.50

[– 0.79, – 0.58] [– 0.27, 0.00] [– 0.98, – 0.76] [– 0.61, – 0.39]
Human Health and 

Social Work
1096971 – 0.71 – 0.14 – 0.91 – 0.54

[– 0.82, – 0.61] [– 0.28, 0.00] [– 1.02, – 0.80] [– 0.64, – 0.43]
Other Serivces, 

Households
504146 – 0.70 – 0.21 – 0.89 – 0.45

[– 0.88, – 0.52] [– 0.43, 0.00] [– 1.07, – 0.70] [– 0.60, – 0.30]

topics still need to be discussed and regulated, yet, the current situation points into 
the direction of the soft Brexit scenario modeled in our paper.

Appendix

The model in changes

We solve for counterfactual changes in all variables of interest using the following 
system of equations:31
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n
= ŵ𝛽
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31 See also Caliendo and Parro (2015). Solving for counterfactual changes rather than levels strongly 
reduces the set of parameters and moments that have to be estimated or calibrated. In particular, no infor-
mation on price levels, iceberg trade costs, or productivity levels is needed.
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Table 23  Sectoral elasticities 
from Caliendo and Parro (2015)

Sector ID Sector name Trade elasticity

1 Crops and Animals 8.11
2 Forestry and Logging 8.11
3 Fishing and Aquaculture 8.11
4 Mining and Quarrying 15.72
5 Food, Beverages and Tobacco 2.55
6 Textiles, Apparel, Leather 5.56
7 Wood and Cork 10.83
8 Paper 9.07
9 Recorded Media Reproduction 9.07
10 Coke, Refined Petroleum 51.08
11 Chemicals 4.75
12 Pharmaceuticals 4.75
13 Rubber and Plastics 1.66
14 Other Non-Metallic Mineral 2.76
15 BasicMetals 7.99
16 Fabricated Metal 4.3
17 Electronics and Optical Products 10.60
18 Electrical Equipment 10.60
19 Machinery and Equipment 1.52
20 Motor Vehicles 1.01
21 Other Transport Equipment 0.37
22 Furniture and Other Manufacturing 5.00
23 Electricity and Gas 5.00
24 Water Supply 5.00
25 Sewerage and Waste 5.00
26 Construction 5.00
27 Trade and Repair of Motor Vehicles 5.00
28 Wholesale Trade 5.00
29 Retail Trade 5.00
30 Land Transport 5.00
31 Water Transport 5.00
32 Air Transport 5.00
33 Aux. Transportation Services 5.00
34 Postal and Courier 5.00
35 Accommodation and Food 5.00
36 Publishing 5.00
37 Media Services 5.00
38 Telecommunications 5.00
39 Computer and Information Services 5.00
40 Financial Services 5.00
41 Insurance 5.00
42 Real Estate 5.00
43 Legal and Accounting 5.00



461

1 3

Quantifying Brexit: from ex post to ex ante using structural…

Table 23  (continued) Sector ID Sector name Trade elasticity

44 Business Services 5.00
45 Research and Development 5.00
46 Admin. and Support Services 5.00
47 Public and Social Services 5.00
48 Education 5.00
49 Human Health and Social Work 5.00
50 Other Services, Households 5.00

where ŵn are wage changes, Xj
n are sectoral expenditure levels, Fj
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n ) − Sn , Ln denotes country n’s labor force, and Sn is 
the (exogenously given) trade surplus. We fix sn ≡ Sn∕B, where B ≡

∑

n wnLn is 
global labor income, to make sure that the system is homogenous of degree zero in 
prices.

The shift in unit costs due to changes in input prices (i.e., wage and intermediate 
price changes) is laid out in Eq. (11). Trade cost changes directly affect the sectoral 
price index pjn , while changes in unit costs have an indirect effect [see Eq. (12)]. 
Trade shares change as a reaction to changes in trade costs, unit costs, and prices. 
The productivity dispersion �j indicates the intensity of the reaction. Higher �j ’s 
imply bigger trade changes. Equation (14) ensures goods market clearing in the new 
equilibrium and the counterfactual income-equals-expenditure or balanced trade 
condition is given by Eq. (15).

To solve the system for multiple sectors, we again relate to Caliendo and Parro 
(2015), who extend the single-sector solution algorithm proposed by Alvarez 
(2007). We start with an initial guess about a vector of wage changes. Using (11) 
and (12), it computes changes in prices, trade shares, expenditure levels, evaluates 
the trade balance condition (15), and updates the change in wages based on devia-
tions in the trade balance.
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Table 24  Change in real consumption, in %

Elasticities: Services = 5 Caliendo and Parro 
(2015)

Services = 5 Caliendo and Parro 
(2015)

UK – 1.17 – 3.27 Portugal – 0.16 – 0.24
[– 1.65, – 0.68] [– 3.95, – 2.59] [– 0.18, – 0.13] [– 0.27, – 0.20]

Austria – 0.15 – 0.20 Romania – 0.14 – 0.19
[– 0.16, – 0.13] [– 0.24, – 0.17] [– 0.16, – 0.12] [– 0.22, – 0.17]

Belgium – 0.49 – 0.72 Slovakia – 0.48 – 0.46
[– 0.55, – 0.42] [– 0.82, – 0.62] [– 0.58, – 0.39] [– 0.54, – 0.39]

Bulgaria – 0.17 – 0.25 Slovenia – 0.17 – 0.22
[– 0.21, – 0.14] [– 0.28, – 0.22] [– 0.19, – 0.15] [– 0.25, – 0.19]

Croatia – 0.13 – 0.15 Spain – 0.17 – 0.22
[– 0.16, – 0.10] [– 0.21, – 0.09] [– 0.19, – 0.14] [– 0.27, – 0.18]

Cyprus – 0.48 – 0.82 Sweden – 0.23 – 0.40
[– 0.63, – 0.34] [– 1.01, – 0.63] [– 0.28, – 0.19] [– 0.47, – 0.34]

Czech R. – 0.33 – 0.40 Australia – 0.01 – 0.02
[– 0.37, – 0.30] [– 0.44, – 0.36] [– 0.01, – 0.00] [– 0.02, – 0.01]

Denmark – 0.30 – 0.40 Brazil – 0.00 – 0.01
[– 0.35, – 0.26] [– 0.45, – 0.35] [– 0.00, – 0.00] [– 0.01, – 0.00]

Estonia – 0.25 – 0.39 Canada 0.00 – 0.02
[– 0.34, – 0.17] [– 0.47, – 0.32] [– 0.00, 0.01] [– 0.03, – 0.01]

Finland – 0.16 – 0.29 China 0.03 0.02
[– 0.19, – 0.13] [– 0.35, – 0.23] [0.02, 0.03] [0.02, 0.03]

France – 0.21 – 0.27 India 0.01 – 0.00
[– 0.24, – 0.18] [– 0.31, – 0.22] [0.01, 0.01] [– 0.01, 0.01]

Germany – 0.32 – 0.36 Indonesia 0.01 0.00
[– 0.35, – 0.29] [– 0.44, – 0.28] [0.00, 0.01] [0.00, 0.01]

Greece – 0.13 – 0.19 Japan 0.00 – 0.00
[– 0.16, – 0.10] [– 0.23, – 0.16] [0.00, 0.01] [– 0.01, – 0.00]

Hungary – 0.35 – 0.42 Korea 0.00 – 0.06
[– 0.38, – 0.32] [– 0.46, – 0.38] [– 0.03, 0.04] [– 0.29, 0.16]

Ireland – 2.94 – 4.40 Mexico 0.00 – 0.01
[– 3.22, – 2.66] [– 4.70, – 4.10] [– 0.00, 0.00] [– 0.02, – 0.01]

Italy – 0.17 – 0.22 Norway 0.47 0.08
[– 0.19, – 0.15] [– 0.26, – 0.18] [0.27, 0.67] [– 0.06, 0.23]

Latvia – 0.23 – 0.30 Russia 0.00 – 0.03
[– 0.32, – 0.13] [– 0.37, – 0.23] [– 0.01, 0.02] [– 0.05, – 0.02]

Lithuania – 0.17 – 0.36 Switzerland 0.03 – 0.08
[– 0.22, – 0.12] [– 0.42, – 0.29] [– 0.01, 0.07] [– 0.15, – 0.00]

Luxembourg – 0.97 – 0.96 Taiwan 0.07 0.08
[– 2.64, 0.70] [– 2.60, 0.68] [0.06, 0.08] [0.08, 0.09]

Malta – 2.55 – 2.77 Turkey 0.01 – 0.08
[– 3.52, – 1.58] [– 3.65, – 1.89] [– 0.01, 0.03] [– 0.10, – 0.05]

Netherlands – 0.67 – 0.86 USA – 0.01 – 0.02
[– 0.74, – 0.60] [– 0.94, – 0.77] [– 0.01, – 0.01] [– 0.02, – 0.01]
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Details on data and results

 The baseline year is 2014. Mean effects and [p5, p95] intervals. Bold characters indicate significance at 
the 10%- level based on 1000 bootstrap replications. Confidence intervals in square brackets. The results 
for EU27 and ROW are calculated as GDP weighted averages. Caliendo and Parro (2015) results use 
elasticities from Table 23 and tariff adjusted imports in all goods sectors in the underlying gravity esti-
mations to back out NTB changes

Table 24  (continued)

Elasticities: Services = 5 Caliendo and Parro 
(2015)

Services = 5 Caliendo and Parro 
(2015)

Poland – 0.31 – 0.39 ROW – 0.00 – 0.01

[– 0.34, – 0.28] [– 0.43, – 0.35] [– 0.01, 0.00] [– 0.03, 0.00]
EU27 – 0.31 – 0.41

[– 0.35, – 0.28] [– 0.46, – 0.35]
ROW 0.01 – 0.01

[0.00, 0.01] [– 0.02, – 0.00]
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Fig. 4  Average MFN tariffs on intra-EU trade, 2014. Note Averages of sectoral bilateral tariffs across 
intra-EU country-pairs. Sectoral bilateral tariffs are trade-weighted MFN averages of the product-level 
MFN tariffs imposed by the EU in 2014



464 G. Felbermayr et al.

1 3

Funding Open Access funding enabled and organized by Projekt DEAL.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is 
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen 
ses/ by/4. 0/.

References

Aichele, R., & Heiland, I. (2018). Where is the value added? Trade liberalization and production net-
works. Journal of International Economics, 115, 130–144.

Alvarez, F., & Lucas, R. E. (2007). General equilibrium analysis of the Eaton–Kortum model of interna-
tional trade. Journal of Monetary Economics, 54(6), 1726–1768.

Baier, S., & Bergstrand, J. (2007). Do free trade agreements actually increase members’ international 
trade? Journal of International Economics, 71(1), 72–95.

Baier, S. L., Yotov, Y. V., & Zylkin, T. (2019). On the widely differing effects of free trade agreements: 
Lessons from twenty years of trade integration. Journal of International Economics, 116, 206–226.

Bisciari, P. (2019). A survey of the long-term impact of Brexit on the UK and the EU27 economies. Work-
ing Paper Research 366, National Bank of Belgium.

Booth, S., Howarth, C., Ruparel, R., & Swidlicki, P. (2015). What If...?: The consequences, challenges 
and opportunities facing Britain outside EU.  Open Europe.

Berden, K., Francois, J.,  Tamminen, K., Thelle, M., & Wymenga, P. (2013). Non-tariff barriers in 
EU-US trade andinvestment: An economic analysis. Technical Report, Institute for International and 
Development Economics.

Caliendo, L., & Parro, F. (2015). Estimates of the trade and welfare effects of NAFTA. Review of Eco-
nomic Studies, 82(1), 1–44.

Costinot, A., & Rodriguez-Clare, A. (2014). Trade theory with numbers: Quantifying the consequences 
of globalization. In G. Gita, H. Elhanan, & R. Kenneth (Eds.), Handbook of international econom-
ics (Vol. 4, pp. 197–261). Amsterdam: Elsevier (Chapter 4).

Dekle, R., Eaton, J., & Kortum, S. (2008). Global rebalancing with gravity: Measuring the burden of 
adjustment. IMF Economic Review, 55(3), 511–540.

Dhingra, S., Huang, H., Ottaviano, G., Paulo Pessoa, J., Sampson, T., & Van Reenen, J. (2017). The costs 
and benefits of leaving the EU: Trade effects. Economic Policy, 32(92), 651–705.

Eaton, J., & Kortum, S. (2002). Technology, geography, and trade. Econometrica, 70(5), 1741–1779.
Egger, P. H., Mario L., & Staub K. E. (2012). Trade preferences and bilateral trade in goods and ser-

vices: A structural approach (CEPR Discussion Paper No. DP9051).
Emerson, M., Busse, M., Di Salvo, M., Gros, D., & Pelkmans, J. (2017). An assessment of the economic 

impact of Brexit on the EU27. 22 March 2017.
Fally, T. (2015). Structural gravity and fixed effects. Journal of International Economics, 97(1), 76–85.
Felbermayr, G., Gröschl, J., & Steinwachs, T. (2018). The trade effects of border controls: Evidence from 

the European Schengen agreement. Journal of Common Market Studies, 2(56), 335–351.
Graziano, A., Handley, K., & Limao, N. (2018). Brexit uncertainty and trade disintegration (NBER 

Working Paper No. 25334).
Hobijn, B., Nechio, F., & Shocks, S. (2019). Using VAT changes to estimate upper-level elasticities of 

substitution. Journal of the European Economic Association, 17(3), 799–833.
Keynes, J. (1929). The German transfer problem. Economic Journal, 39(153), 1–7.
Kierzenkowski, R., Pain, N., Rusticelli, E., & Zwart, S. (2016). The economic consequences of Brexit: A 

taxing decision (OECD Economic Policy Paper No. 16).
Lakatos, C., & Nilsson, L. (2017). The EU-Korea FTA: Anticipation, trade policy uncertainty and impact. 

Review of World Economics, 153(1), 179–198.
Marquez, J. (2006). Estimating elasticities for US trade in services. Economic Modelling, 23(2), 276–307.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


465

1 3

Quantifying Brexit: from ex post to ex ante using structural…

Mayer, T., Vicard, V., & Zignago, S. (2019). The cost of non-Europe, revisited. Economic Policy, 34, 
145–199.

Ohlin, B. (1929). The German transfer problem: A discussion. Economic Journal, 39, 172–182.
Rojas-Romagosa, H. (2016). Trade effects of Brexit for the Netherlands. CPB Netherlands Bureau for 

Economic Policy Analysis.
Sampson, T. (2017). Brexit: The economics of international disintegration. Journal of Economic Perspec-

tives, 31(4), 163–84.
Silva, J. S., & Tenreyro, S. (2006). The log of gravity. The Review of Economics and statistics, 88(4), 

641–658.
Steinberg, J. (2019). Brexit and the macroeconomic impact of trade policy uncertainty. Journal of Inter-

national Economics, 117, 175–195.
Timmer, M., Dietzenbacher, E., Los, B., Stehrer, R., & Vries, G. (2015). An illustrated user guide to 

the world input-output database: The case of global automotive production. Review of International 
Economics, 23(3), 575–605.

Treasury, H. M. (2016). HM Treasury analysis: The long-term economic impact of EU membership and 
the alternatives discussion paper, April. https:// www. gov. uk/ gover nment/ publi catio ns/ hm- treas 
ury- analy

Vandenbussche, H., Connell Garcia, W., & Simons, W. (2019). Global value chains, trade shocks, and 
jobs: An application to Brexit (CESifo Working Paper No. 7473).

Ward, M. (2017). Statistics on UK-EU trade (House of Commons Briefing Paper 7851).
Yotov, Y. V., Piermartini, R., Monteiro, J. A., & Larch, M. (2016). An advanced guide to trade policy 

analysis: The structural gravity model. In United Nations conference on trade and development and 
world trade organization.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional affiliations.

Authors and Affiliations

Gabriel Felbermayr1 · Jasmin Gröschl2 · Marina Steininger

 Gabriel Felbermayr 
 felbermayr@ifw-kiel.de

1 IfW Institute, University of Kiel, CESifo & GEP, Kiellinie 66, 24105 Kiel, Germany
2 ifo Institute, LMU & CESifo, Poschingerstr. 5, 81679 Munich, Germany
3 Munich, Germany

https://www.gov.uk/government/publications/hm-treasury-analy
https://www.gov.uk/government/publications/hm-treasury-analy

	Quantifying Brexit: from ex post to ex ante using structural gravity
	Abstract
	1 Introduction
	2 Model
	2.1 Setup
	2.2 General equilibrium
	2.3 Comparative statics in general equilibrium

	3 Empirical model, data, and parameter estimates
	3.1 Empirical model
	3.2 Data sources
	3.3 The UK’s Europe exposure in comparison
	3.4 Gravity analysis of aggregate data
	3.5 Gravity analysis of sectoral data

	4 General equilibrium results
	4.1 Counterfactual scenarios
	4.2 The role of treatment heterogeneity
	4.3 Effects on real consumption
	4.4 Effects on bilateral trade
	4.5 Effects on overall trade
	4.6 Changes in sectoral value added
	4.7 Discussion

	5 Robustness
	6 Conclusion
	References




