
SUMMARY

This paper estimates the welfare effects of Brexit in the medium to long run, focusing

on trade and fiscal transfers. We use a standard quantitative general equilibrium trade

model with many countries and sectors and trade in intermediates. We simulate a

range of counterfactuals reflecting alternative options for European Union (EU)–

United Kingdom (UK) relations following Brexit. Welfare losses for the average UK

household are 1.3% if the UK remains in the EU’s Single Market like Norway (a

‘soft Brexit’). Losses rise to 2.7% if the UK trades with the EU under World Trade

Organization rules (a ‘hard Brexit’). A reduced-form approach that captures the dy-

namic effects of Brexit on productivity more than triples these losses and implies a de-

cline in average income per capita of between 6.3% and 9.4%, partly via falls in for-

eign investment. The negative effects of Brexit are widely shared across the entire

income distribution and are unlikely to be offset from new trade deals.
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1. INTRODUCTION

On 23 June 2016 the United Kingdom (UK) voted to leave the European Union (EU),
a club it had been a member of since 1973. Prime Minister David Cameron resigned
the next morning and was replaced by Theresa May. The vote sent shock waves around
the world. Sterling fell immediately and by the end of the year its dollar value was
around 16% lower than on the night before the referendum. On 29 March 2017 the
UK formally notified the EU of its intention to withdraw from the union under Article
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50 of the Lisbon Treaty, triggering the start of a 2-year window for the UK to negotiate
the terms of its divorce from the EU.

The debate over the UK’s membership of the EU raised a number of political ques-
tions. Supporters of Brexit argued that leaving would give the UK greater freedom to
determine its own policies to reflect the UK’s national interests. Opponents of Brexit
stressed the contribution the EU has made to ensuring peace within Europe and argued
that being part of the EU magnified the UK’s influence on the world stage. These are
important issues, but they are not the subject of this paper. Instead, we focus on under-
standing the economic costs and benefits of Brexit, in particular those resulting from
changes in trade.

To estimate these economic costs and benefits of Brexit, we take a medium- to long-
run perspective and abstract away from the effects of increased uncertainty and the tran-
sition to a new equilibrium. Hence, we do not build a dynamic macro-econometric
model that includes these effects,1 but focus on quantifying the key channels through
which the UK leaving the EU may affect income and consumption 10 years or more af-
ter Brexit occurs (which is expected to be in 2019).

Since it is difficult to know what the exact form of a post-Brexit deal between the UK
and the EU will be, we consider several possible counterfactual scenarios. The two main
ones we analyse are an optimistic ‘soft Brexit’ and a more pessimistic ‘hard Brexit.’
A soft Brexit is where the UK continues to be a member of the EU Single Market like
other non-EU members of the European Economic Area (EEA), such as Norway.
A hard Brexit is where the UK trades with the EU only under World Trade
Organization (WTO) rules like the United States (USA) or Japan. A soft Brexit would
lead to smaller increases in trade barriers between the UK and the EU than a hard
Brexit, but would also require the UK to continue making fiscal contributions to the EU
budget. In January 2017 Prime Minister Theresa May announced that the UK’s goal in
its negotiations with the EU would be to leave the Single Market while still maintaining
free trade with the EU to the greatest extent possible (May, 2017), thus making a hard
Brexit appear much more likely than a soft Brexit. The key political constraint prevent-
ing a soft Brexit is that Single Market membership requires allowing free movement of
people with the EU, which the UK government opposes.

Our methodology is based on Costinot and Rodrı́guez-Clare (2014). We set up a gen-
eral equilibrium trade model which covers 31 sectors and aggregates the world into 35
regions. We model the effects of alternative post-Brexit scenarios by simulating changes
in trade costs and calculating how each scenario affects welfare as measured by real con-
sumption per capita. The welfare loss from Brexit is obtained by comparing welfare
when the UK remains a member of the EU with welfare following Brexit. We find that
increases in bilateral tariffs and non-tariff barriers (NTBs) between the UK and the EU

1 For example, Steinberg (2017) models the uncertainty costs of Brexit and finds they are small
compared with the long-run effects.
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and the exclusion of the UK from future EU integration leads to a fall in UK welfare
even after accounting for the savings the UK makes from lower fiscal transfers to the
EU. The estimated welfare losses range from �1.3% in the optimistic soft Brexit sce-
nario to �2.7% in the pessimistic hard Brexit scenario. We carry out a large number of
robustness checks based on alternative assumptions regarding the post-Brexit EU–UK
trade deal. In all cases Brexit reduces the welfare of the average British citizen.

The UK is not the only loser from Brexit. Within the EU, countries that trade inten-
sively with the UK are most affected. For example, in the pessimistic hard Brexit sce-
nario Ireland’s welfare declines by 2.4%. Nevertheless, the costs to the UK are much
larger than those for the rest of the EU, implying the UK has the most to lose from
Brexit. Countries outside the EU tend to experience a very small welfare gain, mostly
due to a trade diversion effect. As a whole, however, the world beyond Britain’s shores is
poorer after Brexit.

In our quantitative model, trade liberalisation tends to increase welfare because it al-
lows countries to specialise in their areas of comparative advantage and reduces the costs
of goods, services and intermediate inputs (Eaton and Kortum, 2002). Our baseline cal-
culations, however, leave out many factors that could lead to further productivity and
welfare losses following Brexit. For example, falls in foreign direct investment (FDI)
(Wacziarg, 1998) are likely and there may also be reductions in the variety of goods and
services (Krugman, 1980), weaker competition (Melitz, 2003), erosion of vertical produc-
tion chains (Melitz and Redding, 2014), slower technological diffusion (Wacziarg, 1998;
Sampson, 2016), less learning from exports (Egger et al., 2011; Albornoz et al., 2012)
and/or lower research and development spending (Keller, 1999, 2002; Bloom et al.,
2016).

An alternative way to evaluate the impact of Brexit and take into account some of
these additional effects of trade integration (which we label ‘dynamic effects’) is to use
the results of reduced-form empirical studies of the effects of EU membership on trade.
Baier et al. (2008) find that, after controlling for other determinants of bilateral trade,
EU members trade substantially more with other EU countries than they do with mem-
bers of the European Free Trade Association (EFTA). Their estimates imply that, if the
UK leaves the EU and joins EFTA, its trade with countries in the EU would fall by
about a quarter. Combining this with the estimates from Feyrer (2009) implies that leav-
ing the EU (and joining EFTA) would reduce UK income per capita by between 6.3%
and 9.4%. These estimates are much higher than the costs obtained from the static anal-
ysis, implying that dynamic effects from trade are important. We show evidence that
lower FDI in the UK following Brexit is likely to account for an important part of this
difference (see Section 3.4).

Our main analysis focuses on aggregate outcomes, but we also discuss the possible dis-
tributional effects of Brexit through immigration, price changes that differentially affect
the consumption baskets of rich and poor households, and relative wage effects. We con-
clude that the pain of Brexit is likely to be shared quite democratically across the UK
income distribution.
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The structure of the paper is as follows. We first discuss the options for UK–EU trade
relations after Brexit in Section 2. We lay out the conceptual framework we use to
model the welfare effects of Brexit in Section 3, present the data and counterfactual
analysis in Section 4 and undertake robustness checks in Section 5. Section 6 presents
our reduced-form dynamic estimates and Section 7 discusses distributional effects.
Finally, Section 8 offers some concluding comments.

2. OPTIONS FOR UK–EU TRADE RELATIONS AFTER BREXIT

It is highly uncertain what Brexit will end up meaning for the terms under which the
UK trades with the EU. Dhingra and Sampson (2016) review the alternatives facing the
UK and the EU. Broadly speaking there are three types of relationship to choose from.
The UK could remain part of the Single Market like Norway; the UK could negotiate
bilateral agreements with the EU as Switzerland and Canada have done or the UK and
the EU could trade under World Trade Organisation terms. In this section, we describe
how each of these options would affect trade barriers between the UK and the EU. As
will become clear, the key trade-off the UK will face after Brexit is the same trade-off it
faced within the EU. There are economic benefits from integration, but obtaining these
benefits comes at the political cost of giving up control over some areas of policy. Inside
or outside the EU, this trade-off is inescapable.

2.1. Soft Brexit: single market membership and the Norway option

The EEA was established in 1994 to give countries that are not part of the EU a way to
join the Single Market. The EEA comprises all members of the EU together with three
non-EU countries: Iceland, Liechtenstein and Norway. There is free movement of goods,
services, people and capital within the EEA and, since EEA members belong to the single
market, they must abide by the EU’s economic rules including legislation regarding em-
ployment, consumer protection, product standards, environmental and competition policy.

Joining the EEA would allow the UK to remain part of the single market while not
participating in other forms of European integration. EEA membership does not oblige
countries to participate in the monetary union, the EU’s common foreign and security
policy or the EU’s justice and home affairs policies. EEA members also do not partici-
pate in the Common Agricultural Policy. EEA members effectively pay a fee to be part
of the Single Market. They do this by contributing to the EU’s regional development
funds and contributing to the costs of the EU programmes in which they participate. In
2011, Norway’s contribution to the EU budget was £106 per capita, only 17% lower
than the UK’s net contribution of £128 per capita (House of Commons, 2013).

If the UK joins the EEA, UK–EU goods trade would continue to be tariff free and
there would be no new barriers to services trade between the UK and the EU. In partic-
ular, UK financial institutions would retain the ‘passporting’ rights (see Section 5.5) that
allow them to provide services throughout the EEA. NTBs between the UK and the EU
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would also remain relatively low because the UK would continue to follow the EU’s
economic rules and policies. However, there would be some new NTBs on UK–EU
trade. EEA members are not part of the EU’s Customs Union, which means they can
set their own external tariff and conduct their own trade negotiations with non-EU
countries. But the downside to being outside the Customs Union is that exports from
EEA members to the EU must satisfy rules of origin requirements to enter the EU tariff
free. This increases the cost of trade, especially in industries with complex global supply
chains such as the automotive industry. The EU can also use anti-dumping measures to
restrict imports from EEA countries, as occurred in 2006 when the EU imposed a 16%
tariff on imports of Norwegian salmon. Campos et al. (2015) find that Norway’s failure
to join the EU’s Customs Union and undertake the deeper integration pursued by EU
countries has lowered Norway’s productivity.

Staying in the single market after Brexit is the option that would lead to the smallest
increase in UK–EU trade costs and our analysis below shows it is the least bad option
for the UK economy. However, the UK government views EEA membership as having
important drawbacks because it would not allow the UK to place restrictions on immi-
gration from the EU and would mean the UK having to accept and implement EU eco-
nomic legislation governing the single market without having any part in deciding the
legislation (‘Pay with no Say’). Currently, the UK government has announced it plans to
leave the single market following Brexit.

2.2. Bilateral trade agreements

The second alternative is for the UK and the EU to negotiate a bespoke economic inte-
gration agreement (EIA). There are many forms such an agreement could take offering
different degrees of economic integration. A basic free trade agreement (FTA) would re-
move almost all tariffs on goods trade, but would not provide for free movement of peo-
ple or free trade in services between the UK and the EU. It would also lead to higher
NTBs to UK–EU goods trade due to the introduction of border measures such as cus-
toms procedures and rules of origin requirements and the emergence of ‘behind-the-
border’ trade costs as UK and EU economic regulations diverged over time.

Most recent trade deals such as the Canada–EU FTA go beyond simply removing
tariffs and also include provisions to increase market access in services and reduce
NTBs. However, a FTA would not provide the same level of market access as member-
ship of the single market. For example, no country that is not a member of the EEA has
passporting rights for financial services or the same degree of regulatory harmonisation
with the EU as exists within the single market. The UK government has signalled it
plans to seek a FTA with the EU following Brexit, but as yet there is little clarity about
what any agreement may cover.

Switzerland has a closer economic relationship with the EU than any other country
outside the EEA. This relationship is based on a series of bilateral treaties governing
Swiss–EU relations. Usually, each treaty provides for Switzerland to participate in a
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particular EU policy or programme. For example, among many others, there are trea-
ties covering insurance, air traffic, pensions and fraud prevention. Switzerland has
achieved a similar level of goods market integration with the EU as EEA countries and
there is free movement of people between Switzerland and the EU, but Switzerland and
the EU have not reached a comprehensive agreement covering trade in services.
Consequently, Switzerland is not part of the single market for services and Swiss finan-
cial institutions often serve the EU market through subsidiaries based in London.

The bilateral treaty approach allows Switzerland the flexibility to choose the EU ini-
tiatives in which it wishes to participate, but does not allow Switzerland to influence the
design of EU programmes. When Switzerland opts in to an EU programme it is re-
quired to implement policies and legislation set by the EU. Like the EEA countries,
Switzerland makes a financial contribution to the EU to cover regional funding and the
costs of the programmes in which it participates. Switzerland’s contribution in recent
years has averaged around £53 per capita, 60% lower than the UK’s net contribution
per capita (House of Commons, 2013).

Instead of negotiating a FTA with the EU, the UK could seek to remain part of the
EU’s Customs Union ensuring there would be no tariffs or other border costs on UK–
EU goods trade. However, Customs Union membership would not guarantee market
access for services trade or low behind-the-border NTBs since it would not prevent regu-
latory divergence. As a member of the Customs Union, the UK would also be subject to
the EU’s common trade policy, meaning it would not be able to negotiate its own FTAs
with non-EU countries or set its own tariff rates. The current UK government is com-
mitted to leave to Customs Union.

2.3. Hard Brexit: WTO terms

If the UK leaves the EU without reaching a new agreement with the EU then its trade
with the EU and almost all the rest of the world would be governed by the WTO. Under
WTO rules, each member must grant the same most favoured nation (MFN) market ac-
cess, including charging the same tariffs, to all other WTO members. The only exceptions
to this principle are that countries can choose to enter into FTAs such as the EU Customs
Union or North American Free Trade Agreement (NAFTA) and can give preferential
market access to developing countries.

As a WTO member, the UK’s exports to the EU and other WTO members would
be subject to the importing countries’ MFN tariffs. This would raise the cost of trade be-
tween the UK and the EU. NTBs between the UK and the EU would also increase as
WTO rules provide for shallower integration than single market membership or a be-
spoke FTA. The UK’s services trade would also be subject to WTO rules. Since the
WTO has made far less progress than the EU in liberalising trade in services, this would
mean reduced access to EU markets for UK service producers.

The WTO has no provisions for free movement of labour, so free labour mobility be-
tween the UK and the EU would cease. The pay-off for the lack of economic integration
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would be greater political sovereignty. Being outside the single market and not con-
strained by any bilateral agreement with the EU would enable the UK government to
set economic policy and regulatory standards without taking account of the preferences
of other EU members. However, any divergence in regulation between the UK and the
EU would increase NTBs to UK–EU trade.

Reverting to WTO trade relations is the alternative that would lead to the largest in-
crease in trade costs between the UK and the EU. The UK government hopes to avoid
this alternative, but has refused to rule out the possibility of trading with the EU on
WTO terms if it is unable to achieve its objectives in negotiations over a new trade
agreement with the EU.

3. CONCEPTUAL FRAMEWORK

To estimate the effect of Brexit on the UK’s trade and living standards, we use a modern
quantitative trade model of the global economy (Ottaviano, 2015). Quantitative trade
models incorporate the channels through which trade affects consumers, firms and work-
ers, and provide a mapping from trade data to welfare. The model provides numbers for
how much real incomes change under different trade policies, using readily available data
on trade volumes and potential trade barriers. We allow for trade in both intermediate in-
puts and final output in both goods and services. The model takes into account the effects
of Brexit on the UK’s trade with the EU and the UK’s trade with the rest of the world.

We build on Arkolakis et al. (2012) and Costinot and Rodrı́guez-Clare (2014), who
show that some of the most popular models used by trade economists fall in a specific
class. These share the same predicted ‘gains from trade’ (defined as welfare with trade rel-
ative to welfare with autarky), conditional on the changes in two aggregate statistics: the
observed share of trade in domestic expenditure and an estimate of the ‘trade elasticity’
(i.e. the elasticity of exports with respect to trade costs).2 These models have four primi-
tive assumptions in common: (a) Dixit-Stiglitz preferences; (b) one factor of production;
(c) linear cost functions and (d) perfect or monopolistic competition. They also share three
common macro-level restrictions: (1) trade is balanced; (2) aggregate profits are a constant
share of aggregate revenues and (3) the import demand system exhibits constant elasticity
of substitution (CES). While this set of assumptions may look extremely restrictive, they
are satisfied by several standard trade models including the workhorse ‘Computable
General Equilibrium’ model by Armington (1969), the hallmark ‘new trade theory’
model by Krugman (1980), the quantitative Ricardian model by Eaton and Kortum
(2002) and several variations of the heterogeneous firms model by Melitz (2003). Further,
it is possible to relax some of the assumptions of the baseline model, for example by al-
lowing for multiple factors of production such as skilled and unskilled labour.

2 See Head and Mayer (2014) as well as Simonovska and Waugh (2014) for recent discussions of methodo-
logical issues related to the estimation of the trade elasticity.
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We use some simple relationships from this class of models to calculate what happens
to income when trade costs change (taking into account that welfare, real consumption
and real income coincide in our model if we use the exact price index as deflator).
Essentially, we use information on current trade patterns and feed in different counter-
factual scenarios about changes in trade costs after Brexit. Taking the estimates of the
trade elasticity from the literature we can then figure out how trade patterns and income
will change, depending on the degree to which trade costs rise.

The idea of using mathematical or statistical models to simulate the effects of counter-
factual scenarios has a long tradition (Baldwin and Venables, 1995). In particular, com-
putable general equilibrium models such as the one we develop in this paper remain a
cornerstone of trade policy evaluation (Piermartini and Teh, 2005), having also contrib-
uted to the design of advanced software for their numerical solution such as GAMS or
GEMPACK (Harrison et al., 2004). Compared with older computable general equilib-
rium trade models, the class of models we rely on contribute a tighter connection be-
tween theory and data thanks to more appealing micro-theoretical foundations and
careful estimation of the structural parameters necessary for counterfactual analysis
(Costinot and Rodrı́guez-Clare, 2014).

In what follows, we first explain the basic logic of our methodological approach
through a simplified model. We then describe the additional elements of the richer
model we actually use for simulation.

3.1. The Eaton–Kortum model

For parsimony, we discuss only the main features of the model underlying our esti-
mates. This is the most technical section of our paper, so readers who are more inter-
ested in the substantive results can skip to Section 4. Additional details on the models
and their empirical implementation can be found in Costinot and Rodrı́guez-Clare
(2014).

Our simulations will be based on an extended version of the quantitative model of
Eaton and Kortum (2002), as presented by Costinot and Rodrı́guez-Clare (2014), fea-
turing multiple sectors and tradable intermediate inputs. Markets are assumed to be per-
fectly competitive and international trade is driven by cost differences across countries
mediated by geographical distance and trade barriers.3

3 We make the conservative choice of focusing on the case of perfect competition, which provides a lower

bound to the welfare effects of changes in trade barriers in models based on Costinot and Rodrı́guez-
Clare (2014), where the authors show that counterfactual trade impacts are larger on average under
CES monopolistic competition. Imperfect competition other than the CES monopolistic case would
take us away from the Costinot and Rodrı́guez-Clare (2014) family of models and lead to arguably
non-comparable results. Additionally, in models of monopolistic competition, Dhingra and Morrow
(2012) show that CES demand, which we use in this paper, provides a lower bound for the gains from
international integration.
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3.2. How it works

To explain the logic of our model we use a simplified one-sector version with only final
goods and no tariff revenues. Consider n countries, indexed by j ¼ 1; . . .; n, trading with
one another. In country j there are Lj identical households, each supplying one unit of la-
bour inelastically at salary wj. The level of welfare of the representative household in
country j is measured in terms of real consumption cj, defined as household expenditure
ej divided by the country’s price index Pj:

cj ¼
ej

Pj

:

The price index is computed over a basket of goods that may be produced domestically
or imported from other countries. The weight of each country in country j’s basket of
goods depends on how cost-effective this country is as a producer relative to other coun-
tries, and how accessible this country is in terms of geographical proximity and other
trade barriers. Specifically, if we use Ej ¼ ejLj to denote country j’s aggregate expendi-
tures and Xij its expenditures on goods produced by country i, the share of aggregate ex-
penditures going to these goods is given by kij ¼ Xij=Ej ¼ Uij=Uj with Uij ¼ HiðwidijÞ�h

and Uj ¼ Rn
i¼1Uij . The bundling parameter Uij measures country i’s effectiveness in sup-

plying country j, taking into account its state of technology Hi, its wage wi as well as the
bilateral trade obstacles dij between the two countries due to geography and other bar-
riers. The fact that Uij is divided by Uj ¼ Rn

i¼1Uij signals that what determines the share
of country j’s expenditures allocated to goods from country i depends on the latter’s ef-
fectiveness in supplying the former relative to all trade partners. This generates the
‘gravity equation’

Xij ¼
Uij

Uj

Ej ¼ HiðwiÞ�hðdijÞ�h Ej

Uj

; (1)

i.e., a log-linear relation explaining exports from i to j in terms of characteristics of the
exporter (Hi and wi), characteristics of the importer (Ej and Uj ) and bilateral trade obsta-
cles (dij). This relation shows that bilateral exports are promoted by better exporter state
of technology (larger Hi) and higher importer income (larger Ej). Bilateral exports are
hampered by higher exporter wage (larger wi) and greater importer proximity to trading
partners (larger Uj ) as this gives the importer more options in terms of suppliers different
from i that are easy to source from. Bilateral exports are also hampered by higher bilat-
eral trade obstacles (larger dij) with a percentage point increase in dij leading to a h per
cent fall in Xij. The parameter h thus measures the elasticity of bilateral exports to bilat-
eral trade obstacles. It is usually referred to as the trade elasticity and is a crucial param-
eter for us as it will regulate the impact of Brexit-driven changes in trade barriers on
UK income through the implied changes in trade flows.
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As all markets are assumed to be perfectly competitive, there are no profits so that ex-
penditures coincide with labour income: ej¼wj and Ej ¼ wjLj . Moreover, all goods are
priced at the marginal cost of delivering one unit to the destination. The price index in
country j is determined by the (geometric) average of the delivered prices of all goods as

Pj ¼ c Uj

� ��1
h;

where c is a constant. The equilibrium of the model is determined by the aggregate bud-
get constraints of the n countries, which ensure that bilateral trade is balanced for all
country pairs or, equivalently, that a country’s income is equal to what all countries (in-
cluding itself) spend on the goods it produces: Ej ¼ Rn

i¼1Xji. Using the gravity equation
(1) and Ej ¼ wjLj to substitute for Xji and Ej, respectively, we then have:

wjLj ¼ R
n

i¼1

Uji

Ui

wiLi ; (2)

for each country j ¼ 1; . . . ; n. This defines a system of n non-linear equations in the n

unknown wages. This non-linearity is due to the fact that Uji, and thus Ui , are non-
linear functions of wages and means that an analytical solution is not possible.4 Hence,
we solve for equilibrium wages using numerical methods and then finally compute real
consumption per household

cj ¼
wj

cðUjÞ�
1
h

: (3)

This is our welfare measure and, given that labour is the only source of income, it coin-
cides with real income per household. In equilibrium, this will be higher in countries
with a better state of technology and better connections to other countries with a good
state of technology. It is decreasing in the trade elasticity as the gravity equation (1)
implies that larger h amplifies the reduction in trade flows associated with higher wages
and higher trade obstacles.

3.3. Calibration and simulation

By fitting the model to observed patterns in the data, its fundamental parameters can be
structurally estimated (‘calibrated’). This fit will be conditional on the actual matrix of
bilateral trade obstacles ½dij � for i; j ¼ 1; . . . ; n. We can then use the model with its

4 Note that, as balanced budget for n – 1 countries implies balanced budget also for the remaining coun-
try, one of the aggregate budget constraints is redundant. The wage of one of the countries has, there-
fore, to be taken as the numeraire and the equilibrium values of all other wages will be expressed
relative to that wage.
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estimated parameters to compute (‘simulate’) what would happen to its endogenous vari-
ables if the actual matrix ½dij � for i; j ¼ 1; . . . ; n were replaced by any counterfactual
matrix ½d 0ij � for i; j ¼ 1; . . . ; n with changes in welfare measured by changes in real con-
sumption per capita ĉj ¼ c0j=cj , where c0j refers to the level of per capita consumption
when the matrix is ½d 0ij � for i; j ¼ 1; . . . ; n.5

The single-sector model with no intermediates and no tariff revenues has been useful
to explain the mechanics of our methodology. To make the ensuing analysis more realis-
tic, we will simulate an extended version featuring multiple sectors, intermediates and
revenue generating ad-valorem tariff barriers. In this extension, each sector employs not
only labour but also its own and other sectors’ goods as intermediate inputs (with
weights determined by country-specific input–output tables) and the representative
household consumes a Cobb–Douglas basket of the goods supplied by the different sec-
tors, indexed s ¼ 1; . . .; S. The change in welfare when moving to each counterfactual
scenario compared to staying in the EU can be written as:

ĉj ¼
1� pj

1� p0j

YS

s;k¼1
k̂jj;k

� ��bj;s~aj;sk
�k ; (4)

where kjj;s ¼ Xjj;s=Ejs is the share of country j’s expenditures in sector s going to domesti-
cally supplied goods, pj and p0j are the shares of tariff revenue in country j’s aggregate ex-
penditures in the two scenarios, bj;s is sector s’s share of household expenditures (with
0 < bj;s < 1 and RS

s¼0bj;s ¼ 1), ~aj;sk is the elasticity of the price index in sector s with
respect to changes in the price of sector k. The price elasticities are given by the elements
of the S� S Leontief inverse matrix ðI � AjÞ�1, where Aj is the matrix with typical ele-
ment aj;sk (with 0 < aj;sk < 1) denoting the share of sector k’s output in sector s’s ex-
penditure on intermediates.

3.4. Brexit and welfare

To estimate the welfare effects of Brexit we want to take into account not only its instan-
taneous effects, but also how Brexit will affect future consumption levels as trade costs
change over time. This forward-looking perspective introduces two additional layers of
complexity. First, we need to evaluate the present value of future real consumption
flows. To do so, as in Caliendo et al. (2015) we assume that the representative household
in country j has an infinite horizon with time discount factor q 2 ð0; 1Þ, and constant
unit elasticity of intertemporal substitution so that its intertemporal welfare can be

5 Given that we are interested in percentage changes, we do not need to estimate all the fundamental pa-
rameters of the model as several cancel out in log-differences. See Costinot and Rodrı́guez-Clare
(2014) for additional details.
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expressed as R1t¼0q
t lncj;t , where cj;t is real consumption in year t and t¼ 0 is the year in

which Brexit takes place.
The second layer of complexity comes from the fact that the future consumption ef-

fects of Brexit need to be compared to what consumption would have been had the UK
remained in the EU. This implies that we have to compare the present value of future
consumption between two counterfactuals: remain (In) and leave (Out). Following
Sampson (2016), we measure the welfare effect of Brexit dBrexit

j in equivalent variation
terms as the permanent proportional change in the level of consumption in the In sce-
nario that would make the representative household in country j indifferent between the
In and Out scenarios. This can be expressed as

lndBrexit
j ¼ ð1� qÞ R

1

t¼0
qtðln̂cOut

j;t � lnĉIn
j;tÞ; (5)

where ĉIn
j;t ¼ cIn

j;t=cj;0 and ĉOut
j;t ¼ cOut

j;t ð1þ gjÞ=cj;0 are the changes in real consumption in
period t compared to period 0 for country j if the UK remains and after the UK leaves,
respectively. To account for changes in fiscal transfers between the UK and the EU, the
real consumption in the case of Out is multiplied by 1þ gj , where gj is the percentage
change in the net fiscal transfer received by country j after Brexit. For example, if the
UK made a lower transfer to the EU after Brexit, gj would be positive for the UK while
for the remaining EU countries it would be negative since they would need to fill the
budget hole left by the lower UK contribution.

3.5. Model summary and intuition

Although our apparatus can appear complex at first sight, at heart it is very simple.
Consider Equation (2) as the central relationship we exploit to figure out the implica-
tions of Brexit. For each country we want to measure real labour income changesdwj=Pj ¼ ðw0j=P 0j Þ=ðwj=PjÞ as trade barriers rise after Brexit. We will have different sce-
narios (i.e. an optimistic soft Brexit and a pessimistic hard Brexit) associated with dif-
ferent changes in trade barriers bd ij;s ¼ d 0ij;s=dij;s. We also have data on the initial
labour income wj and expenditure shares kjj;s of each country, and estimates of the
trade elasticity h from the literature on gravity equations. So basically we find the
pattern of income changes that are consistent with the new set of bilateral trade bar-
riers given the initial levels of trade and how sensitive these patterns are to changes
in trade costs.

We can also think of this from a single country’s perspective. When trade barriers
rise, revenues from exports fall as other countries buy less exports. To maintain trade
balance, imports will also have to fall. Both of these will decrease real labour income
(and this will have knock-on effects to other countries even if trade barriers have not
changed for these countries). In equilibrium trade must balance so all of the trade and
income changes must be consistent with each other for every country.
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4. BREXIT ESTIMATES FROM THE STATIC TRADE MODEL

In this section, we use the quantitative trade model discussed above to estimate the welfare
costs of Brexit in our optimistic soft and pessimistic hard Brexit scenarios. We start by de-
scribing the data we use to calibrate the model, then explain our assumptions regarding
how trade costs change in each scenario before reporting our quantitative results.

4.1. Data

To calibrate the model we use the World Input-Output Database (WIOD) for 2011.6

This database aggregates the world into 40 countries and covers 35 sectors which we
further aggregate into 35 regions and 31 sectors as in Costinot and Rodrı́guez-Clare
(2014). Table 1 presents the UK trade pattern by sectors from the WIOD data (Table
A1 shows the regional aggregation).

The table splits the sectors between Goods and Services and trade with EU and non-
EU countries. Overall, the UK runs a deficit in Goods trade but has a surplus in
Services. About 50% of UK trade in Goods and Services is with the EU in 2011. Trade
between the UK and the EU is highest in the transport equipment sector, which in-
cludes automobiles, amounting to US$95.7 billion. The UK runs a deficit with the EU
in this sector, with imports of US$60.4 billion compared with exports of
US$35.3 billion. Within services, Renting of Machinery, Equipment and Other
Business Services, and Financial Intermediation account for more than two-thirds of the
UK’s services trade with the EU.

We also use data on the EU’s applied MFN tariffs at the product level from the
WTO.7 Combining the tariff data with United Nations (UN) Comtrade data on trade
flows allows us to calculate average MFN tariffs at the WIOD sector level for UK im-
ports and exports with the EU using product level import and export values as weights.8

The resulting average MFN tariffs on UK trade with the EU are shown in Columns (4)
and (7) in Table 1.

Finally, for trade elasticities which govern the responsiveness of trade flow to trade
costs, we use the estimates by Caliendo and Parro (2015) in which they explore tariff var-
iations to estimate trade elasticities for various goods sectors. As for the service sectors,
the trade elasticities are set to be 5, the median value in the literature, following Costinot
and Rodrı́guez-Clare (2014). These are listed in Table A3. We will show that our results
are robust to alternative assumptions about the magnitude of the trade elasticities.

6 The data can be found at http://www.wiod.org/database/wiots13. For more details on how this data-
base is constructed, see Dietzenbacher et al. (2013).

7 We access the data from http://tariffdata.wto.org/ in 2014
8 We aggregate HS six-digit industries into two-digit WIOD industries using a concordance between HS

products and ISIC Rev. 3 industries. The concordance is from http://wits.worldbank.org/product_
concordance.html.
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4.2. Counterfactual scenarios

This section describes the assumptions we make regarding changes in trade costs in our
optimistic soft Brexit scenario and pessimistic hard Brexit scenario. We aim to quantify
the consequences of three distinct types of trade costs: (i) immediate changes in goods
tariffs; (ii) immediate changes in NTBs on goods and services; and (iii) the exclusion of
the UK from future market integration within the EU.

We consider two different scenarios. In the pessimistic hard Brexit case, we assume
the UK leaves the single market and trades with the EU under WTO terms. In this
case, we assume the UK will apply the MFN tariffs on goods imported from the EU
shown in Column (4) of Table 1, while the EU will apply the tariffs given in Column (7)
on its imports from the UK. In our optimistic soft Brexit scenario, the UK remains part
of the single market and there are no tariffs on goods trade between the UK and the
EU.

NTBs are related to costs of shipment, differences in product regulations, legal bar-
riers, search and other transaction costs for both goods and services (see Anderson and
van Wincoop, 2004; Head and Mayer, 2013). Many authors point out that such costs
are higher than formal tariffs (LooiKee et al., 2009; Novy, 2013). In fact, the primary fo-
cus of most recent trade negotiations, such as the Canada–EU FTA, has been on reduc-
ing NTBs.

To incorporate NTBs we use information provided by Berden et al. (2009, 2013).
The authors calculate detailed tariff equivalents of NTBs between the USA and the EU,
using econometric techniques and business surveys. They also calculate the fraction of
these NTBs that is reducible for each sector, that is the fraction of the trade cost that
could in principle be eliminated by policy action. We collect information on sectors that
can be easily matched to our classification shown in Table 1. The sectors used, their
NTBs (in tariff equivalent terms) and the share of the costs that can be reduced are
shown in Table 2.

As it is unlikely the UK will face the same NTBs as the USA following Brexit, in our
optimistic scenario we assume the UK faces one-quarter (1/4) of the reducible NTBs
faced by the USA, while in our pessimistic scenario we assume UK–EU trade is subject
to three-quarters (3/4) of the reducible NTBs. To implement these assumptions, we cal-
culate the weighted average of the sectoral reducible NTBs using total UK–EU trade in
each sector as weights and the subset of sectors shown in Table 2, which cover 71% of
total UK–EU trade. This calculation leads to an increase in non-tariff costs of 2.77%
and 8.31% in our optimistic and pessimistic scenarios, respectively. In our counterfac-
tual simulations, we apply these increases uniformly to UK–EU trade in all sectors of the
economy.

Our counterfactuals also account for the observation that intra-EU trade costs are
falling over time (Ilzkovitz et al., 2007). The rate of decline in intra-EU trade costs is ap-
proximately 40% faster than trade costs between other OECD countries according to

668 SWATI DHINGRA ET AL.



Méjean and Schwellnus (2009).9 To capture the consequences of this observation, we as-
sume that following Brexit intra-EU trade costs will continue to decline, but UK–EU
trade costs will not. In our pessimistic scenario, we assume that intra-EU NTBs continue
to fall 40% faster than in the rest of the world. This may not necessarily be the case since
the OECD does not include countries like China, which has seen a rapid decrease in
trade costs with other countries. Hence, in our optimistic scenario we assume that intra-
EU barriers fall only 20% faster than in the rest of the world.

To implement these assumptions we need a measure of price differences across the
EU. We use a rough measure of 49% taken from Eaton and Kortum (2002),10 meaning
that if the UK traded all goods with other European countries, prices would be 49%
higher. Naturally, part of this price difference may not be reducible. We assume that the

Table 2. Sector and non-tariff barriers (NTB) used in the counterfactuals

(1) (2) (3)
NTB Cost

EUþ/USA
Reducible

share
Weight

(US $million)
Sector (tariff equivalent) (%) of NTB (total trade UK/EU)

Transport equipment 22.1 0.53 95,723
Chemicals and chemical products 23.9 0.63 74,797
Post and telecommunications 11.7 0.70 8,733
Electrical and optical equipment 6.5 0.41 61,506
Financial intermediation 11.3 0.49 50,145
Food, beverages and tobacco 56.8 0.53 56,463
Construction 4.6 0.38 3,760
Renting of machinery and equipment

and other business activities
14.9 0.51 72,628

Services Nec (*) 4.4 0.37 13,561
Basic metals and fabricated metal 11.9 0.62 44,769
Textiles and textile products; leather,

leather and footwear
19.2 0.50 20,178

Wood and products of wood and cork 11.3 0.60 3,413

Overall weighted average 20.4 0.54 –

Notes: The table provides non-tariff costs (in tariff equivalent terms) of trade flows from the USA to the
EUþ (Column 1). It also provides the share of costs that are potentially reducible (Column 2). In our counterfac-
tuals we assume either (i) that after Brexit the UK faces one-fourth of the reducible costs of the USA (optimistic
scenario) or (ii) that after the exit the UK faces three-fourth of the reducible costs seen by the USA (pessimistic sce-
nario). We then use total EU trade as weights (Column 3) to compute a weighted average of these costs and apply
to all sectors in all our counterfactuals. EU is defined as EU 28 minus the UK. EUþ includes the UK. Total trade
in Column (3) is the sum of all imports from the rest of the EU to the UK plus all exports from the UK to the
EU (in millions of US dollars). The overall weighted averages in the final row use Column (3) numbers as weights.
(*) includes ‘repair of household goods’.
Source: WIOD and authors’ compilation of a subset of the sectors presented in Tables 3.3 and 4.2 of Berden et al.
(2009).

9 The authors use panel data on French firms to study price convergence in different markets between
1995 and 2004. They find that the rate of price convergence is� 0.412 for OECD countries �0.593
for EU countries.

10 See their Table II, UK row average of the trade cost values.
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reducible proportion is 54%, which is the average share of NTBs that are reducible in
the EU–US trade case, as reported in Table 2. To be conservative, in our pessimistic
case we further assume that only three-quarters of the potentially reducible share will ac-
tually diminish over time, while in the optimistic case we assume that the share is one-
half. Finally, to be even more conservative, we assume that the faster intra-EU market
integration will only last for 10 years after Brexit. These assumptions collectively imply
that future declines in intra-EU trade costs will reduce NTBs within EU 10 years after
Brexit by 12.65% and 5.63% in our pessimistic and optimistic scenarios, respectively.11

Finally, to incorporate the fiscal effects, we need to know the fiscal savings for each
country under different scenarios. HM Treasury (2013) estimates that the net fiscal con-
tribution of the UK to the EU is around 0.53% (or £8.6 billion) of UK GDP in 2013.
We assume that if the UK stays in the single market it would keep contributing 83% of
its current per capita payments to the EU, as Norway presently does (House of
Commons, 2013). This leads to a fiscal saving of about 0.09% of GDP in the optimistic
scenario. We also assume that the remaining EU countries need to fill this budget hole
and that costs are allocated proportionally to each country’s GDP. This leads to a fiscal
loss of 0.015% of income for other EU countries. In the pessimistic case, we assume that
the UK makes a fiscal saving of 0.31%.12 Filling this budget hole leads to a fiscal loss of
0.051% for the remaining EU countries.

Having determined these numbers, we simulate the model by feeding in the sequence
of shocks in trade costs and tariffs under our optimistic and pessimistic scenarios. The
model then generates sequences of changes in real consumption. This allows us to com-
pute the welfare effect of Brexit using Equation (5). We assume that the discount rate of
future consumption is q ¼ 0:96, which is a standard value used in the calibration of
growth models.

4.3. Main results

Our key results are shown in Table 3. Panel A shows the result of the optimistic soft
Brexit scenario. We find that the welfare loss13 of the UK in the optimistic case is
1.34%. We also calculate the implied loss per household. In 2015, the UK had a popu-
lation of about 65 million with 27 million households and a GDP of £1.8 trillion, which

11 Appendix B provides a complete description of how these numbers are calculated.
12 The 0.53% saving does not account for the transfers the EU makes directly to universities, firms and

other non-governmental bodies in the UK. Under the reasonable assumption that post-Brexit the
UK government does not cut this funding, the saving is 0.31% according to Eurostat (http://ec.
europa.eu/budget/figures/2007-2013/index_en.cfm).

13 Remember that welfare is measured as the permanent proportional change in the level of consump-
tion in the In scenario that would make the representative household indifferent between the In and Out

scenarios (for more details see Section 3.4).
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amounts to a loss of £893 per household. Panel B of Table 3 shows the result of the pes-
simistic scenario. We see that the cost of withdrawal doubles. The UK loses 2.66% due
to higher tariffs, NTBs and exclusion from future integration of the EU. This is equiva-
lent to £1,773 per household.

To better understand what is behind the welfare numbers in Table 3, we perform a
slightly different exercise. Instead of running a single counterfactual including all the tar-
iff and NTB changes, we split each scenario into three parts, each one focusing on a dif-
ferent source of variation in trade costs and excluding changes in fiscal transfers. The
results are shown in Table 4. In both scenarios, the greatest welfare losses are due to ex-
clusion from future EU integration: �0.90% and �1.61% in the optimistic and pessi-
mistic scenarios, respectively. An increase in UK–EU NTBs also produces considerable

Table 3. UK welfare change due to Brexit

Panel A: optimistic soft Brexit scenario
Total welfare change �1.34%
Income change per household �£893

Panel B: pessimistic hard Brexit scenario
Total welfare change �2.66%
Income change per household �£1; 773

Notes: Counterfactuals changes in welfare, measured by consumption equivalent as specified by Equation (5) with
q ¼ 0:96. Fiscal benefit information comes from HM Treasury (2013). EU is defined as EU 28 minus the UK
and Croatia. Panel A shows an optimistic soft Brexit scenario where UK could negotiate a deal like Norway and
tariffs remain zero. But NTBs increase to one-fourth of the reducible barriers faced by US exporters to the EU
(2.77% increase). Further, the UK does not benefit from further integration of EU where NTBs will fall 20%
faster than in the rest of the world (5.63% lower in 10 years). For the fiscal effect, we assume that UK could save
17% from the fiscal contribution to the EU (same as Norway) which is 0.09% of UK GDP. Panel B shows a pessi-
mistic hard Brexit scenario where the UK and EU impose MFN tariffs on each other (Table 1). NTBs increase to
three-fourth of the reducible barriers faced by US exporters to the EU (8.31% increase). Further, the UK is ex-
cluded from further integration of EU where NTBs will fall 40% faster than in the rest of the world (12.65%
lower in 10 years). For the fiscal effect, we assume that the UK saves more on fiscal contribution to EU budget
which is 0.31% of UK GDP.

Table 4. Decomposition of the ‘trade effects’ shown in Table 3

Soft Brexit (%) Hard Brexit (%)

Rise in UK–EU tariff �0.13
Rise in UK–EU NTB �0.53 �1.31
No future EU integration �0.90 �1.61

Notes: Decomposition of the ‘trade effects’ shown in Table 3. Counterfactuals changes in welfare, measured by
consumption equivalent as specified by Equation (5) with q ¼ 0:96. The numbers presented here do not sum up
exactly to the ones observed in Table 3 because we are now performing three different counterfactual exercises
(per scenario) instead of only one. EU is defined as EU 28 minus the UK and Croatia. Column 2, Row 1, shows
an optimistic soft Brexit scenario where UK could negotiate a deal like Norway and tariffs remain zero. In
Column 2, Row 2, NTBs increase to one-fourth of the reducible barriers faced by US exporters to the EU
(2.77% increase). In Columns 2, Row 3, the UK does not benefit from further integration of EU where NTBs
will fall 20% faster than in the rest of the world (5.63% lower in 10 years). Column 3, Row 1, shows a pessimistic
hard Brexit scenario where the UK and EU impose MFN tariffs on each other (see Table 1). In Column 3, Row
2, NTBs increase to three-fourth of the reducible barriers faced by US exporters to the EU (8.31% increase). In
Column 3, Row 3, the UK is excluded from further integration of EU where NTBs will fall 40% faster than in
the rest of the world (12.65% lower in 10 years).
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welfare losses of �0.53% and �1.31% in the two cases.14 In the optimistic case there
are no tariff barriers to consider, while in the pessimistic case the introduction of tariffs
imposes a small welfare reduction of�0.13% on the UK.

We also estimate the effect of Brexit on the welfare of other countries. The results are
shown in Figure 1.15 In both scenarios the UK experiences the largest welfare losses, but
two types of countries other than the UK have relatively greater welfare losses. First,
countries for which UK is an important trade partner, such as Ireland, Netherlands,
Belgium, Denmark, Sweden and Germany. These countries source more inputs from
the UK, as can be seen in Figure 2, which shows the average share (across sectors) of in-
puts sourced from the UK by country. Ireland, for example, experiences the highest wel-
fare loss and has the highest expenditure share of intermediate inputs coming from the
UK.

A second group of countries that lose relatively more are those that do not trade
much with the UK, but exhibit a negative cross-sectoral correlation between the expen-
diture share on intermediates sourced from the UK and the trade elasticity. Figure 3
shows this correlation across countries. Countries such as Hungary, Czech Republic and
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Figure 1. Welfare loss by country

Notes: The figure plots the welfare loss by country for the optimistic and pessimistic scenario. Assumptions are the
same as the notes to Table 3. We assume that the other EU countries have to fill the budget hole left by the UK
proportionally to their GDP. This brings them a net fiscal loss of 0.015% in the optimistic case and 0.051% in the
pessimistic case. The list of countries can be found in Table A1.

14 If we assume that the post-Brexit NTBs between the UK and the EU would be equal to the full re-
ducible US–EU amount, the welfare loss would be approximately 1.6%.

15 See Table A1 for more details on how countries are aggregated in the figure.
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Slovakia tend to trade more with the UK in sectors with relatively low trade elasticity.
In other words, if trade costs rise with the UK, they cannot easily substitute toward
goods from other countries. Thus, they will have a relatively larger welfare loss as the
prices they pay will rise even if they trade relatively less with the UK.
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Figure 3. Correlation between expenditure share on UK goods and trade
elasticity

Notes: The figure plots the correlation between expenditure share on UK goods and the trade elasticity across 31
WIOD sectors for each country in 2011. Expenditure share is calculated using WIOD. Trade elasticity is pre-
sented in Table A3.
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Note: The figure plots the average share of UK intermediate inputs for each country across the 31 WIOD sectors
in 2011.
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Finally, countries outside the EU tend to gain from Brexit, although the numbers are
very close to zero. This is because of trade diversion effects due to the fact that the UK
partially switches from trading with the EU to trading with non-EU countries (which in
turn benefit from more trade with the UK). This is shown in Table 5. However, the
gain experienced by non-EU countries is much smaller than the loss of the UK and the
EU, as is evident in Table 6. And the loss of the UK is more than the total loss of other
EU countries, both in percentage terms and absolute terms.

5. STATIC TRADE MODEL: ROBUSTNESS CHECKS

In this section, we assess the sensitivity of our welfare estimates for the UK to alternative
assumptions concerning how Brexit will affect trade costs. In all the scenarios we con-
sider Brexit makes the UK worse off, with welfare losses ranging between 1% and 4%.
Our findings imply that the average UK household will certainly be poorer after Brexit,
the only question is exactly how much poorer they will be.

5.1. Switzerland option

The first alternative scenario we consider is what happens if the UK and EU negotiate a
deal similar to the agreements between Switzerland and the EU described in Section 2.2.

Table 5. Change in UK trade flows after Brexit

Scenario Horizon Total UK
exports (%)

Total UK
imports (%)

Exports to
EU (%)

Imports
from EU (%)

Soft Brexit
scenario

Short run �5 �6 �14 �13
Long run �9 �8 �25 �22

Hard Brexit
scenario

Short run �14 �14 �36 �34
Long run �16 �16 �43 �38

Note: short-run horizon is 1 year after Brexit and long-run horizon is 10 years after Brexit.

Table 6. Impact of Brexit on living standards in different regions

Soft Brexit Hard Brexit

Change in %
welfare

Change in
GDP (£bn)

Change in
% welfare

Change in
GDP (£bn)

UK �1.34 �25.1 �2.66 �49.8
All EU countries

except UK
�0.14 �12.3 �0.35 �30.7

Non-EU countries 0.01 3.7 0.02 7.4

Notes: Same assumptions as in pessimistic hard Brexit and optimistic soft Brexit scenarios in Table 3. The welfare
loss of the EU countries except UK and non-EU countries are the weighted average of individual country’s loss,
where the weight is the GDP of each country. The GDP numbers come from the IMF website (http://www.imf.
org/external/pubs/ft/weo/2015/02/weodata/index.aspx), all in £2015. The exchange rate used to convert
from USD to £ was 1.529, a daily average through 2015 from the IMF website.
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Such a deal would effectively allow the UK to remain part of the single market for goods,
but not for services. Consequently, we assume that the Swiss option implies no tariffs on
UK–EU trade and that (current and future) NTBs in goods increase by the same amount
as in the optimistic soft Brexit case, while NTBs in services increase by the same amount
as in the pessimistic hard Brexit case. We also assume the UK’s net fiscal contribution to
the EU budget declines by 60% reflecting the lower payments made by Switzerland.

The results are shown in Panel A of Table 7. We find that the Swiss option leads to a
welfare loss of 1.44%, slightly higher than the loss in the optimistic scenario. Compared
with the Norway option, the benefit of the Swiss option is lower fiscal transfers to the
EU, but this is more than offset by the costs of higher NTBs for services.

5.2. Big bang

Our next alternative is a ‘Big Bang’ scenario with very large increases in trade costs fol-
lowing Brexit. In this case, we assume MFN tariffs are imposed on UK–EU trade as in
the pessimistic scenario. We also assume NTBs between the UK and the EU would rise
to the full reducible level between the USA and the EU, implying an immediate increase

Table 7. Robustness on welfare change of UK due to Brexit

Panel A: Alternative scenarios
Scenarios A Swiss alternative Big bang
Welfare loss of UK –1.44% –3.84%

Panel B: Unilateral liberalisation of UK
Scenarios Optimistic Soft Brexit Pessimistic Hard Brexit
Welfare loss of UK –1.05% –2.34%

Panel C: UK welfare loss under different parameters
Scenarios Optimistic Soft Brexit Pessimistic Hard Brexit
Discount factor: q ¼ 0:99 –1.47% –2.91%

Panel D: Model without intermediate inputs
Scenarios Optimistic Soft Brexit Pessimistic Hard Brexit
Welfare loss of UK –0.63% –1.18%

Panel E: Alternative trade elasticities
Scenarios Optimistic Soft Brexit Pessimistic Hard Brexit
Trade elasticities all of sectors þ25% –1.31% –2.56%
Trade elasticities all of sectors �25% –1.36% –2.77%

Notes: Panel A shows the results of the Swiss alternative. Under such a scenario, the UK and EU still impose zero
tariffs on goods flows. But unlike the optimistic scenario, the UK net fiscal contribution to EU would be lower but
the NTBs would be higher for services. To be precise, we assume the non-tariff trade barriers for goods would be
the same as the optimistic scenario and the non-tariff trade barriers for services would be the same as the pessimis-
tic scenario. Further, the UK saves 60% of the current fiscal transfer of 0.53% of GDP. In the Big bang scenario,
UK and EU trade is subjected to MFN tariffs. NTBs increase to the full reducible barriers faced by US exporters
to the EU (11.08%). Integration within the EU continues to be 40% faster than in the rest of world and 100% of
the reducible price gaps could be reduced. Such integration occurs immediately following Brexit instead of taking
10 years. It leads to a reduction of NTBs among EU countries by 15.72%. Panel B shows the results of UK unilat-
erally liberalizing to all other countries. That is the UK imposes zero tariffs on all imported goods. The tariffs be-
tween UK and non-EU countries are shown in Table A2. Panel C shows the welfare results when we increase the
discount factor q from 0.96 to 0.99. We change the discount factor q from 0.96 to 0.99. Panel D shows the wel-
fare results for the optimistic and pessimistic scenario using a model without intermediate inputs and input–output
linkages across industries. Panel E shows the welfare results for the optimistic and pessimistic scenario by increas-
ing and reducing the trade elasticities as in Table A3 by 25%, respectively.
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in NTBs of 11.08%. Finally, we assume integration within the EU would continue to be
40% faster than in the rest of the world and 100% of the reducible price gaps would be
reduced. Such integration occurs immediately following Brexit instead of taking 10 years
as was assumed in the baseline optimistic and pessimistic cases. It leads to a reduction of
NTBs among EU countries by 15.72%. These extreme assumptions imply that we are
simulating the upper bound of welfare loss for the UK in our model. In this scenario we
find that the UK welfare loss is 3.84%.

5.3. Unilateral liberalisation

Some supporters of Brexit, such as the group Economists for Brexit, have argued that af-
ter leaving the EU the UK should unilaterally liberalise trade by removing all tariffs on
its trade with the rest of the world (Economists for Brexit, 2016). We regard this as polit-
ically unlikely given the current hostility to removing trade protection. Nevertheless, we
can evaluate the consequences of such a policy by simulating the effects of unilateral lib-
eralisation in our optimistic and pessimistic scenarios.

We measure current sectoral tariff levels as the weighted average MFN applied tariff
on HS six-digit level UK imports from non-EU countries. As shown in Table A2 the av-
erage UK MFN import tariff is just below 3%. Feeding these tariffs into our model we
find the effect of unilateral liberalisation is very limited as shown in Panel B of Table 7.
In both the optimistic and pessimistic cases unilateral liberalisation increases welfare by
around 0.3% compared with our baseline results, implying that the overall welfare effect
of Brexit including unilateral liberalisation is a loss of 1.05% in the optimistic case and
2.34% in the pessimistic case. The relatively small effect of unilateral liberalisation is not
surprising given that the UK’s import tariffs are already low and that we showed in
Table 4 the main costs of Brexit result from higher NTBs.16

5.4. Discount rate

In Panel C of Table 7 we report the welfare effects of Brexit under alternative assump-
tions about the discount rate q. So far, we have used a discount rate of 0.96 which
implies a real interest rate of 4%. This is a standard calibration value, but currently real
interest rates are much lower than this, near zero in many cases. Using a lower real in-
terest rate increases the costs of Brexit, because it gives larger weights to future declines
in consumption. For example, using a real interest rate of 1% by setting q ¼ 0:99 leads

16 According to our model the optimal unilateral tariff for the UK to impose on imports following
Brexit would be around 15% (assuming a uniform tariff across all goods). Combining Brexit with this
tariff policy implies UK welfare falls by 0.4% in the optimistic case and 1.8% in the pessimistic case.
Thus, the UK still ends up worse off even before we account for retaliatory tariff changes by other
countries.
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to a welfare loss of 1.47% in the optimistic case and 2.91% in the pessimistic case.
Hence, given the current low interest rate environment, the results we present in
Table 3 may understate the true costs of Brexit.

5.5. Intermediate inputs

In the baseline results we allow for trade in both final and intermediate goods and services.
It has often been noted that Brexit may have an important effect because the UK is linked
into complex value chains with the rest of Europe (e.g. Baldwin, 2016). To gauge how im-
portant value chains are we re-estimate our model assuming that all trade was only in final
goods. In Panel D of Table 7 we report the results of this experiment which makes a sub-
stantial difference. Welfare effects remain negative, but are only half the size of our baseline
results. This implies that a substantial fraction of the costs of Brexit are coming from dis-
rupting trade in intermediate inputs, as many commentators have suggested.

5.6. Alternative trade elasticities

We use industry-specific trade elasticities from Costinot and Rodrı́guez-Clare (2014). But
there is clearly uncertainty over their exact magnitude. As a sensitivity test we see what
happens if we reduce or increase the trade elasticity in each industry by 25% from the val-
ues in Table A3. Even thought this is a substantial change, the results are robust to this test
with little change in the welfare losses, as shown in Panel E of Table 7. As expected based
on Arkolakis et al. (2012), the losses are larger when the trade elasticities are less elastic.

5.7. Financial services and passporting rights

Another concern is that Brexit could pose special challenges for the financial sector in
the UK. The financial services sector makes up 8% of British GDP, 12% of tax receipts
and 45% of the FDI stock (Tyler, 2015). The single market allows a bank based in one
member of the EU to set up a branch or provide cross-border financial services in an-
other, while being regulated by authorities in the home country. This ‘single passport’ to
conduct activities in EU member states is important for UK exports of financial services.
Passporting means that a UK bank can provide services across the EU from its UK
base. It also means that a Swiss or an American bank can do the same from a branch or
subsidiary established in the UK.

If the UK leaves the single market it will lose passporting rights. Alternatives to pass-
porting rights are likely to be costly and time-consuming, because they would require ei-
ther setting up subsidiaries within the single market or negotiating a regulatory
equivalence agreement with the EU under which the EU could grant licenses to UK-
based financial institutions to serve the EU market. However, these licenses would prob-
ably provide more restricted access to EU markets than passporting rights and could be
withdrawn unilaterally by the EU. The UK will also lose the ability to challenge new
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regulations at the European Court of Justice, a right that it successfully exercised when
the EU wanted to limit clearing-house activities to the Euro area.

All these changes are likely to raise the cost of UK–EU financial services trade follow-
ing Brexit, but are inadequately captured by our quantitative trade model. The financial
sector also relies heavily on foreign investment which is not included in our model. This
suggests the way we model financial services may lead us to underestimate the costs of
Brexit. Although we will discuss FDI in more detail below in Section 6.3, a better ex-
plicit treatment of the financial sector is an important issue for future work.

5.8. New FTAs with non-EU countries

Members of the EU have a common trade policy and are represented by the EU in all
international trade negotiations. If the UK leaves the EU’s Customs Union, Brexit could
also lead to changes to the UK’s trade relations with non-EU countries. This could lead
to higher trade costs if the UK ceases to be a party to trade agreements it currently be-
longs to through its membership of the EU, such as the EU–Turkey Customs Union or
the EU–South Korea FTA. Or it could increase trade if the UK reaches new agree-
ments with countries such as the USA, China and India that do not currently have a
trade agreement with the EU.

When negotiating post-Brexit trade deals, the UK would not need to compromise
with other EU countries as it does now. However, because the UK’s GDP is less than
one-fifth of the EU single market’s GDP, it would also have less bargaining power in
trade negotiations than the EU currently does.

The key question is whether the UK would be able to obtain better market access to
non-EU countries on its own than it would as a member of the EU. In calculating our
quantitative estimates we have assumed leaving the EU does not affect trade costs be-
tween the UK and the rest of the world. However, if Brexit leads to a deterioration in
the UK’s access to non-EU markets then our estimates will understate the costs of
Brexit. By contrast, if the UK is able to strike better trade deals than the EU then we
are over-estimating the costs of Brexit.

Given the reduction in the UK’s negotiating power post-Brexit, our sense is that the
UK’s preferential access to non-EU markets is likely to be worse rather than better after
it leaves the EU. In any case, since the EU is by far the UK’s largest trade partner, it is
highly unlikely any positive effects could be large enough to offset the welfare losses we
estimate will result from higher trade costs with the EU.

6. DYNAMIC BREXIT EFFECTS

6.1. Dynamic effects of trade

In our static quantitative analysis we assume each country’s underlying technological ca-
pability in each sector His is exogenous and remains constant over time. However, by
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increasing competition, raising R&D and facilitating the diffusion of ideas within and
across countries trade integration can also lead to improvements in technology that raise
the gains from trade (Perla et al., 2015; Buera and Oberfield, 2016; Desmet et al., 2016;
Sampson, 2016). For example, Sampson (2016) shows that in a dynamic version of the
Melitz (2003) model lower trade costs increase the long-run growth rate generating dy-
namic welfare gains that roughly triple the gains from trade compared to conventional
static estimates. Bloom et al. (2014) also find that dynamic effects may double or triple
the gains from trade.

The dynamic gains from trade are less well understood than the static gains captured
by our model. More empirical work is needed to establish the relative importance of the
different channels studied in the theoretical literature and to allow for the development
of a workhorse quantitative trade model that incorporates dynamic technology effects.
However, the existing literature suggests that dynamic effects are quantitatively impor-
tant and that static models substantially underestimate the gains from trade. This implies
that by using a static trade model we underestimate the costs of Brexit. The analysis be-
low suggests that the true costs could easily be triple our static estimates reported in the
previous section.

6.2. Reduced-form Brexit estimates

To obtain estimates of the consequences of Brexit that incorporate dynamic effects we
adopt an approach that uses existing empirical estimates of the effects of EU member-
ship to infer the impact of leaving the EU on UK income per capita. This is not always
equivalent to welfare of course, but has the advantage of being something directly ob-
servable in the data. In particular, we can decompose the question into two parts. First,
what effect will leaving the EU have on the UK’s trade with other countries? Second,
what is the effect of changes in trade levels on income per capita? To answer these ques-
tions we can use estimates drawn from the substantial literatures addressing both the ef-
fect of joining an EIA, such as the EU, on trade and the effect of trade on income per
capita.

Suppose that after leaving the EU the UK negotiates a FTA with the EU that is simi-
lar in scope to the EFTA.17 How would this affect the UK’s trade with other EU mem-
bers? Baier et al. (2008) address exactly this question by estimating a gravity model of
bilateral goods trade augmented with dummy variables capturing which EIAs the expor-
ter and importer belong to. In particular, they include dummy variables for both coun-
tries belonging to the EU, both countries being in EFTA, one country being in the EU
and the other in EFTA and for both countries belonging to any other EIA. They try to
control for endogenous selection into the formation of EIAs by estimating the model

17 The EFTA has four members: Iceland, Liechtenstein, Norway and Switzerland. Iceland,
Liechtenstein and Norway are also parties to the EEA Agreement with the EU.
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with panel data and controlling for country-pair fixed effects meaning their estimates
are identified from the variation in trade that occurs when countries join or leave EIAs.
They find robust evidence that being a member of the EU leads a country to trade sig-
nificantly more with other members of the EU than if it were only a member of EFTA.
Quantitatively, their estimates imply leaving the EU and joining EFTA would reduce
the UK’s trade with EU members by 25.2%.18 Interestingly, the magnitude of the trade
fall is similar to that implied by our static structural model in the long run (see Table 5).

To estimate the change in the UK’s overall trade we also need to know the effect of
Brexit on the UK’s trade with non-EU members. Baier et al. (2008)’s estimates do not
address how EU membership affects trade with countries outside of both the EU and
EFTA. Structural gravity models such as that developed by Egger et al. (2011) can be
used to infer the general equilibrium effects of EIAs on trade between all country-pairs,
but we are not aware of any work that applies the structural gravity methodology to esti-
mate the effects of EU membership. Instead, we will rely on reduced-form gravity model
estimates of the trade diversion effects of EIAs. Studies of trade diversion offer mixed re-
sults, but fail to provide convincing evidence that joining an EIA usually leads to a re-
duction in trade with countries outside of the EIA. For example, Magee (2008) does not
find robust evidence of significant trade diversion effects from EIAs. Therefore, while ac-
knowledging that the trade diversion effects of EU membership are far from certain, we
will proceed under the assumption that leaving the EU will not affect the UK’s trade
with non-EU countries.

To quantify the effect of trade on income per capita we use the estimates of Feyrer
(2009). Feyrer regresses income per capita on trade using changes in the cost of shipping
goods via air relative to sea as an instrument for changes in trade. Since the instrument
is time varying, Feyrer is able to improve upon the cross-section estimates of Frankel
and Romer (1999) by using country-fixed effects to control for time invariant unobserv-
able country characteristics that are correlated with both trade openness and income
levels. He finds that the elasticity of income to trade is probably between one-half and
three-quarters. In other words, a 10% increase in trade raises income by 5–7.5%.
Feyrer (2009)’s estimation strategy is likely to capture both the direct effect of trade on
income per capita as well as other indirect income effects of increased proximity be-
tween countries, such as changes in FDI and knowledge diffusion. Thus, the estimates
we obtain in this section should be interpreted as capturing some of the non-trade

18 This figure is calculated using the estimates in their Table 6, Column (1). Both countries being in the
EU increases trade by e0:48 � 1 ¼ 62%, while one country being in the EU and the other in EFTA
increases trade by e0:19 � 1 ¼ 21%. Therefore, if a country leaves the EU and joins EFTA trade with
EU members declines by ðe0:48 � e0:19Þ=e0:48 ¼ 25:2%. To avoid confusion when interpreting the co-
efficient estimates in Baier et al. (2008) note that their ‘EEA’ dummy variable is defined equal to one
for a country pair when one country is in EFTA and the other country belongs to the EU. Baier et al.

(2008) do not estimate the effects of EEA membership on trade, probably because the EEA was only
established in 1994 and they use data from 1960 to 2000.
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channels through which leaving the EU will affect the UK in addition to the direct effect
of changes in the UK’s trade.19

Using these numbers we can obtain a reduced-form estimate of the effect of leaving
the EU and joining EFTA on UK income per capita. Since approximately half of the
UK’s trade is with the EU (Office for National Statistics, 2016), a 25.2% fall in trade
with EU members would reduce the UK’s overall trade by 12.6% if there was no
change in trade with non-EU countries. Combining this decline with the estimates of
Feyrer (2009) implies that leaving the EU and joining EFTA would reduce the UK’s in-
come per capita by between 6.3% and 9.4%. Interestingly, these estimates are similar to
the findings of Crafts (2016) who, after surveying a range of papers that seek to estimate
the historical consequences of EU membership, concludes that joining the EU increased
UK GDP by around 8–10%.

The reduced-form estimates calculated above are based on estimates of the impact of
Brexit on the UK’s trade with the EU. Ebell (2016), HM Treasury (2016) and Mulabdic
et al. (2017) all find positive effects of EU membership on trade levels and although the
size of the effects varies across papers it is generally larger than estimated by Baier et al.

(2008).20 For example, Mulabdic et al. (2017) estimate how Brexit will affect UK trade
using a new database on the coverage of different trade agreements collected by
Hofmann et al. (2017). They find that agreements with greater coverage generate more
trade in both goods and services. The EU has the broadest coverage of all existing trade
agreements meaning that any alternative agreement between the UK and the EU fol-
lowing Brexit is likely to reduce UK–EU trade. Their estimates imply that if the UK
were to join the EEA, like Norway, UK–EU trade would fall by 13.1%, and if the UK
and the EU were to negotiate an ‘average’ FTA trade would fall by 40.1% and if the
UK and EU were to trade under WTO terms trade would fall by 53.3%.21

Under the assumptions that there is no trade diversion and the elasticity of income
per capita to trade is between 0.5 and 0.75 as estimated by Feyrer (2009), these results
imply the Norway option would reduce UK income per capita by between 3.3% and
4.9%, the FTA option would lead to a 10.2–15.3% decline and the WTO option would
cut UK income per capita by between 13.3% and 20.0%. Although the magnitude of
the losses varies considerably across scenarios it is clear that Brexit is likely to lead to a

19 Feyrer (2011) estimates an elasticity of income per capita to trade of around 0.25 using the 1967–75
closure of the Suez canal as an instrument for changes in trade. This lower estimate is less likely to in-
clude indirect effects of greater proximity, but since the closure of the Suez canal was temporary it is
less useful for our purposes because it does not represent the long-run effects of changes in trade.

20 The estimated effect of EU membership on trade also varies across different specifications in Baier
et al. (2008). Using the estimates in Table 5, Column 1 implies leaving the EU and joining EFTA
would reduce the UK’s trade with EU members by ðe0:19 � e0:65Þ=e0:65 ¼ 36:9% which implies a de-
cline in UK income per capita of between 9.2% and 13.8%. By using the estimates in Table 6,
Column 1 we obtain a more conservative estimate of the costs of Brexit.

21 These numbers are calculated using the estimates in Table 6 of Mulabdic et al. (2017) together with
the fact that in 2014 goods made up 72% UK–EU trade and services 28% (Office for National
Statistics, 2016).
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substantial decline in the UK’s income per capita and, as our quantitative estimates also
showed, remaining in the single market by joining the EEA would minimise the costs of
Brexit, while reverting to WTO trade relations is the worst case scenario.22

The reduced-form approach adopted in this section has two principal advantages
over the structural approach used earlier in the paper. First, it requires less detailed as-
sumptions about what happens to trade barriers between the UK and the EU following
Brexit, since it does not require us to specify the future paths of tariffs and NTBs on
UK–EU trade. Instead the reduced-form estimates are based on simple assumptions
about what type of post-Brexit relationship the UK and EU will negotiate. Second,
while the quantitative trade model used above is designed to capture only the static gains
from trade, reduced-form estimates of the effect of trade on income per capita should
capture both static and dynamic effects.

The disadvantage of the reduced-form approach is that it relies on the existence of
unbiased empirical estimates of the effect of EU membership on trade and the effect of
trade on income per capita. While we have based our calculations on estimates obtained
using best practice empirical methodologies, sampling error and identification chal-
lenges inevitably mean that some degree of uncertainty must be attached to the esti-
mates. Of course, the estimates could understate as well as overstate the magnitude.
Overall, the calculations in this section can be viewed as a robustness check on the plau-
sibility of the predictions obtained from the quantitative trade model. They suggest that
the effects of leaving the EU are higher than those obtained from the quantitative trade
model, but they reinforce the conclusion that leaving the EU is likely to have a sizable
negative net impact on UK welfare.

6.3. Foreign direct investment

Our quantitative model of Sections 3–5 does not include FDI. This is one reason that
explains why our reduced-form estimates of the impact of Brexit on the UK economy
are much larger than our estimates from the structural trade model. The UK is a major
recipient of FDI with an estimated FDI stock of over £1 trillion, about half of which is
from other members of the EU, according to UK Trade and Investment (UKTI, 2015).
Only the USA and China receive more FDI than the UK.

Countries generally welcome FDI as it tends to raise productivity, which increases
output and wages. FDI brings direct benefits as foreign firms are typically more produc-
tive and pay higher wages than domestic firms. But FDI also brings indirect benefits as
the new technological and managerial know-how in foreign firms can be adopted by

22 When considering the reduced form and quantitative estimates note that the results are not directly
comparable because the outcome variable differs slightly between the two alternatives. The reduced-
form approach estimates long-run changes in income per capita, while the quantitative estimates fo-
cus on changes in a consumption-equivalent measure of welfare. Our reduced-form estimates also do
not incorporate any changes in fiscal transfers between the UK and the EU.
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domestic firms, often through multinationals’ supply chain (Harrison and Rodrı́guez-
Clare, 2010). FDI can also increase competitive pressure, which forces managers to im-
prove their performance. Bloom et al. (2012) find that multinationals boost productivity
in UK establishments through enhanced technologies and management practices. On
top of this direct effect, Haskel et al. (2007) find that there are foreign investment ‘spill-
overs’ to other, UK-owned firms in the same industry.

There are at least three reasons why FDI in the UK may fall following Brexit. First,
being in the single market makes the UK an attractive export platform for multina-
tionals as they do not bear potentially large costs from tariff and NTBs when exporting
to the rest of the EU. Second, multinationals have complex supply chains and many co-
ordination costs between their headquarters and local branches. These would become
more difficult to manage if the UK left the single market. For example, component parts
would be subject to different regulations and costs and intra-firm staff transfers would
become more difficult with tougher migration controls. Third, uncertainty over future
trade arrangements between the UK and the EU would also tend to dampen FDI.

To provide some evidence on how Brexit may affect FDI in the UK we next review
empirical work that estimates the impact of EU membership on FDI. We first examine
estimates of EU membership on country-level FDI flows and then discuss a sector-level
study that uses very fine investment data to capture the various channels through which
Brexit would impact car production in the UK.

6.3.1. Country-level FDI and Brexit. Using country-level bilateral FDI flows between
34 OECD countries from 1985 to 2013, Bruno et al. (2016) estimate a gravity model of
inward bilateral FDI flows. They model FDI between two countries as a function of
their respective market sizes (measured by GDP), the geographical distance between
them and other factors such as GDP per capita. The model addresses the question of
how much more FDI would flow between two countries if the sender or the recipient
joins the EU, once all these factors are taken into account. Since many FDI determi-
nants—such as geographical distance and culture—are broadly stable over time, they
control for them by looking only at changes in FDI and its determinants.

The data show that there is always a statistically significant positive effect of being in
the EU on inward FDI. The magnitude ranges from a 14% to 38% increase in FDI
across specifications, with an average increase of 28% for the three main methods. This
implies Brexit is likely to reduce future FDI inflows to the UK by about 22%.23

These estimates are consistent with those in Campos and Coricelli (2015), who find a
positive impact of 25–30% on FDI flows from EU membership using an alternative
method that compares the evolution of FDI in the UK with FDI in a set of matched
control countries. Similarly, Straathof et al. (2008) find that EU membership increases

23 Using a baseline estimate of 0.28, we obtain 0:22 ¼ 0:28=ð1þ 0:28Þ. Our estimate is very similar to
PWC (2016), which finds that UK FDI will be a quarter lower in 2020 because of Brexit.

TRADE AFTER BREXIT 683



inward FDI stocks by 14% from non-EU countries and by 28% from other EU mem-
bers (using a gravity model but with earlier data). Being a member of EFTA like
Switzerland does not seem to restore the FDI benefits of being in the EU. In fact, Bruno
et al. (2016) find no statistical difference between being in EFTA compared with being
completely outside the EU like the USA or Japan.

How would reduced FDI from exiting the EU affect UK incomes? To answer this
question we can draw on the work of Alfaro et al. (2004) who estimate the effect of
changes in FDI on growth rates across 73 countries. They find that increases in FDI
have a large positive impact on GDP growth, especially for countries like the UK that
have a highly developed financial sector. Dhingra et al. (2016) take a very conservative
approach and assume a scenario where the Brexit-induced fall in FDI lasts only for
10 years and then reverts to its current level. Using the average of the estimates for the
FDI fall combined with Alfaro et al.’s estimates implies a fall in real income of about
3.4%. Looking at the wider range of estimates, incomes would fall by between 1.8%
and 4.3%. The magnitude of our FDI effect on income, of 3.4%, is larger than our esti-
mates of the losses from trade (between 1.3% and 2.7%). Using earlier data, Pain and
Young (2004) find a similar estimate that EU membership added 2.25% to UK GDP
via FDI. As FDI into the UK has grown over time, we find that this channel is becoming
more important for income.

6.3.2. Sector-level FDI flows and EU membership. The country-level analysis
above is useful for a bird’s-eye view of the impact of Brexit on national income via lower
FDI. Firm-level studies will tend to underestimate the positive impact of FDI as they fo-
cus on the productivity of the foreign firm itself or can examine only a limited number
of mechanisms for the FDI spillovers (e.g. firms who are in the same industry as the mul-
tinational or are suppliers or customers). Nevertheless, identifying the causal effects of
FDI on economy-wide productivity is intrinsically very difficult and our estimates are
subject to considerably more uncertainty than the impact of Brexit on FDI (or trade)
itself.

So, to obtain a more granular view, we discuss Head and Mayer (2015) which focuses
on the car industry that has very rich data on the investment decisions of multinationals.
The UK is the world’s fourth largest producer and KPMG (2014) argues that ‘much of
the recent investment by car manufacturers is in new vehicles which will be predomi-
nantly for sale to the EU market.’ To estimate how Brexit would impact the car industry
in the UK, Head and Mayer model Brexit as an increase in the costs of shipping cars be-
tween the UK and the EU (due to non-tariff and possibly tariff barriers), and as an in-
crease in the co-ordination costs between headquarters and the local production plants
(due to migration controls that make transfer of key staff within the firm harder or due
to different regulatory standards across plants).

Head and Mayer extend the structural gravity model of trade to the decisions of mul-
tinationals over where to base their production. Using information on the assembly and
sales locations of 1,775 car models across 184 brands, they model how firms decide
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where to locate their production for each market—for example, why BMW chooses to
produce Minis in the UK when selling to France. They estimate that total UK car pro-
duction would fall by 12% or almost 180,000 cars per year if Brexit increases both trade
costs and coordination costs. This is mainly because European car manufacturers such
as BMW would move some production away from the UK. Prices faced by UK con-
sumers would also rise by 2.55% as the cost of imported cars and their components in-
crease. In a more optimistic scenario, Head and Mayer assume that the UK faces no
trade barriers on cars and car components with the rest of the EU (e.g. it joins EFTA
and keeps equivalent regulations). When Brexit only increases headquarters co-
ordination costs, total car production in the UK still falls by 2.4% and prices remain
stable.

In short, the detailed model in Head and Mayer confirms the macroeconomic evi-
dence that Brexit will reduce foreign investment coming into the UK, leading to a fall in
economic activity. We therefore conclude that one of the reasons our reduced-form esti-
mates for the impact of Brexit on the UK economy are bigger than the estimates from
the quantitative trade model is because they capture the channel of reduced investment,
which is correlated with trade flows.

7. DISTRIBUTIONAL EFFECTS

Our results imply Brexit is likely to have a negative aggregate effect on UK living
standards. But changes in trade can also have distributional consequences and it is
theoretically possible that some households could be unaffected, or even gain follow-
ing Brexit. If EU membership has increased income and wealth inequality in the
UK, then Brexit may benefit poorer households. We adopt several approaches to
shed light on the distributional aspects of Brexit. First, we review the evidence on the
effects of EU immigration on the UK economy, since it is often argued that immigra-
tion is one of the main channels through which EU membership has harmed low in-
come UK households. Second, we extend our quantitative trade model to see how
the implied price effects of Brexit affect households with different levels of income.
Third, we discuss the potential effects of UK–EU trade on the wage distribution. All
these approaches suggest that the costs of Brexit are likely to be shared rather evenly
across income groups—there is certainly no evidence that the poor will in any way
avoid the Brexit shock.

7.1. Immigration

Immigration was a major feature of the Brexit debate. Members of the single market
must allow free movement of people with other members. The UK experienced a large
increase in EU immigration after the accession of several Eastern European countries in
2004. Over the 1995–2015 period the number of EU nationals living in the UK more
than tripled from 0.9 million to 3.3 million.
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The UK labour market is the most lightly regulated in Europe according to OECD
indicators and appears to have absorbed the immigrant wave without experiencing neg-
ative effects on unemployment or average wages. In 2016 the employment rate of
around 74% was a record high. Unlike the USA, UK median real wages grew at a
healthy pace between 1979 and 2007, but fell by over 8% in the 6 years following the
global financial crisis. Although this decline had essentially nothing to do with EU immi-
gration, which was rising in the years before the crisis and continued to rise after 2008,
many people linked the two trends, blaming immigrants for falling pay.

Even if EU immigration had little effect on aggregate unemployment or wages, could
it have affected inequality? Compared with native British workers, EU immigrants are
better educated, suggesting they are likely to compete more with high-skill than low-skill
workers.24 There is a huge amount of research examining the effect of immigration on
jobs and wages. The UK work is summarized in Wadsworth (2015), but see also Portes
(2016), Centre for European Reform (2016) and Dustmann et al. (2005). The conclusion
of this literature is that the large increase in EU immigration to the UK has not reduced
employment or wages for UK-born workers. Most papers find zero effects on all groups
of UK-born workers, but even those papers that estimate significant negative or positive
effects find these are small in magnitude. The only case where some stronger negative ef-
fects have been identified is for the effects of immigrants on earlier waves of immigrants
(see Manacorda et al., 2011).

Most of the work on immigration to the UK studies the period before the global finan-
cial crisis, so it is possible that post-crisis immigration has had larger effects. To address
this issue we aggregate individual data from the Labour Force Survey by 201 local au-
thorities areas (see Wadsworth et al. [2016] for more details). We form an area-level panel
from 2008 and 2015 and examine correlations between the change in the stock of EU
immigrants and changes in various labour market outcomes for UK-born individuals.

Figure 4 plots changes in the unemployment rates of the UK born against changes in
EU immigration (one observation for each local authority). The solid line summarizes the
relationship. If immigration increased unemployment, we would expect a strong upward
sloping line: more EU immigrants would mean more unemployment for local workers. In
fact, the line indicates that a 10 percentage point increase in the share of EU immigrants
in a local area is associated with a 0.4 percentage point reduction in the unemployment rate
in that area. But it is very clear from the graph that there is absolutely no statistically signif-
icant relationship (negative or positive) between EU immigration and the unemployment
rate of those born in the UK. The same lack of association is also revealed when we look
at hourly wages of the UK born as an outcome and when we use the initial level of EU mi-
grants in the local area as an instrumental variable for subsequent EU immigration.

24 EU immigrants are also younger, more likely to be in work and less likely to receive welfare benefits.
Hence, as shown by Dustmann and Frattini (2014), they contribute to reducing the UK’s budget
deficit.
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For inequality we need to look at the labour market outcomes of the less skilled.
Figure 5 implements the same approach as the previous figure but uses the wages of low
educated workers as an outcome on the vertical axis. Again there is no relationship be-
tween the increase of EU immigration and average wages of the less skilled. The same is
true for employment rates (see Wadsworth et al., 2016).

This type of local area analysis misses out on nationwide general equilibrium effects.
There is also work examining the macro-economic impact of immigration to the UK which
tends to find positive general equilibrium effects on productivity (e.g. Boubtane et al., 2015;
Ottaviano et al., 2016). This implies reductions in immigration will add to the cost of Brexit.

Overall, our view is that there is overwhelming evidence immigration from the EU
has not had strongly negative effects on the level or distribution of income in the UK.

7.2. Distributional effects through prices

To look at the effects on inequality of price changes following Brexit, we augment our
static approach of Sections 3–5 to allow for heterogeneity in the consumption bundles of
different households (see Breinlich et al. [2016] for more details on this exercise).

Since the model allows for 31 different industries, we can track for each of the coun-
terfactual simulations the implied changes in prices at the industry level. These price

Figure 4. Unemployment rates of UK-born and EU immigration

Notes: Each dot represents a UK local authority. The solid line is the predicted ‘best fit’ from a regression of
changes in unemployment on the change in share of EU immigrants in each UK local authority. These are
weighted by the sample population in each area. Slope of this line is� 0.04 with standard error of 0.05, statisti-
cally insignificantly different from zero.

Source: Wadsworth et al. (2016), Labour Force Survey.
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changes will have different effects on individuals depending on their consumption bun-
dles. As the 31 sectors include business-to-business sales (intermediate inputs), which
consumers do not directly purchase, we focus on final goods and service price changes.

Groups that consume a substantial share of tradable products are predicted to see the
largest price increases. Prices would rise most for transport (4% in the optimistic soft
Brexit scenario to 7.5% in the pessimistic hard Brexit scenario), alcohol (4–7%), food
(3–5%) and clothing (2–4%). By contrast, service sectors such as education or hotels and
restaurants would be less affected because they rely more on non-tradable inputs.

Using expenditure data from the ONS Living Costs and Food Survey 2012 we calcu-
late the expenditure patterns of households in different deciles of the income distribu-
tion, from the poorest 10% to the richest 10%. There are substantial differences in how
groups choose to spend their money as indicated by their expenditure shares across
product groups. For example, the poorest 10% of households spend 16% of their in-
come on Food and non-alcoholic drinks, whereas the richest 10% of households only
spend around 8% on this category. This reflects the well-known fact that poorer con-
sumers need to spend a larger proportion of their income on essentials. By contrast, low-
income households spend only 7% on Transport, which includes the purchase of vehi-
cles as well as transport services such as rail and air travel; the richest 10% of households
spend 16% of their income on Transport.

Figure 5. Wage rates for less skilled UK-born and EU immigration

Notes: Each dot represents a UK local authority. The solid line is the predicted ‘best fit’ from a regression of local
authority percentage changes in the wages of the less skilled on the change in share of EU immigrants. These are
weighted by the sample population in each area. Slope of this line is 0.02 with standard error of 0.21, statistically
insignificantly different from zero. Less skilled is defined by those who left school at 16 or earlier.

Source: Wadsworth et al. (2016), Labour Force Survey.
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Figure 6 summarises the effect of the price changes following Brexit on the real in-
comes of households in different deciles. In both scenarios the drops are reasonably even
across the income distribution with all deciles suffering significant losses. It is certainly
not the richest 10% who do a lot worse. Households in the middle income groups are
hit slightly harder than those at the extremes.

In summary, the estimated distributional effects of Brexit due to differences in expen-
diture patterns across the income distribution are small. The costs are certainly not
borne disproportionately by the rich. Moreover, recall that these calculations ignore any
dynamic effects of Brexit which will increase the losses faced by households of all types.

7.3. Distributional effects through wages

The calculations in the previous section focused on the distributional effects of Brexit re-
sulting from variation in the composition of expenditure, assuming nominal wage
changes are proportional across income groups. This seems to be a plausible assump-
tion. The sectoral price changes predicted by our model are only weakly correlated with
average earnings by sector (see Breinlich et al., 2016). If anything, high-wage sectors are
predicted to experience larger price increases on average after Brexit, implying that the
wages of the better paid may rise relative to the low-paid.
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Figure 6. Real income losses by household income decile (%)

Notes: Predicted real income losses based on the present model, as calculated by Breinlich et al. (2016). See Table
A2 in their paper in the Annex for the exact percentage changes for each income decile.

Source: Breinlich et al. (2016), Labour Force Survey.
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This is unsurprising. The EU is a relatively rich, highly skilled bloc much like the
UK. Changing trade barriers with countries whose factor endowments are very different
from the UK, like China25 or India, could affect relative wages through Heckscher–
Ohlin effects, but this channel is unlikely to be important for UK–EU trade. Trade
between similar countries may lead to increased inequality through intra-industry chan-
nels—see Epifani and Gancia (2008) and Helpman et al. (2010), for example. However,
the recent assessment by Helpman (2016) concludes the overall impact of trade on in-
equality is not quantitatively large.

Another approach to assessing the relative wage effects of Brexit is to build on
Costinot and Rodrı́guez-Clare (2014) who extend the single factor production function
used in our quantitative trade model to include both skilled and unskilled labour and
show that for the US moving to autarky has basically no effect on wage inequality.
Performing a similar calculation for the UK using our WIOD data shows that moving
to autarky reduces the real wage of skilled workers by 22.9% and the real wage of un-
skilled workers by 21.3%. This suggests that changes in inequality are an order of mag-
nitude smaller than aggregate welfare changes.

7.4. Summary on distributional effects

In this section we have examined how the negative average impact of Brexit plays out
across different points on the income distribution by analysing immigration, prices and
wages. We find that the economic pain of Brexit is not just concentrated on the elites,
but democratically shared out across people of all household incomes.

8. CONCLUSIONS

This paper estimates the economic effects of Brexit, focusing on the consequences of
changes in trade and fiscal transfers between the UK and the EU. Using a standard quan-
titative trade model based on Costinot and Rodrı́guez-Clare (2014) we simulate the effects
of Brexit under alternative counterfactual assumptions regarding the future of UK–EU
trade relations. In our optimistic soft Brexit scenario, where the UK remains in the single
market, Brexit reduces living standards in the UK by 1.3%. In our pessimistic hard Brexit
scenario, where the UK and EU trade under WTO terms, the loss doubles to 2.7%.

It is likely these static estimates understate the true costs of Brexit, as they do not ac-
count for the dynamic effects of trade on productivity or for the effects of Brexit on FDI
and immigration. Employing an alternative reduced-form approach that attempts to cap-
ture these missing effects by using empirical estimates of the effects of EU membership on

25 Autor et al. (2016) suggest the recent increase in trade with China has led to substantial increases in in-
equality. Focusing on the effect of Chinese import competition on the UK, Pessoa (2016) finds earn-
ings losses for less skilled worked, even though aggregate welfare rises.
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trade and income implies that leaving the EU and joining EFTA would reduce UK in-
come per capita by between 6.3% and 9.4%. We argue that reductions in the flow of FDI
into the UK following Brexit (which is absent from the static model but implicitly captured
by the dynamic model) explains some of the differences in the magnitude of the losses.

Our results show that the economic consequences of leaving the EU will depend
upon the future of UK–EU trade relations. But in all our scenarios we find that lower
trade due to reduced integration with EU countries is likely to cost the UK economy far
more than is gained from lower contributions to the EU budget. Furthermore, these
losses in welfare are shared relatively evenly across the income distribution. It is certainly
not the case that the pain of Brexit will be born solely by households in the richer half of
the income distribution.

We also find that other EU members will be poorer due to Brexit (although no coun-
try loses as much as the UK). Our results suggest it is not just the UK, but also the EU
that has an important stake in how UK–EU relations change after Brexit. We hope our
model will also be useful to non-UK policy makers in the ongoing Brexit negotiations.

The paper shows that alternative methodologies and assumptions lead to different es-
timates of the costs and benefits of Brexit. We do not regard any single number as defin-
itively ‘right’ or ‘wrong’. Any individual’s preferred estimate will depend on their
confidence in static trade theory based on structural work (where the cost of Brexit is
smaller) compared with more empirically based reduced-form work (where we uncover
larger negative effects). What we have consistently found, however, is that UK citizens
will pay an economic price for Brexit. Moreover, these costs will be significantly higher
in the case of a hard Brexit than a soft Brexit.

It may be that UK voters were aware of such costs, but decided they were less impor-
tant than the perceived non-economic benefits of Brexit (e.g. greater sovereignty and
lower immigration). Survey evidence, however, suggests most British voters did not be-
lieve that they would suffer any economic loss from Brexit.26 Brexit has not yet hap-
pened. Our work suggests that when it does the average British voter will suffer.

Discussion

Gino Gancia

Queen Mary University of London

Brexit is one of the main economic events of recent years. Britons’ vote to leave the EU
will affect the well-being of people in the UK and in other countries. It poses new

26 See, for example, https://www.theguardian.com/politics/2016/jun/01/brexit-two-thirds-forsee-no-nega
tive-impact-their-finances. Van Reenen (2017) discusses reasons for the success of the pro-Brexit campaign.
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challenges to EU institutions. And it is going to be a testing ground for economic theory.
This paper is about the first and the third points. Its goal is to estimate the welfare effects
of Brexit focusing on trade flows and fiscal transfers using state-of-the-art methodologies
in the literature. To this end, the paper employs two different approaches, one structural
and one based on reduced-form estimates.

The structural approach uses a modern quantitative trade model in order to quantify
the welfare effects of Brexit. This method delivers a range of estimates depending on the
counterfactual scenario considered, from a soft Brexit, in case the UK remains in the
Single Market like Norway, to a hard Brexit, if trade between the UK and Europe con-
tinues according to the WTO rules. In the former case, the UK suffers a welfare loss of
1.3% while in the latter the cost is approximately twice as high. A key advantage of the
structural approach is that the model can be used to provide a decomposition of differ-
ent effects. This exercise shows that the welfare loss due to the increase in tariffs is rather
small. The welfare loss due to the increase in non-tariff barriers is higher, but still mod-
erate. However, the increase in non-tariff barriers is more difficult to quantify. Finally,
there is a cost due to missed future opportunities of further EU integration. This is the
lion’s share of costs, accounting for more than half of the total effect. But it is important
to recognize that there is significant uncertainty around it. Overall, it seems fair to say
that easy-to-quantify effects are rather small. On the other hand, however, all these esti-
mates are likely to be a lower bound of the true economic costs of Brexit.

To see why, it is important to understand how the gains from trade are computed. In
an influential paper, Arkolakis et al. (2012) showed that in a class of models commonly
used by trade economists, two statistics are sufficient to quantify the gains from trade:
the elasticity of trade to the variable cost of trade, for short the trade elasticity; and the
share of a country’s expenditure allocated to domestically produced goods. The beauty
of the formula is that, with these two statistics at hand, one can compute the gains from
trade without knowing the counterfactual. In other words, there is no need to know the
autarky equilibrium in order to quantify the gains from trade. This is a remarkable
result, but how general is it?

In many trade models, the elasticity of trade volume to the variable cost of trade is
linked to the slope of the marginal benefit curve. This is intuitive: if a small increase in
the cost of trade eliminates a large amount of trade, i.e. if the trade elasticity is high, it
must be that the vanished trade was not so valuable. The special result is that combining
CES demand and Frechet or Pareto productivity distributions implies a constant slope
of the marginal benefit curve. In turn, this means that the trade elasticity is sufficient to
compute the value any, not just marginal, changes in the volume of trade. In other
words, the trade elasticity contains all the information needed to know how autarky
would look like. This is a very convenient property, but it is also a rather special one.

In reality, there are many reasons why the trade elasticity may not be constant and
this may introduce biases in computing the gains from trade. First, existing estimates of
the trade elasticity are marginal estimates and may overstate its average value. The reason
is that as the variable cost of trade increases, the adjustment is initially driven by the
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most elastic sectors or firms. As trade costs keep rising and the volume of trade falling,
then it will be the least elastic sectors that drive the adjustment. And indeed there is evi-
dence that the trade elasticity varies significantly across different sectors and may well
vary within sectors (e.g., Caliendo and Parro, 2015). Second, the trade elasticity is not a
deep structural parameter: it depends on preferences and technology and it may depend
on technological decisions. For instance, in Bonfiglioli et al. (2017a,b) we show that lower
trade opportunities induce firms to choose more homogeneous technologies generating
a higher trade elasticity. This leads to an amplification effect. In the case of Brexit, a fall-
ing volume of trade may induce a higher trade elasticity and therefore even lower gains
from trade.

One may still think that existing estimates can be taken as local approximation. Even
if correct, these local estimates would be accurate to evaluate small changes only. The
question then is whether Brexit can be considered as a small shock. This is unclear, since
the paper predicts the total volume of trade to fall by more than 12% in the UK.

For these and other similar reasons, in the literature there is no clear consensus on the
right value of the trade elasticity. For instance, in a recent survey paper, Costinot and
Rodriguez-Clare (2014) show that the gains from trade for the UK can range from 3%
to over 23% depending on the details of the model used.

Given the centrality of the trade elasticity, the paper could try to do more on it. One
possibility could be to estimate the trade elasticity using data for the UK. Although the
model forces the trade elasticity to be the same for all the countries, given the focus of
the paper, it would probably be better to get the UK right. Second, for the service sec-
tor, the paper uses an agnostic value equal to 5. Given that there is no strong justifica-
tion for this choice and that trade in services, and especially financial services, can be
very important for the UK, it would be advisable to experiment with other values.
Finally, the trade elasticity also depends on the share of intermediates in production.
The paper could then take into account the observation that intermediates are becom-
ing increasing important: the diffusion of global value chains and the fall in the labour
share are just two example of this trend. Once more, a growing share of intermediates
will generate bigger losses from Brexit.

In sum, quantitative trade models are elegant and tractable, but their results are sensi-
tive to assumptions. Moreover, there is still limited evidence that these models produce
the right counterfactuals. To lend more credibility to the results, it would be useful if the
paper could show that the model does a good job at describing trade flows in the UK
economy.

The structural approach also suffers from other limitations. In particular, it is built on
a static model and therefore misses potentially important dynamic effects, for instance
through technological change. For this reason, the structural approach is complemented
by a reduced-form approach. Combining existing estimates on the trade effect of the
EU membership (from Baier et al., 2008) with the elasticity of income to trade (from
Feyrer, 2009), the authors can quantify the overall income cost implied by Brexit. The
effects computed in this way are significantly larger, with welfare losses of 6% or more.
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However, the reduced-form approach suffers from well-known identification issues. For
example, since EU countries are not randomly selected, it is difficult to predict what
their volume of trade would be, had they not joined the EU. Second, the elasticity of
income to trade is estimated using a clever IV strategy exploiting the fact that air travel
changed the cost of distance between country pairs. However, this raises the question of
whether this elasticity is applicable to other countries, to different time periods and
whether it applies to trade policy barriers as well.

The paper also studies some distributional effects of Brexit. Brexit may be costly on
average, but could it help the poor who voted disproportionately for it? The answer
seems to be no. The paper shows some evidence that distributional effects through lower
immigration and through changes in relative prices are likely to be small. There is also
the possibility that Brexit affects wage inequality. However, this possibility is dismissed
on the ground that the UK and the EU are similar countries and that trade between
similar countries should have small effects on factor prices. This conclusion may be pre-
mature, however, as there are many papers showing that trade between similar coun-
tries can also increase wage inequality through skill-biased scale effects (e.g., Epifani and
Gancia, 2008; Burstein and Vogel, 2016) or through selection effects (e.g., Helpman et

al., 2010; Sampson, 2014). Of course, a more detailed analysis of the issue is worth a
paper on its own, but this caveat should be kept in mind.

In conclusion, this paper is a great example of how to use frontier economic research
to address important policy questions. The main message seems to be that, no matter
how you look at it, Brexit is an economic mistake. But then who made this mistake? UK
voters? UK leaders? Economists? And ultimately, what explains Brexit? What lessons
can be learnt for the future? Although we do not have clear answers, I will close with
some remarks based on a recent paper (Gancia et al., 2017) in which we study the rise
and enlargement of trade-promoting unions, such as the EU. The basic idea is that
countries and economic unions emerge from the tension between the global markets
and local political preferences. Applied to Brexit, the model yields three insights. The
first is that the value of union membership is proportional to the economic ties between
countries. While the UK trades significantly with the EU, it trades much less than other
core countries such as Belgium, France or Germany, who may therefore be more reluc-
tant to leave. Second, the model shows that globalization increases the incentive to cre-
ate trade-promoting unions. Yet, if too much power is shifted to the union in other
areas, tensions may arise, especially in countries with a strong national identity. This
raises the concern that Europe might have gone too far, a possibility already advanced
almost 20 years ago (Alesina and Wacziarg, 1999). Finally, the model shows that the eco-
nomic value of the EU is proportional to its size. Hence, the EU without the UK is
going to be more fragile. By the same token, Brexit can also put pressure on UK bor-
ders, as it is already evident in Scotland.

A high uncertainty surrounds future scenarios, as much as the uncertainty about the
cost and benefits of leaving the EU. Only time will tell. However, economists cannot
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afford to shy away from these questions. And this is just another reason to praise the
paper that I had the chance to discuss.

Ugo Panizza

Graduate Institute, Geneva

This is an excellent paper that quantifies the welfare effects of Brexit. The paper focuses
on trade and fiscal transfers under alternative Brexit scenarios, going from soft to hard
Brexit. All scenarios imply large welfare losses which are widely shared across the
income distribution.

The paper starts with a general equilibrium model which finds welfare losses that
range between 1.3% (soft Brexit) and 2.7% (hard Brexit). Next, the authors recognize
that their benchmark model does not include factors such as variety of goods, the role of
global value chains and FDI. To address this issue, the authors use a reduced-form
model which finds that Brexit will have a negative effect on income per capita (not wel-
fare) that ranges between 6.3% and 9.4% and show that this reduction in income per
capita is partly driven by a reduction in FDI.

The authors are likely to be conservative in estimating the costs of Brexit. The elastic-
ities they use in their model are valid for small changes in tariffs (in the published version
of the paper they conduct a useful robustness analysis by using alternative elasticities),
but with Brexit there will be large changes in non-tariff trade barriers. The UK is now
fully integrated in ‘factory Europe’ (Baldwin, 2013). This full integration involves much
more than trade in goods and it encompasses two-way flows of services, knowledge,
training, and skilled technicians and managers. The single market provides discipline
and coordinates factory Europe. Exiting from the single market will lead to costs that go
well beyond a simple increase in tariffs. Even with constant tariffs, firms that belong to
factory Europe may decide to delocalize from the UK only to avoid extra paperwork
and regulatory uncertainty linked to producing in a country which is not part of the sin-
gle market.

The paper has a small section about the implication of Brexit for the financial sector
and a discussion about the distributional implications of Brexit. In future research, it
would be interesting to emphasize the links between these two elements. In 2016, the
financial sector accounted for about 3% of total employment in the UK (1.1 million
employees), but nearly 8% of total value added in the financial sector (3% of total
employment). Lindley and Mcintosh (2017) show that in 2009 the average wage in the
UK financial sector was nearly three times as large as the average wage across the whole
private sector. Controlling for workers’ characteristics, the same authors find a wage pre-
mium that ranges between 5% and 25%.

Brexit is equivalent to a tax on the financial sector. As the financial sector is a high-
wage and high value-added sector, this tax may have important distributional implica-
tions. Wages in finance play a key role in explaining the evolution of top incomes (Roine
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and Waldenstrom, 2014; Tanndal and Waldenstrom, 2016) and a silver lining of a tax
on the financial sector could be a reduction in inequality. This reduction in inequality
may be inefficient (if it is driven by a reduction of income at the top rather than by an
increase in income at the bottom) but it could be politically salient. However, if a large
financial sector generates some sort of Dutch Disease phenomenon, then a tax on the
financial sector may lead to a real depreciation and, other things equal, favour the man-
ufacturing sector and possibly boost income at the bottom as long as the real deprecia-
tion is sufficient to compensate for the delocalization costs highlighted above. Future
research could explore the welfare effects of such a tax on the financial sector and test
whether its distributional implications can explain the regional voting patterns in the
Brexit referendum.

In future research, it would also be interesting to explore the fiscal implications of a
smaller financial sector. Research by PricewaterhouseCoopers27 finds that the financial
sector contributed to 11.5% of total government receipts in 2015/16 (this corresponds
to £71.4 billion). Given that the financial sector pays high wages and with a progressive
tax system, a smaller financial sector will lead to a drop of tax revenues which is larger
than the decrease in value added brought about by the smaller financial sector even if
this decrease in value added is fully compensated by an increase in value added of
another sector which is characterized by lower wages.

Summing up, this is an important paper that provides a useful baseline for studying
the costs of Brexit. It is an important stepping stone for future work on Brexit, not only
in the trade literature but also in the political and public economics literature.

Panel discussion

Given that trade agreements with the rest of the world must be renegotiated, Benjamin
Born asked if one should expect 5–10 years of uncertainly, and how this affects the
authors’ framework in terms of costs. Similarly, Uwe Sunde questioned the uncertainty
arising from autonomy over legislation and policy once the UK leaves the EU. He gave
the example of Switzerland where they have to follow EU legislations despite being
autonomous. Following one of the comments made by Ugo Panizza during his discus-
sion, Hans-Werner Sinn noted that the growth of the financial sector in the UK after
entering the EU in 1973 depressed the manufacturing sector in the country. Thus,
despite the potential considerable loss for the City of London, Brexit may reduce
inequality in the rest of the country by revitalizing the manufacturing sector and gener-
ate jobs in more disadvantaged regions.

27 Quoted in House Commons Briefing Paper No. 6193, 31 March 2017 available at http://research
briefings.files.parliament.uk/documents/SN06193/SN06193.pdf.
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Giacomo Calzolari highlighted that there is some uncertainty on the models used to
generate the paper’s estimates, e.g., they assume perfect competition to compute welfare
effects. Related to the latter point, Kevin O’Rourke noted that this type of welfare esti-
mates would be more convincing if the authors acknowledge that they are estimated
with uncertainty, while George de Menil asked the authors to clarify why the reduced
firm estimates are much larger than the static estimates.

Tullio Jappelli suggested that the paper should focus more on policy advice for future
(similar) cases given that the Brexit vote has already taken place. Gabriel Felbermayr
first noted that there is evidence that membership of the UK in the EU is less worth for
the UK than other EU members in terms of trade creation (except in the services sector),
and asked whether these asymmetries can play a role in the analysis. He also wondered
how much of the additional gains from unilateral liberalization of the UK are due to
tariffs.

In response to comments and questions, J.P.P. first mentioned that they can do more
robustness tests on the elasticities and, for instance, change them across sectors.
Regarding Hans-Werner Sinn’s comment on the financial sector, he argued that it is
very challenging to disentangle the effects on various sectors as there are various shocks
happening simultaneously. He also clarified that the estimates on trade reduction using
the reduced-form approach are similar to those they predict in their model. Finally, he
mentioned that the point on the perfect competition assumption is well taken and, in
response to Gabriel Felbermayr, stated that they can investigate potential asymmetries
in the services sector in more detail.
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APPENDIX A: TABLES

Table A1. Aggregation of regions

WIOD country WIOD CODE Aggregation

Australia AUS AUS
Austria AUT AUT
Belgium BEL BEL
Brazil BRA BRA
Canada CAN CAN
China CHN CHN
Czech Republic CZE CZE
Germany DEU DEU
Denmark DNK DNK
Spain ESP ESP
Finland FIN FIN
France FRA FRA
UK GBR GBR
Greece GRC GRC
Hungary HUN HUN
India IDN IDN
Indonesia IND IND
Ireland IRL IRL
Italy ITA ITA
Japan JPN JPN
Korea KOR KOR
Mexico MEX MEX
Netherlands NLD NLD
Poland POL POL
Portugal PRT PRT
Romania ROM ROM
Russia RUS RUS
Slovakia SVK SVK
Slovenia SVN SVN
Sweden SWE SWE
Turkey TUR TUR
Taiwan TWN TWN
USA USA USA
Bulgaria BGR
Cyprus CYP
Estonia EST
Latvia LVA RoEU
Lithuania LTU
Luxembourg LUX
Malta MLT
Rest of world ROW ROW

Notes: We aggregate the WIOD regions shown in Column (1) to those shown in Column (3).
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Table A2. UK MFN tariff with non-EU countries

Sectors Import tariff Export tariff

Agriculture, hunting, forestry and fishing 1.07 4.02
Mining and quarrying 0.00 0.00
Food, beverages and tobacco 6.19 2.08
Textiles and textile products; leather, leather and footwear 10.70 8.73
Wood and products of wood and cork 2.74 3.16
Pulp, paper, paper, printing and publishing 0.07 0.06
Coke, refined petroleum and nuclear fuel 2.51 3.36
Chemicals and chemical products 2.47 1.89
Rubber and plastics 5.25 5.28
Other non-metallic mineral 4.80 3.49
Basic metals and fabricated metal 1.47 1.00
Machinery, Nec 2.34 2.00
Electrical and optical equipment 1.83 1.70
Transport equipment 5.55 6.26
Manufacturing, Nec; recycling 1.44 1.76
Overall weighted average 2.94 2.86

Notes: Tariff used in the case of UK unilaterally liberalisation. Actual applied MFN tariff for HS6 industries are
aggregated to WIOD sectors using the trade between UK and non-EU countries as weights. In other words we
use the total imports to the UK from non-EU countries at the HS6 level to weight the import tariffs and the total
exports from the UK to non-EU countries at the HS6 level to weight the export tariffs.
Source: UN Comtrade comtrade.un.org/ and WTO http://tariffdata.wto.org/.
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Table A3. Trade elasticity per sector

WIOD
sector code

Sectors Trade elasticity

1. Agriculture, hunting, forestry and fishing 8.11
2. Mining and quarrying 15.72
3. Food, beverages and tobacco 2.55
4. Textiles and textile products; leather, leather and footwear 5.56
5. Wood and products of wood and cork 10.83
6. Pulp, paper, paper, printing and publishing 9.07
7. Coke, refined petroleum and nuclear fuel 51.08
8. Chemicals and chemical products 4.75
9. Rubber and plastics 1.66
10. Other non-metallic mineral 2.76
11. Basic metals and fabricated metal 7.99
12. Machinery, Nec 1.52
13. Electrical and optical equipment 10.6
14. Transport equipment 0.37
15. Manufacturing, Nec; recycling 5
16. Electricity, gas and water supply 5
17. Construction 5
18. Retail sale of fuel; wholesale trade, commission trade, including

motor vehicles and motorcycles
5

19. Retail trade, except of motor vehicles and motorcycles; repair
of household goods

5

20. Hotels and restaurants 5
21. Inland transport 5
22. Water transport 5
23. Air transport 5
24. Other supporting and auxiliary transport activities; activities of

travel agencies
5

25. Post and telecommunications 5
26. Financial intermediation 5
27. Real estate activities 5
28. Renting of M&Eq and other business activities 5
29. Education 5
30. Health and social work 5
31. Public admin, defence, social security and other public service 5

Sources: The aggregation of the sectors is the same as Costinot and Rodrı́guez-Clare (2014). The trade elasticities
for the tradable sectors are estimated by Caliendo and Parro (2015). For the service sector, we follow Costinot
and Rodrı́guez-Clare (2014) to set them as 5.
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APPENDIX B: FUTURE FALL IN NON-TARIFF TRADE COSTS

We assume that trade costs s ¼ sUR þ sR, where sR is the reducible component and
sUR is the non-reducible component hence constant overtime. For the reducible com-
ponent, it is decaying in the following manner

lnðsR
t Þ ¼ ð1� dÞt lnðsR

0 Þ;

where d controls the speed of decay. Then at period t, the change in the reducible
trade cost is given by:

DsR
t ¼ sR

t � sR
0 :

For example, the reduction in the reducible trade costs is DsR
10 ¼ sR

0 � sRð1�dÞ10

0 in
year 10. Finally, the shock to the total trade cost is bst ¼ st

s ¼
sþDsR

t

s .
As mentioned, Méjean and Schwellnus (2009) find that the rate of price conver-

gence is �0.412 for OECD countries �0.593 for EU countries. Thus, the rate of
price convergence in EU is about 40% faster (0.593–0.412¼ 0.182, 0.182/0.412¼
0.44). To capture the relatively faster integration of EU, we set dpes ¼ 0:182 in our
pessimistic scenario. We set dopt ¼ 0:091 in our optimistic scenario so the speed of
price convergence is 20% faster than other countries. In our pessimistic scenario, we
assume that three-fourth of the reducible trade costs of UK and EU could be re-
duced. Since s ¼ 1:49 according to Eaton and Kortum (2002), Méjean and
Schwellnus (2009) point out that 55% of the trade cost is reducible, we have sR;pes

0

¼ 1þ 0:49 � 0:55 � 3=4 ¼ 1:20: In our optimistic scenario, we assume that only 1/2
of the reducible price gap could be reduced, thus sR;opt

0 ¼ 1þ 0:49 � 0:55 � 1=2
¼ 1:13: Assuming that faster EU integration continues for 10 years following Brexit
(i.e. setting d=0 after year 10) we can use the formulas above to calculate the
sequence of trade cost shocks bst to feed into our model.
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