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1 | INTRODUCTION

The United Kingdom's withdrawal from the European Union has raised concerns about its potential
impact on the living standards in both regions. The exit of the UK from the EU single market will
necessarily lead to restrictions on trade and migration between the UK and the EU. According to the
majority of economic studies, this will reduce trade, production and welfare (see Busch & Matthes,
2016; Fernandez-Pacheco Theurer, Lopez, & Latorre, 2018; Latorre, Olekseyuk, & Yonezawa, 2019
for reviews).

The exit of the UK from the EU has been surrounded by uncertainty. The Withdrawal Agreement
(WA) negotiated by the then Prime Minister (PM) Theresa May, which was approved by the 27 EU
leaders on November 2018, was rejected three times by the UK's parliament. The main issue in the
discussion was the ‘backstop’ provision for Northern Ireland (NI).

Theresa May resigned on May 24 (2019). She was substituted by Boris Johnson, who was elected
as the new UK's PM on July 24 (2019). With him, a new WA proposal has been born, which seeks to
remove the ‘backstop’ provision from the deal and allow the UK to take control of its regulatory af-
fairs and trade policy. Under this new WA, if the UK and EU do not agree on a new future relationship
deal at the end of the transition period, an open border between NI and Ireland will be maintained.
However, NI will apply many EU regulations and there will be a customs border between the UK and
the NI in the Irish Sea. The rest of the UK will not be subject to EU regulations and will not form part
of the EU customs union.

The political declaration released together with Johnson’s WA states that the future relationship with
the EU should be based on an FTA, which ensures no tariffs, fees, charges or quantitative restrictions
across sectors. Its disciplines on Technical Barriers to Trade and Sanitary and Phyto-sanitary controls and
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services liberalization should be based on and go beyond the World Trade Organization arrangements.
Nevertheless, this declaration is not politically binding.

Although the new WA and its Political Declaration were approved by the European Council on
17 October (2019), the UK Parliament wanted more time to be able to ratify it. As a result, the UK
asked for a further extension of the Brexit deadline until 31 January 2020, which the EU has accepted.
This was due to the fact that a new departure date of October 31 (2019) had been set in case no WA
was approved by that date. Boris Johnson has called for an early election for December 12 and the
Parliament has voted in favor. If he gets a stronger weigh in Parliament, he may be able to obtain the
approval for his WA agreement.

In this paper, we evaluate the impact of Brexit along two dimensions: barriers to trade and restrictions
to migration. Most of the previous studies have focused on trade (e.g. Aichele, Felbermayr, Petersen,
& Schoof, 2015; Booth, Howarth, Persson, Ruparel, & Swidlicki, 2015; Dhingra et al., 2017; Dhingra,
Ottaviano, Sampson, & Reenen, 2016; Minford, Gupta, Mai, Mahambare, & Xu, 2007; Ottaviano,
Pessoa, Sampson, & Reenen, 2014). Other studies concentrate on the effects of migration and capital
movement in the UK. However, they do not include trade (e.g. Oxford Economics, 2016; Dustman &
Frattini, 2014 and Di Giovanni, Levchenko, & Ortega, 2015). By contrast, Ciuriak, Dadkhah, and Xiao
(2017) and Latorre, Olekseyuk, and Yonezawa (2018) include trade and foreign direct investment (FDI)
but not immigration. Finally, Kierzenkowski, Paini, Rusticelli, and Zwarti (2016), Jafari and Britz (2018)
and PricewaterhouseCoopers PwC (2016) include trade and migration (among other elements), as we do.

In comparison to Kierzenkowski et al. (2016) and PwC (2016), our study provides results not only
for macroeconomic aggregates but also the impact across 21 sectors in the UK economy. Moreover,
unlike Kierzenkowski et al. (2016), we analyse the effects of Brexit in trade and migration in turn. This
allows us to identify their contribution in isolation. On the other hand, PwC (2016) simulates the entry
of skilled workers, which, they argue would increase due to a small liberalisation in visa requirements
in the UK. By contrast, we estimate the impacts of restrictions on both skilled and unskilled workers
separately. Our approach takes into account the conditions agreed in the WA approved by EU leaders
on 25 November 2018. This agreement did not specify any preferential condition for skilled workers.
In addition, according to Szary and McEnaney (2018), there are signs that the Brexit vote may have
already significantly slowed the influx of foreign workers. The decline reflects both fewer EU citizens
arriving in the country and more leaving.

We also run a scenario in which the UK eliminates all tariffs with respect to all its trading part-
ners. This setting has received less attention in the literature. Only Dhingra et al. (2017) and Minford,
Gupta, Le Mai, Mahambare, and Xu (2015) estimate it. Interestingly, while Dhingra et al. (2017)
obtain that its impact is very small, Minford et al. (2015) argue that the UK would experience a 4%
rise in welfare. According to Minford et al. (2015), the rise of trade with other regions would by far
compensate the losses of trade with the EU under the World Trade Organization (WTQO) conditions.
Their estimates have been criticised because they assume that the UK's prices of manufactures and
agricultural goods would fall by 10% after Brexit and that trade flows would respond disproportion-
ately heavily to trade costs (for more details, see Sampson, Dhingra, Ottaviano, & Reenen, 2016 and
Latorre et al., 2018). As Dhingra et al. (2017), we also derive that the unilateral tariff elimination
would have a very small impact. By contrast, the negative trade outcomes we obtain from non-tariff
barriers (NTBs) surpass, by far, the ones derived by Dhingra et al. (2017). This is of particular in-
terest given the fact that we also employ a static,' general equilibrium approach in a perfectly com-

thingra et al. (2017) also estimate the dynamic losses from Brexit, which triple the ones from the static framework, using a
reduced-form model. According to Gancia (2017, p. 694) in general “the reduced-form approach suffers from well-known
identification issues”.
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petitive setting with a comprehensive input—output structure (i.e. with imported intermediates and
sectoral linkages) and the same barriers that Dhingra et al. (2017) use. The difference between both
approaches lies is the fact that Dhingra et al. (2017) run a new quantitative trade model (NQTM)
based on structural gravity and we use a standard computable general equilibrium (CGE), namely,
the Global Trade Analysis Project (GTAP) model. Both are multiregional and multisectoral models,
although the number of sectors and regions differ between them. Dhingra et al. (2017) have 35 sec-
tors and 40 regions and our CGE features 21 sectors and 5 regions.

In the model of Dhingra et al. (2017) the impact of Brexit takes place through trade, which is de-
termined by structural gravity type variables, including national income, distance, technology (which
is only based on wages) and trade obstacles such as tariff and NTBs. By contrast, in our CGE model
Armington functions govern the shares of expenditures allocated to domestically produced or im-
ported goods, together with trade barriers, consumers' preferences and technology. Dhingra et al.
(2017), and NQTM s in general, obtain most of their structural parameters directly from the same da-
tabase with which they conduct their simulations.® This contrasts with CGEs in which more structural
parameters need to be taken from the literature, partly because the CGE is more detailed with respect
to production functions and preferences. In fact, the GTAP model incorporates more realistic features
and data of the economies, such as the real trade imbalances, several factors of production and hetero-
geneous NTBs across sectors. By contrast, Dhingra et al. (2017, p. 668) assume that trade is balanced,
model only one factor of production and their NTBs increase "uniformly to UK-EU trade in all sectors
of the economy." The complexity and richness of CGEs models allows us to introduce not only trade
but also migration, making the results more comparable than if they are obtained with different
models.*

Caliendo and Parro (2015, pp. 2-3) say that: "adding detail into a model comes at the cost of losing
track of the mechanisms that deliver the main results" and that the structural gravity model "simula-
tions are performed with few data and parameter requirements." Costinot and Rodriguez-Clare (2014,
p- 198) point out that "NQTMs put more emphasis on transparency than on realism." Balistreri and
Tarr (2017) highlight that CGEs provide analysis on levels, contrasting to the percentage changes of
NQTMs. Therefore, CGEs fully capture the benchmark and counterfactual data. "In this way, all the
data from the benchmark accounts can be used and results important to policymakers, such as output
changes by sector and relative factor prices can be easily extracted" (Balistreri & Tarr 2017, p. 23).
Thus, our CGE approach allows us to offer a very detailed assessment of the impact of Brexit for a rich

*This approach has been criticized on the grounds that past trade flows may not predict well future trade flows (Thomas,
2015; Wagner, 2015). This problem may be particularly relevant in the case of Brexit, since this phenomenon has no
precedents and trade data may be missing effects that only appear in a disintegration process.

3Gancia (2017) suggests that Dhingra et al. (2017) should have estimated the value of the trade elasticity, which plays a
central role in their approach, at least for UK sectors. He explains that there is no consensus in the literature regarding the
value of this elasticity, while Melitz and Redding (2015) point out that its value may not be constant, which would challenge
the analysis of Dhingra et al. (2017).

“*Some of the authors in the paper of Dhingra et al. (2017) have also worked on the impact of Brexit on migration in
Wadsworth et al. (2016). This latter paper forms part of a book comprising a broad analysis of Brexit, elaborated by the
Centre for Economic Performance (2016). In contrast with the analysis of trade provided in the book, which is included in a
technical paper and is the predecessor of Dhingra et al. (2017), for migration no general equilibrium modelling exercise is
carried out. Wadsworth et al. (2016) provides a detailed, but mostly descriptive, analysis on migration. This same comment
applies to the accompanying technical paper of Wadsworth et al. (2016), which is also included in the book and to
Wadsworth (2015; 2017a; 2017b). Although in the technical papers some correlations are included, like the ones between EU
immigration and the UK-born unemployment rate and wages, suggesting no statistically significant relationship (negative or
positive), descriptive data are their main focus.
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set of micro and macroeconomic variables, which extends the results of most of the previous available
studies of Brexit.

Apart from providing new estimations for the impact of trade and migration restrictions related to
Brexit, another contribution of this paper is that we compare the results of an econometric (NQTMs)
approach with a computational (CGE) model. In particular, we compare the outcomes of the most
influential and widely cited model of Brexit (Dhingra et al., 2017) with a standard, well-known and
extensively used CGE, namely, the GTAP model.’

The rest of the paper is organised as follows. The next section explains the model and the simula-
tions. Section 3 describes the data used for our approach. In the results section, we depict the macro
and microeconomic quantitative effects of Brexit. That leads to the final section, in which we present
some concluding remarks. Two appendixes close the paper. One explains the origin of data on EU
migrants' skill levels and the other one carries out a sensitivity analysis.

2 | THE MODEL AND SIMULATIONS

There are several ways through which the UK's exit from the EU could result in economic impacts. In this
paper, we focus on two dimensions: trade and migration. As noted in the introduction, our study is con-
ducted by means of a well-known CGE, namely, the GTAP model. CGE models have the ability to capture
the interactions among households, firms and the government. They use production functions which de-
scribe the requirements on intermediates and factors to produce a unit of output in each sector and the inter-
sectoral input—output linkages, which reflect the different sources of intermediates in goods and services.
They also include a utility function, which describes the preferences of all consumers in the economy, as
well as taxes and government transfers to other agents of the economy. In addition, they have equations
describing national account identities, which have to be fulfilled together with the microeconomic optimi-
sation behaviour of firms and households. Thus, the CGE model offers a comprehensive representation of
the economy by incorporating real data of the economies into a rigorous theoretical framework.

In our model, we disaggregate the world economy in 21 sectors, five regions (UK, EU, USA, China
and ROW) and four factors (skilled and unskilled labour, land, and capital). Capital and land are intro-
duced as sector-specific, while labour is considered fully mobile across sectors within each region. This
is a common assumption to calculate the short-run impact of economic phenomena, since it implies that
capital and land can only be used in the sectors in which they are, according to the initial dataset, and
cannot move across sectors. Therefore, changes in production are mostly driven by changes in labour de-
mand. On the other hand, sectors are related to one another through domestic and imported intermediate
inputs, cross-border trade in final goods and through competition in attracting labour. A detailed explana-
tion of the model is available in the book by Hertel (1997) and has been updated in McDougall (2000). A
more succinct explanation, including model equations, can be found in Zhou and Latorre (2014a, 2014b).

We run the model with a perfect competition setting, such as the one of Ottaviano et al. (2014) and
Dhingra et al. (2017). According to Arkolakis, Costinot, and Rodriguez-Plana (2012) Armington,
Krugman and Melitz models yield the same welfare gains (even when the number of sources of gains
from trade varies across models). Welfare predictions in these trade models depend on only two suffi-
cient statistics, the share of expenditure on domestic goods and the trade elasticity.6

Kehoe et al. (2017) also compare the performance of NQTMs and CGEs. However, in contrast to our approach, they do not
apply the same trade policy shock to both models, while here the analysis of Brexit is common to both methodologies.

®The share of expenditure on domestic goods is equal to one minus the import penetration ratio, while trade elasticity is the
elasticity of imports with respect to variable trade costs.
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However, this welfare equivalence is sensitive to model assumptions and the type of trade policy
instrument that is used in quantifying the economic effect of a shock.’

On the other hand, Balistreri and Tarr (2017) argue that including intermediate input trade (even in
one-sector and one-factor models) alters the welfare equivalences of Arkolakis et al. (2012). They also
find that adding multiple sectors magnifies the differences in the welfare predictions across models. In
addition, Melitz and Redding (2014, 2015) consider that Arkolakis et al. (2012) underestimate the con-
tribution of new theories of heterogeneous firms to the aggregate welfare implications of trade. Melitz
and Redding (2014, 2015) indicate there is a potential channel (i.e. the endogenous changes in domestic
productivity) which increases the welfare gains from trade. Therefore, they suggest that the share of
expenditure on domestic goods and the trade elasticity are not enough to predict welfare gains from
trade. According to their view Ottaviano et al. (2014), Dhingra et al. (2017) and all models that do not
incorporate heterogenous firms, including ours, would provide lower bound estimates for the impact of
Brexit on welfare.

Regarding trade, we simulate four scenarios, namely, zero tariffs, very soft, soft and hard Brexit.
With zero tariffs, we assume that the UK and the EU continue to enjoy a free trade agreement; this
means that Brexit does not lead to any change in tariffs barriers between both regions. In addition, in this
scenario we also assume that the UK unilaterally removes all its tariffs on imports from the rest of its
trade partners. In the very soft and soft Brexit, we consider that the UK and the EU remain tariffs at zero
and apply NTBs with levels of 1/10 and 1/4 of the ones that Ecorys (2009) estimate exist between the
EU and the USA.®

A "hard Brexit" would reflect the possibility of "no deal." This is a possible scenario, given that
the UK's Parliament has rejected the WA on 16 January 2019, and is seeking to change it according
to the vote of 29 January 2019, while the EU says it cannot be changed. The hard Brexit consists of
two sub-scenarios. First, we increase import tariffs between the UK and the EU to the most favoured
nation (MFN) level, and second, we assume an emergence of NTBS whose level is 1/2 of the ones
that Ecorys (2009) estimates exist between the EU and the US, following Ottaviano et al. (2014),
Dhingra, Ottaviano, et al. (2016), and Dhingra et al. (2017).° Modelling a disintegration process such
as Brexit is a rather uncommon exercise given that in the last decades, we have been analysing the
effects of globalisation10 (e.g. Latorre & Yonezawa, 2018; Ortiz-Valverde & Latorre, 2017). However,
the logic is analogous and just the opposite; in one case, barriers to trade go down, and in the other,
they increase.

The exact values for the barriers we run appear in Table 1, which shows the NTBs and MFN tar-
iffs for every sector in the UK and in the EU. The percentages shown in Table 1 indicate the increase
that the import price experiences when crossing the borders. Columns (2) and Columns (3) show the
NTBs under a very soft and a soft scenario of Brexit, respectively. Columns (4) and Columns (5) show
the NTBs and MFN tariffs with a hard Brexit scenario. The three dimensions bars suggest that NTBs
would guide the bulk of Brexit's impact on trade. Additionally, we can see in Column (6), that the
most protected sectors are agriculture, other primary and food; and to a lesser extent; textiles, motor

See Akgul (2017), for an extensive analysis of the impact on welfare equivalence across models of relaxing the model
assumptions.

8We follow the approach of Ottaviano et al. (2014) and Dhingra et al. (2017), see below.

9They consider that the UK will face only a share of the NTBs that the EU applies to the USA and simulate the emergence of
barriers we have just described. We keep their simulations because by doing so we run the same barriers using a different
approach. This may also be of interest from a methodological point of view.

0Some exceptions include the reduction in FDI inflows to China during the crisis (Latorre & Hosoe, 2016) and disinvest-
ments by foreign multinationals (Gémez-Plana & Latorre, 2014).
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TABLE 1 Non-tariff barriers and MFN tariff under Brexit

Very Soft Brexit Soft Brexit Hard Brexit
Sectors NTBs to trade | NTBs to trade NTBs to trade | MEN tariff [ Total
In EU and UK In EU and UK In EU and UK In EU In UK In EU In UK
Agriculture L] 5.6310 14.20[I00 284010 | 10.20[0 [ 10.80[00 38.60 [0 39.20
Other primary L 5.68[ 14.20 [ 28.40 0.00] 0.10[10 | 28.40[ | 28.50
Food | e8| 1420000 2840/ 19.80(0 22,0000 482000 50.40]
Textiles 1] 1.92[0 ] 4801 9.60] 10.00]10 9.50[ 19.60[ 19.10)
Wood and paper Li12ff] 280 | 5.70 0.50[ 1.00[] 6201 6.70
Chemicals ] 1.36]C] 340 ] 6.80|L] 2.80[L 2.70[] 9.60[L_1 9.50
Metals 1.20[C] 3.000 | 6.00][] 1.90[C1 2.00[C] 7.90[C ] 8.00
Motor vehicles 1 25611 640 T ST moof T ssof 1 2080 2160
Other transport 1] 1.88|L | 4700 | 9.40[1 1.70[] 1L60JE | 11.10[E | 11.00
Electronics ] 1.28]C] 32001 6.40 0.90]C] 1.50[] 7.30[] 7.90
Other machinery 0.00 0.00 0.00[] 1.70[C] 1.80 1.70 1.80
Other manufactures [ 1.12[0] 2,80 5701 2.60[C] 2.20[L ] 8.30]L 7.90
Construction 0.48 1.20[C] 2.30 ] 2.30 2.30
Water transport 0.80[] 2.00[C] 4.00 1] 4.00[] 4.00
Air transport 0.20 0.50 1.00 1.00 1.00
Communications 1.16[C] 2901 5.90 Ll 5.90[C] 5.90
Finance 1121 2800 | 5.70 [l 570101 5.70
Insurance 1.0g[cl 2701 5.40 1] 5.40[C1 5.40
Business services 1 1.48]C] 3.70'i:I 7.50 o 7.50[] 7.50
Personal services 0.44 1.10[1] 2.20 2.20! 2.20
Other services 0.44 1.10[] 2.20 2.20! 2.20

Source: Ecorys (2009) and Latorre et al. (2018).

vehicles, other transport, business services and chemicals. Therefore, the UK's exit from the EU would
potentially harm these sectors more than others. These barriers should be viewed as the maximum
barriers that could emerge between the UK and the EU. Some of these would appear soon after Brexit
but others would take more time, as long as UK and EU regulations drift apart. However, if the UK's
parliament eventually approves the WA and includes the "backstop" clause, North Ireland would be
part of the EU customs union. In this case, the barriers would be much smaller than the ones shown in
Table 1. The UK would have to follow EU regulations in goods markets. Therefore, NBTs in agricul-
ture and manufactures would not emerge. Tariffs would also be zero since a customs union is also a free
trade area. But hard NTBs would appear in services since they are not covered in the customs union.

Regarding trade itself, because services sectors are less trade-oriented than manufactures and agri-
culture, the impact of Brexit would considerably diminish."! By contrast, financial services could be
considerably harmed because they would be less competitive in the EU. However, it seems that for UK
MPs the main trouble with the backstop is that the promises of sovereignty and of "taking back con-
trol" would not be fulfilled because the UK would have to follow EU regulation and would not be able
to develop its own trade policy.

While economists have a lot of experience in analysing tariffs, modelling NTBs is more compli-
cated.'? Both MFN tariffs and NTBs increase the costs of foreign trade. However, the latter does not
provide revenues to governments, and the wedge between the world and domestic price may reflect
economic rents for importers and exporters and also inefficiencies. Because NTBs will reduce com-
petition from foreign firms, this will allow other firms to increase their prices and rents. In addition,
if the NTBs create red tape or other unjustified bureaucratic processes, they cause a waste of re-
sources. To simulate the rents and inefficiencies attributed to NTBs, we rely on the estimations of

"Note that Swiss banks, which do not have passporting rights, operate often through UK affiliates, even though Switzerland
has a relatively close relationship with the EU based on many different sectoral agreements.

!2NTBs are any measure different to tariffs that may be an obstruction to international trade. They comprise regulations,
requirements and rules that impose how to manufacture, handle or advertise a good, the amount of a specific product that can
be sold in a market, licenses or any specific sanitary certifications, among others. Because they are usually expressed as
norms and rules, contrasting with the percentages costs associated with tariffs, it is difficult to quantify the costs they involve.
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Ecorys (2009)" which quantified the ad valorem tariff equivadents14 (AVESs) of NTBs. They found
that 60% of the NTBs would bring about efficiency losses, which are modelled as iceberg trade costs
and 40% would generate rents. Additionally, they estimated that 2/3 of the rents were earned by im-
porters and 1/3 by exporters.

Regarding migration, we extend previous analyses of Brexit (e.g. Ortiz-Valverde & Latorre, 2018)
by differentiating workers with respect to skill levels (skilled vs. unskilled).

Most of the uncertainty that has surrounded the immigration policy that the UK would apply di-
minished with the last 8 December 2017 "joint report" between the UK and the EU," whose condi-
tions are included in the WA. Previous proposals showed more restrictive migration policies (for more
details see Ortiz-Valverde & Latorre, 2018).

The WA greatly facilitates that EU migrants in the UK and UK migrants in the EU remain in the
same situation after Brexit. However, those EU citizens who arrive to the UK after the transition pe-
riod (31 December 2020) will be subject to different migration conditions.

In the event of no deal, the EU citizens will be able to enter the UK to visit, work or study only for
3 months. In the case that they want to stay for more than 3 months, they should apply for a European
Temporary Leave, which will be valid for 3 more years. EU citizens who want to stay for longer than
3 years will need to apply under the new immigration skills-based future immigration system, which
will begin in 2021 (GOV.UK, 2019) and it is unknown. According to GOV.UK (2019), this policy
is not applicable to EU migrants that already live or those who arrive at the UK before the exit day.

Under these conditions, it is clear that Brexit will not generate a massive exit of immigrants. That
is why, regarding migration, we run an OECD scenario (Kierzenkowski et al., 2016) in which they es-
timate that the maximum possible reduction in migration flows would be of 116,000 persons per year.
We follow their approach and interpret it as the maximum possible impact. In addition, this figure is
in line with the 100,000 target of inflows of migrants that the UK government has sought for years,
without success (Wadsworth, 2017b).

Kierzenkowski et al. (2016) simulate three scenarios, optimistic, central and pessimistic, in which
the annual net migration into the UK would decline by 56,000, 84,000 and 116,000 persons per year.
They also assume that 75% of the immigrants (independent of the scenario) would be in the labour
force. This assumption is consistent with evidence of the participation of recent EU immigration in-
flows (Kierzenkowski et al., 2016). Applying this 75% to the maximum number of migrants (116,000),
we obtain the 87,000 reduction in the number of workers per year. Because controls on migration will
in principle remain for some time, we accumulate this reduction in the inflow of workers throughout
5 years. This would be equivalent to a 1.45% of the stock of workers in the UK. First, we model two
extreme simulations: one in which all migrants are skilled and another one in which all of them are
unskilled. This means that we apply the increase of 1.45% to skilled and unskilled workers in turn.

]3Ecorys (2009) relied on literature reviews, business surveys, gravity models and extensive consultations with regulators and
businesses to calculate the ad valorem equivalents (AVEs) of the NTBs perceived by U.S. and EU firms across a wide variety
of products. Because Ecorys (2009) did not provide values for agriculture, other manufacturing and other services, we take
them from Latorre and Yonezawa (2018).

"“The most straightforward way to model an NTB is to treat it as “tariff equivalent” (i.c., as an ad valorem equivalent, AVE).
This is because NTBs increase the costs of importing goods and therefore they can be modelled similarly to tariffs with the
nuances explained above. However, note that tariffs produce revenues for governments, while NTBs do not. Our model
grasps this differential impact of both instruments.

5This “joint report” is a summary of the process made in the first phase of negotiations toward the “Withdrawal Agreement”.
Both parties have committed on some issues such as EU citizens' rights. However, the negotiations are not completed, and the
implementations of such commitments will depend on the successful talks in the second phase (for an extended explanation
see Peers, 2017).
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Then, we model a central scenario, labelled as "Mix" in the tables, in which we disaggregate the shock
of 1.45% between both skills in proportion to their share in total EU immigrants that are employed in
the UK. The latter shock involves 0.66% of skilled workers and 0.79% of unskilled workers (see
Appendix 1 for a detailed explanation).16 Note that we do not know to which extent skilled and un-
skilled EU immigrants would be affected by migration restrictions.

We model the shock of 1.45% as an increase in the stock of workers and interpret the results as the
foregone impact of the arrival of immigrants. This is because we follow the OECD estimations of a
decline in the annual net inward migration into the UK. However, we have also modelled a decrease
of 1.45% of labour and found that the results are the same. This means that our simulations can also
be interpreted as the effects of EU migrants leaving the EU, which are also taking place according to
Szary and McEnaney (2018).

In addition, we analyse the impact of migration taking into account two different set of parameter
values for the elasticity of substitution among factors of production in all the sectors.!” First, we run
the simulations using the current default values (standard elasticities) that GTAP Database (Aguiar,
Narayanan, & McDougall, 2016) provides. Then, in order to simulate the same scenarios, but with a
smaller impact on wages, we re-run them assuming a higher elasticity of substitution among factors.
To this aim, we follow the exercise done by Burfisher (2016, p. 317), in which she also analyses the
effects of migration considering different categories of workers and different elasticities of substitu-
tion among factors using the GTAP model. The latter simulations are in line with the findings of the
literature on UK migration.

According to Wadsworth (2015), Wadsworth, Dhingra, Ottaviano, and Van Reenen (2016),
Wadsworth (2017a, 2017b) and Alfano, Dustmann, and Frattini (2016) there is no evidence of nega-
tive impacts of immigration on jobs, wages, housing or the crowding out of public services, and neg-
ative impacts on wages of less skilled groups are small. In addition, there is evidence suggesting that
EU immigrants in the UK are initially "downgraded" and work in occupations which require lower
skills than those they have (Alfano et al., 2016). This can be due to discrimination, lack of language
skills and other factors. However, after some years they are usually "upgraded.” This empirical trend
provides support to the simulations that assume a higher elasticity of substitution between skilled and
unskilled workers. The scenarios we have just described are summarised in Table 2.

3 | DATA

The database for micro and macroeconomic variables and the model's input—output framework come
from the latest version of the GTAP 9 dataset for 2011 (Aguiar et al., 2016). Table 3 shows the share
of each sector in total production, exports and imports. The first set of columns at the right of the table
shows data for the UK, while the second set of columns corresponds to information for the EU.

In both regions, the weight of services in total production is well beyond 60%, while their share is
much smaller in trade. This reflects a worldwide trend, in which manufacturing goods account for 80%
of total trade, despite their much lower share in production (e.g. Latorre et al., 2018).

Note that the 1.45% is run as an increase in labour remuneration which is a common approach since CGEs do not model the
exact number of workers but rather measures them as efficiency units (e.g., Latorre, 2016).

This elasticity governs how easy it is to substitute factors of production within each sector. Because we assume that capital
and land are specific, they remain fixed and cannot move across sectors. Thus, in the present modelling exercise this elasticity
only determines the substitutability between skilled and unskilled labour.
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TABLE 2 Trade and migration scenarios under Brexit

Trade scenarios Conditions

Zero tariff Unilateral tariffs' elimination in UK (including zero tariffs on EU products).

Very soft Brexit Emergence of 1/10 of the reference NTBs and zero tariffs between UK and EU

Soft Brexit Emergence of 1/4 of the reference NTBs and zero tariffs between UK and EU

Hard Brexit Emergence of 1/2 of the reference NTBs and MEN tariff increase (WTO rules)
between UK and EU27.

Change in number of
workers (% and absolute

Migration scenarios value) Change in population (%)
OECD (2016) scenario —1.45% 435,000 (i.e., 0.89%
87,000 x 5)

Skilled (—0.66%),
Unskilled (=0.79%)

Note: The reference NTBs are the barriers provided by Ecorys (2009).
Source: Author's estimations based on Eurostat (2017) database.

Other services, business services, construction and chemicals are the most important sectors in the
UK's total production, with a share of 35.42%, 13.07%, 5.91% and 5.68%, respectively. In the three
former sectors, a large percentage of production goes to the domestic market (i.e. as intermediates,
investment, private or public consumption). This implies that a drop in domestic demand would gen-
erate an important fall in their total production. By contrast, the increase in foreign trade costs arising
from Brexit will diminish the UK's total production of manufactures that export and import an import-
ant share of their total output (e.g. motor vehicles, chemicals, textiles and other primary).

Table 4 shows the bilateral trade flows of the UK with the EU, the United States, China and the rest
of the world. According to the data, the most important destinations of UK exports are EU and ROW,
which account for 51.73% and 32.58% of its total exports, respectively. Regarding the origin of UK's
imports, 49.41% come from the EU and 32.85% from ROW. Consequently, the increase in barriers to
trade between the EU and UK will affect very important shares of the UK's trade. By contrast, the EU
sells (buys) 54.23% (53.82%) of its total exports (imports) within the EU and only 3.47% (5.75%) of
its trade flows are with the UK.

Migration policies would more intensively affect those sectors with the largest labour shares.
Except for other primary, most sectors are labour-intensive. Hence, the latter could be more affected
by a migration decline.

4 | RESULTS

4.1 | Main macroeconomic aggregates
4.1.1 | International trade policy impacts on GDP, welfare and factors
remuneration

Table 5 shows the evolution of GDP, welfare (measured as Hicks equivalent variation), wages and capi-
tal remuneration under all scenarios. The results reflect an aggregation of all of the sectoral outcomes
that will be analysed below. Being able to come up with results across sectors and regions shows why a
CGE model is said to be consistent at the micro- and macroeconomic level (for more details see Latorre,
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TABLE 3 Initial data: UK and EU shares in production, exports and imports by sector

United Kingdom European Union
Sector
Output Exports Imports Output Exports Imports
Agriculture 0.79]l 0.78[C! 2.06 1.62|l 1.40[t1 2.39
Other primary 12801 3940 1 6.98 0.48 0.94[ 1727
Food 35901 4188 1 6.08 4620 5.10Fj 3.10
Textiles 1.01]] 19481 529 1.70[] 28901 573
Wood and paper 2.18 I] 20201 3.46 27001 3.23[0 1.71
Chemicals 568l 18540 14.86) 749 18 17[0 15.34
Metals 22301 6250 995 391l 1 677|E 1 553
Motor vehicles 1.86|F 1 7.5 L_I 8.56 3230 19791 335
Other transport L1S[E] 40001 294 1.01(C] 3.45|C] 2.90
Electronics 0.80( 32781 510 1.24(F] 35501 691
Other machinery 3.4 1207 10.76 5.49[I 18.90[F_10.32
Other manufactures 1.50|F] 23500 331 1.97|F] 2.73|11 2.38
Construction 5.91| 0.40]| 0.28 6.55|ll 1.18|l 0.71
Water transport 0.90] 0.52]l 0.56 0.77]1 1.14[1 0.81
Air transport 0.97|C] 3.01[01 275 0.75|C] 2.78|[] 2.03
Communications 2.32P 0.78[l 1.01 1.85|| 0.54]] 0.83
Finance 3.62[0 1 592/ 2.19 297 0.90|t! 2.45
Insurance 1.92] 1.43] 0.34 101l 0.96| 0.41
Business services 1307|1319 | 5.65 11.25[ 1 6571 7.59
Personal services 2.92] 1.66| 1.55 2.42|ll 143l 1.21
Other services 35.42|1 5420 6.32 27978 7.59(0 7.03
Manufatures 25.20 (NG6IR7 70135 3545|7691 7693
Services 74.80 33.13 20.65 64.55 23.09 23.07
Total 100.00 100.00 100.00]  100.00 100.00 100.00

Source: Authors' estimations based on GTAP 9 data base.

2012, 2013). We present the results for five regions. Interestingly, the impact of Brexit seems confined
to the two regions directly involved in it, while for the rest the effect would be negligible.

Tariffs' elimination in the UK would lead to a tiny increase in its GDP by 0.04%. However, the UK
would face small reductions in welfare and factors' remuneration. Concerning the welfare loss, after
the increase of imported goods coming from third countries the UK reduces its trade with the EU.
Because the EU is a very efficient partner this is a trade diversion effect which reduces welfare in the
UK. The EU's factors of production would also lose slightly after the UK's tariffs elimination.

We will see below that aggregate production would experience a tiny increase (0.05%), with sev-
eral sectors decreasing their production.18 In particular, the UK's sectors that contract output employs
more than 50% of the total stock of labour and capital. This explains the downward pressure on wages
and capital rents.

Under the very soft and soft Brexit, the UK would experience a decrease in GDP, welfare, wages
and capital remuneration. The decline in GDP seems to be explained by the reduction of total pro-
duction, due to the drop in output of industries such as motor vehicles, other primary, electronics,

3The results appear in Table 6 which will be analysed below.
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TABLE 4 [Initial data: UK bilateral exports and imports
Exports to Imports from
Sector n n
China ROW Total China ROW Total
Agriculture 3.59[1 5.40[L]  15.06]  100.00] [E=_49.28 4.03] 1.79]E_44.89]  100.00
Other primary 457 0.09[E1 22.45]  100.00 11.90 1.52 0.07|F786.52]  100.00
Food 9.10 0.96] 1 28.17 100.00| [ 75.18 3.00 15701 2025 100.00
Textiles 4.98 21501 26.72]  100.00| |1 33.27] 165 1 2561 139.48]  100.00
Wood and paper 9.48 711001 29.42]  100.00] 63140l 743100 14.04[C] 1513 100.00
Chemicals 14.45 2.09[E ] 24.69]  100.00| [E_5851[0 1037 3.87L1 27.25]  100.00
Metals 7.23 5240 141.27]  100.00] [I135.78 17.00 414 143.08]  100.00
Motor vehicles 9.70[l 7.92[E 1 29.14]  100.00| [E_84.59 1.61 L12J0  12.68]  100.00
Other transport 16.32 1.82] 4530 100.00| [E_138.16[ | 32.21 2551 27.08 100.00
Electronics 6.80 2.42[0 1 27.74]  100.00] [ u4.41]] 795001 26.09[L1 21.55 100.00
Other machinery 14.98 473 140.23]  100.00| [ 563201 13270 9.93[E] 20.49]  100.00
Other manufactures 15.63 1.09JE 141.25]  100.00] [E__138.80[L1 17.68]L1 21.33[E1 22.19]  100.00
Construction 2.59 0.69[0 sk.22]  100.00] [I_139.14 27300 1048 47.65]  100.00
Water transport 1.36] 023 51.79 100.00 [E60.63 2.79 0.88 35.71 100.00
Air transport 17.03] 0.49[E_140.66]  100.00| [ 55.74[1  9.87 0.27[E134.11]  100.00
Communications 6.85 0.28(0 1 27.17]  100.00] [E_48.01L1 13.56 1.72[F136.72]  100.00
Finance [ 2454 1011 31.84 100.00| (1 32.22[0 ] 33.52 0.25[_1 34.00 100.00
Insurance T 43.99 1.72JE 1 32.03]  100.00] [E_53.29[L 1 20.46 1381 24.87]  100.00
Business services 4.70 2.12]0 1 3239 100.00 [_140.73[L]  12.29 3.56[0 U342 100.00
Personal services 10.93 0.85[F 35.86 100.00| [ 48780 1 25.39 L1l 2472 100.00
Other services 21.55 2070 135.77]  100.00] [ 46.44[L1 17.95 1.90[F_133.70[  100.00
Manufacturing 11.64 3490 T 31.69] 10000 [ Si20[] 938  7.88]l ] 3155 100.00
Services 1550 13390 100.00| [ 4475[] 17.02 1.98 [ 13624  100.00
Total 12.98 270 | 32.58)  100.00| [ 49.41[[] 11.50[] 624 | 32.85| 100.00
Source: Authors' estimations based on GTAP 9 data base.
TABLE 5 Macroeconomic impact of Brexit in the UK
Trade restrictions Migration restrictions
‘With Standard: With Burfisher’s:
GDP Zero tasiff Soft Brexit Hard l?rexil Hard Brexit Elasticity of substitution among factors of i
tariff Al skilled All Al skilled Mi All
skl unskilled Skl x unskilled
EU27 0.0 -0.0! 0.4 -0.0 -0.| 0.0 0.0(] 0.04 0.04 0.04
UK 0.04 - -0
United States 0.0 0.00 0. 0.0 0.00 0.00 0.0 0.00 0.0
China 0.0 0.0Q 0.0 0.0 0.00 0.0Q) 0.0 0.00 0.0
ROW 0.0 0.0 0.0 0.0: 0.00 0.0 0.0 0.00 0.0
We]f“;::‘;:a‘;irzg;ge of Zero tariff ‘ Soft Brexit H"‘:ﬂfﬁ;ﬁ"" Hard Brexit || All skilled unsﬁlllle o | Atlskitted | Mix um‘;]llle d
EU27 -0.0: -0.0: -0.0| -0.0: -0. 0.00] 0.0 0.0 0. 0.0
UK 0.0 E Ii 0 :ﬂ - 0] (Iil 0 0]
United States 0.0 0.0 0.0 0.0 0.0 0.0d 0.0 0.04 0.0
China 0.04 0.0 0.0: 0.04 0.0l 0.0d 0.0 0.0d 0.0
ROW 0.0 0.04 0.0 0.0° 0.0d 0.0d 0.0 0.00 0.0
TOTAL 0.0 -0.0. -0.0: -0.0 -0.0 -0.04 -0.0 -0.0 -0.04 -0.0
(avecr:g"e“a' re'"”"e'i‘}i“;"nge] Zero tariff Soft Brexit H“::riBf;:"“ Hard Brexit | | All skilled uns‘:il]l]e o || Atlskited | Mix u":‘;lll]e J
EU27 0.1 -0.1f 0.3 0.3 -ol@| 0.0 0.0¢ 0.0 -0.0 0.01
UK 0.8 i 3 Cos | -0.48 -0.2% 0.1 0.0¢ 0.0
United States 0.0} 7 0.1 0.1 0.3 0.0€ 0.0¢ 0.0 0.06 0.0
China 0.1 4) 0.1 0.0f 0.2} 0.0 0.0 0.0 0.0€ 0.0
ROW 0.0} 0.1% 0.1 0.3 0.0¢ 0.0¢ 0.0 0.0¢ 0.0
Wages (percentage change) Zero tariff Soft Brexit Ha::fﬁ;:"“ Hard Brexit || All skilled unsﬁllllc 4 | Allskilled | Mix umﬁillllc g
BU27 }m:d -ofi2 -0b9 -op1 -ofi7 4] 0.00 0. 0. 0.0 0. 0.0
Unskilled -0f13 -0f10 “ib4] -oko 1| 0.00 0. 0.00) 0.60 0.00 0.0
Skilled -0 3 6] 5 6, 0.70] 0. -0.83] 0.23] 0.15 0.07]
UK }mmed 7%2 %1 %.2 % 0) -0B4 0. 0.36] 0.0 0.14 0.19

Source: Author's estimations

Note: The standard values for the elasticity of substitution between factors of production in each sector use the default GTAP values and the values of Burfisher (2016) are used in the other set of

simulations.

construction and other services. Some of them reduce their exports and face a reduction in domestic
demand. This negatively affects their outcomes. On the other hand, these industries employ 59.70%
of the UK's labour stock. As a consequence, there is a decrease in wages and private consumption.
Increased trade barriers lead to a reduction in imports, allowing local firms to supply these goods and
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TABLE 6 Effects of trade restrictions in total production, exports and imports in the United Kingdom by
industry (percentage change)

Aggregate Production | Aggregate Exports Aggregate Imports
Zerotarift | SoftBrexit | MUIBN |y prexit | Zerotritt | SoftBrexic | TU4BNC |y preic | Zero Tariff | SoftBrexit | BN g prexic
Tariffs Tariffs Tariffs

UK 0.5 7 b —= 147 2.95 3.89) 731 12 18 [39] 49

10 or from EU 38 .79 .20 .74 Tor 53 56 20

10 or from Third Regions .72 714 2.32 1459 538 2i83 361 Si86.

[EU27 01 ob2| o1 0.0 -6.001 0174 6184 10.40 -G.07) 2] 431 46|

10 or from EU27 105 B 4749 11.96 ol11 080 075 1196

10 or from UK 910 o 535 0 555 | s.00 38 [ i 20| 4 |

10 or from Third Regions 531 4836 4749 B.14 47 ~dio4 “0j28 0138

United States 091 0.2 0. 0.01] 0.00 13] 0.11 00| 09) (.19 14 109

China 0.0} 0.01 091 0.00] 0.08[ 07, 0.05] 08 16) .06 .09 116

Rest of the World 040} 0.0 02| 0. ﬁ 0.02[ 05, 0.01] .02 04 .19 11 .04]

Production in UK Exports in UK Tmports in UK
Sectors ZeroTaiff | Soft Brexit | Hard Brexit | Hard Brexit | ZeroTariff | Soft Brexit | MBI |y Broxit | Zero Tariff | Soft Brexit Hard Brexit |y g Brexit
Tariffs Tariffs Tariffs

Agriculture F036 04, 043] 96 z [ [ [ 62) [ B3 =B
Other primary 0.0l ~0.08] .02] ~0.07 ~4.25 02, 1197 o op1 oS!
Food E-034] 020 036 9 53 60| 96) 6106 2|
Textiles 344 14 356 Tk 95 39 05 [ 8 53
Wood and paper 16 31 .77 2,95 & 172 1505 64 EE B
Chemicals 26 .38 [ -1.95| 1.7 19] -§.29] §.74] [57 ) 0364] 3]
[Metals 10.75. .45 — [§-1.04] .04, 30 -§.19) .63 E§ D1 36|
[Motor vehicles .71 342 555 -7.79) 195 44 518 79| [ | 0563 59
Other transport .69 .53 33 177.60) 47] 79 {27 - IF 8
[Electronics 1078, 085 00| 176 140 9| 136 0frs 08
Other machinery 1078 270 018 21 371 416 ! 0p2] 186
Other .03 .32 028 19 22 .07 Ro7 1§92 1§12 o5
Construction .16 48] -1.26 5.42] 87 75 77 1557 00 2
| Water transport .40] 4] 59| 51 41 61 127 0jo3| 143
[Air transport 47 5 58 38 30 93 74 -o0p34] 173
7 47 LL1n 79 7 36] -0f0] w2
inance ) 82 .78 95 58] 3 02 00]
nsurance .39 .42 110.99) 85 i 3 053 519
usiness services 4 sﬂ  0.44 68 : .E‘ 7 05| 32
ersonal services | 034 40[ 110.87 99, 399! ] {00 -0fs9] -iso|
ther services 08] 21] -0.06] 20[ 465] 1 1042 -0f72] 9|

Source: Author's estimations

compete with imports. However, the increasing competitiveness of local industries is due to the emer-
gence of tariffs and non-tariff restrictions, and not to a real efficiency improvement.

Welfare drops by —0.38% and —0.9% under the very soft and soft Brexit, respectively. This is be-
cause, as we mentioned above, both NTBs and import tariffs reduce competition from other firms and
allow inefficient firms to increase their prices. Furthermore, NTBs create some red tape. Thus, they
cause a waste of resources.

The negative effects of Brexit would be larger if the UK and the EU increased NTBs, by more than
in the soft Brexit, and also include MFN tariffs. This is what happens in the hard Brexit, in which the
UK would experience a GDP decrease of —1.14%. Interestingly, our results are close to the ones of
Ciuriak et al. (2017). Their Brexit scenario, which is the one that is more similar to our hard Brexit,
yields a —1.35% reduction in GDP in the UK, and a —0.13% for the EU. On the other hand, their Brefta
scenario, the closest to our soft version, yields a —0.65% reduction for the UK and a —0.07% for the
EU. The EU would face rather small negative effects in GDP, welfare, wages and capital remunera-
tion, too. In fact, the impact is considerably lower than in the UK. As happened in the case of the UK,
however, factor remunerations tend to be more affected than GDP and welfare. Note that many studies
on Brexit do not offer the impact on EU aggregates. In addition, as we can see, the magnitude of the
impact of trade costs on skilled and unskilled labour remuneration is similar. This suggests that at
least at the income channels, the Brexit trade shocks are likely to be evenly distributed across income
groups.

Our results are also in line with the others in the literature. This becomes clear when we decompose
total from other papers into the elements that are comparable with the ones of our model. For exam-
ple, Jafari and Britz (2018) obtain in a Melitz framework an impact on GDP from NTBs and tariffs of
—1.08 and —0.29%, respectively. This would be only slightly larger than our joint —1.14% impact on
GDP (composed of —0.15% reduction due to tariffs and the rest being explained by NTBs —0.99%).

Finally, we derive even larger impacts than the ones of the influential study by Dhingra et al.
(2017). For a hard Brexit, our reduction is of —1.94%, while they obtain —2.66%. However, in their
more detailed welfare decomposition, shown in Table 4 (Dhingra et al., 2017),19 we see that the most

To the best of our knowledge, this table was not in the working paper version of the paper (Dhingra, Huang, et al., 2016).
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important contribution to their overall total welfare impact (—2.66%) is the absence of future EU inte-
gration (—1.61%). It surpasses the joint contribution of NTBs and tariffs (—=1.31% and —0.13%, re-
spectively).20 Our welfare reduction for the UK after the soft Brexit (—0.91%) is also larger than the
impact of the increase in NTBs they obtain (—0.53%). We can hypothesise, in line with the findings of
Balistreri and Tarr (2017) and Costinot and Rodriguez-Clare (2014), that the more structure you add
to the model, the larger the impact obtained compared to a more stylised model, such as NQTM.

4.1.2 | Impacts of the UK's migration policy on GDP, welfare and factors
remuneration

Unlike other previous analyses (e.g. Ortiz-Valverde & Latorre, 2018), in this paper, we describe the
impact of a restriction on migration considering skilled and unskilled labour for 5 years. Therefore,
Table 5 depicts potential results under the migration restrictions scenarios, that is all skilled, all un-
skilled, and a reduction proportional to the share of EU skilled and unskilled workers labelled as
"mix" (see columns (6) to columns (11)). Recall that in this scenario we follow the OECD estimations
of a decline in the annual net inward migration into the UK by 116,000 persons per year over 2019-23
and that 75% of this would be reflected in the labour force. As mentioned above, we accumulate this
reduction in the inflow of workers throughout 5 years. We model an equivalent increase of 1.45% of
the stock of workers. As noted above, the results can be interpreted as foregone impacts due to impedi-
ments to immigrants' arrival or as the effects of EU migrants leaving the UK.

Due to the immigration restriction, the UK would face a potential GDP loss between —0.35% and
—0.56% (or US$8,485.43 and US$13,570.76 million, respectively) depending on whether the shock
in migration is only applied to all unskilled or all skilled workers. In our central scenario, in which we
assume a simultaneous change in the flow of skilled and unskilled workers, the potential GDP loss
would be of —0.45% (or US$11,043.75 million).

In contrast to the rest of the results of this paper, the GDP per capita has not been obtained directly
from our model. The GDP per capita is a back of the envelope calculation, taking into account the
evolution of GDP and a rough calculation of the decrease in population associated with the reduction
in the number of workers.?! Immigration restrictions would imply a rise in GDP per capita of 0.33%,
0.44% or 0.54% if all skilled, both type of workers or only all unskilled workers were affected,
respectively.

In the case of standard elasticities, restrictions on all skilled (all unskilled) labour, the wages of
skilled (unskilled) workers increase by 0.70% (0.86%). Restrictions on workers of a particular labour
category lead to a decline in the supply of that labour category and consequently to an increase of its
remuneration. However, the other labour category and capital become relatively more abundant and
their remunerations fall. These results suggest some trends for factors' inequalities arising from migra-
tion that would contradict the UK evidence on migration (Wadsworth, 2015; Wadsworth et al., 2016).

On the other hand, the effect of a joint reduction in the number of skilled and unskilled workers (mix
scenario) would lead to a small and relatively balanced impact on their remunerations. Restrictions
in both types of labour supply are more similar than before so that both types of workers become less

The authors explain that their decomposition does not add up to the total of —2.66% because they are performing "three
different counterfactual exercise (per scenario) instead of one" (Dhingra et al., 2017).

?'The values for GDP per capita are obtained subtracting from the rate of variation of GDP (in Table 5) the rate of variation
of population in Table 1 (0.89 per cent). As is well known, the properties of logarithms (i.e., Ln(A/B) = Ln(A) — Ln(B)) can
be applied to the rates of growth. We take the exact decreases in the number of all immigrants (not only workers) as
reductions in population, i.e., the annual amount is 116.000 as estimated by the OECD.
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abundant and slightly better remunerated. However, firms still suffer from labour scarcity and experi-
ence an average lower capital remuneration.

When we analyse the impact of migration restrictions, considering a higher elasticity of substitu-
tion among factors for production, the impact on factor remunerations is less intense than with default
elasticities. When workers become more easily substitutable within each sector the impact on wages
is much smaller (this is in line with the literature on UK migration) turning slightly positive across
skill categories. More flexibility helps business on average and their remuneration also turns positive,
although close to zero. The overall negative impact on welfare is slightly less negative now. Recall
that capital is specific so that it cannot move across sectors. This dampens considerably the impact of
any changes in elasticities dealing with factors' substitutability, and that is why the outcomes in GDP
and welfare are so similar.

The higher the elasticity of substitution among factors, the smaller the impact on wages is.
Therefore, we can assume that a decrease or an increase of EU workers in the UK would not increase
inequality. This is in line with the findings of Wadsworth (2015), who suggests that the pressure of
immigrants in the UK is more likely to reduce inequality, due to the fact that they are more skilled than
immigrants in other countries.

Our current results for migration indicate that small restrictions to the flows of migrants or reduc-
tions in their stock would be slightly positive for GDPpc. However, because they are not directly de-
rived from our model, except for GDP itself, they should be taken with a pinch of salt. They suggest
that in line with the literature, migration does not necessarily reduce wages. Interestingly, though,
because not all migrants are workers, the arrival of the ones that do not work puts downward pressure
on GDPpc.22

4.2 | Production, exports and imports

4.2.1 | International trade policy impacts on production and trade flows

Table 6 presents the evolution in production, exports and imports. On the top of the table, there are
three blocks of columns, which depict the aggregate impact on those variables for the five regions of
the model.”® Below appear the details by sector in the UK. Each block of columns shows the results
under four scenarios: zero tariffs, soft, hard Brexit tariffs and hard Brexit (which includes both tariffs
and NTBs). We concentrate in these scenarios because they grasp the essence of the sector adjustment
and keep the tables manageable.

The elimination of tariffs in the UK would generate a tiny increase in total production (0.05%),
with small rises in overall exports and imports (by 1.47% and 1.12%, respectively). The EU would
remain nearly unaffected across these aggregates.

Agriculture, food, textiles and motor vehicles are the sectors with the largest tariffs (Table 2).
Therefore, removing them in the UK would imply that domestic firms in these sectors could face more
competition than the rest of sectors and hence would reduce their production. Notice that zero tariffs
lead to a lower cost of imported goods and hence consumers and producers in the UK would have
access to cheaper final and intermediate imported goods. Zero tariffs would push up UK's imports
in agriculture (0.53%), food (6.06%), textiles (8.49%) and motor vehicles (0.63%). As we can see,

2Note that in the trade scenarios percentage changes in GDP and in GDPpc coincide because there is no change in
population.

Bwe also present the results for bilateral trade for the UK and the EU.
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production in three former sectors would fall while motor vehicles would be positively affected. This
is because motor vehicles exports more than 50% of its total production, while the other sectors sell a
larger share of their total production in the domestic market.

Looking at the detail on bilateral data we see that removing tariffs in the UK would lead to an
increase in its imports coming from third countries (5.38%). However, imports coming from the EU
would fall (=3.91%). This is due to the fact that imported goods coming from the EU do not experi-
ence any reduction in terms of tariffs. In other words, with zero UK tariffs, EU goods would face the
same conditions they currently enjoy. Thus, the UK would divert its imports from the EU by substitut-
ing them with imports from third regions. This trade diversion would bring about a substitution from
more-efficient trade partners to other less-efficient. Turning to the bilateral trade data of the EU, we
observe that the EU's imports coming from third regions would fall (—0.47%). The UK's market would
be more attractive than the European, once the UK's tariffs barriers have been eliminated.

The emergence of NTBs would imply a reduction in the UK's aggregate production of —0.27%.
This fall would be associated with the decline of total production in other primary, food, motor vehi-
cles, electronics construction and other services. As we will note below, the impact in the first four
sectors would be larger under a hard Brexit scenario, in which NTBs double their values regarding
soft Brexit scenario. The emergence of NTBs reduces imports in all sectors (—6.18%), especially those
coming from the EU (—13.53%). In addition, the aggregate exports would face a reduction of —2.95%,
due to the decline in most of the manufactures sectors. The exports going to the EU fall by —12.79%.

On the other hand, the simultaneous increase of NTBs and tariffs (Hard Brexit) leads to a fall in
the UK's total production by —0.71%, in which —0.30% of it is explained by the emergence of tariffs
(hard Brexit tariffs). The decline of —0.71% is due to the reduction of production in construction, other
services, electronics, motor vehicles, textiles, chemicals and other primary. The drop in the produc-
tion of the latter five sectors would be related to the share of their total production that is sold abroad
(mainly in the EU market). The existence of NTBs leads to an export decrease to the EU and hence a
decrease in total production. By contrast, the fall in other services would be related to the behaviour of
domestic demand. This is because on average 31% of their total production is used as intermediates in
the industries which would experience a production decline. Construction would be affected because
of a fall in aggregate investment after Brexit.

Although the UK increases exports to third regions by 14.59% (2.32% of this rise is due to the
emergence of tariffs between the UK and the EU), the increase of 14.59% cannot compensate for the
fall in exports to the EU (—28.74%). In other words, the increase in the UK's exports to other regions
would be limited by the existence of tariffs and NTBs in those markets and the importance of the
European market for the UK's exports. In general, most sectors which sell a substantial share of their
total exports to the EU (e.g. agriculture, other primary, food, textiles, motor vehicles, etc.) would face
larger trade barriers costs, losing their previous preferential conditions.

Regarding the EU, it faces slight drops in its total production, exports and imports of —0.04%,
—0.40% and —0.96%, respectively. Even though the EU faces the same increase of NTBs as the UK,
the effect of these trade barriers would be smaller because they affect a smaller share of total EU's ex-
ports and imports, than the other way around (Table 4). In addition, the EU could and would increase
its intra-EU trade to compensate its export losses with the UK (under the same preferential trade con-
ditions). Intra-EU trade would experience a rise of 1.96% (in which 0.75% of it would be explained by
the emergence of tariffs) that is equivalent to US$63,239.39 million in absolute terms. By contrast, the
total bilateral exports to the rest of trade partners (the USA, China and ROW) would rise by 2.14% (i.e.
US$49,464.52 million). However, that increase is not enough to compensate for the fall in trade with
the UK by —33.2% (i.e. US$137,229.93 million) and overall EU trade would still decline, although
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TABLE 7  Effects of migration restrictions after Brexit in total production, exports and imports in the UK by
industry (percentage change)

Standard Elusticity of Substi

‘Aggregate Production

Al skilled Mix [ Allunskilled [ Allskilled | Mix Allunskilled | All skilled Mix | All unskilled

[ =

[ = II!

| Ol [ I

| Coss Coms| fooa o

| oWl  Com| [

[ ]
[ ood oof  oof  ood™ oof”" oo ool
__]]]]]]

oo —ood —ood
00dood ——ood 00
ood—ood —ood 0o

Production in Ut Exports in UK

Al skilled Mix | Allunskilled | Al skilled Mix

|
£

very slightly (by —0.40%, which is equivalent to US$24,596.02 million). As we can see, the reduction
of —12.85% in the EU trade with the UK (Hard Brexit tariffs) would be explained by the increase in
tariffs. This means that tariffs play an important role in the flow of goods between both the UK and
the EU, costs of trade that could be avoided as a member of the EU.

In terms of imports, both the UK and the EU face a decline in their aggregate imports. In the case
of the UK, hard Brexit leads to a reduction of imports coming from the EU of —33.20%, while the
bilateral imports from the rest of its trading partners increase by 8.86%. By contrast, the EU would ex-
perience a tiny decrease (—0.38%) in its imports coming from third regions. The adjustment suggests
that the EU would replace its imports coming from the UK and from third regions with intra-EU trade,
due to the existence of EU trade barriers with UK, USA, China and ROW.

To sum up, if the UK unilaterally removes all of its tariffs and continues to enjoy the current zero
tariffs with the EU, UK production and trade would remain nearly unaffected. These results are in
line with the ones derived by Dhingra, Ottaviano, et al. (2016) and are different than the very positive
ones of Minford et al. (2015). By contrast, if a hard Brexit comes into force, the aggregate exports and
imports in both regions would experience a drop, contracting total production. It is important to note
that the emergence of tariff plays an important role in the cost trade increases. Motor vehicles would
be one of the most affected sectors in the UK, due to the emergence of trade costs, while construction
would be affected by the adjustment of investment. Moreover, as noted, the impact of Brexit would be
much larger in the UK than in the EU.

4.2.2 | Impacts of UK' migration policy on production and trade flows

Table 7 provides the results of immigration restrictions on production and trade flows. It shows
both the impact of migration policy with the default GTAP parameter values and the larger ones of
Burfisher (2016) for the elasticity of substitution between factors of production.
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Most sectors in the UK employ skilled workers more intensively than unskilled ones.** In addition,
most industries in the UK are labour-intensive (with the exception of other primary). According to the
Rybezynski theorem (1995), an increase in the endowment of one factor leads to an increase in the
production of the good that uses that factor intensively, while the goods that do not use it intensively
would face a decrease in their production. This implies that a decline in the number of workers would
lead to a large fall across most sectors except for other primary goods.

We again run the impact of migration as a forgone impact or as immigrants leaving the UK.
We begin our analysis with the results using standard GTAP elasticities (on the left of Table 7).
Restrictions on the number of workers would imply a potential loss in aggregate production, exports
and imports in the UK indistinctly of labour category. Unlike the impact on other primary (in which
production would remain nearly unaffected), most of the sectors in the UK would face a loss in their
total production. In addition, the effects of an immigration restriction would be most harmful when
workers who go back to the EU are skilled.

The UK's production would face a loss of —0.58% if the restrictions are applied to skilled workers
versus a —0.37% reduction if they are applied to unskilled ones, and of —0.47% in the mix scenario,
with larger values for the elasticity of substitution among factors of production (right of Table 7), that
is using Burfisher's elasticities. The fall in the UK's aggregate production is slightly lower than in our
standard estimates. More flexibility dampens the contraction of production. In addition, welfare which
shows both the evolution of national income and private consumption is contracting a bit less now.
Therefore, there is a somewhat larger (a smaller fall in) demand compared to the results with default
elasticities. Thus, imports fall by less now for two reasons. First, because demand is relatively larger,
imports that satisfy final consumption are also a bit larger than with the default elasticity. Second,
since most of the imports are intermediates and production contracts less now, these imports also fall
slightly less now than with the standard elasticity. By contrast, exports fall by more than in the standard
case because factor prices are slightly larger now. When they were lower, they helped to overcome the
emergence of tariffs and NTBs dampening slightly the fall in exports, due to lower factor costs.

Given the abundant evidence suggesting that we should not expect strong impacts on wages due
to immigration, the most likely outcomes seem to be the ones with Burfisher's elasticities. These out-
comes suggest very slightly lower losses for migration, compared to the ones with standard elasticities.

S | CONCLUDING REMARKS

In this paper, we have estimated the quantitative impact of Brexit by means of a CGE model. In
particular, we have investigated how the emergence of MFN tariffs, NTBs, a unilateral removal of
the UK's tariffs, as well as restrictions to migration affect a broad set of micro and macroeconomic
variables in the UK, the EU, the US, China and the rest of the world. We obtain results that are in line
with the previous literature (e.g. Ciuriak et al., 2017; Jafari & Britz, 2018) but considerably extend
the outcomes that are usually analysed. One exception is noteworthy, however. We derive a consider-
ably larger impact on welfare than the one derived in the influential paper of Dhingra et al. (2017).
Although both models have an important array of features in common, our CGE methodology yields
deeper impacts than their new quantitative trade model approach.

Our joint estimate of MFN tariffs and NTBs suggests that, if a hard or "no deal" Brexit comes into
force, the UK would face a decrease in GDP (—1.14%), welfare (—1.94%) and capital rents (—4.77%).

2*Recall that our measures within the CGE model are based on labour remuneration which are calculated multiplying the
number of workers by their wages. We obtain that most sectors are skilled intensive due to the high wages.
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In the case of wages, results would depend on whether Brexit affects more skilled or unskilled work-
ers. In any case, the fall in wages would be between —4.26% and —4.60%, with losses being larger
when affected workers are skilled.

If the UK eliminates all tariffs with respect to all its trading partners, it will not be able to com-
pensate for the above-mentioned losses. Running this scenario in isolation, its GDP remains nearly
unaffected. This result contrasts with the one of Minford et al. (2015) who derived a positive impact
for Brexit based on such a policy.

The immigration issue has played a very important role in the discussions previous to the refer-
endum. The Withdrawal Agreement (WA) greatly facilitates that EU (UK) migrants may remain in
the UK (EU). Even in a "no deal" Brexit, massive migration can be ruled out since the bulk of EU
migrants that have arrived during the recent crisis would be able to stay. However, inflows of future
migrants may be controlled after the transition period established in the WA and also after December
of 2020 in a no-deal case. We model these potential annual restrictions of 116.00 EU migrants accu-
mulated through 5 years. We find that migration is compatible with wage increases but puts downward
pressure on GDPpc. However, immigration restrictions would not be able to compensate for the trade
losses of a hard Brexit.

At the sectoral level, the number of industries that would be negatively affected would depend on
the level of trade barriers that would emerge after Brexit. With zero tariffs, sectors like agriculture, food
and textiles would face production falls. Tariffs' elimination increases the entry of more imported goods
from regions, which are competitive in those sectors, thus increasing competition in the domestic market.

On the other hand, the emergence of barriers to trade (MFN tariffs and NTBs) would mainly affect
the exports of the manufacturing industry. As a consequence, production in several industries fall (e.g.
textiles, other primary, chemicals, motor vehicles and electronics). Motor vehicles would be the most
affected sector, with a drop of —7.7% in its output.

Even though estimates of migration and trade barriers allow us to have a clearer vision of the
potential effects of Brexit, future extensions including foreign direct investment and multinationals
would enrich the present analysis. We believe, however, that other elements considered in other stud-
ies like uncertainty (HM Government, 2016; Kierzenkowski et al., 2016; PwC, 2016) have so far failed
to materialise to the degree that the (substantial) negative impact derived from them implied. The
losses they suggested may have been overstated.
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APPENDIX 1

DEFINITION OF SKILLED AND UNSKILLED
LABOUR CATEGORIES

According to ILO (Liu, van Leeuwen, Thanh Vo, Tyers, & Hertel1998), the education level can be
categorised under four skill levels. As we can see in Table A1, levels 3 and 4 correspond to the highest
education level (tertiary education) as well as to the highest skill occupations.

We convert the eight labour categories of GTAP database into two major categories, skilled and
unskilled labour. According to Liu et al. (1998), the 3rd and 4th skill levels should go together in the
skilled worker category (see table 1A, page 20). Therefore, we take the 3rd and 4th ISCO-08 skill
levels as skilled labour and the 1st and 2nd ISCO-08 skill levels as unskilled.

We run a central estimate in which restrictions on migration are applied in proportion to skilled and
unskilled EU migrants (labelled as ‘Mix’ in the paper). To this aim, we need to know the percentage
of workers by education attainment level and citizenship.

No database provides the number of workers by skills and citizenship, together, to the best of our
knowledge. Due to this restriction, we calculate these percentages using scattered statistics within the
Labour Force Survey published by Eurostat. We have found discrepancies between this and other
databases, but this seems to be the most updated information to calculate the data that we need.”

We use the ‘total population from 15 to 64 years by citizenship’ Eurostat (2019a), the ‘percentage
of population from 16 to 64 years by educational attainment level and citizenship’ Eurostat (2019b)
and the ‘employment rates by educational attainment level and citizenship for people from 15 to
64 years’ for 2017 Eurostat (2019c¢).

As we can see in the Table A2, 45.58% of EU workers in the UK are skilled. This percentage is in
line with the findings of Alfano et al. (2016). According to these latter authors, 47% of immigrants in
the ages of 16-64 years in the UK have achieved tertiary education, and 42.6% of immigrants from
European Economic Area (EEA) have high-level education.

Taking into account that 45.58% of EU workers in the UK are skilled, the impact of 1.45% by
immigration restrictions can be disaggregated as a joint shock of 0.66% and 0.79% of skilled and
unskilled workers, respectively.

SENSITIVITY ANALYSIS

In order to evaluate the robustness of our model, we perform a sensitivity analysis of the results
obtained across our four simulations (i.e. zero tariffs, soft Brexit, hard Brexit and OECD migration
scenarios). Following Harrison, Jones, Kimbell, & Wigle (1993) and Latorre & Hosoe (2016), we
employ an unconditional systematic sensitivity analysis. This consists of re-running the four scenarios
mentioned above but changing the values of three crucial elasticities: the elasticity of substitution
between labour and capital, the Armington substitution between imports and domestic goods and the
Armington substitution among imports by origin. Each elasticity has been varied, one by one, while
keeping the rest fixed at their initial level. To simplify, this analysis focuses on the effects for GDP.
The results are displayed in Table A3.

% According to Wadsworth et al. (2016), The Labour Force Survey (LFS) is the best source to evaluate immigration.
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TABLE A1 Mapping of ISCO-08 major groups to skill levels and Mapping of ISCO-08 skill level to ISCED-97
levels of education

ISCO-08
ISCO-08 major groups ISCO-08 skill level ISCED-97 groups skill level
1. Managers 3+4 6. Second stage of tertiary education 4
2. Professionals 4 Sa. First stage of tertiary education 4
3. Technicians and Associate 3 5b. First stage of tertiary education 3
Professionals (short medium duration)
4. Clerical Support Workers 2 4. Post-secondary, non-tertiary 2
education
6. Skilled Agricultural, 2 3. Upper secondary level of education 2
Forestry and Fishery
Workers
7. Craft and Related Trades 2 2. Lower secondary level of education 2
Workers
8. Plant and Machine 2 1. Primary level of education 1
Operators and Assemblers
9. Elementary Occupations 1
10. Armed Forces 1+2+4
Occupations
Source: ILO (2012).
TABLE A2 Total population and employment by educational attainment level and citizenship
Total employment (thousands)
Less than primary, primary Upper secondary and post-sec-
and lower secondary educa- ondary non-tertiary education Tertiary educa-
Citizenship  tion (levels 0-2) (levels 3 and 4) tion (levels 5-8)  Total
EU27 317 967 1,076 2,360
Non-EU 460 1,313 1,795 3,569
UK 4,487 11,390 11,891 27,768
Total 5,265 13,670 14,762 33,697

Total employment (percentages)

Unskilled Skilled Total
EU27 54.42 45.58 100
Non-EU 49.69 50.31 100
UK 57.18 42.82 100

Source: Author's estimations based on Eurostat (2017) database, ILO (2012), Alfano et al. (2016).

As we can see, the results are robust to changes in the value of the elasticity of substitution between
factors. We have already seen this in Table 5 because using Burfisher's (2016) values, that take a value
of 12, results on GDP are the same as with the default values.
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TABLE A3 Sensitivity analysis

GDP
. . [ Migration restrictions
Zero tariffs Soft Hard tariffs Hard total Al sKilled Mix [ All unskilled
EU27 | | 0.00) 0. 0.1 0. 0.00! 0.00 0.00
GBR | I 0.04] [—) [ 056 045 ___-0.35
Value USA 0.00) 0.0 0.0 0.0 0.00 0.00 0.00
CHN | ] 0.01 0.0d 0.0]] 0.01 0.00 0.00 0.00
ROW 0.00) 0.01] 0.0 0.02 0.00 0.00 0.00
EU27 | @ 0.00) 0. -0.01 0. 0.00 0.00 0.00
GBR | I 0.04 [—) ] [ 056 _-045| __-0.35|
Half USA 0.00) 0.0 0.0 0.0 0.00! 0.00 0.00
A) Elasticity of CHN | £ 0.01 0.00 0.0]] 0.01 0.00 0.00 0.00
I ROW 0.00) 0.01] 0.0 0.0 0.00 0.00 0.00
substitution
betweec';;]:l’ur and EU27 | | 0.00) 0. | 0. 0.00 0.00 0.00
GBR | & 0.04 C___om 056 045 03§
Double | USA 0.00) 0.0 0.0 0.00 0.00! 0.00 0.00
CHN | ] 0.01 0.0 0.0]) 0.01 0.00 0.00 0.00
ROW 0.00) 0.01] 0.0 0.02 0.00! 0.00 0.00
EU27 -0.01 0. 0. 0. 0.00! 0.00 0.00
GBR 0.05] [ (I | [N | ) |
B) Elasticity of Half USA 0.00) 0.0 0.0 0.01 0.00! 0.00 0.00
ubstitution CHN | £ 0.01 0.0 0.01] 0.01 0.00 0.00 0.00
; ROW 0.00) 0.01 0.0 0.02 0.00! 0.00 0.00
between imports
a;fojzzzzc EU27 | | 0.00 ijl 00 ﬂ 0.00 0.00 0.00
(Armington) GBR | I 003 [—) [ os6| 0@ 088
Double | USA 0.00) 0.0 0.0 0.01 0.00! 0.00 0.00
CHN [ &1 0.02 0.0 0.0]] 0.01 0.00! 0.00 0.00
ROW 0.00) 0.01 0.0 0.01 0.00! 0.00 0.00
EU27 0.00) -og -0.01 0. :E 0.00! 0.00 0.00
GBR | f] 0.01][ [—om [ _-0.56] _-0.45| __-0.35|
Half USA 0.00) 0.0 0.0 0.00 0.00! 0.00 0.00
C) Elasticity of CHN [ &7 0.01 0.0 0.0 0.01] 0.00! 0.00 0.00
subtitution ROW 0.00) 0.01 0.0 0.01 0.00! 0.00 0.00
between regional
allocation of EU27 [B -0.01 0. 0.08 0. 0.00 0.00 0.00
imports GBR | b 0.06] [ __-0.56 __-045] _-0.35
Double USA 0.00) 0.0 0.0 0.0 0.00! 0.00 0.00
CHN | & 1 002 0.0 0.0]] 0.01 0.00 0.00 0.00
ROW 0.00) 0.01] 0.0 0.02 0.00! 0.00 0.00

Source: Author's estimations.

On the other hand, the Armington substitution between imported varieties and domestic goods
reveals the feasibility with which consumers and producers can choose between imported varieties
and domestic goods, while the Armington substitution among imports by origin shows how easy it is
to change the source of the imported varieties. As we can see, in those scenarios in which we assume
the increase of barriers to trade (soft and hard Brexit), larger values in both elasticities lead to lower
GDP losses in the UK. In the same line, the GDP gains in the UK would be very slightly larger under
the zero-tariff scenario. In other words, if consumers and producers can very flexibly substitute goods,
this would enhance the GDP gains under a trade liberalisation process and reduce the losses due to
restrictions to trade.

This is because with larger values of these elasticities the UK can more easily substitute the trade
lost with the EU with imports from other regions or with domestic production, than with smaller val-
ues for these elasticities.

Overall, the results suggest that our previous results are very robust to different elasticities
specifications.



