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Abstract

We conduct a general equilibrium analysis including a state-of-the-art Melitz structure
in manufactures and the operations of foreign multinationals in services. We study
different policy alternatives for UK and the Rest of the European Union (REU) to
counteract the harmful impact of Brexit. In particular, we analyze a unilateral tariff
elimination in the UK, different FDI agreements of this economic with China, Japan and
India and a comprehensive trade and FDI agreement with the US (similar to TTIP).
While the FDI agreements have a negligible impact on the UK, we find some scope in
the unilateral tariff elimination to raise wages and capital remuneration in that economy.
When analyzing a UK-US TTIP agreement we find it insufficient to compensate the
negative impacts of Brexit. By contrast, in most of the possible Brexit and TTIP joint
scenarios TTIP could be useful for the REU to overturn the limited negative effects it
experiences with Brexit.
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Introduction

UK’s decision to exit the EU has been one of the most important economic events in
recent years. While the conditions of the withdrawal agreement are still being
negotiated, it is clear that UK will try to strike trade and foreign direct investment (FDI)
agreements with third nations. On the other hand, the EU has always advocated to
expand trade and FDI relationships and will continue to do so. What can both regions
expect from other potential trade and FDI agreements?

This paper uses an innovative general equilibrium approach to analyze different
potential policies that both regions could undertake. For UK, we analyze a unilateral
trade liberalization policy, simultaneous FDI agreements with big countries, such as,
China, Japan and India, as well as a comprehensive trade and FDI agreement with the
US similar to the Transatlantic Trade and Investment Partnership (TTIP). For the rest of
the European Union (henceforth REU, i.e., EU28 excluding UK), we concentrate on the
potential for TTIP to counteract the negative effects of Brexit.

Several papers have analyzed the negative and asymmetric impact of Brexit (see Busch
and Matthes, 2016; Latorre et al., 2018PIIE for reviews). However, the analyses of
different policy alternatives after Brexit are scarcer. What is more, very few of them
have taken into account the effects of foreign multinationals and FDI in the context of
Brexit. We include this component in our approach, which, therefore, contrasts with
most of the previous analyses, which have focused on the impact of trade.

Our model also has a state-of-the-art approach to study trade itself. It incorporates a
Melitz structure with differences in productivity and firms’ selection in manufacturing
sectors. In addition, our model has many features of real economies, such as, multiple
sectors, regions and factors of production; trade imbalances; intermediates with demand
structures reflecting actual data; sector-specific tariffs as well as Non-Tariff Barriers
(NTBs) to trade and FDI. The simultaneous combination of all these characteristics
together with FDI and a Melitz setting, extends more stylized mainstream economic
analysis in international economics (e.g., Costinot and Rodriguez-Clare, 2014;
Arkolakis et al., 2012).

We find that UK would not be able to compensate the harmful impacts of Brexit with
any of the policies we analyze. As we explain later, it is hard to believe that UK will be
able to strike other trade agreements with regions that are very distant culturally and
which have very different legislative regimes.

By contrast, the REU could use an agreement like TTIP to more than counteract the
negative impact of Brexit. Even though US President Donald Trump has stopped the
TTIP negotiations, he could change his mind or his successors could well resume them.
Our quantitative evidence shows that TTIP would be beneficial to the US, particularly,
due to the FDI component that has been neglected in other previous analyses of TTIP.



The rest of the paper is organized as follows. In section 2, we provide an overview of
the feasibility and importance of doing business with different trade and FDI partners
for the REU and UK. In section 3, we explain the model, while in Section 4 we present
the data and different scenarios that are analyzed. In section 5, we analyze macro and
microeconomic results, while the main conclusions close the paper. The algebraic
description of the model is offered in an appendix.

Trade relationships

Figure 1 shows the shares in aggregate exports and imports of all trade partners of the
UK, the REU and the US. What stands out from that figure is the huge amount of trade
flows that the REU conducts within its own region (i.e., intra-REU imports and exports)
and the weight of the REU in UK’s trade. The REU is also an important trade partner
for the US.

On the other hand, for the REU, the UK and the US trade with other advanced regions is
also very remarkable!. There are many trade agreements already between all these
advanced regions, so it does not include many partners with which the UK can
substantially enhance its trade or FDI relationships, even though it will probably have to
revise them after Brexit (see Fernandez-Pacheco et al., 2018 for details). The Middle-
East is also an important trade partner for the REU, the UK and the US and not only due
to oil imports but also as an exporting destination. However, it is composed of countries
with a very different culture, compared to the anglosaxon or European, and this
complicates doing business there. The same applies to China, India, and also to the
group of countries which constitute the Southeast Asia region, which a priori may look
like important targets for the REU and the UK. Note that the REU itself does not have
any special trade agreement with China, while it has been since 2013 trying to reach a
comprehensive one for FDI. The relationships with China are problematic. Despite
more flexible approaches taking recently by the Chinese government (e.g., Latorre et al.
2018 CER) important barriers to trade and FDI remain. Japan is also a potential more
friendly target than other Asian partners. However, note that given its size it seems far
from being able to compensate UK losses of preferential access to the REU market. The
US looks like a big and culturally close potential target. Trump has shown willingness
to strike a comprehensive trade agreement with the UK, much in contrast with other
protectionist movements undertaken by the US president. It seems worth exploring,
therefore, what could be the benefits of a potential agreement with the US for the UK.
We will also analyze its effects for the REU.

! This region includes Hong Kong SAR, Iceland, Israel, Korea, New Zealand, Norway, Singapore, San
Marino, Switzerland, Taiwan Province of China, Australia, Canada, Albania, Rest of North America, and
Rest of the World.



Table 1 offers more details on the bilateral shares in exports and imports between the
main partners we will consider (i.e., the REU, the UK and the US). We now display the
shares across all sectors in the model, as well as some summarizing totals for all
manufactures and all services. This highlights that there is a lot of sectoral heterogeneity
which will be an important factor to explain different sectoral outcomes below. In the
case of REU we also include the weight of intra-EU trade given its importance and
particular free trade and FDI regime. The figures for the total shown in the last row of
Table 1 match the ones in Figure 1.

For the UK the REU is by far a much more important trade partner than the US is. On
the other hand, the US is a more important trade partner for the UK economy than for
the REU. The US is behind 11.0% and 12.4% of UK’s imports and exports,
respectively, while the US explains only 6.5% and 7% of REU imports and exports.
This makes us expect that the impact of an agreement with the US would be more
important for the UK economy than for the REU.

For the REU the US is a slightly more important partner than UK is. Indeed, US
accounts for 6.5% and 7.0% of total REU imports and exports, respectively, while the
UK accounts for 5.3% and 6.3% for the same respective shares. This suggests that TTIP
has the potential to compensate the harmful impact of Brexit for the REU. This initial
descriptive analysis gives us some hints about the potential impact of other policies to
counteract the harmful effects of Brexit. However, it is hard to tell a priori the size of
their respective effects. What would be the impact on GDP, or on wages and on exports
or imports of Brexit or TTIP? What is more, what would be the effects for the different
sectors. We offer the quantitative impact of these policies.

In addition, the story may be different depending on the sector, given the heterogeneity
in bilateral trade shares. In addition, other factors are at play, such as, the size of trade
barriers, the dependency on exports (i.e., the shares of output devoted to exports) or the
type of imports (intermediates or final). All these elements differ across sectors and will
underlie our general equilibrium analysis.

The model

We use a computable general equilibrium (CGE) approach. Our model extends the path-
breaking approach of Balistreri et al. (2011), which were the first to introduce a Melitz
structure in several sectors of a multi-regional CGE model. To be more precise, we
combine the Melitz structure present in manufacturing sectors in the approach of
Olekseyuk (2016) with a setting in which multinationals run in imperfect competition in
all of the regions of the model, following Latorre and Yonezawa (2018) and Latorre et
al. (2018CER). Our methodological approach can also be considered and extension of
the model of Olekseyuk and Balistreri (2017), who run Melitz, Krugman and
Armington structures in a multiregional and multisector setting, but do not include the



operations of multinationals in services. A detailed description of the model is included
as an algebraic formulation in an appendix.

Figure 1 depicts the production function in each sector of the model. Sector specific
capital enters the top nest together with an aggregate of all other inputs with an
elasticity of substitution eta_sub;. We calibrate this elasticity according to the
econometric estimates provided by Schiff and Wang (2006). Thus, the model
reproduces elasticities of supply that depend on the stage of development of the
different regions and on the technological complexities of goods and services produced
across sectors. At the next lower level, we find a combination of intermediate inputs and
a sophisticated value added nest. The latter includes an aggregation of business services
and a more standard value added bundle. The intuition behind for the combination of
business services and value added is that firms can use services provided by, e.g.
accounting or legal firms instead of hiring accountants or lawyers as employees. It
follows the original approach of Markusen et al. (2005), which has been implemented in
a few CGE models that consider the presence of multinationals (e.g., Jensen et al., 2010;
Jensen et al., 2007; Jensen and Tarr (2012), Balistreri et al., 2009; Balistreri et al., 2015;
Latorre, 2016). The standard value added next combines, labor, mobile capital, natural
resources and land. We model natural resources as a fixed factor of production in
agriculture and other primary sector, which includes the extraction of coal, crude oil and
natural gas. Land is also a fixed production factor in agriculture. Due to the presence of
these fixed factors variations in output are, to some extent, limited in the sectors in
which they operate.

As is common in models focusing on trade, ours includes two agents, namely, the
government and a single representative household. Public consumption remains
constant in real terms to avoid the distortions that its variation could produce.
Consumption of final goods is modelled as a Cobb-Douglas utility function over
sectoral commodity bundles. Final and intermediate demands are composed of the same
composite of domestic and foreign goods. We differentiate between domestic and
foreign products at the firm level due to the presence of imperfect competition and
increasing returns to scale (IRTS) in some selected manufacturing sectors and business
services. This requires an assumption of the same substitution elasticity between firms
and products. This inter-variety elasticity of substitution sig; is set at 3.8, which is
consistent with the plant-level empirical analysis of Bernard et al. (2003). Therefore, the
composite of the firm level goods is modelled by a single-level CES function with all
domestic and imported varieties competing directly, which is what we see at the bottom
of Figure 1 in the structure of good 20 and in the structure of business services.
Following Olekseyuk and Balistreri (2017) manufacturing sectors with a higher share of
intra-industry trade (over 60%) are assumed to produce under IRTS technology within a
Melitz structure (i.e., the good 20 structure). This allows us to capture the trade-policy
induced changes in aggregate productivity due to a within industry reallocation of
factors from more to less productive plants (including entry firms with the lowest
productivity).



With FDI in business services we allow for the existence of two types of firms: (i)
domestic firms producing in the host country for the local and foreign markets and (ii)
multinational firms producing in the host economy for the local market with FDI from
other regions. These FDI firms (or multinational firms) produce a specific variety in the
host economy, which is differentiated from domestic, imported and other home region
varieties.

In these FDI sectors we implement large-group monopolistic competition among
symmetric firms producing under the same IRTS technology, following Krugman
(1980). The costs of domestic firms are defined by the costs of local primary factors and
intermediate inputs. For FDI firms, the cost structure differs as in addition to the host
production factors and intermediates, they import specialized foreign inputs (e.g.,
technology or management expertise developed in other countries). The barriers to FDI
raise the costs of multinational firms and, consequently, affect their profitability and
entry. Larger barriers reduce foreign entry and lead to productivity losses due to reduced
number of available varieties, according to the Dixit and Stiglitz (1977) variety effect.
Our model differentiates the impact of FDI flows according to the sector to which they
accrue, which is in accordance with the fact that the effects of multinationals vary
across sectors (e.g., Smarzynska, 2004; Latorre and Hosoe, 2016; Zhou and Latorre,
2014a,b)

Data and simulations

We use the latest available GTAP 9 Database (Aguiar et al., 2016). Since this database
resembles the world economy in 2011, we use IMF projections for 2020 to conduct a
forward calibration following Bohringer et al. (2009). 2020 seems a reasonable year to
assess the impact of Brexit and will be used as a reference for our simulations. Our
model has 11 regions ((i.e., RE, UK, US, China, India, Japan, other advanced
economies, South East Asia, Latin America, Middle East and Sub-Saharan Africa), 21
sectors (shown in Table 1) and four types of factors (land, natural resources, labor and
capital).

Table 2 offers the overall trade barriers of Brexit and TTIP that we model following the
literature. Obviously, Brexit implies increases in trade costs between the UK and the
REU. These are larger with a hard Brexit than with a soft one. A hard Brexit has been
modelled usually (e.g., Dhingra et al., 2017; Latorre et al., 2018SRRN) as a reversion to
WTO rules for the UK, while a soft Brexit would capture an agreement similar to the
one that Norway has with the EU.

By contrast, trade barriers related to TTIP would go down between the REU and US or
between the UK and US, depending on the simulation. That is why the information
displayed in Table 2 appears in red indicating reductions in trade costs. The latter would
be larger with an ambitious TTIP than with a modest one. Again our approach to those



barriers is the one adopted in general in the available literature on the impact of TTIP
(e.g., Francois et al. 2013; Fontagne et al., 2013; Latorre and Yonezawa, 2018).

Several lessons can be drawn from Table 2. First, there is a lot of heterogeneity in
barriers across sectors. As mentioned above, this will be a force inducing different
sectors’ adjustments in contrast with other analyses that assume homogenous NTBs
(e.g., Dhingra et al, 2017, Ottaviano et al., 2014). The second lesson is that a hard
Brexit would imply much larger trade costs increases than any possible TTIP
agreement. Third, a soft Brexit would imply, however, smaller trade costs than savings
emerging from any TTIP agreement. This suggests that TTIP may be a tool to
counteract the harmful impact of Brexit. However, the impact of TTIP and Brexit does
not depend only on the size of (increasing or decreasing) trade barriers, but also on the
share of overall trade flows affected by those barriers, i.e., on the information displayed
in Table 1. This implies that the UK will be much more affected by Brexit than the EU
because similar barriers across sectors are applied to a much larger share in trade in the
UK than in the EU.

Table 3 provides further detail on the components of all TTIP barriers®. Note that in
general NTBs barriers are larger than tariffs. However, for some sectors, such as, food,
textiles and motor vehicles tariffs are can also be considerable particularly in REU and
UK.

Results
Macroeconomic impact

The first rows in Table 4 show the asymmetric impact of Brexit, which is much more
harmful for the UK than for the REU. This is the general consensus of the economic
literature (Fernandez-Pacheco et al., 2018; Latorre et al., 2018 PIIE). The contributions
of trade (NTBs and tariffs) and FDI components of Brexit have been deeply analyzed in
Latorre et al. (2018ssrn). Therefore, in this paper we keep the overall impact of a Brexit
shock (composed of both trade and FDI effects) and expand the number of policy
alternatives that the UK and the EU could adopt after Brexit.

The UK could consider a policy of unilateral tariff elimination (i.e., removal of all
sectoral tariffs against all possible trade partners®). The impact of such a policy would
expand aggregate exports and imports by 4.01% and 3.09%, respectively. It would also

2 The interested reader can find all the details on the different components Brexit barriers and their
corresponding effects in Latorre et al. (2018srrn). Although we update the shares of multinationals sales
in telecommunications and business services, we found its impact is rather small, so we omit this analysis
here to extend the analysis to trade and FDI alternatives following Brexit. Latorre and Yonezawa provide
a detailed analysis of TTIP including barriers to trade and FDI and their effects. However, in that analysis
UK was part of the EU and although their barriers agains the US are, in general, very similar we provide
their exact values in this paper.

® Note that with respect to the EU these tariffs are already null.
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reduce prices (the CPI contracts by -1.19%). Wages and capital remuneration go up* by
0.51% and 0.63% despite a rather moderate GDP increase by 0.12%. The impact on
welfare is negligible (0.03%).

The UK could also lower its barriers to FDI faced by the multinationals coming from
the largest countries of the world, namely, China, Japan and India®. We do this for the
three countries simultaneously including modest reductions (10%) of total existing
barriers in the UK or more ambitious ones (25% decreases). The effects of such a policy
turn out to be minimal. However, we are probably underestimating them since our data
on affiliates sales are from Fukui and Lakatos (2012)°. In these data, the shares of UK
multinationals coming from China, Japan and India in the UK are probably lower than
current trends, particularly in the case of China. It is hard to find the real shares since
data for foreign multinationals’ sales are elusive. A larger weight of foreign
multinationals in the UK would amplify the impact of reductions in barriers to their
entry and operations. The UK has always played an important role as origin and
destination of foreign multinationals. For example, in the analysis of Latorre et al.
(2018CER) UK stands out compared to the EU average in its capacity to profit from the
reduction in barriers to FDI in services in China that the government has been recently
promoting. However, still UK does not derive much impact from its increase in FDI in
the Chinese economy, in terms of GDP and other macroeconomic variables. Although
this effect may also be affected by the problems with the data we have just mentioned
since the paper also uses the Fukui and Lakatos (2012) database.

The next rows show the impact of an agreement similar to TTIP between the UK and
the US, while the bottom rows of the table analyze the impact of TTIP between the
REU and the US. Note that these scenarios consider the impact of TTIP itself without
Brexit. The different possible combinations between Brexit and TTIP will be analyzed
in Table 5 below. As already noted, we run two types of TTIP agreements (modest and
ambitious) in line with the literature’.

The impact of a modest TTIP between the EU and the US brings about the same overall
outcomes for both regions. GDP would increase by 0.22% and 0.53% after a modest

* The analyses in Dhingra et al. (2017) and Ortiz and Latorre (2018) have found that the impact of a
unilateral tariff elimination would bring about a very small positive impact incapable of compensating the
large losses arising from Brexit. Because we cover a larger set of macro variables we can identify that, in
terms of factors’ remuneration, this policy would still be able to have a positive impact on them.

% The US will be considered later in the context of TTIP results.

® We have updated the shares in sales in telecommunications and business services between the UK, the
UK and the US to the year 2015 using Eurostat (2018) data. For the rest of regions the information was
unavailable to the best of our knowledge, therefore we have kept the very low shares they had in the
Fukui and Lakatos (2012) dataset.

" Latorre and Yonezaya (2018) offer a deep analysis of TTIP between Europe (including the UK) and the
US. In addition, several manufactures run in an imperfect competition setting a la Krugman (1980),
without including a Melitz structure as in this paper. Latorre and Yonezaya (2018), however, expand the
number of TTIP scenarios analyzed, including more inclusive ones. The latter consist of scenarios in
which reductions in trade and FDI barriers between the EU and the US would lead to reductions in these
barriers also for other regions’ exports and FDI going to the TTIP partners.
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and ambitious TTIP, respectively, in both regions. While for the EU the component that
contributes more to the positive effect is the NTBs, for the US the reduction in barriers
to FDI would be the most important element. This is because barriers to FDI are in
general larger in the US so that lowering them brings about important increases in US
production in services sectors, which are the ones hosting multinationals.

A TTIP agreement with the US (again without considering the impact of Brexit) would
be more positive for the UK than for the EU. An ambitious TTIP would increase GDP
in the REU by 0.53%, while for the UK it would be 0.66%. This is because the US is a
more important trade partner for UK than for the EU. By contrast, for the US the impact
of TTIP with the UK would be very small. Even with an ambitious UK-US TTIP, GDP
would increase by 0.10%, which is five times smaller than the 0.53% it would obtain
after an ambitious TTIP with the REU.

Table 5 displays the joint macroeconomic impact of full implementation of (hard and
soft) Brexit and a (modest or ambitious) TTIP. When a full implementation of Brexit
comes into play (thus, simultaneously including all trade and FDI barriers®), the UK is
severely harmed, while the REU is harmed to a much lesser extent. Table 5 shows that
TTIP becomes a compensating force of the negative impact of Brexit for both regions. It
would also allow them to counteract trade and FDI losses expanding their flows to a
relatively large region as the US is. We have seen that TTIP causes a larger impact on
the UK than on the REU. Despite this fact TTIP alone is not able to overturn the losses
from Brexit in any possible scenario in the UK. However, in the EU, TTIP unleashes, in
general, forces that are strong enough to make up the negative impact of Brexit. This
positive impact from TTIP for the REU arises in all Brexit and TTIP combinations
except the one that consists of a hard Brexit and a modest TTIP. In this latter scenario,
the EU would still suffer a small contraction in its GDP of -0.14%. This is because the
US is a much larger region than UK is and a more important trade and FDI partner for
the EU than the UK is.

As noted above, positive or negative outcomes may hide considerable variations for
individual sectors. We turn now to this sectoral analysis

Microeconomic impact

We offer an analysis of producer-side impacts and consumer-side variety effects, which
have received less attention, to the best of our knowledge, in previous studies. These
results are characteristic of models including a Melitz setting and imperfect competition
(e.g., Krugman, 1980). To that aim we analyze average productivity for firms operating
in domestic markets and industry-wide average productivity which also accounts for

8 As already noted, the impact of this full implementation of Brexit is what appears in Table 4 in the hard
and soft Brexit scenarios.



firms’ exit and entry to/from domestic markets. We also study the evolution of the
number of varieties. The results are for the UK and the REU region, depending on
which region undertakes the particular policy measure analyzed from now onwards.
This is because the impact mainly concentrates in that region, as can be seen in the
macroeconomic outcomes above. In addition, this helps us to keep the analysis
manageable®.

The first two upper sets of results in Table 6 offer the evolution of average domestic
productivity and of industry-wide average productivity. Brexit would harm productivity
in both the UK and the REU. However, its impact is much more harmful for the UK
than for REU. As analyzed in detail in Latorre et al. (2018srrn), productivity is falling
due to the domestic entry of less productive firms (due to increased protectionism) and
not because of the exit from export markets. The last block of results in Table 6 presents
the reduction in the number of varieties available for consumption that Brexit brings
about. This consumer-side variety effects are measured using the Feenstra (2010) ratio,
which takes into account firm level prices and quantities of heterogeneous firms. This
ratio discriminates between varities that are cheap (i.e., produced in big quantities by
more productive firms) and those that are expensive (i.e., produced in small quantities
by less productive firms). An increase in the former brings about more positive
consumer-side variety effects than an increase in the latter does.

Producer-side gains from unilateral UK trade liberalization tend to concentrate more on
the average productivity for firms operating in domestic markets. These used to be
sheltered from foreign competition through high tariffs faced by imports coming from
outside Europe. When these tariffs are eliminated, the most productive domestic firms
survive but less productive ones shut down. As a result, average domestic productivity
increases. The sectors whose domestic productivity increases more are textiles, other
transport and motor vehicles. These sectors are characterized by a combination of rather
high tariffs for most of the partners (particularly textiles and motor vehicles) and a
strong trade integration with third countries (particularly for textiles and other
transport), rather than from the REU. Increases in average domestic productivity are,
however, dampened when we consider industry-wide average productivity. This is
because tariffs are only lowered in UK’s markets, so that UK’s exporters do not
experience substantial increases in their productivity. The reduction in tariffs results,
however, in sizeable consumer-side variety effects only in two sectors, namely, food
and textiles. In these two sectors, third countries (i.e., countries coming outside the EU)
are quite competitive, faced sizeable tariffs and a large share of imports is oriented to
private consumption. For the rest of sectors increases in the number of varieties are very
small, since the UK loses the varieties that were previously produced by highly
productive European exports. The latter are crowded out by exports from other areas
that enjoy increases in competitiveness only due to tariffs’ elimination.

% We also omit the impact of the reductions of barriers in the UK to FDI with China, Japan and India,
since as shown in the macroeconomic results, it is negligible.
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The next columns in Table 6 show the impact of TTIP without taking into account
Brexit. Because domestic firms lose shelter after TTIP liberalization only the most
productive ones survive, thus, increasing average domestic productivity. The only
exception to this average domestic productivity increases is construction that has nearly
no barriers and is hardly traded, so that TTIP would not affect domestic productivity.
Increases in average domestic productivity across the board result, in general, in average
industry-wide productivity rises that are slightly more positive for the UK than for the
REU. In the same line, increases in the number of varieties available for consumption
are slightly more pronounced in the UK than in the REU. All these trends are expected
since the US is a more important trade partner for the UK than for the REU (Figure 1
and Table 1). However, we do find some sectoral variation in these impacts. For
example, in sectors like food and textiles the impact on industry-wide average
productivity is the opposite than the one experienced in the rest of sectors in the UK and
in the REU. As noted above, food and textiles’ production is less oriented to exports so
they tend to benefit less from the reduction in barriers when TTIP lowers them. In
addition, in these sectors exports and imports to/from the US are rather small, so that
barriers reductions are applied to a small share of their exports. Thus, the increases in
production due to more exports in these sectors are considerably smaller than in the rest
of sectors. What is more, barriers in these two sectors are larger in the European side
(both for REU and UK) than in the US side, so that imports coming from US would
tend to expand more than European (UK and REU) exports going to the US side. TTIP
would thus not result in a particularly strong expansion of EU and UK exporters.

Table 7 turns to the analysis of the simultaneous impact of Brexit and TTIP. We thus
present different combinations of a hard and soft Brexit and a modest and ambitious
TTIP. In addition we do it for a UK-US TTIP (which appears on the left of the table)
and a REU-US TTIP which appears on the right. Again our results focus on the region
undertaking the policy shock, so that results on the left are for the UK and the ones on
the right are for the REU. In general, the fall due to Brexit of average productivity of
REU domestic firms could be overturned by a TTIP agreement. The only exception
would be the least favorable scenario of a hard Brexit and a modest EU-US TTIP. By
contrast, in the UK the impact of TTIP would never be strong enough to make up for
the reductions in productivity induced by Brexit, independently of the scenario
considered. These patterns also hold for the average industry-wide productivity for
which TTIP in general could overturn decreases in productivity in the EU but not in the
UK. They match, in general, the outcomes we have described in the macroeconomic
results. Note, however, that in the UK there are some exceptions of increases of
productivity or nearly no changes in productivity in sectors like other machinery and
construction. These exceptional patterns can be explained by the fact that these sectors
have nearly no barriers to trade, so when changes arise for these barriers in other sectors
due to either TTIP or Brexit, the difference with respect to the initial situation in
construction and other machinery is negligible.

19 The exceptional patterns of decreases in average industry-wide productivity described above for food
and textiles after TTIP (with no Brexit) scenario again hold here.
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We also analyze the evolution of the number of varieties available for consumption
(using again the Feenstra ratio explained above). The results are analogous to the ones
we have just described in relationship with the impact on productivity. Varieties for
consumption would tend to increase in the REU thanks to TTIP after Brexit. The only
exception would arise again in the combination of a hard Brexit and a modest TTIP in
which there would be very small reductions in the number of varieties. By contrast, in
the UK, there is no TTIP agreement that can compensate the losses in varieties caused
by Brexit.

Conclusions

We use a general equilibrium analysis including a state-of-the-art Melitz structure in
manufactures and the operations of foreign multinationals in services. We study
different policy alternatives for UK and the Rest of the European Union (REU) to
counteract the harmful impact of Brexit. Given cultural distance and differences in
legislative regimes not all possible trade or FDI partners are desirable targets to do
business with. In this sense the US appears as a rather close economy to the European
partners with a very attractive size.

The paper analyzes a unilateral tariff elimination in the UK, different FDI agreements of
this economic with China, Japan and India and a comprehensive trade and FDI
agreement with the US (similar to TTIP). While the FDI agreements have a negligible
impact on the UK, we find some scope in the unilateral tariff elimination to raise wages
and capital remuneration in that economy. When analyzing a UK-US TTIP agreement
we find it insufficient to compensate the negative impacts of Brexit. By contrast, in
most of the possible Brexit and TTIP joint scenarios TTIP could be useful for the REU
to overturn the limited negative effects it experiences with Brexit.

Brexit tends to lower productivity in manufactures since it shelters firms from healthy
competition, while TTIP tends to raise competition. In the same line, Brexit lowers the
number of manufacturing and services varieties, whereas TTIP increases them. All these
results are very asymmetric, with the UK being much more negatively affected by
Brexit than the REU. The same can be said about the macroeconomic impacts.
However, all these results hide considerable variation across sectors, not only in the
depth of the adjustment but also in some cases in its direction. In sectors, in which the
level of barriers is small, such as, other machinery the adjustment is also very small. In
sectors in which the partners affected by the policy measured analyzed tend to be less
integrated the impact is also limited.
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Figure 1. Regions’ shares in aggregate imports and exports of the UK, the Rest of the
European Union (REU) and the US in 2020
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Table 1. UK, the Rest of the European Union (REU) and US bilateral shares in their respective trade flows

Sectors REU imports from: UK imports from: US imports from: REU exports to: UK exports to: US exports to:
GBR | USA | ROW | REU | REU | USA | ROW | REU | GBR [ ROW | GBR | USA | ROW | REU | REU | USA | REU | REU | GBR | ROW
g Agriculture 2.4 41 |1935 [ 558 [[48.7 | 40 |[473 | 3.8 04 |195.8 || 6.4 1.3 |1 923 | 65.3 | 71.3 | 3.7 | 25.0 | 5.7 0.6 | 93.7
§ Other primary 3.4 1.3 95.3 4.0 11.4 15 87.1 0.1 0.3 99.6 || 124 0.5 87.1 | 38.8 | 68.0 4.7 27.3 | 21.0 2.8 76.3
o |Wood and paper 3.4 2.7 |193.9 [ 75.1 |1 620 || 7.3 | 30.7 || 9.4 15 [189.1]| 7.1 3.1 |1 89.9 | 59.3 | 48.7 | 9.0 | 423 | 9.0 35 | 874
E Personal services 7.2 10.7 |1 82.2] | 50.6 | 46.6 | 25.0 || 28.4 || 30.0 7.3 62.7 7.4 5.9 86.7 || 43.5 | 44.4 || 10.4 | 45.2 | |17.7 7.7 74.7
O |Other services 3.2 9.6 |187.1 |1489 || 439 |/17.1 || 39.0 | 5.8 | 5.2 [ 68.9 | 5.2 8.3 | 86.5/| 43.0 || 33.4 | 199 | 46.7 | 219 | 53 | 72.8
Food 5.0 1.8 93.2 [ 725 | 74.7 3.0 22.3 | |19.7 2.6 17.7 9.5 4.9 85.6 | 59.1 [ 57.9 9.2 32.8 6.5 1.7 91.8
E Textiles 2.6 0.8 96.6 || 42.6 | 30.3 14 68.3 5.6 0.4 94.0 6.3 4.3 89.4 || 58/9 [ 62.3 4.7 33.0 9.5 2.5 88.0
§ Chemicals 6.3 9.1 84.6 |1 58/9 || 579 || 10.5 || 316 | 28.0 4.7 67.8 5.9 9.0 85.1/ | 52.5 [ 55.1 | 14.8 || 30.2 | 20.9 2.8 76.3
S o |Metals 3.8 2.4 93.8 |1 66.1 | 352 ||17.3 || 47.5 |[|12.6 1.8 85.6 5.5 3.9 90.6 || 586 [ 40.1 6.8 53.1 8.4 10.5 | 81.2
i % Motor vehicles 5.4 25 |192.1 ][ 79.0 | 84.3/ | 16 | /141 | |166 | 2.0 [ 81.4 | 8.7 6.0 | 853 | 53.3 | 47.8 | 9.4 | 42.7 | 8.0 08 | 91.2
§ g Other transport 6.0 19.2 [ 748 | 445 | 36.6 | 32.6 || 30.8 || 374 7.5 55.0 5.0 12.4 |1 826/ | 37.4 [ 32.7 | 16.1 || 51.2 | 25.9 7.2 67.0
§ “ |Electronics 3.8 46 1916 374 |[415 | 76 ||[509 | 2.7 04 |196.9 | 7.6 3.8 |/ 88.6 | 52.4 || 585 | 66 | 349 | 133 | 29 | 83.8
ﬂ Other machinery 4.0 7.3 88.7 || 60.1 | 54.7 ||13.6 || 31.7 | |20.8 3.0 76.1 4.6 7.7 87.7 | 42.0 || 35.6 ||14.4 | 50.0 | 14.6 3.3 82.1
24 Other manufactures 4.1 44 1915 530 [ 369 |[|175 456 |[|145 | 2.1 |183.4/ | 6.2 | 10.1 | 83.7 | 47.9 | 38.0 | 15.2 | 46.7 | 149 | 11.0 | 74.1
Construction 2.5 5.2 92.3 || 48.0 | 37.6 2.7 597 | 24.7 1.7 73.6 15 1.6 96.9 | 315 | 34.0 2.3 63.7 | 21.5 0.7 77.9
. § Water transport 3.4 0.9 95.8 ||l 46.3 || 55,6 2.7 41.7 | 14.8 15 83.7 4.5 0.8 94.7 | 34.4 | 40.4 1.3 58.3 | 12.6 4.4 83.1
ﬁ ;C_.QU Air transport 7.6 12.7 |1 79.6 | 38.0 || 515 9.6 38.9 | 34.0 7.3 5817 9.3 12.1 | 78.6/ | 28.1 [ 33.7 | /15,5 || 50.8 | 30.3 5.6 64.0
% E Communications 11.1 || 9.9 |1 79.0 |[43.6 || 46.0 ||13.2 || 40.7 || 329 | 42 [ 629 | 9.5 9.6 | 809 | 43.7 || 586 | 6.4 | 350 | 305 | 84 | 61.1
& g Finance 16.4 | |21.1 [ 62,4 || 36.0 || 29.3 || 33.2 | 375 | 26.5 | 28.8 | 44.7 8.0 13.7 | 78.3 | 47.7 | 345 | 235 | 420 | 356 | 11.5 | 52.9
x < Insurance 9.8 195 || 70.8 || 435 [[52.2 | |19.7 || 28.1 | 453 ||14.3 | 404 2.6 32.0 | 65.4 | 20.8 | |18.7 |  40.5 | 40.7 | |21.4 2.2 76.3
‘2 |Business services 127 || 131 || 74.2 | 43.0 || 35.6 || 11.7 |1 52.7 || 21.5 3.4 75.0 4.7 5.8 89.5 || 42.2 | 51.6 3.9 445 | 39.1 4.7 56.2
% " Total Manufacturing | 4.6 5.2 90.2 |1 54.2 || 49.9 9.6 40.5 [ 13.9 2.1 84.0 6.4 6.7 86.9 | 51.1 [ 48.2 | 11.6 || 40.3 | /155 3.9 80.7
g @ |Total services 8.7 12.1 [0 79.1 |[ 445 | 41.3 | 16.7 | 42.0 || 28.0 8.4 63.6 5.8 8.9 85.3 | 40.3 [ 41.5 ||14.0 || 445 | 28.9 6.1 65.0
< Total 5.3 6.5 88.1/|152.3 ({48.0 ||11.0 || 421.0 |[/15.8 3.0 81.2 6.3 7.0 86.7 | 49.2 | 459 | 124 | 41.7 | 18.0 4.2 77.8

Source: Authors’ estimations based on Aguiar et al. (2016) and IMF (2015) for the projections.




Table 2. Total trade costs increases of Brexit and trade cost decreases of TTIP arising from joint reductions in tariffs and NTBs to trade

Source: Latorre et al. (2018srrn) and Latorre and Yonezawa (2018) for TTIP barriers.

Total Brexit trade costs increases EU-UK Total TTIP trade costs reductions
Sectors Hard Brexit Soft Brexit Ambitious Modest
In REU In UK In REU and UK InUK |InUSforEU|InUSforUK| InEU In UK |In US for EU|In US for UK
2 |Agriculture F 386 | 392 [ 142 182l 20600 +19.(§ 9.0 A 97 W0 -so &
S |Other primary L 284 | 285 | 142 142 0 1840 184 57 1 74 741 3
2 |Wood and paper || 6.1 | 6.6 | 2.8 B1 0 20 1 20 [ -14 | -10 | -08
= |Personal services | 2.2 22 1.1 1.1 -0.6 -0.6 04 | -0.3 -0.3
O |Other services 22 | 22 1.1 1.1 -0.6 04 | -0.3 -0.3
Food 452 |50.4 E 14.2 253 [-209 0 119.2 8 -100 8 -85 4%
£ [Textiles L 196 | 191 || 48 -12.9 W -119 @ 83 94 % -81 3
S |Chemicals I 96 ||| 95 | 34 55 [ 6113 34 ] 33 0 -34 ]
£ o |Metals . 78 . 80 30 47 |4 55 4 32 30 0 27 [
= 35 [Motorvehicles  [I°_208 | 215 || 64 S EE 1080 38 1 -39 [
[&]
S 2 |Other transport 111 | 11 47 57 |4 -49 [} 31 21 [ -20
2  [Electronics 73 79 [ 32 -39 40 [} E 18 1.9
¢ |Other machinery 1.7 .18 0.0 -1.6 09 | -1.2 -0.9 -0.8
o Other manufactures || | 8.2 A | 2.8 -3.6 -3.8 [I -3.0 -2.6 -1.5
Construction | 2.3 | 2.3 1.2 -1.2 -0.6 -0.5 -0.3 -0.3
. & |watertransport || 4.0 | 40 I 2.0 -2.0 -2.0 -0.8 -0.8 -0.8
& 2 |Air transport 1.0 1.0 0.5 -0.5 -0.5 -0.2 -0.2 -0.2
?,.g Communications || 5.9 | 59 L 2.9 -2.9 -0.4 -1.2 -0.2 -0.2
o 2 [Finance | 57 | 57 [ 28 2.8 79[ W 1.1 32 1 3211
o < |Insurance || 54 | 54 I 2.7 2.7 4.8 1 -1.1 19 [ -19 ]
S |Businessservices || 75 [ 75 | 37 37 @ -10 | 15 | -0.4 -0.4




Table 3. Detailed cost decreases related to NTBs to trade and Tariffs of TTIP

Source: Latorre and Yonezawa (2018).

TTIP NTBs costs reductions TTIP 100% Tariffs Elimination

Sectors Ambitious Modest INEU [InUK| InUS | Inus

In EU&UK In EU&UK In US for US for EU| for UK

o |Agriculture 1420 7.3 W 33 [H -390 -23[ -0.6 |

(@]

g |Other primary 1428 73 M o0 00 | -01 | -01
2 |Wood and paper 28 | 08 | -02 |-03]-02] 00
= |Personal services -1.1 03 | 0.0 0.0
O |Other services 1.1 03 | 00 | 00

Food 14280 57 0 -73 8 260 12 ]

2 |Textiles 481 29 0 17 11 770 641

S  |Chemicals 34 [ 14 [ 19 ) 14 15 ]
£ o |Metals 3.0 [ 12 [ a7 1) 1.3 -10
= 3 |Motor vehicles 64 3 26 0 27 1 EN IEY
S 2 |Other transport 47 4 19 [ -19 [} 01 | -01
2 ” [Electronics 32 1 13 [ 15 03| -04
2 |Other machinery 0.0 0.0 0.0 -09 | -0.8
X |Other manufactures | -2.8 |1 11 | -08 | 191 -07
Construction 1.2 -0.5 03 | 00 | 00

. = |Water transport 20 [ -0.8 08 | 00 | 00
& 2 |Air transport 05 | -0.2 02 | 00 | 00
£ £ |Communications 29 [} . 12 02 | 00 | 00
& 3 |Finance 28 1 700 11 32 [} 00 | 00

— £

o < |Insurance -2.7 480 11 ] -19 01 00 | 0.0
'S |Business services 370 10 | -15 [ -04 | 00 | 00



Table 4. Macroeconomic impact of Brexit, UK unilateral tariff elimination, UK FDI agreements, a UK-US TTIP and a REU-US TTIP (% changes with respect

to the initial data)

GDP Welfare Wages Capital remuneration Exports Imports CPI

UK [REUJ] US | UK [REUT Us | UK [REU] US | UK [REU] Us | UK [REU| Us | UK [REU] Us | UK [ REU

Soft Brexit -1.24] -0.17] 0.01[-1.97]-0.20] 0.01]-1.75]-0.18] 0.00[-1.d6[-0.22 0.01] -7Bo|-157| 0.05] -6Fs|-1.d8 0.04] 0.2B[-0.06
Hard Brexit -2.55| -0.38| 0.01]-3.00[-0.68] 0.02]-2.80]-0.41| 0.01]-3.47]-0.45] 0.02] -169| -3.83| 0.12 0/-3.81| 0.10| 1.0p|-0.19
UK Unilateral Tariff Elimination 0.12(-0.01| 0.02| 0.03[-0.04| 0.04| 0.51-0.01| 0.01| 0.63[-0.01| 0.02| 4.01|-0.00| 0.48| 3.09|-0.09| 0.36|-1.19(-0.23
UK modest FDI agreement 0.01| 0.00| 0.00| 0.01] 0.00[ 0.00{ 0.01| 0.00] 0.00| 0.01| 0.00| 0.00[ 0.03| 0.00| 0.00| 0.00| 0.00| 0.00|-0.01| 0.00
UK ambitious FDI agreement 0.02| 0.00| 0.00| 0.04| 0.00| 0.00| 0.01| 0.00| 0.00| 0.08| 0.00| 0.00| 0.08| 0.00| 0.00] 0.00| 0.00| 0.00(-0.02| 0.00
fdi | 0.08] 0.00| 0.02| 0.10| 0.00| 0.02| 0.08| 0.00| 0.02| 0.17| 0.00| 0.01| -0.17| 0.00| 0.07| 0.07| 0.00|-0.01| 1.14|-0.17

UKLUS modest TTIP ntb | 0.13| 0.00 0.02| 0.18| 0.00| 0.02| 0.11| 0.00| 0.01| 0.18| 0.00| 0.01| 0.84|-0.02| 0.28| 0.50|-0.02| 0.17| 1.12(-0.20
tar | 0.05| 0.00| 0.01| 0.06|-0.01| 0.01| 0.08] 0.00| 0.01| 0.07| 0.00| 0.01| 0.59-0.02| 0.20| 0.48|-0.02| 0.15| 0.95|-0.22

total | 0.26| 0.00| 0.04| 0.34|-0.01| 0.05| 0.28| 0.00| 0.04| 0.37|-0.01| 0.08| 1.13[-0.04| 0.52| 1.11|-0.05| 0.32| 1.08|-0.2iL

fdi | 0.22| 0.00| 0.04| 0.30| 0.00| 0.06| 0.00| 0.00| 0.05| 0.48/-0.01| 0.02| -0.48/-0.01| 0.20] 0.21]-0.01|-0.02| 0.29|-0.09

UKUS armbitious TTIP ntb | 0.37| 0.00| 0.05| 0.5p| 0.00| 0.06| 0.30| 0.00| 0.05| 0.34| 0.00| 0.04| 1.89|-0.06| 0.67| 1.49|-0.07| 0.49| 0.42| 0.28
tar | 0.05| 0.00| 0.01| 0.06|-0.01| 0.01| 0.08| 0.00| 0.01| 0.07| 0.00| 0.01| 0.59-0.02| 0.2D| 0.48|-0.02| 0.15| 0.04|-0.15

total | 0.66|-0.01| 0.10| 0.87|-0.01| 0.18| 0.49 0.00| 0.10| 0.92|-0.01| 0.08| 2.22[-0.09| 1.18| 2.35/-0.11| 0.66| 0.14| 0.10

fdi [-0.01] 0.06| 0.11/-0.01| 0.11| 0.15/-0.01| 0.03| 0.00|-0.02| 0.10| 0.16| 0.02| 0.13|-0.02| 0.00| 0.03| 0.10|-0.01|-0.02

REU-US modest TTIP ntb | 0.00| 0.10| 0.07|-0.01| 0.18| 0.08| 0.00| 0.08| 0.07| 0.00| 0.10| 0.01| -0.07| 0.67| 1.28| -0.06| 0.78| 0.90| 0.06| 0.10
tar [-0.01| 0.04| 0.04/-0.01| 0.05| 0.05 0.00[ 0.06| 0.06| 0.00| 0.07| 0.05| -0.06| 0.93| 1.21| -0.03| 1.0p| 0.88|-0.09|-0.11

total {-0.02| 0.22| 0.22|-0.03| 0.34| 0.29/-0.01| 0.18| 0.22|-0.03| 0.29| 0.28| -0.12| 1.86| 2.58| -0.09| 1.96| 2.00|-0.06|-0.05

fdi [-0.08| 0.17| 0.29/-0.04| 0.30| 0.39/-0.02| 0.07| 0.24|-0.04| 0.20| 0.42| 0.04| 0.20| 0.02| -0.01| 0.10| 0.25| 0.01|-0.08

REU-US ambitious TTIP ntb |-0.01] 0.30| 0.10/-0.02] 0.51| 0.22| 0.04] 0.24| 0.20|-0.01] 0.30| 0.02| -0.20| 1.85| 3.62| -0.47| 2.19| 2.64| 0.19] 0.38
tar [-0.01| 0.04| 0.04/-0.01| 0.05/ 0.05 0.00[ 0.06| 0.06| 0.00] 0.07| 0.05| -0.06] 0.93| 1.21| -0.03| 1.0p| 0.88|-0.09|-0.11

total |-0.04| 0.53| 0.53|-0.06| 0.88| 0.68|-0.01| 0.40| 0.51|-0.06| 0.60| 0.52| -0.23| 3.44| 5.31| -0.21| 3.7a| 4.14| 0.06| 0.13

Source: Authors’ estimations.




Table 5. Macroeconomic impact of joint Brexit and TTIP agreements (% changes with respect to the initial data)

Impact on UK's

GDP | Welfare | Wages | Capital Remuneration | Exports | Imports CPI
UK-US modest TTIP & soft Brexit 1.29f | -1.23fF | -101 -1.29 E 5. 0.35
UK-US ambitious TTIP & soft Brexit -0.58 -0.70 -0.76 -0.76 -3.9 0.59
UK-US modest TTIP & hard Brexit 2288 | 284 | -256 310 [ -13 1.08 |
UK-US ambitious TTIP & hard Brexit -1.8 -2.3ﬂ -2.3 -2.57 [i_ 11. 1.30 ||

Impact on REU's

GDP | Welfare | Wages | Capital Remuneration | Exports | Imports CPI
REU-US modest TTIP & soft Brexit 0.06 0.08 0.03 0.09 0.63 0.67 -0.08
REU-US ambitious TTIP & soft Brexit 0.37 0.62 {| 0.25 0.50 \ 2.32 ] 2.53 ] 0.10
REU-US modest TTIP & hard Brexit 014} | -0.25{| -0.19 -0.14 -1.300 | -1.430 | -0.20
REU-US ambitious TTIP & hard Brexit | 019 |1.0.30 [10.03 | 0.27 042 | 046 | 00000

Source: Authors’ estimations.



Table 6. Impact on productivity in Melitz sectors and on consumption varieties of Brexit, a UK unilateral tariff elimination, a UK-US TTIP and a REU-US

TTIP (% changes with respect to the initial data)

UK Unilateral | UK-US UK-US | REU-US | REU-US
Soft Brexit Hard Brexit Tariff modest ambitious modest ambitious
Elimination TTIP TTIP TTIP TTIP
UK | REU UK | REU UK UK UK REU REU
Domestic productivity
FPR Food -11.22 -0.21 0.16 40
TA | = Textiles -0.7] -0.09 0.19 0.23
ChM | S Chemicals -0.99 -0.10 0.20] 37
MMP | £ o |Metals -0.65 -0.05 0.05 0.08
MVH | 2 3 [Motor vehicles 2 -0.21 0.23 0.42
OTN | S 2 |Other transport -0.91 -0.14 029 || 064
EEQ 2 “  [Electronics 13 0.12 006 | 012
OME s Other machinery 0.06 0.01 0.06 0.03
oMF | X Other manufactures -0.22 -0.03 0.08 0.09
CNS Construction 0.00 0.00 0.00 -0.01
vity
FPR Food -1, -0.26 -0.0b 14 %
TA | = Textiles . 20.08 11 0
CHM | S Chemicals 0.91 -0.07 ] 112 | 0.20 |
MMP | £ o |Metals -0.03 | 0.00 -0.0p
MVH E g Motor vehicles -0.18 ] (E 0.18
OTN S 2 |Other transport -0.10 (.20 0.4
EEQ 2 “  [Electronics 1 0.02 0.03
oME | & Other machinery ] .04 0.02
oMF | X Other manufactures 0.03 0.04
CNS Construction 0.00 0.02
FPR Food Bos o2 ([o2r |
TA | = Textiles " 035 || 007 || 019
cHM | S Chemicals I 022 | o008 | 021
MMP | S o  [Metals L 012 | 002 || 005
MH | 2 3 [Motor vehicles 03 [P ou [F o027 |
OTN S 2 |Other transport oo o1 o2 |
EEQ 2 ”  [Electronics b 013 | o004 [ 010
oME | ¥ Other machinery | 007 || 002 0.05
oMF | X Other manufactures 032 | 004 0.12
CNS Construction 002 | o001 | 002

Source: Authors’ estimations.



Table 7. Impact on productivity in Melitz sectors and on consumption varieties of joint Brexit and TTIP agreements (% changes with respect to the initial data)

UK-US modest TTIP & soft Brexit UK-US ambitious TTIP & soft Brexit REU-US modest TTIP & soft Brexit REU-US ambitious TTIP & soft Brexit
Impact on UK's Impact on UK's Impact on REU's Impact on REU's
Domestic Industry Consumption Domestic Industry Consumption Domestic Industry Consumption Domestic Industry  Consumption
productivity productivity varieties  productivity productivity varieties  productivity productivity varieties productivity productivity varieties
FPR 1063 1160 154 0771 1728 1278 o001 030 | 0.01 026 | -095 % 017 |
TA -0.64 -0.84 -0.62 062 1  -0.96 & 041 [ 0.13 -0.16 -0.01 018 | 024 | 011 |
CHM  -0.70 -0.69 -0.43 -0.48 [I -0.56 [§ 032 | 0.13 0.07 0.00 030 | 015 013 |
MMP -o. -0.43 -0.19 -0.23 03 | 014 | o001 -0.02 -0.01 0.05 -0.05 0.02 |
mvh 227 2.1 2.1 -2, . 221 8 -1. 84:l 0.10 0.03 -0.02 031 | 010 | 014 |
otn -0.48 -0.50 -0.24 [g 0.06 011 | 0.01 017 | 012 | 0.04 052 | 035 | 021 |
EEQ -1.26 -1.20 -0.45 -1.13 [] -1.12 I] -0.37 -0.05 -0.06 -0.02 0.02 -0.05 0.04 §
ome 020 | 015 | -0.07 016 | 013 | -0.04 [ 0.08 0.05 0.00 0.05 0.04 0.03 |
omf 016 [ -0.17 -0.28 015 |  -016 | -0.09 | 0.05 0.02 -0.01 0.07 0.02 0.07 |
cns 0.00 | -0.03 -0.03 -0.01 | 0.01 | -0.02 | 0.00 0.01 0.00 0.00 0.02 0.01 |
UK-US modest TTIP & hard Brexit UK-US ambitious TTIP & hard Brexit REU-US modest TTIP & hard Brexit REU-US ambitious TTIP & hard Brexit
Impact on UK's Impact on UK's Impact on REU's Impact on REU's
Domestic Industry Consumption Domestic Industry Consumption Domestic Industry Consumption Domestic Industry  Consumption

productivity productivity varieties  productivity productivity varieties productivity productivity varieties productivity productivity varieties

FPR -1.9 -2.66/ 1710 303l 2350 023 [I -1.09 [H -0.05 0.02 1.7 0.11
T_A -2. -2.53 2190 26308 112 [ -0.06 -0.47 -0.11 -0.01 -0.55 0.01
CHM -z.zi% 21% 206 -207 -0.87 [§ -0.01 | -0.06 | -0.07 017 | 0.03 0.05
MMP  -1.37 -1.32 2198 -1.24[8 028 [  -005 -0.09 -0.05 -0.01 -0.11 -0.02
mvh 227 36 297 2448 [ 59008 -0.27 -0.36 -0.20 | -0.06 -0.27 -0.03
otn -1.46 -0.93 [] -1.07 [# 032 | 0.03 -0.03 -0.02 039 | 021 | 016 |
EEQ 2.27 22708 20208 -1.00 [ -0.19 % 020 | -0.08 -0.12 -0.18 -0.02
ome -0.46 || 049 | -045 || 012 | 0.06 0.04 | -0.03 0.03 0.02 0.00
omf -0.60 [5 -0.60 [1 059 | -059 [] 042 [} 0.01 | -0.04 g -0.06 0.03 -0.03 0.02
cns 0.00 -0.05 001 | -0.01 | -0.05 | 0.00 | 0.00 -0.01 0.00 0.01 | 0.00

Source: Authors’ estimations.



Online Appendix: The Algebraic Description of the Model

This document presents the algebraic formulation of a computable general equilibrium (CGE)
model of the global economy, which is a numerical simulation model. This model has the similar
structure to the models in Balistreri et al. (2014) and Balistreri and Tarr (2011). The model
is what is called a mixed complementarity system in mathematics (for an explanation see the
technical Appendices in Markusen (2002)). This model description is based on the Appendix F
in Balistreri and Tarr (2011); however, the important distinctions include:

(i) this model is a multi-region model, whereas the model in Balistreri and Tarr (2011) is a
single country model;

(ii) it incorporates both Krugman (1980) and Melitz (2003) model structures for Increasing
Returns To Scale (IRTS) production following Balistreri and Rutherford (2013) and Olek-
seyuk and Balistreri (2017).

The model includes n commodities (goods and services), which are purchased by households,
firms, and the government. Let the commodities be indexed by g € G. Divide these commodities
into the following three categories that define their treatment in the model formulation:

(a.) Business Services including foreign direct investment (FDT), characterized by monopolistic
competition under Krugman structure, indexed by ¢ € I C G}

(b.) IRTS manufacturing sectors, characterized by monopolistic competition under Melitz struc-
ture, indexed by 5 € J C G

(c.) Constant Returns To Scale (CRTS) goods indexed by k € K C G.

Commodities are also classified by their associated region, indexed by r € R where O indicates
own region. The accounts track the incomes of the representative household in each region
decomposed by the primary mobile factors of production as well as sector-specific inputs for the
monopolistic competition sectors and business service sectors with FDI.

Table 1 summarizes the equilibrium conditions and associated variables, and Tables 2 and 3
summarizes the parameters. To reduce the notation burden, we consider the perspective from
one country so that we can suppress the index of own region r in Table 1 and the following
equations, although the model is a multi-region model. The non-linear system is formulated
in GAMS/MPSGE and solved using the PATH algorithm. We proceed with a description and
algebraic representation of each of the conditions itemized in Table 1.



Table 1: General equilibrium conditions

Equilibrium Conditions

(Equation)

Associated Variables

Dual representation of preferences and technologies:

Armington-like unit-cost functions

Dixit-Stiglitz price indexes (Krugman)

Zero profits for Dixit-Stiglitz firms (Krugman)
Dixit-Stiglitz price indexes for FDI firms

Zero Profits for Dixit-Stiglitz FDI firms
Dixit-Stiglitz price indexes (Melitz)

Zero cutoff profits for Melitz firms

Expected zero profits for Dixit-Stiglitz firms (Melitz)
Firm-level productivity for average firm (Melitz)
Price including sector-specific capital

Input-output technologies for non primary energy
Input-output technologies for primary energy
Unit expenditure function

Unit cost of public purchase

Unit cost of investment

Market clearance conditions:

oo

(=)
NN NN NI N NS I AN AN NI

viel

vjeJ

vke K

viel

viel

viel

Viel

vjedJ

vjeJ

vjedJ

vjedJ

Yge (IUJ)andr =0
Vg€ (IUJ)and r # O
Vieland r #£0O

Vg € G but g = ene

A9 : Armington-like activity

Qi_ : D-S Activity by region

N} : Number of firms

QEPL . D-S FDI Activity by region
NTFDI : Number of FDI firms

Q7 : D-S Activity by region

N{_m : Number of operating firms
M : Number of entered firms
@+ Productivity

Z1(Q%) : Sector-specific capital use

QF

Y9: Production level
Yeme: Production level

U: Household utility index
PUB: Government activity
INV: Investment activity

Composite goods and services
D-S composites

Markets for IRTS composite input (Krugman)
Markets for IRTS composite input (Melitz)
Markets for output

Markets for imports

Factor markets

Specific factors

Fixed real investment

Fixed real public spending
Nominal utility equals Income
Balance of payments

Income balance:

Vg e G
VjeJandr #£0O
VieJandr=0
vjeJ

vjeJ

vk e K

viel

vjedJ
Vieland r# O
VjieJandr#0O
Vke Kandr # 0O
VfeF

Yge (IUJ)

PAY9 : Composite price indexes
PY: Prices of D-S composites

PMCJ:: Composite input prices
PMCY: Composite input prices
PY9: Output prices

PMY?: Import prices

PFy: Factor prices

PZ?: Sector-specific capital price
PINV: Unit cost of investment
PG: Unit cost of public good
PC': Unit expenditure index
PFX: Price of foreign exchange

Domestic agent income (44) RA},: Household Income
Government budget (45) GOVT': Government spending
Foreign Entrepreneur (46) FE: External agent income
Auxiliary Conditions:

Fixed real public spending (47) T: Index on direct taxes

. Sector-specific capital use for FDI



Table 2: Model parameters

Symbol

Description

Elasticity of substitution parameters

Tya
Ovas

Osrv
€
oF
J
i
9DM
k
MM
Other parameters
sav
pub
dtax
ftrn
¢i
T
FDI
A
P
T
¢k
T

Value added composite

Value added vs. business services composite

Business services composite

Elasticity of substitution between sector specific capital and others
Dixit-Stiglitz elasticity of substitution on business services

Dixit-Stiglitz elasticity of substitution on IRTS goods

Armington elasticity of substitution on CRTS goods (Domestic vs. foreign)
Armington elasticity of substitution on CRTS goods (among foreign)

Reference saving

Reference level of government spending

Reference level of direct tax from household to government

Reference capital account surplus

Share of Dixit-Stiglitz component in Armington-like activity of business services i

Share of FDI component in Armington-like activity of business services ¢

Share of Dixit-Stiglitz component in Armington-like activity of manufacturing sectors j
Share of domestic or import component in Armington activity of CRTS goods k

Share of specific capital component in marginal cost

Share of all other components in marginal cost

Share of value-added/business service cost in marginal cost without sector specific capital
Share of non-business service commodity in marginal cost without sector specific capital
Share of value-added cost in value-added/business-services cost bundle

Share of each factor cost in value added cost bundle

Share of each intermediate business service cost in aggregate business service cost bundle
Expenditure share commodity g in private consumption

Expenditure share commodity ¢ in public consumption

Expenditure share commodity g in investment consumption

Shape parameter of the Pareto distribution for Melitz structure

Minimum productivity determined by the Pareto distribution




Table 3: Parameter values for elasticities

Parameter Description Value
Ova Value-added bundle 1
Ouvas Value-added vs. business services 1.25
Osro Business services bundle 1.25
€J Sector specific capital vs. others See notes.
ot Dixit-Stiglitz elasticity on business services 3
a{w Dixit-Stiglitz elasticity on IRTS goods 3.8
ey Armington elasticity (Domestic vs. foreign) GTAP values
ey Armington elasticity (among foreign) GTAP values
Sene Price elasticity of primary energy production 1

Notes: This elasticity is calibrated, instead of being chosen explicitly, to the supply elasticities based on the
estimates of Schiff (2006). Also, the Dixit-Sitiglitz elasticity for IRTS goods is based on the plant-level empirical
analysis by Bernard et al. (2003). For Armington elasticities see Hummels (2001) and Hertel et al. (2007).

1 Dual representation of technologies and preferences

Technologies and preferences are represented through value functions that embed the optimizing
behavior of agents. Any linearly-homogeneous transformation of inputs into outputs is fully
characterized by a unit-cost (or expenditure) function. Generally, setting the output price equal
to optimized unit cost yields the equilibrium condition for the activity level of the transformation.
That is, a competitive constant-returns activity will increase up to the point that marginal
benefit (unit revenue) equals marginal cost. In the case of this model not all transformations
are constant returns, so there are exceptions. In general, however, we will use the convention
of setting unit revenues (left-hand side) equal to unit cost (right-hand side) and associating this
equilibrium condition with a transformation activity level.

Agents in each region wishing to purchase a particular good or service g face an aggregate
price PAY. In constructing the aggregate prices, we will rely on the following notation for the
component prices:

PY* Price of output for CRTS sectors,
PM* Price of import composite of CRTS goods,

P¢ Dixit-Stiglitz price index on region-r varieties for IRTS sectors (Vg € (I U J)),

T

PIPI Dixit-Stiglitz price index on region-r varieties for FDI firms (r # O).

Assuming a Constant Elasticity of Substitution (CES) aggregation of the components we equate
the prices to the CES unit-cost functions:

1/(1-0%)

Py — Z@ )=k 3 DI (pFDIy1- i, (1)
r#0

X . . j 1a UF)
P = (Z#(Pﬂ)l"f“> (2)
r
1/(1’”]167M)

PAS = (@l (PY*)!has o gfy (PM)! b ) , 3)
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where o%, and a% are the Dixit-Stiglitz elasticity of substitution, 0%, is the Armington elasticity
of substitution on CRTS goods, and PM* is the composite of imports from all other countries
by using the Armington elasticities o%,,,. Thus, Armington trade is considered for CRTS goods,
whereas trade with monopolistic competition (proposed by Krugman (1980)) and with endoge-
nous entry (as extension to Krugman (1980)) is considered for business service sectors. The
arguments of these functions are the component prices. The ¢ parameters are CES distribution
parameters that indicate scale and weighting of the arguments. These are calibrated to the
social accounts such that the accounts are replicated in the benchmark equilibrium.

For the business service sectors, we have the Dixit-Stiglitz price indexes following the Krug-
man structure. These are functions of the number of varieties, firm-level costs, and the optimal
markup. Assuming each firm is small relative to the size of the market the demand elasticity
for a firm’s variety is 0% and the optimal markup over marginal cost is given by 1/(1 — i) Let

f;, which is the price of a composite input to the Dixit-Stiglitz firms
associated with region-r, and let the number of varieties by region equal N;. The price indexes
for the Dixit-Stiglitz goods are thus given by

marginal cost equal PMC

1-oi, 1/(1—c%,)

po= | (ff“) . ()

7
o

In equilibrium, the number of varieties by region adjusts such that we have zero profits. Denote
the Dixit-Stiglitz composite activity level associated with equation (4) by Q%. Given the Dixit-
Stiglitz aggregation of varieties each firm produces a quantity Q%(N})? #/(1=F)  Following the
literature (e.g., Krugman (1980) and Helpman and Krugman (1985)), we assume a firm-level
fixed cost of f! (in composite input units) and also assume that fixed and variable costs are
satisfied using the same input technology. Then, we have the zero profit condition

 QL(NHTR/(1=oF)
f; _ Qr( 7")

/ =0. 5]

This same structure is assumed for FDI firms. The price indexes for the Dixit-Stiglitz FDI
goods are given by

1-01,7 1/ (1=0%)
: PFDI,
pror — | NFDI (1 = lr) . 6)
o

The zero profit condition is following:

FDI QfDI(NfDI)U%/(l_U%)
T

o1 =0. (7)

Regarding the IRTS manufacturing sectors, we adopt the competitive selection model of
heterogeneous firms consistent with Melitz (2003) for the IRTS goods j. We modify the Krugman
equations (4) and (5) with the equations (8) and (9) and include further equations (10) and (11)
which determine firm’s selection to different bilateral markets. To account for firm operation on



a particular bilateral link, we now have to add another country index m € R which identifies
the destination (or importing) country. As firms are heterogeneous in this setup and have
market power over their unique varieties, there is a continuum of firm-level prices, quantities
and productivities. Following the initial Melitz representation, we simplify this by using a
representative (or average) firm with the CES weighted average productivity @7, .. Considering
this we get a Dixit-Stiglitz price index for a composite commodity 7 in region m similar to the
Krugman specification:

) 1/(1—0%)

N | =————= : (8)
e | G- 1)

F

, PMC}
>

where N/ is the number of firms operating on the r to m link.

Let M) denote the number of entered firms in region r. Each of the entered firms pays the
fixed entry cost f?. and receives a firm-specific productivity draw ¢ from a Pareto distribution.
Taking the fixed cost of operation on the r to m link (f,,) into account, there will be a marginal
firm with a level of productivity such that operating profits are zero. Linking this marginal firm
in a given bilateral market to a representative firm earning positive profits, we can specify a
zero-cutoff-profit condition in terms of average firm revenues:

QIO (a4 1)

o (me(l — l/aF) aa%

=0, (9)

where a is the shape parameter of the Pareto distribution." This condition is associated with the
number of operating firms (N/,,) meaning that the average-firm revenues fall with more firms
shipping from r to m.

The free entry condition or expected zero profits are given by the difference of the firm-level
annualized flow of entry payments d /7. and the expected profits from each potential market:

ol .
> QUL+ Som (10)
a‘Prm M

where 0 denotes a probability of a negative shock that forces exit in each future period and
N}, /M indicates the probability that a firm from M will operate in the market m. Given the
last one and applying the Pareto distribution we get the productivity of the average firm:

1 . _1
. o1 [ NJ a
Pla=bl—t ) (i) (11)
a+1— o, M

where b is the minimum productivity determined by the Pareto distribution.

The technologies for producing the composite inputs for use in the Dixit-Stiglitz sectors

!We assume a value for the Pareto shape parameter of 4.582, which is the central value estimated by Balistreri
et al. (2011).



depend on the type of sector. For the IRT'S manufacturing sectors and business service sectors
(including FDI) there is a sector-specific capital input from the respective source region. Let
PZ9 V¥g € (I UJ) be the price of this sector-specific capital input. Domestic firms (producing
goods or services) use domestic inputs, so the unit cost function is given by

1/(1—€
PMCY = [GgZT(PZﬂ)lfeg + HQDT(PYQ)PEg} /e , for T=0andVge (TUJ) (12)

where €J is the elasticity of substitution between the sector-specific capital input and other
inputs, and the #’s are the CES distribution parameters. Imports of these sectors embody the
gross of tariff imported inputs:

1/(1—¢)
PMCE = (0%, (PZ2)' % + 0}, (PMF)' =] =D e+ £ 0 andVg e (IUJ). (13)

FDI firms, on the other hand, use domestic inputs as well as a specialized imported service from
the sources region. The price of the specialized imports equals the price of foreign exchange
(denoted PFX). The unit cost for FDI firms (PFDI) is thus given by the following:

i11/(1—€k
1_57‘] ! ), for r#O. (14)

PFDI, = [iZT(PZﬁ)l_ei+(0%)TPW+9§WPFX)

Note that the price of domestic inputs used for FDI firms (PY’) is inclusive of the iceberg trade
cost. In the counterfactual simulations, we reduce the iceberg trade cost component. Also,
import tariff (tg’ﬁp) and export tax (£;"") create the wedge between the import price and foreign
output price or between the domestic output price and import price of foreign countries.

For the CRTS sectors and upstream of the other technologies, we have domestic production
in accordance with the input output data. Denote the price of this output PY?, for s € G. The
technology includes an upstream CES value-added nest which then combines business services
and ultimately then this composite combines with other intermediates in fixed proportions. Let
PFy indicate the price of primary factor of production f € F' and let P/ be the value-added
business-services composite price for sector s. The composite of business services and value
added, P?%, is the CES aggregate of two CES aggregates (P and PY?) as follows:

P;;as _ [(1 N HVAB)(PSSTU)I—UUQS + HVAB(P;;Q)1_UMS] 1/(1—0cvas) 7 (15)

1/(1—0srv)
P = (Z 0;1(1+ té?ﬂPAi]l“’m) : (16)

1/(1—0va)
PY¢ = <Ze;[(1+tfs)PFf]1”w) , (17)
f

where tg’;t is the tax in sector s on purchases of good g and #;, is the factor tax. The substitution
elasticity between value added and the business services composite is given by 0,45, whereas the
substitution between business services and between factors are given by oy and o,,. With



P?%* established, the top-level Leontief unit cost function for sector s is given by

PY* = 05, PY% 4+ 605(1+ L) PAY, (18)
g#1

where the 0 is share parameters determined in the calibration to the input-output accounts.
Regarding the primary energy production sector, it includes the resource factor that is sector-
specific, and thus this sector is subject to decreasing returns to scale. We calibrate the elasticity
of substitution betweeen the resource factor and the rest of inputs to match the given price
elasticities of supply, denoted Sene. As Rutherford (2002) shows, the calibrated substution

elasticitiy gepe is given by
)
Oene = Senel_rieeiesu (19)

where 0,.s is the value share of resource factor input. Then, instead of equation (18), the
top-level unit cost function of the primary energy production sector becomes

1/(1—0ene)
Pyene — [eTes(PFres)l_ae'”e + (1 o eres vasPsvas Z 95 1 + tmt PAg)l O'ene-|
971
(20)
Final demand includes three categories: household demand, government demand, and in-
vestment. The representative agents for each household h are assumed to have identical Cobb-
Douglas preferences over the aggregated goods and services. The preferences are specified via
a unit expenditure function associated with an economy-wide utility index (U). Let PC be the
true-cost-of-living index indicated by the following unit expenditure function:

PC = [l + teoms) pAgre, (21)
g

where the i are value shares. The government faces a Leontief price index, PG, for government
purchases:
PG =Y pl(1+19°") A9, (22)
9

Similarly the price of investment, PINV is a Leontief aggregation of commodity purchases:

PINV ="y (1 + 0 A9, (23)
g

Equations (1) through (23) define all of the transformation technologies for the model. Next we
turn to a specification of the market clearance conditions for each price.

2 Market clearance conditions

For each good or service there is a market, and, for any non-zero equilibrium price, supply will
equal demand. We will use the convention of equating supply, on the left-hand side, to demand,
on the right-hand side. The unit-value functions presented above are quite useful in deriving
the appropriate compensated demand functions, by the envelope theorem (Shephard’s Lemma).



Supply of the composite goods and services, trading at PAY, is given by the activity level,
A9, and demand is derived from each production or final demand activity that uses the good or
service. The market clearance condition is given by

PC
Z hgs(Y®, p) + uCU—( [ o) B 1 PUB + ppy INV, (24)
9

where hys(Y?,p) are the conditional input demands (as a function of output and the price
vector). These are found by taking the partial derivative of the unit cost function for sector s
with respect to the gross of tax price of input g. For inputs that are not business services input
demands are proportional to output: hgs (Y, p) = 6;Y° Vg € (J U K). The input demands for
business services are, however, more complex:

PSSTv PL;UCLS Ovas
ha(Y*,p) = 03650, ( . )( ) (25)

(14t PA; | \ Ps

where P#™ is the composite price of business services inputs as defined in equation (16).
For the IRTS sectors we have market clearance for the Dixit-Stiglitz regional composites:

A o pAd o
Q = A <Pj> r#0; (26)

and for domestic firms we include demand for the Dixit-Stiglitz exports (or import demand of
other countries)

N

Q, = A (134.]) + " FORIM. (27)
Py, "

Since we consider the perspective from one country for reducing the notation burden in this

document of model equations, here we simply call the foreign import demand as FORIMﬂ . The

IRTS composite input (trading at PMC}) is supplied by an activity, denoted Z7, and is demanded

by the firms:

Zi =[NP+ QUNDYO D, (29

To derive (28) recall that firm-level output is Qﬁ(Nﬂ)”fv/ (1=0%) 50 the use of the input across all

firms is Qj(Nj)l/(k”%) plus the total input use on fixed costs, fiNJ.
Under the Melitz structure, demand includes three components the use of inputs for
fixed entry costs, 0 7 MJ for operating fixed costs, 3, f1,Ni .; as well as operating inputs,

Sl QI (V) /(1 =0%) J/sozm

A A S QI (N}, 1/ (1-0%)
Zl = Ofj M+ Y N, Z - ’”90 - (29)
m rm

Market clearance for the output of CRTS sectors depends on supply (simply given as an



activity of production) and domestic and foreign demand from the Armington activity:

k k Ak PAk UIBM k
vk = ¢h4 <Pyk> + > FORIM}. (30)
T
While the supply of business service sectors is simply the activity of production, the demand is
either from the domestic or FDI firms (on top of the demand from foreign countries):

A M\ @ A PFDI, o
Y’L _ 91, 7 O 91 DI i ' 7“
ppQo ( ) + 2 0y 0., PYi + 0., PFX

Py 20
+ Y FORIM}, (31)
) ) PA? T
VA _ 2
N
. PAZ F
FDI
Q; = A <PFDIZ)> r #£ 0. (33)

For TRTS sectors, supply is simply given by the production activity. Output is then demanded
by the domestic and foreign firms. The market clearance conditions are given by

. J
. o (PMCLN .
Yl = %ng< Pij> + > FORIM]. (34)

Import demand is derived from the Armington activities or embodied in the foreign Dixit-
Stiglitz firm’s inputs. For r # O, we have the following:

. pMCi\F
nri - W( ) (35)

T r r PMTZ

) A [ PMCI o
M} = 64,7} (PMJT> (36)

T
k
PAk DM
IMF = gFAF (PMk) . (37)
r

Factor markets clear, where factor supply is given by the exogenous endowments to house-
holds, denoted Ff’ and input demands are derived from the cost functions:

? _ 29595 Ys< Psva > (P;Ia$>0'vas (38)
f — " fTvasT\ (1 +ty5)PFy ) \ Pre ’
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where P?? is the composite value-added price as defined in equaiton (17). In addition, we have
the market for the specific factor used in the IRTS sectors. Denoting the regional endowments
of the specific factors SF? Vg € (I U.J), we have:

PMCY
PZ¢

SFL = o,z @) () vee v (39)

Real investment equals real savings by households:
INV = 3av. (40)

Real government purchases equal the nominal government budget scaled by the government
price index:

B = ——. (41)

Household utility (U) equals nominal income across households scaled by the true-cost-of-
living index. That is, in each region we have an aggregate activity U, which supplies utility to
the representative household of that region, and its nominal income is RA. The corresponding
market clearance condition is thus

i (42)

The final market clearance condition reconciles the balance of payments. The supply of foreign
exchange includes its generation in the export activities and net borrowing from the rest of
the world (net capital account surpluses). The real capital account surplus is held fixed at
the exogenous benchmark observation, denoted ftrn. Foreign exchange is demanded for direct
import purchases as well as the payments to foreign agents for their contribution to production.

> > FORIM{ + ftrn = Y Y IM{

r#0 g r#0 ¢
o PMC" “
+ A ( : o )
7«;)2@: T\ 0%, PYE 4+ 04, PFX
FE
— 4
+ oy (43)

where FF equals the nominal claims that the foreign entrepreneurs have on specific factor rents
in the Dixit-Stiglitz service sectors.

3 Income Balance Conditions

The representative agent (household) earns income from factor endowments, but disposable
income nets out savings and a direct tax transfer to the government. Real savings is held fixed
(by the coefficient savy). We also hold fixed the real level of government spending, but this
requires an adjustment in direct taxes on households. Removal of tariffs, for example, impact
the government budget and the shortfall is made up for by an endogenous increase in the direct

11



taxes on households. We use the auxiliary variable 1" to scale the direct taxes appropriately. In
addition, the household is assumed to hold any benchmark net international capital flows. The
household’s budget is given by

RA = > PF;S;

!
+ Y PzISF’
)
— 3avPINV
— dtaxPG xT
+ ftrnPFX

(44)

The government budget is given by net direct and indirect taxes on domestic and international
transactions. The full nominal government budget is

GOVI =
+

+

dtaxp, PG x T

rPC
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(45)

Again, the index T is adjusted endogenously to hold the real level of public spending fixed. In
addition to the household and government agents we need an agent representing the foreign

entrepreneurs who own the specific factors associated with Dixit-Stiglitz service goods.
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The



foreign entrepreneur’s nominal income is FF, which is spent on foreign exchange:

FE = Y Y PZISF] vgel. (46)
r#0 ¢

4 Awuxiliary Conditions

In addition to the three sets of standard conditions presented above, we use an auxiliary condition
to fix the real size of the government. Specifically, we need to determine the index which scales
direct taxes on households. Associated with the variable T is the following condition:

PUB = pb. (47)

References

Balistreri, Edward J., and David G. Tarr (2011) ‘Services Liberalization in Preferential Trade
Arrangements: The Case of Kenya.” World Bank Policy and Research Working Paper No.
5552, January

Balistreri, Edward J., David G. Tarr, and Hidemichi Yonezawa (2014) ‘Reducing Trade Costs
in East Africa: Deep Regional Integration and Multilateral Action.” World Bank Policy and
Research Working Paper No. 7049, September

Balistreri, Edward J., Thomas F. Rutherford, and David G. Tarr (2009) ‘Modeling Services
Liberalization: The Case of Kenya.” Economic Modelling 26(3), 668—679

Balistreri, E.J., and T.F. Rutherford (2013) ‘Computing General Equilibrium Theories of Mo-
nopolistic Competition and Heterogeneous Firms.” In Handbook of Computable General Equi-
librium Modeling, ed. P.B. Dixon and D.W. Jorgenson, vol. 1, Part B (Elsevier) chapter 23,
pp. 1513-1570

Balistreri, E.J., R.H. Hillberry, and T.F. Rutherford (2011) ‘Structural Estimation and Solution
of International Trade Models with Heterogeneous Firms.” Journal of International Economics
83(2), 95-108

Bernard, A.B., J. Eaton, J.B. Jensen, and S. Kortum (2003) ‘Plants and Productivity in Inter-
national Trade.” American Economic Review 93(4), 1268-1290

Francois, Joseph, Miriam Manchin, Hanna Norberg, Olga Pindyuk, and Patrick Tomberger
(2013) ‘Reducing Transatlantic Barriers to Trade and Investment: An Economic Assessment.’
IIDE Discussion Papers 20130401, Institue for International and Development Economics,
April

Helpman, Elhanan, and Paul Krugman (1985) Market Structure and Foreign Trade (Cambridge
MA: MIT Press)

Hertel, Thomas, David Hummels, Maros Ivanic, and Roman Keeney (2007) ‘How Confident
Can We Be of CGE-based Assessments of Free Trade Agreements? . Economic Modelling
24(4), 611 - 635

13



Hummels, David (2001) ‘Toward a Geography of Trade Costs.” mimeo, Purdue University.
http://www.krannert.purdue.edu/faculty /hummelsd /research/toward /tgtc.pdf

Krugman, Paul (1980) ‘Scale Economies, Product Differentiation, and the Pattern of Trade.’
American Economic Review T70(5), 950-59

Markusen, James R. (2002) Multinational Firms and the Theory of International Trade (Cam-
bridge MA: MIT Press)

Melitz, M.J. (2003) ‘The Impact of Trade on Intra-Industry Reallocations and Aggregate Indus-
try Productivity.” Econometrica 71(6), 1695-1725

Olekseyuk, Zoryana, and Edward J Balistreri (2017) ‘Trade Liberalization Gains under Different
Trade Theories: A Case Study for Ukraine.” Fmpirica pp. 1-36

Rutherford, T.F. (2002) ‘Lecture notes on constant elasticity functions.” mimeo

Schiff, Wang M. (2006) ‘North-South and South-South Trade Related Technology Diffusion:
An Industry Level Analysis of Direct and Indirect Effects.” Canadian Journal of Economics
39(3), 831-844

14



