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Abstract

Some European politicians --and voters-- have recently expressed strong
concern regarding the trade-off between the benefits of EU cooperation and
the costs of being constrained in their national policy choices. We provide a
numerical exploration of these issues by imbedding various versions of a
large-scale calibrated general equilibrium model of trade and production
into different sets of Nash games in tariffs. We show, among other things:
(a) that the result from the theoretical literature that ”big countries win trade
wars” is clearly over-simplistic and highly misleading from a policy
perspective; (b) that the link between trade elasticities, the size of the
economy, and the welfare gains from tariffs is actually quite loose; (c) that
the GATT/WTO most-favored-nation rule proves a poor cohesion
mechanism for the EU; (d) that most —though not all-- member states would
experience potentially significant losses in case of a “trade war” in Europe,
and in particular the large countries.
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1. Introduction

“America first!”; “Vote Brexit to take back control!”; "Brexit and now France!"... At the
time they were used, these words were only slogans. Since then, American voters have
followed Donald Trump, and the US have unhesitatingly started building walls reminiscent of
Hoover’s 1930 Tariff Act, better known as Smoot-Hawley tariff. Since then, British electors
have transformed Eurosceptic feelings into a EU rejection decision following Boris Johnson
and others. Since then, however, French electors have set aside temptations to follow populist
leaders into an isolationist adventure: for how long? Will other European voters make the
same choice in the forthcoming years? Though the nationalistic feelings and anti-EU
resentments have obviously causes that extend beyond the field of economics, one can safely
conjecture that the underlying frustrations have their roots in the evaluation of the trade-off
between the perceived benefits of EU cooperation and the perceived costs of being

constrained by the cooperative rules in the pursuit of self-interest.

Restricting our attention to trade protection by use of tariffs, our contribution in this paper is
to provide a quantitative appraisal of the gains and costs to individual countries of being part
of the European Union. For this, we make use of a rather sophisticated calibrated multisector
general equilibrium (GE) model that identifies as endogenous economies each of the 27
member states of the Union in 2007, the year we choose for calibration purposes. Trade
barriers within the Union were close to zero in 2007: we interpret this equilibrium as the
cooperative solution to a trade game with 27 actors. We know from theory that such
equilibrium is typically unstable due to individual players facing incentives to deviate. We
provide estimates of the welfare that would be gained by individual member states if they
were each to deviate alone from the cooperative equilibrium and opt for a trade protection
policy based on setting optimally bilateral sector-specific ad valorem tariffs. These numbers
presumably provide upper-bounds to what anti-EU politicians like Boris Johnson and Marine
LePen have in mind when they exhort voters to “take back control”, at least w.r.t. trade in
goods. The welfare gains, however, are achieved through improvement of the deviating
country’s terms-of-trade necessarily at the expense of its trading partners whose terms-of-
trade worsen, so that the latter can be expected to retaliate. Retaliation will either be collective
and coordinated, with the Union setting common tariffs on imports from the exiting partner,
or individual with each nation deciding to free itself from the collective discipline in the

pursuit of its own interest. In both cases a “trade war” is likely to follow that could leave most



(all?) players worse off relative to free trade. We imbed our calibrated GE model into
different sets of Nash games in tariffs, and compute estimates of the potential impact on
welfare for European national households. In order to assess robustness, we do this for

various model specifications and parameter values.

The terms-of-trade argument for tariffs can be traced back at least to Edgeworth (1894) and
Bickerdike (1907) who first establish a relationship between welfare improving tariffs and the
price-elasticity properties of the foreign country’s offer curve. Despite this long history, the
idea that individual countries can set tariffs in response to their market power in international
markets generally raises skepticism, presumably due to a lack of empirical evidence. In a
recent influential paper, however, Broda, Limédo and Weinstein (2008) provide such evidence:
they show that non-members of the World Trade Organization (WTO) do systematically set
higher tariffs on goods in which they have market power; they also report evidence that US
trade restrictions not covered by the WTO are significantly higher in goods where the US has
market power. Bagwell and Staiger (2011) provide further evidence that terms-of-trade

considerations indeed play a role in governments’ tariff choices.

The tariff war that followed the adoption in June 1930 of the Smoot-Hawley Tariff Act (The
Economist, 2008) painfully contributed to establish the perception that these gains are
illusionary in nature, because of retaliation that will leave all players worse-off as compared
to free trade (Scitowsky, 1942). Harry Johnson (1953), however, established that in a two-
good pure exchange economy, this is not necessarily the case: some countries may actually
gain from setting tariffs optimally despite retaliation. The conclusion that tariff wars need not
always end-up in Prisoner’s Dilemma situations was extended by Gorman (1958) to more
general preference structures. Using a similar set-up, Kennan and Riezman (1988) explored
the role of size, suggesting that the intuition “...big countries win trade wars” is correct.
Syropoulos (2002) significantly improves upon this literature by incorporating a fairly general
production structure into an otherwise standard two-good Hecksher-Ohlin model, and shows
that this generalization does not affect the previous conclusion on the role of size." More
recently, Opp (2010) reaches similar conclusions albeit using a Ricardian-with-continuum-of-
goods set-up. All these results are however established within two-country framework, which

raises the question of their generality. Indeed, in his concluding remarks, Syropoulos (2002)

1._ By means of numerical simulations performed on various versions of the two country two good Hecksher-
Ohlin model with more general specifications of preferences and technologies, Hamilton and Whalley (1980)
show that these results are quite robust within the class of models they explore.
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acknowledges the stringency of this two-trading partner restriction: “It is also very important
to re-examine tariff wars in multi-country settings. In the presence of several trading partners,
terms-of-trade externalities between subsets of countries may be positive. This creates the
possibility that [...] small countries benefit from global tariff wars, as compared to global free
trade!”. Our numerical exploration provides evidence that this intuition is correct: in this

respect, conclusions derived from simple 2x2x2 models of trade prove over-simplistic.

Despite the extensive related theoretical literature, our paper has surprisingly few
predecessors, none of which related to the EU. The focus of Perroni and Whalley (2000) is the
new regionalism that entered global trade arrangements in the 90s (Canada-US, NAFTA, EU
accession agreements with Eastern European countries) involving very asymmetric partner
sizes and strikingly asymmetric concessions made by the smaller acceding countries. The
model structure is essentially the one used by Hamilton and Whalley (1983) extended to
seven regions calibrated on real world data; they keep the two-goods formulation
(importables, exportables) and trade policy is allowed to operate only at the most aggregate
level, with a single tariff applying against all imports from any given country. More recently,
Ossa (2014) makes a significant step forward by departing from the conventional neoclassical
trade model, incorporating Dixit-Stiglitz-Krugman-type intra-industry trade into a world
model with 7 endogenous regions and 33 industries. For all its merits, the extension is not
costless, however: adopted from Eaton and Kortum (2002), technologies are single-factor
Ricardian in labor (there is no independent role for capital) requiring no intermediate material
inputs, a theoretically convenient feature, but one that is far from being innocuous when it

comes to real-world policy assessments, as we shall show.?

The remainder of the paper is organized as follows. Section 2 describes our numerical set-up.
Results are reported and commented in Section 3. Section 4 concludes and offers suggestions

for future research.

2 It should be noted that, in contrast to us, Ossa (2014) uses a gravity-based approach. See Costinot and
Rodriguez-Clare (2014) for a presentation of this literature. We view the two approaches as complementary
rather than substitutes, each approach having its own merits and limitations.
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2. The Numerical Set-up
2.1 The general equilibrium model

The model we use has much in common with RHOMOLO, the spatial calibrated GE model
extensively used by the European Commission and described in details in Mercenier et al.
(2016). The two models differ, however. In this section, we first highlight the differences.
Then, to avoid lengthy replication, we provide a non-technical description of our model, and

refer the interested reader to that document for a detailed formal presentation.

A first important difference between the European Commission's and our model is that, in
contrast with the EC, we are not constrained by every-day policy considerations, and can
select a different more appropriate base year for calibration purposes: we choose year 2007
because it is prior to a decade of severe recession, any year of which would therefore fail to
properly qualify as an equilibrium in which supply and demands are balanced by flexible
enough prices. Secondly, we are not interested in specific regional issues. We can therefore
substantially reduce the dimension of the numerical system by working with national rather
than with regional units and take advantage of this size downscaling to adopt a finer sectoral
disaggregation. (RHOMOLO also includes a very ad hoc R&D bloc, which we do not retain.)
Finally, the EC's model does not acknowledge the possibility of intra-EU policy induced trade

restrictions, so it has no tariffs.

The model used in this paper includes the 27 member states of the European Union in 2007
(hereafter E27).2 All countries have identical structures; the model is closed by a 'rest-of-the-
world" (hereafter RoW) that is kept exogenous except for the volume of its bilateral trade
which is price responsive, so that its trade balance with respect to each individual EU member

state is endogenous though fixed for the EU as a whole. The RoW prices serve as numeraire.

In each country j € E27, all national households are aggregated into a single representative
agent. This agent is endowed with two types of labor, skilled and unskilled, that she allocates
within the country, to different sectors of activity in response to wage differentials. Sectoral

reallocation choices by national agents result from maximizing labor income subject to a

® Namely, Austria (AUT), Belgium (BEL), Bulgaria (BGR), Cyprus (CYP), the Czech Republic (CZE),
Germany (DEU), Denmark (DNK), Spain (ESP), Estonia (EST), Finland (FIN), France (FRA), Great Britain
(GBR), Greece (GRC), Hungary (HUN), Ireland (IRL), Italy (ITA), Latvia (LVA), Lithuania (LTU),
Luxembourg (LUX), Malta (MLT), the Netherlands (NLD), Poland (POL), Portugal (PRT), Romania (ROU)
Slovakia (SVK) and Slovenia (SVN) and Sweden (SWE).
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cross-sectoral constant-elasticity-of-transformation (CET) frontier with concavity governed

by a transformation elasticity which we denote a; (where superscript | stands for labour

type). National households also hold assets, in the form of physical capital as well as domestic
and foreign bonds. Savings rates are assumed fixed to their base year level. Private
consumptions --as all other components of the demands for goods, both final and
intermediate-- are allocated to different industries using optimal demand systems derived

from multi-level CES with nonzero substitution elasticities.

On the production side, we distinguish between ten broad sectors of activities: "Primary";
"Food, Beverages and Tobacco™; "Textiles and Textile Products™; "Chemicals and Plastics";
"Basic and Fabricated Metals"; "Electrical and Optical Equipment”; "Transport Equipment”;
"Construction”; "Other Manufacturing”; and "Services". In one version of the model, these
industries are all assumed populated by price-taking competitive firms endowed with constant
returns to scale (CRS) production functions; in an alternative version, existence of increasing
returns to scale (IRS) is acknowledged in a large subset of sectors with competition assumed
monopolistic with free entry/exit.* Variable inputs --intermediate goods as well as production
factors: capital, skilled and unskilled labor-- are combined through nested-CES structures

with nonzero substitution elasticities.

The public sector, with its complete set of direct and indirect taxes, is present in the model for
base year replication purposes, but assumptions are made to keep its behavior as neutral as
possible. In particular, the stock of public bonds is held in constant supply and all tax rates are
fixed, except income tax rates that are endogenously adjusted to ensure a fixed level of public

consumption.

Importantly, the model captures two features characteristic of modern capital. On the one
hand, low transaction costs and efficient banking make financial capital extremely mobile so
that owners of physical capital throughout the EU should earn essentially the same return on

their assets. On the other, the rental cost of capital for firms is far from being equalized across

* This subset includes all sectors except "Primary", "Other Manufacturing" and "Services". The decision
regarding which industry is likely or not to be characterized by IRS technologies and monopolistic competition
is difficult, and admittedly bears some arbitrariness. Our choice is based, among other things, on industry
concentration statistics (more specifically, on Herfindahl indices), on how roughly homogeneous an industry is
(“Services” for instance, include such different sub-sectors as retail trade, restauration and banking, which makes
the symmetry assumption difficult to justify), and on how realistic it is to assume that individual firms’ products
are differentiated from their competitors (it is, for instance, hard to justify that agriculture goods that constitute a
large part of “Primary” are differentiated enough to confer some monopoly power to individual farmers).
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sectors and countries due to imperfectly mobile equipment. These features are captured by
pooling all the physical capital of EU households into a single stock, rewarding all European
capital owners the rental price for this pooled factor. The EU-aggregate physical capital stock
is then optimally allocated to EU member states and to sectors within each country by
maximizing total rental revenues, subject to a two-level nested CET constraint. The values of
the transformation elasticities govern the concavity of these allocation frontiers, and therefore
provide a convenient characterization of how mobile physical capital is, both internationally

(the upper-level CET, with parameter denoted o) and intersectorally in each country (the

lower level CETs, with transformation elasticities a?, j € E27). Calibration of the CETs on

base year data ensures that price induced reallocations nevertheless remain anchored to their
initial geographical distribution.> Pooling European capital into a single stock also obviously
requires pooling investment consistently, which imposes some rather technical and innocuous
constraints on the modeling of the composition of the investment good (see Mercenier et al.,
2016).

Importantly for our purpose, each country's aggregate demand for an industry's good is
converted into price-responsive bilateral trade flows using a single-level CES optimal
allocation structure. Formally, for each industry s, country j's demands for country i's good is

determined using the following demand system:

I: pfs ]176?5 = Z Ni,sai,j,s [(1+ z-i,j,s) pi,s:|170-ﬁS

p? 7l i jef
EXpi s =N s T As
v R RS Ti,j,s)pi,s Y

E27,RoW} 1)

where A, (is country j's aggregate (intermediate and final) demand for goods from industry s
with price pfs, Exp, ;, the volume of that good imported from country i at f.o.b. price p,
augmented by an ad valorem tariff 7, ; ol and o ;s are respectively substitution elasticities

and (simple transforms of) share parameters determined from base year calibration. N; , is the

number of producers (assumed symmetric within national boundaries) in country i sector s

endogenously determined by costless entry/exit and zero profits in monopolistically

® This insurance mechanism of capital owners against idiosyncratic risks can obviously be interpreted as a
reduced form representation of the role of financial markets and banking sector activities.
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competitive sectors; N, is fixed to unity otherwise (therefore with product differentiation at

the national rather than at the firm level, the Armington specification). Note that the trade

flow equation also applies for i= j, defining therefore for each endogenous country the

domestic demand functions for domestically produced goods.®

The model is closed by imposing that supplies and demands balance on all markets. On labor
markets, however, in some scenarios, we make labor supply (or the unemployment rate,

depending on the chosen interpretation) endogenous by use of a wage curve.’

With budget constraints satisfied for all European agents, it is necessarily satisfied for the
RoW by Walras' law: in order to ensure maximum computational accuracy (important in
particular because of some large differences in country scale), we nevertheless impose this
constraint as an additional equation into the system. The welfare index we report is the

equivalent variation.

2.2 Design of the trade games

2.2.1 The initial cooperative equilibrium

Tariff rates are null within the EU in 2007: we can interpret the flows reported in that year's

social accounting matrices (hereafter: SAMSs) as the equilibrium outcome of a cooperative

trade game between member states, and calibrate the GE model with 7, =0 Vi, j,s soas to

reproduce this initial equilibrium data set.2 ° Model calibration also requires choosing values
for a set of parameters, most of which are substitution or transformation elasticities: the
reference-case values adopted are essentially borrowed from Mercenier et al. (2016); we shall
however change --and therefore report later-- many of these values in order to appreciate

robustness of conclusions.

®Ifi=RoW, p,_ =p" =1,A_ isfixedand e, =0 foralls.

" The wage curve conveniently provides a single reduced form representation of two different mechanisms of
labor market adjustment. One interpretation builds on flexible wages with endogenous labor-supply resulting
from implicit households’ labor-leisure choices; another interpretation favors market imperfections such as
imperfectly flexible real wages as inducing unemployment fluctuations. For exposition ease, we shall refer to
exogenous vs. endogenous labor supply.

8 We make use of SAMs based on Alvarez-Martinez and Lopez-Cobo (2016) kindly made available to us by
these authors.

° Note that Bulgaria and Romania have formally joined the Union in 2007, so that base year trade flows may
possibly not yet fully incorporate, for those countries, the adjustments due to the elimination of trade barriers
w.r.t. other EU partners. This noise is however likely to be minor given that most trade barriers had been
gradually reduced prior to that date.



2.2.2 The incentive to deviate: individual optimal tariff policy

A cooperative equilibrium is generally unstable as individual players face an incentive to
deviate: in a tariff game, this incentive depends on the gains to a country from recovering
alone the freedom to set its own-best protection policy (including, w.r.t. the RoW). We
provide an estimate of these incentives for EU member countries. More specifically, we
quantify for each EU member j the welfare gains it could reap if it were to individually exit
the European cooperative agreement and set its bilateral sector-specific tariff structure 7,

optimally, conditional on unchanged protection by trade partners (i.e.z;; =7 Vi#]j,s),

j.i,s
with the tariff proceeds being rebated lump-sum to local households j. Observe that, stated as
such, the policy violates GATT rules, in particular the most-favored-nation (MFN) principle.
We shall also address this issue. In order to reduce the computational burden, we however
exclude from this counterfactual policy exploration the smallest countries which are unlikely
to have significant effects on trading partners.'® Also, because tariffs are instruments that can
only be used on goods, we exclude from the optimal tariff computations sectors

"Construction" and "Services".

2.2.3 Retaliation: a coordinated EU response to exit

Free-riding the EU discipline may be beneficial in absence of adverse reactions, but only
short-sighted politicians would favor such a move without acknowledging the potential cost
of retaliation. How effective is such a threat? That is: how costly to the deviating country is a
retaliation policy likely to be? To evaluate this, we compute for each potential exiting country
J, the equilibrium to a Nash game between this country j and the coalition formed by its
former EU partners. More formally, the deviating player j sets its tariff optimally with respect
to each of its trade partners, taking as given the level of the tariffs it faces on its exports; the
EU then imposes a common tariff on its imports from the former partner, chosen so as to

maximize EU-aggregate welfare conditional on the tariff structure adopted by j.** (Because it

19" gpecifically, we do not compute optimal tariffs for countries that account for less than 0.5 % of base-year
intra-EU total trade in goods, namely: Bulgaria (BGR), Cyprus (CYP), Estonia (EST), Lithuania (LTU),
Luxembourg (LUX), Latvia (LVA) and Malta (MLT).

1 Formally, we maximize the un-weighted sum of individual EU-member levels of utility. This Benthamite
social welfare function reflects the decision rule that each member state has one vote independently of its size.
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is exogenous, the RoW is assumed to mechanically reciprocate by imposing on its imports
from country j the same rates it faces on its exports to that same country j.) An equilibrium
solution to this game implies that no incentive is left for any of the two players to change its
level of protection when taking the other's tariff structure as given. See Appendix 1 for a

formal description and for numerical details of the solution procedure.
2.2.4 The end of free trade in Europe: a trade war

Though coordinated retaliation may be the only defensive instrument available to the EU
against the centrifugal forces that threaten its survival, it is clearly not the only threat that
weigh on potential “exiters”. Indeed, given that free-riding may be beneficial to many (if not
to all) individual member states, the risk is that others would also choose to recover control on
their own external trade policy and decide to exit the Union, bringing the European free-trade
agreement to an end. Increasingly aggressive protectionist moves are likely to follow with
each former EU partners ending-up playing a Nash game in (sector-specific) tariffs against all
others. We compute the Nash equilibrium of such a European “trade war”, and report welfare
implications for each of the twenty active player-country under alternative assumptions on

parameter values and/or model specifications.*?
3. Results
3.1 First step optimal tariff outcome: how important is the incentive to deviate?

We first consider the case of CRS technologies with perfect competition prevailing in all
industries. Because they contribute to influence both monopsony and monopoly power of

countries on foreign markets, trade elasticities are expected to play an important role in this

A
jist

analysis. We first use, for the substitution elasticities o, values roughly equal to the gravity

estimates reported by Felbermeier et al. (2014); their regressions are performed on aggregate

activity data, so they provide a single average value that we therefore impose to all sectors:

Ufs =6.0 Vs. These values can be thought to be on the high side, at least for most sectors.*®

12" As previously mentioned, we do not compute optimal tariffs for countries that initially account for less than
0.5% of intra-EU trade. For these countries, we assume tit for tat retaliation with identical reciprocal rates.

3 The European Commission's RHOMOLO model uses this same value. It might be worth at this stage
reminding readers unfamiliar with CES-generated trade flows that the preference parameters o', are not import

demand elasticities; the latter also depend, among other things, on import shares so they will differ across
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To limit the number of mechanisms at work, we first rule out the possibility for production

factors to relocate across sectors and countries by setting o = ajk = a; =0 VI,Vij.

Figure 1a reports the welfare gains each country could achieve by free-riding on the common
trade discipline of the EU, setting alone its tariffs optimally. Also reported are the induced
aggregate terms-of-trade gains, as well as the level of the average optimal tariff (scale on the
RHS of the graph for the latter).* The table reveals that, though all member states have
indeed an incentive to deviate from the free trade arrangement, there is no simple relation
between the GDP size of the national economy and the terms-of-trade gains: those countries
that gain least are some of the largest (France and Great Britain), and those that gain most are
small economies (Hungary, Slovakia and Slovenia). Two important reasons contribute to
explain the contrast between the gains experienced by Germany and those of France and
Great Britain: firstly, both France and Great Britain have larger shares of their GDP in non-
goods industries (“Services” and “Construction”) which are therefore immune to tariffs (for
Germany, this share is close to 75% at base year, approximately 10% higher for the two other
countries); secondly, in the goods sectors, Germany tends to be more open to foreign trade,
with its (weighted by base year flows) sector averaged domestic share of aggregate demand
(approximately 74%) lower by five percent than it is in the two other large countries.
Concerning Hungary, Slovakia and Slovenia, it is of course hard to abstract from the fact that
these economies have a high share of their trade with Germany: indeed, we know that
bilateral trade shares do have an influence on export and import price elasticities. How tight is

that link between trade elasticities and optimal tariff protection?

We explore this issue by performing the same numerical experiments under a different set of
values for the aﬁs : we now use values reported by Ossa (2014), obtained from using different
data sets and econometric strategy. Though the industry classification used for these
estimations does not exactly match ours, we can infer the following approximate values for

A .
O-j,s'

) Elect.
Food, Chem. Basic
Primary | Bever & | Textiles & & Fabri. OgtLic TEraSisp. ﬁ;ﬂﬁ;
Tobacco Plastics | Metals ptic. quip. '
Equip.
o 4.0 275 2.80 2.35 3.0 25 28 3.0

countries and industries even if all o, have the same values. The values of the substitution elasticities are

nevertheless likely to play an important role.

' All reported terms-of-trade and tariff averages use bilateral trade volumes as weights.
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For the sectors "Construction™ and "Services", which trade no goods, we keep the previous

value of afs =6.0."° As all trade elasticities are either significantly lower or unchanged,

simple intuition suggests that optimal tariffs and terms of trade gains should systematically be
higher. The results reported in figure 1b reveal that this intuition is over-simplistic: though it
is indeed confirmed for most countries --it is, in particular, true for Germany, Slovakia and
Slovenia who see their optimal tariffs and welfare gains more than double-- it is not the case
for all member states: both Denmark and Poland find it optimal to reduce (rather than
increase) their average tariffs. Not surprisingly of course, these are also the two member states

of the EU that experience the lowest gains from tariffs.

That the link between trade elasticities and welfare gains from tariffs is rather loose is of
course no surprise for trade theorists who know that the ability an economy has to transform
import tariffs into terms-of-trade gains depends on a complex set of essentially domestic
interactions between supply and demand considerations, in which the role of the economy’s
input-output structure may in particular be significant. To highlight this, let us consider the --
agreeably questionable in terms of realism but nevertheless instructive-- possibility that tariff
rates on intermediate and final demands be differentiated.'® More specifically, we contrast the
gains from three different policies: the first assumes that the deviating country sets optimally
bilateral tariffs on final demands only; the second considers the option of tariffs being levied
optimally on intermediate demands only; finally, in the third scenario, bilateral optimal tariff
rates are differentiated between the two components of aggregate demand. We do this for both
high and low trade elasticities, and report (respectively in figures 2a and 2b) the welfare gains
of the first two policies in the form of a stacked histogram, and compare these cumulated
welfare gains to those produced by the third policy choice. We first note the contrast between
the gains generated by the two first policies: not only are the two numbers hugely different in
terms of levels for each country, but also of relative magnitudes across countries (the cross-

country correlation between the two welfare series is 0.27 for the high trade elasticity case,
and 0.17 for the low afs scenario). We also observe that, though for most countries, the sum
of the gains from the first two policies approximately equals the welfare level generated by

the third, it is not the case for all. This clearly reveals strong non linearities in the aggregate

offer curves of some countries. It is quite striking that those countries that reveal the highest

> In the remainder of the paper, we shall refer to this as the “low trade elasticity” case, and to the previous one
as the “high trade elasticity” scenario.
'® The demand system (1) is therefore split between final and intermediate demands.
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non linearities in their offer curves are precisely those that were identified earlier as having
the strongest incentive to deviate from the EU free-trade agreement: Hungary, Slovakia and
Slovenia. Clearly, this has little to do with the size of the economy, nor with the values of the

trade elasticities.

Up to now, we have explored within-EU optimal tariff outcomes assuming perfect
competition and national-level product differentiation. We have shown how ingredients other
than trade elasticities contribute majorly to the properties of aggregate offer curves, and hence
on the size of each country’s incentives to individually deviate from free trade. How specific
to this set-up are our findings? More specifically, how are these results likely to be affected if,
as realism suggests for most industries, firms operate IRS technologies and produce
differentiated goods? We know from Feenstra et al. (2001) that, due to endogenous entry/exit,
a country’s net exports are more sensitive to own than to partner’s income fluctuations in the
monopolistic-competition model, whereas the opposite is true with national (Armington)
product differentiation. Clearly therefore, as protection increases and trade volumes shrink,
and with them, the equilibrium number of surviving producers, the predictions of the two
models can be expected to differ significantly. Figures 3a and 3b report, for the case with
monopolistic competition, what was previously reported in figures 2 under the Armington
model structure.!” Comparing these results reveals that the Armington structure tends to
predict welfare gains that are both systematically and significantly more favourable to tariff
protection. Though this can hardly be a surprise --lower product variety impacts negatively on
welfare, directly through the cost-of-living index and indirectly by increasing the price of
material inputs of firms-- the difference in magnitude is presumably more unexpected.
Despite the differences in levels, however, country rankings are essentially unaffected with all
cross-country correlations close to 0.9 between the series underlying figures 2 and 3.
Furthermore, the previously identified strongly non-linear nature of some national aggregate
offer curves is clearly preserved, confirming the robustness of the conclusion that those
economies that face the strongest incentives to free-ride the EU trade agreement are none of

the big countries but Hungary, Slovakia and Slovenia.

7 A word of caution is worth here: as is well known, it is a characteristic feature of monopolistic competition
with CES demands and endogenous product differentiation (the Dixit-Stiglitz specification), that the parameters
O'fs characterize both substitution in demands and equilibrium price-cost margins. This has implications for the
calibrated technologies: indeed, imposing zero profits conditional on base-year industry concentration data
(Herfindahl indices), it is not possible to calibrate the firms’ fixed costs independently of the chosen value of
crfs, so that changing one implies also adjusting the other, with the level of calibrated fixed costs being

inversely related to the values of the o7 .
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All our explorations so far have assumed countries have the ability to set differentiated tariffs
on bilateral partners. Such a policy design may seem in violation to GATT/WTO rules,
among which the most prominent one is the most-favoured nation (MFN). This is unclear
however: MFN indeed forces countries to impose the same tariff against all trading partners
but this constraint is enforced at the tariff-line level and therefore does not have to hold within
the broad industry categories considered here.® We nevertheless now consider such a
constrained policy, implemented at the industry level. Figures 4a to 4d report, for the two sets
of trade elasticity values and for the two model specifications (Armington and monopolistic
competition), the welfare gains resulting from MFN-constrained optimal tariffs, compared to
the unconstrained tariffs outcome.'® Clearly, at this level of industry aggregation at least, the
MFN rule performs more than poorly as a deterrence mechanism against individual deviations
from free trade within Europe. (The correlation between the two welfare series is equal or
above 0.97.) We can therefore safely abstract from these constraints in the rest of the paper.

Production factor relocation is an important adjustment mechanism to shocks, yet we have
forced factors to remain immobile. We have also up-to-now neglected the potential
importance of labor market feedbacks: because import tariffs directly affect the cost of living
index, they are likely to retroact through labor markets either by inducing labor supply
changes due to leisure-work substitution, or by changing the unemployment rate because of
imperfectly flexible real wages. We now make a step towards more realism by relaxing these
restrictions. Factor mobility is controlled by the values to the CET parameters o, ajk and

o;: we acknowledge intranational sectoral mobility by setting afza}zO.?, and

international mobility of physical capital by setting o =0.3. On labour markets, we set the
wage curve elasticity to the value of —10%, borrowed from the EU model RHOMOLO (see
Mercenier et al., 2016). Figures 5a and 5b reveal that, in a world of CRS and perfect
competition with national product differentiation, factor mobility has little effect on the
outcome of a country’s protectionist venture. In contrast, because they affect the size of the
labor force --rather than its allocation across industries-- labor market assumptions have more
important quantitative effects: the induced contraction of employment (either due to a fall in
labor supply by households, or to a fall in labor demand by firms, depending on the

interpretation of the mechanisms underlying the reduced-form wage curve) can almost

'8 Ossa (2014) also makes this point.
' For this comparison, we impose once again identical tariffs on final and intermediate demands, as in Figures
(1) and (2).
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completely offset the gains from a more protectionist policy (e.g., Spain). For most countries,
however, the erosion factor due to labor market feedbacks is roughly one half and does not,
therefore, change the two main conclusions: that most member states face a positive incentive
to individually deviate from the initial free-trade cooperative equilibrium; and that those with

highest such incentive are not the large players.

Moving to a world of IRS technologies and monopolistic competition (figures 5c¢ to 5d) does
not affect these basic conclusions if trade elasticities are high enough, though effects on
individual economies are more differentiated. Inspection of the detailed (unreported) results
suggests that intersectoral mobility contributes most to these results, with Hungary being a
rather exceptional case (with flexible wages, the inflow of physical capital is almost null for
Ireland, for instance, whereas the outflow is close to 1.2% for Hungary). In the low trade
elasticity case (in which calibrated fixed costs are also higher), results become much more
contrasted. This is because both endogenous labor supply and cross-border movements of
physical capital induce agglomeration effects of the type highlighted by Krugman (1991) and
Krugman and Venables (1995), that launched the new economic geography literature.?’ This
is clearly the case --and indeed quite spectacularly so-- for CZE and SVK where the two
mechanisms tend to reinforce each other: with national employment levels fixed, CZE and
SVK are both able to attract foreign capital --with locally available stocks increasing by
approximately 2.3% in both countries-- which raises local real wages; if the labor supply
curve is upward sloping, this real wage increase raises employment levels which contributes
to push further up the national welfare. In the latter case, the supply of capital increases
locally by 3.97 and 3.57% respectively in CZE and SVK, with employment levels rising
between 4.4% and 20% (depending on the labor skill category). Not all countries benefit from
such a favorable “snow-ball” effect, however. Indeed, in SVN the agglomeration mechanism
operates with negative sign: the country experiences an outflow of capital even in the case of
flexible wages; this outflow is amplified once labor supply is made endogenous with
unemployment rising, pushing further down the welfare gains from protection to almost zero.
For most countries, however, the results convey essentially the same conclusion as before: the
gains to be expected from a move out of the free-trade agreement are indeed positive though
potentially extremely modest, in particular if one acknowledges the existence of imperfectly

competitive firms operating IRS technologies.

2% Our model is actually a highly sophisticated version of the so-called ‘footloose capital with vertical linkages’
model of the new economic geography literature (see e.g. Baldwin et al, 2003).
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3.2 Coordinated retaliation: a dissuasive outcome?

Retaliation is meant to threaten the benefits from free-riding, and therefore to deter exit from
the Union. How effective is such a threat? We evaluate this by comparing the “first step
optimal tariff” outcome of the previous section with the results of a “tariff war” between each
individual member state and a coordinated rest of the EU. To conserve on space, we only
report the CRS case with immobile factors and fixed employment level: figure 6 displays the
comparison between the case with and without retaliation for the low elasticity case.”* We see
that coordinated retaliation as an instrument against the centrifugal forces of free-riding is
only modestly effective: though for most countries, gains from exiting the Union indeed turn
into negative numbers, not all countries are bound to lose if they were to trigger a trade war
against the rest of the EU. Though such an outcome can hardly be a surprise since Harry
Johnson’s (1953) seminal paper, the fact that the countries that would win such a trade war
against the rest of the EU are among the smallest may be more unexpected in view of results

from the theoretical literature.
3.3 Facing the risk of a tariff war: is it worth?

From the previous subsection, we have learned that some countries would be better off taking
back control of their trade protection policies even if they were to face EU retaliation. In such
circumstances, and in view of the hypothetical nature of such a coordinated threat, can we rule
out as unlikely that some members would choose to reclaim control on their own external

trade protection, hence leaving no choice to the others but to follow. At what cost?

We provide an answer to this question in figures 7a-7b where we report the welfare changes
(w.r.t. initial free trade) induced by a Nash tariff game within the EU involving its twenty
largest trading partners. To conserve on space, we only report the fixed employment level

case.

The numbers reported in figure 7a once again confirm that Harry Johnson’s conclusion “a
country may gain by imposing an optimum tariff even if other countries retaliate by following
the same policy” (1953, p.153) is far more general than his model assumptions suggest. In

contrast, the prediction that “big countries win trade wars” again clearly proves invalid once

2! Results for the two elasticity scenarios convey the same basic message; they differ in absolute magnitudes but
not in relative terms. To conserve on space, we therefore report results for the low trade elasticity case only.
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national-level product differentiation is taken into account. Indeed, all the largest European
trade partners are unambiguously hurt by the trade war in all the reported scenarios, whereas a
few small economies may end-up better-off under specific assumptions (regarding in
particular international factor mobility), with Slovakia being the only one to robustly “win the
trade war”. Such robustness suggests that, “in presence of several trading partners, terms of
trade externalities between subsets of countries may be positive” (Syropoulos, 2002, p.722).
Syropoulos adds: “This creates the possibility that “small” countries that could ride on the
policy actions of larger partners with similar trade patterns may destroy the monotonic
relationship between tariffs and relative size. More starkly, it may imply that small countries
benefit from global tariff wars, as compared to global free trade!” Though the model on which
he builds this conjecture assumes industries with undifferentiated national goods, nothing

prevents a priori such mechanism to operate in our Armington set-up.

Though there is of course no reason why these positive terms of trade externalities could not
also exist in an environment where individual producers differentiate their products, the IRS
properties of the technologies together with the different nature of the competitive game are
both likely to make these terms of trade externalities of a second order of magnitude. This is
indeed what the numbers reported in figure 7b indicate: whichever scenario is considered, a
large-scale trade war between former EU member states is bound to produce a devastating
outcome for all (with the only exception of CZE where strong agglomeration forces may
overturn this verdict in one special parameter configuration). Averaging country results over
the four reported sets of parameter values, the welfare loss involved by such a European trade
disintegration scenario is highest for Germany and the Netherlands (more than 3%), with
Hungary and Sweden following closely (2.9% approximately). Observe that, despite the
relative immunity to tariffs due to the scale of its service sector, Great-Britain would end-up

loosing 1.2% of its welfare.

Though our calculations reported in figures 7a-7b differ significantly in orders of magnitude -
-suggesting therefore that the Armington structure offers a poor alternative to the Dixit-
Stiglitz-Krugman model-- the following policy conclusion clearly emerges from our
numerical explorations of both models: even though an impatient reading of the costs and
benefits of “losing own control” in favor of *“cooperative trade rules” --as assessed in
subsection 3.1-- may bend in favor of the former, this is likely to be a very myopic perception.

Pushing the European free trade agreement to an end --with the trade war inevitably to follow-
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- would clearly be much more costly, therefore making largely illusionary the benefits of

“taking back control” of one’s own tariff protection policy.

4. Conclusion

The idea that a country can improve its terms-of-trade and welfare by imposing positive
import tariffs has formally been proven more than a century ago. That these gains are earned
at the expense of others, who are therefore likely to retaliate, has also been acknowledged for
almost as long. Does retaliation make these gains largely illusionary? Theory tells us this need
not be the case: a trade war could be beneficial to some players, and the answer can only be

circumstantial, and indeed empirical.

In view of this, it cannot be entirely surprising that European politicians, in a legitimate
pursuit of national interests, do differ in their evaluations of the trade-off between the benefits
of EU cooperation and the costs of being constrained in their policy choices. Amazingly, little
empirical effort seems to have been made to reassess these costs and benefits in a systematic
way. This paper has contributed to fill this vacuum by focusing on tariff protection in the

goods-industry.

To achieve this goal, we have made use of a large-scale multi-industry calibrated general
equilibrium model of trade and production that identifies as endogenous economies each of
the 27 member states of the Union in 2007. The GE model has been imbedded into different
sets of Nash games in tariffs to provide estimates of the potential welfare costs and benefits to
national households within Europe. In order to assess robustness, we have made use of

various model specifications and parameter values.

Our numerical exploration contributes to the theoretical literature by showing first, that Harry
Johnson’s result that “a country may gain by imposing an optimum tariff even if other
countries retaliate by following the same policy” (1953, p.153) is far more robust than his
model assumptions suggest, and secondly that, intuitive as it may seem, the perception
emerging from the theoretical literature that "big countries win trade wars” that followed his
seminal contribution is clearly over-simplistic and highly misleading from a policy

perspective.
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Our numerical results have also quite starkly highlighted something that trade theorists are
well aware of, but empirical policy researchers maybe less so: given that an economy’s ability
to transform import tariffs into terms-of-trade gains depends on the properties of its aggregate
offer curve, an extremely complex general equilibrium object in which input-output
interactions in particular play a crucial role, the link between trade elasticities, the size of the

economy, and the welfare gains from tariffs is actually quite loose.?

From a policy perspective, the main conclusions that emerge from our numerical exploration
may be summarized as follows. (a) Large countries are not those that would gain most from
individually deviating from the current EU trade discipline (most large member states would
actually gain almost nothing). (b) The GATT/WTO most-favored-nation rule proves a poor
cohesion mechanism among EU partners. (c) EU-coordinated retaliation against individual
member deviation does not constitute a sufficient threat to ensure stability to the initial
cooperative equilibrium. (d) Most member states would experience potentially significant

losses in case of a “trade war” in Europe, and in particular the large members.

Though our results suggest that these conclusions are quite robust, our exploration has been
restricted to retaliation mechanisms in the form of standard normal form Nash games. A
problem inherent to this concept is that the game is played simultaneously in mutual secrecy,
with players assumed myopic. To overcome this limitation, Oladi (2005) suggests
reformulating tariff retaliations based on an alternative open negotiation process, referred to
as “contingent threat situation” (Greenberg, 1990), in which players are assumed to be
forward-looking. Admittedly, the latter assumption may not appear immediately attractive to
some observers of today’s political debates in Europe, this alternative formulation of a trade

war seems nevertheless worth exploring in the future.
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Appendix 1: Computational strategy

Optimal tariffs are computed by setting the problem in a nonlinear programming (NLP)
format with country specific (or alternatively un-weighted sum of countries’) real aggregate
household consumption(s) as objective function, and the GE model as system of
(approximately 26.000) nonlinear constraints. All computations are performed using
CONOPT3 within the GAMS numerical environment (GAMS).

The computation of a Nash equilibrium involves a (large) number of iterations --say, indexed

1-- each requiring the following set of operations:

(a) parameterize the sector-specific set of tariff matrices [’fié,-] and compute the

supported GE allocation;

(b) compute sequentially, for each player j, the sector specific optimal tariff vectors

21

7y = 0 Vi, conditional on the GE system with tariffs by other players i, j' fixed

at 7. Vi, Vs, Vj'# j;

isj"

ST
)(1“‘5") (9>0a

(1+?i;i)

(c) adjust all tariffs towards the optimal rates: 1+ 7" = (1+ T

isj isj

damping parameter), and repeat from (a) using [figl} .

Convergence is achieved when the distance |z —7;;|is small enough Vi,s, jand welfare

-l
Tisj

evaluations do not change for a large number of iterations. Observe that we impose 7., >0

isj =
even though we know (see e.g. Feenstra, 1986, Costinot et al., 2015) that it could be welfare
improving for a country to subsidize rather than to tax its imports in some sectors: we rule this
out as being a politically infeasible policy option.® Obviously, nothing ensures uniqueness of
solution in such a Nash game; the size and complexity of the numerical procedure exclude

more than a superficial exploration of this issue.?

2% We also impose that 7y <1.50 to limit the risk of corner solutions with some bilateral trade flows becoming

close to machine null. That constraint is however very exceptionally binding.

# Huang, Whalley and Zhang (2013) explore this issue numerically within a simple pure exchange two country
model, and show that multiple equilibria may exist. Their results however suggest that this occurs only with
unreasonably low trade substitution elasticities. Can these conclusions be extended to more complex games
remains of course an open question.
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Figure 1la: Individual deviation without retaliation
(high trade elast., CRS)
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Figure 1b: Individual deviation without retaliation
(low trade elast., CRS)
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Figure 2a: Individual deviation without retaliation,
differentiated tariffs on final & interm. demands
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differentiated tariffs on final & interm. demands
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Figure 4a: Individual deviation without retaliation,
tariff rates with & without MFN constraints
% welfare (high trade elast., CRS)
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Figure 4c: Individual deviation without retaliation,
tariff rates with & without MFN constraints
% welfare (high trade elast., IRS)
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Figure 4d: Individual deviation without retaliation,
tariff rates with & without MFN constraints
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Figure 5a: Individual deviation without retaliation,
contribution of factor mobility and labor market adjustments
% welfare (high trade elast., CRS)
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Figure 7a: Nash game in tariffs within the EU
% welfare, CRS
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Appendix for the referee
Cooperation vs. Exit: a Quantitative Exploration of Euroscepticism in Trade

Formal Description of the calibrated GE Model

Note: As this appendix is not intended for publication, notations here do not strictly match those in the
text (where they have been simplified).

Endogenous countries belong to the set £27 which includes the 27 member states of the European Union
in 2007, our base year; the model is closed by a "rest-of-the-world” (here after RoW) that is kept exogenous
except for the volume of its bilateral trade which is price responsive. The prices of the RoW serve as numeraire.
Countries are indexed by 4,7 € E27U RoW. All European countries have identical structures; in the description
of the individual national economy that follows, we therefore drop the country subscript where no confusion
can arise.

1 Households and Assets

The focus is not on within country distribution issues between income classes, so we aggregate all national
households into a single agent. This representative agent is endowed with two types of labor, skilled and
unskilled, indexed [ in amount L{J °%_ She endogenously allocates both type of labor services to different sectors
of activity: L;".” denotes the supply of labor type [ to sector s. The household’s allocation of labor across sectors
is price—respoﬁsive resulting from labor income maximization subject to a constant elasticity of transformation
(hereafter CET) frontier: a rising relative wage in one sector will therefore induce an inflow of labor to the
sector, the size of which will depend on the value of an elasticity of transformation UILSW; immobility can be
imposed by setting the value of this parameter to zero. Solving the household’s optimal labor allocation problem
immediately yields the following supply system derived from first order conditions:

sup

pLsup o
Ly =af” [ o ] [1—-UR] L (1)
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sup sup]1to;
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where plL;uP is the price of labor type [ earned by workers in sector s , plLHou is the ideal price aggregator over
sectors for labor type [, and the as are (simple transforms of) the CET share parameters; labor endowments
are multiplied by a factor [1 — UR;] that reflects the possible existence of unemployment at rate UR;.
Households also own three types of assets: physical capital (K7°"), local government bonds (B and
foreign bonds (B°"). The model is static and these stocks remain constant; furthermore, bonds are valued at
RoW prices and bear interest at world rates which are both exogenous. The household therefore earns income
by supplying labor and capital services, possibly earns unexpected super-natural profits from firms (Prof H o),

benefits from government transfers (a flow denoted Tr%°vH°u assumed constant in real terms though valued
ROW)

Gov)

at public consumption prices pCO”GM), and earns interests (at world rate r on its holding of bonds. Finally,
tariff revenues from all sectors (T7P) are rebated to him lump-sum by the Government. Collecting these terms,
the household income writes as:

Inctov = ZplLHw [1 - UR) Lo + pKT K How 4 profHoug
1

pC'onGO"u TTGovﬁHou _|_,,,ROWpRoW [BGO’U + BFOT] +Tlmp (3)



where p& " is the rental price of physical capital services. Income taxes T ne™™ are collected by the Govern-
ment at rates 7/m¢" "

Hou _ TITlCHou InCHou (4)

TInc
and household income, net of these taxes and of (local-CPI valued) fixed transfers abroad ( pCon” ™ TpHou—RoW )
is shared between consumption and saving at base-year proportions:

Hou Hou

_ PCon

Savor = SavR {IncHO” N A TyHou—RoW _ S’tVar} (5)

Hou Hou

Con°" = (1 - SavR) {IncHO“ — Tgne™”" — pCon™ " ppHoumRoW _ StVar} (6)
where SavR is a parameter, and StV ar acknowledges base-year data on inventory adjustments, which are kept
constant in terms of the numeraire.

The optimal composition of the aggregate consumption basket C'on' %, as well as the ideal cost of living
index pCO"HW are jointly determined from intra-period utility maximization assuming CES preferences; from
rearranging first order conditions, we obtain:

Hou

Hou
O_C‘on

ConHou
cHouw = agH [pl Con*o" (7)
Ps

ConHou

o]’ =" [ 0

ConHou

where o is the substitution elasticity, and the as are (simple transforms of) the CES share parameters.

2 Producers

Production sectors are indexed s or s/. Some of these industries are perfectly competitive with firms making
use of constant returns to scale (hereafter CRS) production functions, others operate increasing returns to scale
(hereafter IRS) technologies within an imperfectly competitive market structure. These two subsets of industries
are identified respectively as S¢S and SRS,

In sectors s € STR5 firms are assumed symmetric within national boundaries. We describe the individual
producer’s behavior so that all variables refer to a single firm. A firm faces a fixed production cost which we
assume in the form of a real amount of foregone output denoted F'z; we then write the firms total production as
Zs+Fxg where Z, represents the volume of sales. The presence of fixed costs introduces a wedge between average
and marginal costs, respectively noted AvS°st and Ma%°t, which we formalize with the following relation:

AV Ze = Mal® [Zs + Fu,) s €S5S 9)

Large group monopolistic competition (i.e., competition in the form of a Nash game in prices) prevails so that
the individual firm’s optimal pricing strategy consists to mark-up its price pZ over its marginal production cost:

Z cost
ps — Mat

7 s e GRS (10)

1
=2
where cr;4 is the price elasticity of the demand curve that the firm faces. The definition of super-natural profits
then immediately follows:

Prof, = [p? — Ave**] Z, s € SRS (11)

We make the Chamberlinian assumption of cost-less entry/exit so that the number of competitors in each
industry (Ng, s € STH9), is endogenously determined to ensure these super-natural profits do not exist in
equilibrium:

pZ = Aveost s € SRS (12)



In the other industries, those that belong to SC#5, we set Fa, = 0; perfect competition prevails and profit

maximization imposes to firms to price their output at marginal cost:
= Ma s € §URS (13)

In these industries, because of CRS, the scale of firms and their number are immaterial so we may set Ny = 1
for s € SCRS without loss of generality: this proves convenient as many equations below will then be written
identically for all sectors.

Marginal costs result from choosing optimal bundles of various variable inputs conditional on multilevel
CES technical constraints that have common architecture for all s € ST%9 U SCES: we therefore drop the sector
subscript s in what follows to lighten expressions. At the upper level of this nested structure, a material input
aggregate is combined with value added to produce output Z + Fz. Cost minimization yields the following
optimal choice system:

cost
X—a [ X] (2 + Fal (14)

cost
Q= a® { . } \Z + Fal (15)
[Macosql_az :a |:pX 1—0? +a [pQ}l—o' (16)

where X and @ denote respectively volumes of material and value-added input aggregates, pX and p® their
associated prices, 07 the substitution elasticity, and the as are (simple transforms of) CES share parameters.
Aggregate material inputs are themselves CES bundles of goods from sectors s/ available locally at market prices
ps; cost minimization yields the firm’s intermediate demands:

X o
XX, =aXX B’;} X (17)

[ = Z ag” [ ps] " (18)

with X X, the firm’s demand for goods from industry s/, X a substitution elasticity parameter and the as
share parameters. Value added results from combining services from capital (Kap) and an aggregate labor
(Lab) entrants, respectively priced pX? and ple?; these are imperfect substitutes with the technology imposing
constant substitution elasticity; under cost minimization the optimal amount of services used for production is
determined by:

Q 1°°
_ Ka p
Kap = o™ [ pKap] Q (19)
Q
Q (e
a p
Lab = o™ [ pLab] Q (20)
1-0@ a a 1-0@ a a 1-0@
[pO] 7 =l [pRer] 7 abet [ phe?] (21)

Lab is an aggregate factor that combines skilled and unskilled labor services supplied by local workers; the CES
demand system for these services again immediately follows from cost minimization:

Lab

4 L dem pLab g
Ll = Oél |:(1_|_7—ZL)L:| Lab (22)
Lab] Ldem 1—ghe?
[p —Z 1+TI)P1] (23)

where 7/ are (possibly negative) fixed tax rates affecting the cost of labor services to firms. Similar taxes may
also apply to the use of capital services so that:

K™ = Kap (24)

prP = (1+7%) pt (25)



where 7% is the (possibly negative) tax rate.
We next collect the taxes paid by the firm on inputs:

Tk — Tk pdeem (26)
TF =7 prLiem (27)

and acknowledge existence of indirect taxes at fixed rates levied by national governments on local firms’ sales:

T? =17 p?Z (28)

3 The Government

Government income (Inc“°?) includes capital rental revenues, income taxes payed by households, taxes payed

on primary inputs by firms, as well as indirect taxes on products; formally:

TF+ Y T+ T
l

InCGO’U — pKGov KGO’L) _|_ TI’nCHO“ _|_ ZNS (29)

where all notations have been previously introduced except K“°" which stands for the country’s exogenous
Government owned capital stock. This stock is endogenously allocated across sectors of activity using a CET
frontier (with elasticity and share parameters denoted respectively o " and ak a0 ). From the producers’
viewpoint, this factor is no different than private capital and its rental price is therefore the same (p*). It follows
that:

sup Gov pk UKGOU
e P (30)
p
Gow
Gou 145 Gov 140EE"
o] a1 @
S

Our interest is here limited to tariff protection policies only and we make assumptions so as to keep the
public sector as neutral as possible. For this reason, we assume that the stock of domestic bonds (valued at price
pf°") remains constant and carries the same constant interest rate r°" as foreign bonds. The government’s
budget constraint can then be written as:

Gov Gov
ITLCGOU _ TROWpROWBGOU +pCon ConG’ov + pCon TT,GO’U*)HO’U, (32)

which could define public aggregate consumption Con%° residually. We however want to avoid the possibility
that a protectionist policy claims welfare gains that are actually due to its inducing a misleading substitution

between public and private consumption at the expense of the former. For this reason, we fix the value of

Inc™ that is consistent with

Gov is then determined by

Con%°? to its base-year level, and solve for the household income taxe rate 7
this public consumption level. The sectoral composition of public consumption ¢

minimizing a CES cost function with low substitution elasticity JCO”GW, which yields the following demand
system
ConGov UCO"GOU
Gov
cGov = qf r__ Con%°v (33)
Ps
o {_gConCe o ConGov
ov ov 1— on

[pCon] =Y o™ [p]' (34)
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4 The European Private Financial Market

We want to capture two important features of modern capital: first, efficient banking and mobility erase
systematic differences in private rates of return on capital essentially protecting capitalists against idiosyncratic
risks; second, in spite of this, the rental cost for firms of private physical capital is far from being equalized
across countries within the EU. We capture these features by pooling all the physical capital of European
households into a single European capital stock; this aggregate EU stock, denoted KF27, is then optimally
allocated to each country within the Union, and to each sector within each country, so as to maximize the rental
revenues of the pooled capital subject to a two-level nested CET constraint. The value of the elasticities of
transformation govern the concavities of the CET allocation frontiers, so that by choosing high or low values for
these parameters, every thing else equal, it is possible to quantitatively assess the role of capital mobility; yet,
the calibration of the CETs on base year data ensures that the simulated counterfactual equilibrium allocation
remains anchored to the initial geographical distribution of EU physical capital. Formally, the optimal allocation
of private physical capital services within the European Union will be determined by the following set of nested
CET supply equations derived from first order conditions:

. pK O_KE27
K = o LJKE} KB ie E27 (35)
E27 1+‘7KE27 sup 1_¢_¢7KE27
el = > ol [pf] (36)
€27
sup Ksup pf,s ' sup .
s ) 2
1+a’ Ksup 1-‘,—(71K .
Z ol : i€ E27 (38)

The first equation determines the supply of private capital services to each national economy K:“” as a share
of Europe’s aggregate stock K F27; the share adjusts endogenously to changes in relative rental prices within
the E27. The second equation defines the ideal service price index of K27 a function of country specific
capital rental prices pX. These two equations are the FOC associated with the upper level CET. The next two
equations characterize the optimal supply of physical capital across sectors within each country conditional on
the second level CET constraint; here, pﬁ . is the rental price of private capital services payed by firms in sector
s country ¢, and k;Wp is the amount of these services made available on that specific factor market.
We still have to define the aggregation process that determines K¥27; we formalize this as follows:

E27
KE27 _ ZKZ_Hou (39)

Observe that with such a definition of the aggregate European capital stock, we have to reward each national
household for its capital ownership at the same unit price p " g0 that:

pEI = KT i€ E27 (40)
Pooling capital also requires pooling savings, which determines Europe’s real gross capital formation Inv®?7 :
pInvE2 E‘27 Z Sa,UHou (41)

i€ E27

InvE27 . : : : . e P
where p is the unit aggregate price of investment. To determine the composition of this investment good
and its price, we assume a two-level CES technology, and write its cost-minimizing input structure as:

InoBE27

TnoB27 17
Inv; = af™ d Inv®?7 (42)
plnv
K3
1_gInv P27 P27
[ ] = Y ol [0 (43)



Inv] 9
Lis =0, {pi ] Inv; (44)

Inv

P =Yl (45)

The upper level defines the composition of the European aggregate Inv®?7 in terms of national sub-aggregate
flows Inv; , and the lower level the composition of the latter in terms of local goods from different sectors I; s ;

associated to each are the ideal price indices respectively p’ nv™7 and pI™ ; as usual, the os and the as are the
substitution elasticities and share parameters respectively.

5 Trade

We collect all country i’s demands for good s into a real variable A; s (an acronym reminiscent of country 4’s
absorption):

ZS*Zst’ XXZSS’+CHOU+CZ‘C,;SOU+ILS Z€E27 (46)

We make this good a cost minimizing CES aggregate of goods produced in the same industry by firms worldwide,
and write the first order conditions as follow:

A

Expy s = af™?, P A, i',i € B27U RoW (47)
h (1+Tz 7,1;) (]'J'_ng,s) Py s
1—0?
P = Z Niw ol [ mn) (1472, 02 i',i € E27U RoW (48)

Here, Exp;s ;.5 is the total demand by country ¢ of goods produced by an individual producer of sector s in
country if; the good is sold at price (1 + Tf’ S)pZ-Z,VS but bought at this price increased by the import tariff at

rate 72MP.

s N this system, if i € RoW, N; s = p;s = pfs =1land 4;; = K for all s, because the rest of
the world is assumed exogenous. Observe that these equations also apply if ¢ = 4/, defining therefore for each
endogenous country the domestic demand functions for the domestically produced goods.! Observe also that,
in perfectly competitive industries where there is a single aggregate producer (N, = 1, s € S¢B5) this is a
specification that captures the Armington assumption; in imperfectly competitive industries we have a form
of Dixit-Stiglitz-Ethier specification. We can now define the tariff revenues that show in household i’s budget

constraint:

Tlmp Z NZ( s E‘rpi ,38 zImp (1 + T s) pz ,8 (49)

i’,s

6 Equilibrium conditions

On each market for good s, equilibrium requires that quantities supplied by a firm is indeed demanded:

Ly s = Z Expi ;s (50)

IThe parameters aEz.P = 0 for i/,7 € RoW by calibration to base year data.



Sector specific wages ensure that supply and demand balance, so that

L% = N, L{™ (51)

l,s

where for each type of labor [, the short term unemployment rate is either assumed fixed to its base year level,
or endogenized by use of a reduced form wage curve:

LHou
D; UR
In|———| =—-¢ L 52
u [pCOnHO'u] €l n |:UROl:| ( )
Market equilibrium for physical capital services requires that:
kiszp"’—kicfsova _ Ni,s sz;m (53)

All European agents satisfy their budget constraints, and equilibrium is imposed on each market, therefore
we know from Walras’ law that the RoW budget constraint is redundant as should automatically be satisfied;
we check that this is indeed the case:

E: Cont°% v Hou—s RoW Z zZ
{pi on TTl- ou ° + pRoW,s NROW,S EproW,i,s}
i€E27
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