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Abstract

We extend structural gravity models of bilateral trade flows to oligopolistic competition.
We show that conventional gravity estimates do not only reflect trade costs but also
market power. Our simple estimation procedure generalizes the standard gravity model
and disentangles exogenous trade frictions and endogenous market power distortions.
We use our estimated model to counterfactually increase trade costs by abolishing the
European Single Market. We find that domestic firms’ markups in EU member countries
increase by 2 to 6 percent. Importantly, welfare effects of trade liberalization are much
more pronounced due to the change in competition among domestic and foreign firms.
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1 Introduction

The gravity equation has been the most successful workhorse model in international trade
that is able to explain trade patterns surprisingly well. It has been used to explain trade
flows and the effects of geographical and cultural distance, trade agreements, trade poli-
cies, institutional quality and even the effects of sporting events, sanctions and conflicts.
Started as an empirical workhorse borrowed from physics, it is now well established in
its form as structural gravity where the gravity equation is derived in a consistent the-
ory framework[]] It has been shown that a variety of models like Armington, Ricardo,
Heckscher-Ohlin, monopolistic competition and models of heterogeneous firms imply a
structural gravity equation ] Furthermore, it is open to the level of aggregation and also
allows for a sectoral decomposition of trade.rf] Its empirical strategy has been developed
further such that best practices could be established (see |Anderson, 2011, Head and
Mayer, 2014}, and [Yotov et al., QOIG)EI

While structural gravity has been very successful, a main concern is that its theory relies
on models of perfect or monopolistic competition. International trade, however, is driven
by large firms: most firms do not export, and a small number of firms is responsible for
a large fraction of exportsf’| Quantitative gravity models of international trade typically
assume atomistic firms which operate in perfectly or monopolistically competitive markets
and hence do not influence strategically the price level in their industry. These models are
used to quantify the trade effects and welfare gains from trade liberalization via changes
in trade costs, tariff reductions or trade agreements. Their results are used to inform and
influence trade policy decisions. Critics of these quantitative studies argue that by not
allowing for the oligopolistic nature of today’s international trade, results are biased and

therefore lead to wrong policy advice. Except for a few studies, the quantitative trade

!For the path-breaking contributions, see|Anderson (1979),|Anderson and van Wincoop (2003) and |[Eaton
and Kortum) (2002]).

2See also|Anderson and Yotov|(2016)), Arkolakis et al.| (2012), [Bergstrand| (1985)),|Chaney! (2008), Deardorft
(1998), [Helpman et al.| (2008).

3See for example Anderson and Yotov| (2016)), Caliendo and Parro| (2015), |Chor (2010) and Costinot et al.
(2012).

4For a recent critical review of the structural gravity approach, see Carrére et al.| (2019).

9Bernard et al|(2007) find that only 4 percent of U.S. firms exported in 2000, and the top 10 percent of
firms represent 96 percent of U.S. exports. This pattern is similar across the globe: in a sample of 32
countries, Freund and Pierolal (2015) find that five firms account for a third of a country’s exports.



literature has neglected oligopoly so far[f| Therefore, it is crucial to understand whether

quantitative trade models can accommodate oligopolistic market structures.

We show that if consumers have Dixit-Stiglitz (CES) preferences, gravity still holds for
any oligopoly in prices or quantities. Thus, our results imply that researchers can still es-
timate trade costs and use their estimates to quantify the trade effects of changes in trade
costs—without having to assume a monopolistically competitive market structure —if
they are willing to (continue to) assume that preferences are of the Dixit-Stiglitz form.
We show that the frictions estimated by standard gravity models are a combination of
trade frictions and market power distortions in an oligopoly setting. Furthermore, guided
by the theory, we are not only able to distinguish between market power frictions and
geographical frictions, but also to disentangle them empirically. This is particularly im-
portant as the motivation for economic integration is often not only reducing trade costs,
but also about increasing competition among exporters and domestic firms. Thus, our
paper offers some guidance how these effects can be estimated in a theory-consistent way
in models of oligopolistic competition[] We find that the interaction between endogenous
markups and trade frictions also makes a crucial difference such that a reduction in trade

frictions has a much stronger effect, even if the number of firms in a given market is large.

To our knowledge, this is the first paper that integrates oligopolistic behavior into a
structural gravity framework. Furthermore, we explore the implications for quantitative
trade models and find that the competition effect plays an important role, and in this
respect our paper is close to |Amiti et al.| (2019)), |Atkeson and Burstein| (2008), Bernard
et al. (2007), and [Edmond et al| (2015) ] The innovation of our paper is that we can
use the estimates of the structural gravity model to disentangle trade and market power
frictions, and we can do so for both price and quantity competition in the same frame-
work. In principle, our model can accomodate an economy with multiple sectors in which

price competition prevails in some industries while other industries face binding capacity

6For an overview of the influence of oligopoly models on empirical trade studies, see [Head and Spencer
(2017). [Head and Mayer| (2019) compare the CES monopolistic competition approach with the random
coefficients demand structures used in the industrial organization literature.

"Other papers have focused on alternative demand systems. Our paper thus complements |Arkolakis
et al.| (2019), Mrézova and Neary| (2014), Mrazova and Neary| (2017) and Mrazova and Neary| (2019)
who consider trade costs for a wide variety of utility functions but assume that firms operate under
monopolistic competition.

8 Also [Jaravel and Sager (2019) conclude that estimated markup responses to trade liberalization with
China are much larger than standard models predict.



constraints. More generally, we show that strategic interactions in imperfectly competitive
markets are important. Standard quantitative trade models of monopolistic competition

cannot directly address the pro-competitive effects of trade liberalization ]

Using Belgian firm-level data, Amiti et al.| (2019) show that domestic and foreign prices
co-move and that the pass-through of cost increases is incomplete. Both results are in
sharp contrast to models of monopolistic competition using CES demand structures. Their
model exploits uniquely detailed data at the firm-product level for both Belgian and for-
eign firm sales in Belgium. While Amiti et al.| (2019)) focus on the total effect of cost shocks
on firms’ markups, we identify the individual effects of trade cost changes on markups. Our
model is consistent with the empirical findings in |[Amiti et al. (2019) of interdependent
markups across markets and incomplete pass-through. Our paper also complements the
literature following Bernard et al.| (2007)), particularly Holmes et al.| (2014)) and Hsu et al.
(2020). These papers use the model by Bernard et al.| (2007) which assumes Bertrand com-
petition between firms from different countries which are heterogeneous in productivity
but produce a homogeneous good, whereas we model Bertrand competition between firms
which produce differentiated varieties across countries with heterogeneous costs. We also
consider Cournot competition (and monopolistic competition as the limiting case), and
thus our paper also complements |Edmond et al.| (2015) who study Cournot competition

in an intermediate goods sector based on the model of |Atkeson and Burstein (2008).

This literature sheds light on the welfare consequences and allocation effects of trade
liberalization across firms using estimated models which rely on detailed firm-level data
which are typically only available for a single country. Instead, we use aggregate trade
data for 43 countries as our focus lies on the third country and general equilibrium ef-
fects which are at the heart of the quantitative trade theory and gravity literature, and
which are crucial for the evaluation of multilateral trade liberalization via discriminatory
trade agreements such as the European Single Market. We follow the quantitative trade
theory literature using aggregate data and compare the standard outcomes that assume
monopolistic competition with the Cournot and Bertrand industry equilibria under the
assumption that each country hosts one firm in each industry, and that all industries are
symmetric. While this exercise may not do justice to the differences across industries,

neither do monopolistic competition models using aggregate data, and it still allows us

9In particular, Arkolakis et al.|(2019) show that these models that replace constant by variable markups
may even lead to lower gains from trade.



to distinguish between market power and trade frictions. Furthermore, the assumption
that each country hosts a “national champion” implies that 43 firms will be active in each
industry, and thus our competition effects are a conservative estimate. Since the comple-
tion of the European Single Market was exactly supposed to encourage competition, we
counterfactually increase trade costs by abolishing the European Single Market, and we
show that welfare effects are much more pronounced even with 43 active firms in each
industry. We are not the first to estimate the effect of the European Single Market (see
for example, Felbermayr et al., 2018, and Mayer et al., 2019, for recent studies), but these
papers employ a standard structural gravity approach. Our study emphasizes the differ-
ence implied by oligopoly, also because several studies have found that the Single Market
has reduced markups substantially (see, |Allen et al., 1998, and Badinger, [2007)).

The remainder of this paper is organized as follows: Section [2 will develop the pricing
outcomes when firms compete in a strategic environment of price or quantity competition.
Section (3| develops the firm-level gravity equation for an exporting firm that is exposed to
oligopolistic competition in a certain industry, and it shows how the welfare effects come
about. Section {f shows how the two frictions can be disentangled, and it demonstrates
to which extent not modeling imperfect competition may lead to a substantial bias in
the estimated welfare effects of trade agreements such as the European Single Market.

Section [Bl concludes.

2 Firm behavior under imperfect competition

This section scrutinizes oligopolistic competition among exporters and domestic firms if
all countries have identical CES preferences where the upper tier utility function has
a Cobb-Douglas form and the lower tier has a CES form. We exemplify oligopolistic
competition by employing a simple model: we consider a world in which n countries may
trade with each other, and we assume that each country hosts one firm in each industry
(the “national champion”) that produces for the home market and is a potential exporter
to all other Countries.[:G] Furthermore, each country hosts a continuum of industries, and
firms are large in the small, that is, they assume market power in their industry, but small

in the large, that is, they take factor prices and incomes as given['!| We are not the first to

90ur model can easily be extended to more firms in each country.

HThese are the same assumptions as in Peter Neary’s GOLE model; see for example Neary| (2016)).
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scrutinize oligopolistic competition in the CES framework (see, for example, Amiti et al.)
2019, and |d‘Aspremont and Dos Santos Ferreiral, 2016), but we will develop an important
proportionality property that will be very helpful for including oligopoly behavior into

the structural gravity model.

We begin with considering the profits of a firm located in country ¢ that operates in
industry k. Sales are subject to institutional or other geographical frictions that have the
form of iceberg trade costs of size 7;j; where 7,;; > 1 measures the frictions of sales for
exports from country i for country ;7| In what follows, we will focus on the implications
of oligopolistic competition as a more realistic alternative to monopolistic competition
while we keep the standard assumptions for the demand side. There are many industries,
and following the canonical Dornbusch-Fischer-Samuelson (DFS) model (see Dornbusch
et al., 1977 and |Dornbusch et al.; |[1980), we consider a continuum of industries that are
defined over the interval [0, 1]. In particular, we assume that the utility of a representative
household in any country j can be given by the Cobb-Douglas utility function In W; =
fol oy, InUjdk, fol ai = 1, where Uj;, denotes the subutility of the representative household
in country j of goods produced in sector k. Country j’s consumers will be served by its

domestic firm and importers in each industry, and the subutility is given by

Uji = Z q;‘f ] (1)
€N,

where 0 > 1; g;;r denotes the sales from country 7 to country j, so gj;; is country j’s
internal trade. Njj is the set of all firms of industry £ that are active in country j. If
Nj, = {1,...,n}, all firms from all countries are active; if Nj; C {1,...,n}, some firms
will not serve this market. Note that j € Nj; as the local firm will always be active in
its own market. The aggregate expenditure for goods in this industry are given by Ejj.
As is well-known, utility maximization implies that expenditures for goods produced by
industry k for country j are given by Fj;;, = Y;, where Y; denotes country j’s aggregate

expenditure.

For our analysis of strategic interaction, we assume that markets are segmented such

that each firm can set prices or quantities without any arbitrage constraint. Later on,

12In general, the notation is organized from large to small, i.e., exporting country i, importing country
j, industry k.



we will show that the Nash equilibria for segmented markets are in fact immune against
arbitrage and thus also qualify for Nash equilibria in integrated marketsﬁ In order to
save on notation, we now drop the industry indexation k£ and consider a single industry
for a target market j for which we also drop the indexation. Consequently, we write p;
for piji and use a similar notation for all other variables and parameters in this part of
the analysis. Without loss of generality, we also assume that all n firms are active in the
target country. Our model can easily be extended to endogenous entry which we discuss

at the end of this section.

We now scrutinize two different forms of strategic interaction, competition by prices
and competition by quantities. These are the classic oligopolistic model setups, where
price competition assumes that firms face no capacity constraints and can serve any
demand that will result from price competition. Quantity or capacity competition is a
setup in which firms cannot change outputs in the short term. It depends on the nature of
production whether firms are more likely to compete by prices or by quantities. In case of
price competition, denoted by B for Bertrand, each firm ¢ maximizes its operating profit,
that is, 72 (pi,p_i) = (pi — 7ic))qs(ps, p—i) w.r.t. p;, where p_; is an (n — 1) price vector
that denotes the prices of all other active rivals, and ¢; denotes the marginal production
cost. The first-order condition as an optimal response to the optimal pricing decisions of

all rivals determines the Nash equilibrium in prices and reads

iir dq;
Vi ap; (pi,p2;) = @i(p;, pZ;) + (i — Tici) _Gpi (pf,p*;) =0, (2)

where pf denotes the optimal price of firm 4 in country j, and p*, denotes the (n — 1)
vector of the optimal prices of all other firms. Since demand for firm ¢ in country j is
given by ¢;(pi,p—i) = Ep;°/ Z?Zl pjl._", we can rewrite the first-order conditions in terms
of markups, denoted by i’ and puf, respectively, and elasticities, denoted by €/ and €,

respectively:

13Note that we use the notion of an integrated market not as a frictionless market, but as a market in
which parallel trade may take place and is subject to the same trade frictions that producers face.



Viipl = plmc,pd = BEZ ) (3)
€ — 1
B l—0o
i TiCi
& = o—-(0c-1) (1)

S (P ries) 7

Let s? denote the market share of firm 4 in market j which is given by s? =
(nPmici)' =7/ 325 (uf7i¢5) 7. Not surprisingly, the Nash equilibrium in prices converges
to the monopolistic competition outcome if s? approaches zero.lﬂ In general, sP reduces
the elasticity of demand for firm 7, and this effect is the stronger, the stronger the trade
and market power frictions of this firm located in country i relative to the firms located

in other countries, including the home firm.

In case of quantity competition, denoted by C' for Cournot, each firm maximizes its
operating profit 7&(q;,q_;) = (pi(¢,q_i) — 7Tic)q; w.r.t. g;, and the first-order conditions
determine the Nash equilibrium in quantities:
dqi (qi ) q—i) = pi(Qi ) q—i) — TG + %(qz ) Q—z‘)Qi =0, (4)

where ¢ denotes the optimal supply of firm ¢ in country j, and ¢*, denotes the (n — 1)

Vi :

vector of the optimal supplies of all other firms. The inverse demand function for firm ¢
_1 o—1

is given by pi(¢i,q-i) = Eq; °/ Z?:1 q;° . Again, we can rewrite the first-order condition

in terms of mark-ups, denoted by p¢, and elasticities, denoted by €%, now as they follow

from the Nash equilibrium in quantities:

C
. * %k €
Viipilaat) = pimen s = (5)
c o
€. = pp
! (u?ncz-)l

14+ (oc—1)

o

S (uSmies)

Again, the market share of firm 4 is given by s{' = (uf'7i¢;)' =7/ 37" (4§ 7;¢;)'~7 such that

the Nash equilibrium in quantities converges to the monopolistic competition outcome

14In case of complete symmetry in terms of trade frictions and production costs, i.e., 7; = 7,¢; = ¢, Vi,
sP = 1/n, implying €? = o — (¢ — 1) /n, also because symmetry implies equal markups 2 = . This
is, however, an unrealistic case in this context as it requires that either all trade is frictionless or that
internal trade faces the same trade frictions as all external trade.



for s approaching zero, too. We show in Appendix that the sufficient conditions
are fulfilled for both the Bertrand equilibrium and the Cournot equilibrium and
that the industry equilibria exist and are unique. A crucial difference between Cournot
and Bertrand competition is that Bertrand competition converges to perfect competition
if ¢, = ¢ and i, = 7,Vi when o is increased while this is not the case for Cournot
competition. For ¢ — 0o, €# — oo and thus the markup p? becomes unity; as expected,
the classic Bertrand paradox also holds in our context that marginal cost pricing emerges
if firms compete by prices in a homogeneous goods market. This is not true for Cournot
as € — 1/s¢ for o — ool

The type of competition has an impact on the market performance. We find:

Lemma 1. (i) Prices are strategic complements in the sense of Bulow et al. (1985]) in case
of Bertrand competition. In case of Cournot competition, a firm i will increase (decrease)
its output in response to an increase in rival output if ¢\ V7 > (<) 2", ¢V (i)
For an identical market share, the markup is higher in case of Cournot competition than

in case of Bertrand competition.

Proof. For part (i), see Appendix . For part (ii), €¢ > €P for the same market share
s; implies (1 — s;)s;(0c — 1)? > 0 which is true. O

Note carefully that both prices and quantities are strategic neutrals in models of monop-
olistic competition due to its non-strategic nature, but they can be expected to respond
in any strategic environmentm Lemma |1f shows that firms are potentially more aggres-
sive when competing with prices than with outputs. The reason is that the elasticity of
substitution between goods is relatively large, and a price decrease by one firm is always
matched by a price decrease of other firms due to strategic complementarity, making
competition more aggressive. In case of Cournot competition, an output increase may

be moderated by output reductions of rival firms. However, a note of caution is in order

15Kreps and Scheinkman| (1983) have shown in a very influential paper that Cournot competition is
strategically equivalent to a game in which firms commit to capacities first and compete by prices in
the second stage in a homogeneous goods model. Our model features product differentiation such that
we do not claim that one model can be the outcome of the other when a capacity investment is added.

16We do not claim that firms in monopolistic competition models do not respond to price changes that
change the overall price index, but this response is similar to firms that respond to price changes
under perfect competition. [di Giovanni et al.| (2019) deal with the role of large firms in a monopolistic
competition models where these firms transmit shocks that influence the business cycle.



now. First, a firm may increase output in response to output increases if its initial output
is already large to begin with. Second, the second part of Lemma [1| applies to the case
for which market shares are the same across competition modes. Our empirical analysis
will show that changes to the markups do not necessarily follow the pattern of Lemma [T}

and one reason is that the market shares are different across competition modes to begin
with [7]

A common feature of both competition modes is that the pass-through of trade frictions
is not complete such that the markup decreases with the trade costs. In particular, we

can show:

Proposition 1. The markup of a firm decreases with its trade cost. Consequently, for both
a Nash equilibrium in prices (Bertrand) and a Nash equilibrium in quantities (Cournot),

any difference in a firm’s equilibrium prices will be smaller than the trade costs.

Proof. See Appendix [A.]] O

In terms of immunity against parallel trade, our analysis so far has assumed that firms
can set prices or quantities without any arbitrage restriction. Proposition[I] shows that the
segmented market outcome is also the integrated market outcome as the price differences

from one market to the other will always be smaller than the trade frictionﬁ

In models of monopolistic competition, the price charged for one destination is pro-
portionate to the price charged to other destinations, and the degree of proportionality
is determined by the trade friction only. Surprisingly, we can now show that this is also
true under imperfect competition when both the trade friction and the market power
distortion are taken into account, although we know from Proposition (1| that the degree
of proportionality must be smaller than the pure trade friction. For this purpose, let us
reintroduce the general setup and write the equilibrium prices given by eqs. and

as

17 Another reason will be that the multilateral resistance terms, to be developed in Section [3, and their
changes are different across competition modes.

18We consider integrated markets as being subject to the same frictions as in our model above, but
integrated market allow for the possibility of parallel trade such that firms cannot exclude the resale
of goods in one market that they delivered to another market. Any agent involved in this business,
however, would have to carry the same trade friction as the firms do. In case of imperfect competition,
an increase in trade frictions will be partially absorbed by firms.



pfjk = HijkTijkCi, (6)

where we have dropped the superscript B for Bertrand and C' for Cournot, as
eqs. and have the details how p;j; comes about in the two cases. It should have
become clear now that the markups under both Bertrand and Cournot are not constant
and depend on both the trade frictions and the market power frictions. Thus, our model

is able to explain why markups differ across destinations.ﬂ

Now consider an active firm ¢ that serves two different countries 57 and k. We find:

Proposition 2. For both a Nash equilibrium in prices (Bertrand) and a Nash equilibrium
in quantities (Cournot), equilibrium prices of firm i to serve country m # j can be written
as proportionate to equilibrium prices serving country j where the factor of proportionality

depends on markups and trade costs only.

Proof.
* * o HimkTimk
Piji = I'p; .., where I' = —,uz'jsz'jk .

]

This proportionality result is remarkable as it shows that the only requirement is to in-
clude the markup in addition to the trade friction when we extend the model to oligopolis-
tic competition. This result will prove to be very useful for developing the new gravity

equation.

Where will firms be active across countries? Our model can easily determine the exten-

sive margin of tradem This is important as not all countries are served by all countries

19De Loecker et al.| (2016) find that markups of Indian firms are heterogeneous, as well as their response to
trade liberalization. De Loecker and Eeckhout| (2018)) find that world-wide, average markups have gone
up, but they can only consider aggregate markups of firms but not across destinations. Both papers use a
cost minimization approach and detailed firm-level data to estimate production functions. This allows
them to infer production costs and ultimately markups without having to assume a specific market
conduct. While these features are attractive for ex post single country studies of past liberalization
episodes where these data are available, these approaches do not explicitly model consumer demand,
making ex ante counterfactual analyses impossible, a key advantage of our more structural approach.

20Melitz and Redding| (2015) show in a monopolistic competition model that endogenous entry implies
larger gains from trade liberalization and smaller losses from trade deliberalization when firms are
heterogeneous compared to homogeneous firms.
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in detailed product-level data (see Armenter and Koren, 2014)). Let F};, denote the fixed
cost of exporting to country j that a firm in industry k located in country ¢ has to bear
where Fjj, = 0, but Fj;; > 0 for ¢ # j: the national champion will always serve its own
market, but foreign firms have to be able to recover their fixed costs. As common in the
industrial organization literature, firms in each industry play a two-stage game: in the
first stage, they decide on the export decision, and if they enter, they invest Fj;;, and in
the second stage, they compete as described above either with prices or quantities. Thus,
a firm ¢ for which (p;jr — 1)76c; > (<) Fijk holds, will (will not) be active in country j,

and the set of active firms is given by

Ny = {ili € N,1 <4 <nand (g — 1)7i0 > Fijr} (7)

Armed with these prerequisites, the next section will develop the new gravity equation.

3 The new gravity equation and the gains from trade

We consider a firm in industry k that is located in country i and serves country j. From

eq. @, we can compute the sales, denoted by 7, as
* Iy
DPiji E; -0 l1-0
T = Dinie = (—) Eje = o tie "¢ (8)
1) 1Ry Pj f)]k o 7

if x;‘jk > 0, that is, if firm ¢ of industry £ is actively serving country j. tijx = fijrTijk
measures both the distortions that originate from market power and from trade frictions,

and

1—
P = Z p;'kjk 7 (9)
iENjk
is the price index in the target market j. Aggregate sales of country ¢ in industry k£ are

*

equal to the sum of all trade, including to itself, i.e., Y;;, = 2?21 ;.- Let Ly, denote an

indicator variable for which I;;, = 1 if ¢ € Nj;, and [;;, = 0 otherwise. Hence we can write

n n n
v — oo N~NManEik o a-e N LBk, 10 (10)
ik — xz‘jk - Plig Dijk = Plid ijk .
j=1 j=1 "~ Jk j=1 < jk

11



Solving eq. for ¢; 7 = Y;,Q% " and plugging ¢; 7 into eq. (§), we can now write trade

flows from country 7 to j in industry k as

Y E; ti; =7y, E; B N
Tk = —w (Q ]]]; ) = = (M]M]k> , with (11)
Y, ik Pjk Y, Qi P,
_ = Ep (tin\'° - Y [ tijk e
Qi = Ii'k_]( ]) and  Pj "7 = ;
k ; J YkW Pjj, Ik zeZN;k YkW Qi
(12)

where Q) is the outward multilateral resistance term and YkW are world sales of industry
k. As in other gravity models, the outward multilateral resistance term measures the
exposure of the firm in country ¢ in industry k& to frictions. In our context producers do
not only face trade frictions, but also market power frictions from rival firms. Pj; can be
interpreted as the inward multilateral resistance term which measures the impact of all
frictions for consumers in country j, but again these frictions now include both trade and
market power frictions. Equation ({11]) is the gravity equation under imperfect competition.
It has a striking resemblance with the standard gravity equation from Anderson and van
Wincoop (2003), however, with a key difference. Bilateral trade flows now not only depend
on bilateral trade costs 7;j as in standard gravity models but also on markups charged by
firms via the term /Lijkﬂ From the perspective of our model, commonly estimated gravity
equations do not specify the trade cost function 7;; but specify the combined effect of
markups and trade costs ¢;;. Alternatively, standard gravity equations do not control for
the bilateral varying markup, and hence the markup term j;; ends up in the error term of
the regression. As markups depend on the level of trade costs (see Proposition , there
exists a correlation between the error term and the regressors used to specify the trade
cost equation, and hence estimated trade cost parameters will be biased. In this sense, this
bias is similar to the bias introduced when omitting the multilateral resistance terms in
standard gravity regressions: without properly controlling for the multilateral resistance
terms, trade cost estimates are biased as they depend on the level of trade costs. We
will demonstrate the empirical relevance of this omitted variable bias in our empirical

application in Section

21'We develop an alternative representation of the gravity equation in which we aggregate sales across
industries in Appendix @

12



How does our model compare to standard quantitative models of trade for which |Arko-
lakis et al.| (2012) have shown that the gains from trade depend only on the change in the
share of a country’s expenditures of its own goods and the trade elasticity? In standard
quantitative models of trade, the trade elasticity is regarded as an important measure to
determine the welfare gains from trade (see, in particular, |Arkolakis et al., [2012)). In our
model, the trade elasticity does not play this important role. Proposition (1| has shown
that dp;i/dr;j, < 0, and thus, from the gravity equation , the trade elasticity at the

firm level is given by

G = (1—0) (1 + —d“”j’“/““k) , (13)

dr, z’jk/ Tijk
which is smaller in absolute terms than the monopolistic competition elasticity 1 —o since
dpuii/dTije < 0. But this lower elasticity should not be taken to indicate that the welfare
effects are smaller. The elasticity only shows how a single firm responds to a change of its
market access conditions to a foreign country. What is more important is how the rival
firms respond to this change@ Nevertheless, we can generalize the welfare result derived
by |Arkolakis et al.| (2012) to oligopoly. Let /):ijk denote the change in the share of country

J’s expenditure on goods from industry k£ from country <. We find:

Proposition 3. Assume that each country uses only labor as factor of production and
the endowment of labor is equal to L; for country j. Let H;U (H;l) denote the aggregate
profit of all firms located in country j before (after) trade liberalization. The gains from
trade under oligopoly are given by

oy <Gk

W, =7, 1AL

k

where dIn Ajj;, = dln A jj, + (0 — 1)dIn pj and ?j = (L; + Hjl) / (L; + Hjo).
Proof. See Appendix [A.4] O

Proposition (3| shows that the welfare change can be measured by the change in GDP,
}?j, by the changes in expenditure shares for domestically produced goods, dIn Aj;, by

22Edmond et al. (2015) model imperfect competition on the market for intermediate inputs while the
final goods market is perfectly competitive, and they also find that the trade elasticity is smaller with
variable markups.
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the change in domestic markups, dIn ;5 and by the elasticity 1/(1 — o), weighted by the
respective expenditure sharesﬁ The welfare change would be observationally the same as
in Arkolakis et al.| (2012) if dIn p;;; were equal to zero and real income did not change,
ie., )7} = 1, as the markup does not change in monopolistic competition models using
CES preferences and profit is either zero with free entry or a constant share of revenues
otherwise. However, in our model competition and strategic interaction are driving forces:
first, a reduction in the expenditure share for the domestically produced good is due to
a more aggressive pricing or output behavior of foreign firms, and second, competition
changes the domestic markup. The last effect has more weight for welfare than the relative
change in expenditure shares for domestically produced goods if 0 > 2. Furthermore, real
income changes due to changes in domestic profits can either amplify or reduce the welfare
gains, depending on whether domestic profits increase or decrease.@ Note carefully that a
reduction in trade costs does not necessarily imply lower profits: while import competition
will reduce domestic profits, easier access to foreign market will increase it, so it is not
clear whether }7} is larger or smaller than unity Thus, Proposition |3| identifies another

general equilibrium channel through which gains from trade may come about.

We can easily illustrate the difference in outcomes between monopolistic competition
and oligopoly in a simple Krugman model in which two symmetric countries, each hosting
a single firm, will reduce bilateral trade costs. All industries are also completely symmetric
and their marginal production costs are normalized to unity which allows us to consider
the whole economy as consisting of one industry only as all trade liberalization effects will
be symmetric across industries and countries. Both firms will be active in both countries,
and the exercise we do is to reduce the bilateral and symmetric trade friction for each
exporter. We confine the analysis to price effects (and thus set }?J = 1) as to focus on the
impact of oligopoly behavior on consumer prices. The simulations show the gains from

trade from reducing 7;; = 7;; to unity, i.e., free trade, for different levels of trade frictions

23Gince the share of a country’s expenditure on its own goods is equal to the market share of the national
champion in equilibrium, we show in Appendix [A-5] how one can also use the market share change to
compute the marginal welfare effects.

24In this sense, Proposition [3| seems to be similar to the results of |Arkolakis et al. (2019) who take into
account incomplete pass-throughs and changes in the price indexes when preferences are not CES. The
crucial difference is, however, that Proposition [3|deals with competition in an oligopoly framework that
can include markup and profit changes as a result of strategic interactions.

25Gee, for example, Long et al. (2011) for a simple oligopoly model in which the size of these two effects
is shown to depend on the initial trade costs.
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to begin with.

Bertrand

141 Cournot

Monopolistic competition

Figure 1: Welfare changes from trade liberalization in the Krugman model for ¢ = 3

Figures and (3| show the gains from trade liberalization measured by V as the
ratio of welfare after to the welfare before trade liberalization on the vertical axis, and
welfare is measured by the inverse of the price index in a country. 7 on the horizontal
axis gives the initial level of trade costs from which these trade costs are reduced to unity,
so V =1 for 7 = 1. Figure [I] assumes o = 3, while Figures [2] and [3] assume o = 5 and
o = 7, respectively. Each figure shows three different modes of competition: monopolistic
competition, price competition (Bertrand) and quantity competition (Cournot). In case
of monopolistic competition, the price setting behavior follows a simple markup behavior

of size 0 /(1 — o) while price competition and quantity competition price setting behavior

is given by the Nash equilibria and , respectively@

All figures show that the gains from trade are much larger if the price setting behavior
is modeled in an oligopolistic fashion and trade frictions are not too small to begin with.
Figure (1| shows that the gains from trade under duopoly behavior are not too different
for a relatively low elasticity of substitution. While a low elasticity of substitution may
be regarded as a case where the monopolistic competition markup is a not too bad ap-
proximation for firm behavior, Figure |1 also shows that the difference in the gains from
trade can mount up to 20 percent. For larger elasticities of substitution, these differences

become more pronounced. Both Figure [2|and Figure |3| show that the gains from trade are

26The corresponding Mathematica file that produced these simulations is available upon request.
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Bertrand

Cournot

Monopolistic competition

Figure 2: Welfare changes from trade liberalization in the Krugman model for 0 =5

larger under Bertrand than under Cournot since the reduction in trade frictions implies a
reduction in the export price and a reduction in the home price in case of price competi-
tion. But the difference between Bertrand and Cournot is not as striking as the difference
between these two and the prediction from monopolistic competition. More importantly,
both figures show that the difference in welfare gains between duopoly and monopolistic

competition can now mount up to 40 percent.

Bertrand

Cournot

Monopolistic competition

Figure 3: Welfare changes from trade liberalization in the Krugman model for o =7

Note carefully that Figures and [3] have illustrated the welfare gains from trade

liberalization. It should be clear that the three different competition modes will imply
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different levels of welfare to begin with. Furthermore, it may be held against this exercise
that we assume a duopoly, and the differences between the three competition modes
should become smaller with an increase in the number of firms. We therefore explore the
welfare effects of trade (de-)liberalization by estimating our model for a large number of
asymmetric competitors in the next section where we show that the differences are still

substantial.

4 Estimating the welfare and competition effects of
the European Single Market

The last sections have shown how oligopolistic competition can be integrated into a struc-
tural gravity model, how trade and market power frictions can be disentangled in a theory-
consistent way, and how the gains from trade can be computed. So why is the introduction
of oligopoly important? First, market integration is not only about the reduction in trade
frictions, but also about the increase in competition across countries. For example, the
formation of the European Single Market had the main purpose to enhance competition
within Europe by reducing non-tariff trade barriers, as tariffs had already been abolished
before. Second, we will show in this section that quantitative trade models that do not
take into account imperfect competition may lead to a substantial underestimation of
the gains from trade liberalization. Thus, we show that including market power and in

particular the change in market power leads to substantially larger welfare effects.

In this section, we offer some quantitative guidance on these effects. We do so by il-
lustrating how to estimate a quantitative trade model that includes oligopoly, and we
compare our results to those of a conventional structural gravity approach. As we want to
focus squarely on the competition effects of trade liberalization, we do a conditional gen-
eral equilibrium analysis in the language of structural gravity modeling (or what Head and
Mayer, [2014, call the modular trade impact): we take into account the direct effects of fric-
tions (which on its own would be a partial equilibrium analysis only) and the third-country
effects as they arise from a change in the multilateral resistance terms. We keep aggregate
income and wages fixed, i.e., we neither have to take a stance on the operation of the

labor market nor on ultimate international firm ownership structures to calculate changes
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in aggregate profits "l We will compare the results of Bertrand and Cournot oligopoly
behavior with the standard monopolistic competition result in order to demonstrate the
difference in welfare implications. As we have emphasized the role of competition as a
motivation for the creation of the European Single Market, our counterfactual exercise is

to shut down the European Single Market.

In particular, in order to confront the three competition modes with the data, we
estimate our model using trade data from the World Input-Output Database (WIOD) ¥
A key advantage of WIOD is that it contains the necessary domestic trade data which
allows us to calculate domestic market shares and markups. The use of domestic trade
data has become standard in the structural gravity literature, see Heid et al. (2017). We
use aggregate trade data between the 43 countries included in WIOD for the years 2000 to
2014. When doing so, we assume that many symmetric industries exist, that is, o = 1, Vk,
such that the aggregate data are representative for each industry; the same assumption is
implicitly made by perfect and monopolistic competition models using aggregate data. The
innovation is that we now allow for market power such that each country hosts a national
champion, making it 43 competitors for Bertrand and Cournot competition. Thus, we
assume that N, = {1,...,n},Vj, k, which seems a too large number of competitors, but
will guarantee that the competition effects of trade (de-)liberalization are a conservative
estimate. In particular, we estimate eq. by specifying the combined trade and market

power frictions as

ti” = 15 T T = i exp(B1EUsj + B2 RT Agje + &ij) = pije exp(x;,8), (14)
where we have introduced a time index as subscript ¢. Hence we estimate
Xijt = M%ﬁa exp(nit + vjs + B1EUije + BoRT Aije + &ij + wije), (15)

where 7;; and v;; are exporterxyear and importer xyear fixed effects to control for the

multilateral resistance terms in eq. and &;; is a directional bilateral fixed effect to

2"Note that the difference between the modular trade impact we use and the full general equilibrium
trade impact which endogenizes wages is typically negligible, see discussion on p. 170 in [Head and
Mayer| (2014)). Still, in Appendix we show how our model can be extended by including a labor
market clearing condition to do a full general equilibrium analysis if one is willing to take a stance on
factor mobility across sectors.

Z8For a detailed description of the data, see Timmer et al.| (2015).
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control for the endogeneity of trade policy as suggested by Baier and Bergstrand| (2007)).
Furthermore, EU;j;; is a dummy which is one for all international trade flows between
member countries of the European single market (EU and EEA), and RT'A;;; is a dummy
which is one for all international trade flows where the country pair is part of a regional
trade agreement (including the EU, i.e., the effect of the EU common market is £ + 52).
For EU;j; and RT A;;;, we use Mario Larch’s RTA data set, see |Egger and Larch (2008).@
In the following, we may sometimes refer to the EU as a short hand for the trade effect
of the European Single Market where it is understood that the European Single Market
also comprises the European Economic Area (EEA) countries. In our main results, we
have opted to not include Switzerland in the European Single Market as it does not fully
implement its four freedoms of the European Single Market and has access to the EU
market only via a bilateral trade agreement with the EU.@ For similar reasons, we ignore
the customs union between the EU and Turkey. We present results which include both
Switzerland and Turkey in the definition of EUj;j;; in Appendix We estimate eq.
using PPML following the suggestion by [Santos Silva and Tenreyro| (2006) using the
ppmlhdfe Stata package by |Correia et al.| (2019) and use u};’ as an exposure variable.

The question remains how to measure M}J;”. For a given value of o, the market share

of each active firm is given by

l-0 1—0
6 = Xijk B tiik Ci
ik = o N
ZLeNjk Xijk ZLeNjk ik Co

From the first-order conditions, we know that j;;, = €;1/[€ijx — 1] where

<1. (16)

PThe dataset can be downloaded at https://www.ewf.uni-bayreuth.de/en/research/RTA-data/
index.html. We use the version from 07 November 2018. Note that we set EU;;; = 0 for domestic
trade flows of EU member countries, to be consistent with RT'A;;; which also is equal to 0 for domes-
tic trade flows. This implies that EU;;; and RT'A;;; identify the international trade effects of these
agreements, relative to domestic trade. Being real models, gravity models only allow to identify the
trade cost reducing effect of policies by comparing international to domestic trade. For a more detailed
discussion of gravity regressions with domestic trade flows, see |[Heid et al.| (2017).

30See background on this on https://www.europarl.europa.eu/factsheets/en/sheet/169/
the-european-economic-area-eea-switzerland-and-the-north.

31This can be easily done with ppmlhdfe by using its exposure option. When estimating a log-linearized
eq. by OLS, one can simply use the transformed dependent variable In X ;¢ —In uzl];” to implement
our estimation approach. For the OLS regressions, we use the reghdfe Stata package by [Correial (2017)).
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o — (0 —1)s;, for Bertrand,
Cijk = { m for Cournot (17)
due to egs. and which lead to
B
5 o — (0 —1)si% c o
lui'k: = and lulk = ) (18>
J (e —1) (1 — sgk) J (c—1) (1 — sgk)

where the superscript B and C' denotes the mode of competition. Equation shows
that the monopolistic competition markup o/(c — 1) is smaller by factor 1 — s, than
the Cournot markup. In general, both markups are larger than o/(c — 1), and thus we
already know that the trade frictions will be smaller for any observed ¢;;, compared to
monopolistic competition. Importantly, eq. allows us to calculate markups directly
from the observed market shares in the trade data and hence we can estimate the adjusted
gravity equation ﬁ Also note that the markup p;; does not vary across destinations
or origins and hence is captured by the fixed effects in standard gravity models. Hence
our estimation procedure nests the standard gravity model in a monopolistic competition

l1—0o we

framework for which p;;; = , Vi, j, t, and is strictly more general. To calculate p,;,7,

use 0 = 5.03, the preferred estimate of the literature survey in |[Head and Mayer| (2014).
We present regression results in Table |1l Columns (1) to (3) show results for a log-

linearized gravity equation regression using OLS for comparison reasons, whereas the
remaining columns use PPML. Column (1) is the standard log-linearized gravity which
assumes monopolistic competition (MC), i.e., constant markups. According to this spec-
ification, RTAs increase trade by approximately 13 percentﬁ The EU’s trade creating
effect in addition to the 13 percent of a standard RTA is 21 percent. In column (2), we
use our adjusted gravity estimation and use the Bertrand markups. Results are similar to
column (2) albeit we estimate slightly larger EU and RTA effects. In column (3), results
increase further for both regressors. Remember that log-linearized gravities suffer from

inconsistent estimates due to the heteroskedasticity of the trade data. We therefore prefer

32Note that our model can also accommodate multi-product firms and cannibalization effects which are
found important in the industrial organization literature; see [Head and Mayer| (2019)) and the cited
literature. In Appendix we generalize the elasticity eq. such that our model could easily be
applied to multi-product firms if firm-product market share data, including domestic market shares,
were available for a large set of countries. For a general modeling of multi-product firms using an
aggregative games approach, see [Nocke and Schutz| (2018)).

33In the following, we calculate marginal effects of dummy variables as exp(8x — 1) x 100.
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the PPML estimates in the remaining columns. Column (4) is again the benchmark grav-
ity estimation which is the current best practice specification used in the literature. Now
we find that typical RTAs increase trade on average by 15 percent. The EU now increases
trade by 53 percent more than the typical RTA. In column (5), using our adjusted gravity
estimation under Bertrand competition, we find an even larger trade-creating effect of
the EU of 92 percent. Similarly, the effect of the typical RTA increases to 42 percent.
Under Cournot competition, the estimated coefficients become even larger, with the EU
increasing trade 183 percent more than the typical trade agreement with an effect of 67
percent. These increasing effects are due to the fact that markups under Cournot compe-
tition are higher ceteris paribus than under Bertrand competition (with markups being
lowest under monopolistic competition). Controlling for the effect of ,u}j_" becomes the
more important the larger the markup: we estimate an RTA trade effect which is roughly
three times larger than RTA effects estimated with conventional methods under Bertrand
competition, and even larger under Cournot competition. In columns (7) to (9), we re-
peat the estimations from columns (5) to (7) but now also control for time-varying border
effects, INTER;;;, as suggested by Bergstrand et al.| (2015) and Baier et al. (2019)) to
control for time trends in globalization-induced general reductions of international trade
costs. Controlling for these general trends reduces the estimated trade effects of both the
EU and trade agreements considerably. Using our new method, we still find sizeable trade
effects of RTAs (422 percent in column (8) and 426 percent in column (9)), and the EU
increases trade 50 percent more than the typical RTA under Bertrand competition (489

percent under Cournot competition).

We now use the estimated trade cost coefficients from columns (7) to (9) of Table
to calculate trade costs for the year 2014, the most recent year in our data set, and
simulate our model. We follow the literature and set 7;; = 1, Vi, such that domestic trade
is frictionless. We proxy unit costs ¢; by GDP per worker using GDPs in current U.S.-$
(PPP) from the Penn World Tables 9.0, see Feenstra et al.|(2015)), as provided in |Gurevich
and Herman | (2018). Labor force data are from the World Bank’s World Development
Indicators (accessed 20 December 2019) ]

As our counterfactual, we abolish the European Single Market. In terms of our trade

cost specification, this means that we switch off the EU,;; dummy as well as the according

34For Taiwan, we use labor force data from National Statistics of the Republic of China (Taiwan),
https://eng.stat.gov.tw/ct.asp?xItem=12683&ctNode=1609&mp=>5 (accessed 20 December 2019).
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values of the RT'A;;; dummy for the member countries of the European Single Market. We
then calculate the endogenous, model-consistent markups implied by the fitted trade costs
for the corresponding competition mode. This allows us to construct model-consistent t;;
for both the baseline and counterfactual scenario. Armed with these, we can solve the
system of inward and outward multilateral resistance terms from eq. for the baseline
and counterfactual scenario, and calculate welfare and markup changes. We do these
simulations for both Bertrand and Cournot competition as well as the benchmark of

monopolistic competition ]

We present results in Table Y] The first three columns of the table show the change
in welfare from abolishing the European Single Market for monopolistic, Bertrand and
Cournot competition, whereas the last two columns show the percentage change in the
markup charged by domestic firms in their respective home country for Bertrand and
Cournot competition. Under monopolistic competition, markups are unaffected by any
change in trade costs. The monopolistic competition column shows the welfare effects of
a conventional structural gravity model. As expected, members of the European Single
Market see a reduction in their welfare when it is abolished, whereas most non-members
gainﬂ This result is true for the benchmark monopolistic competition model as well as
for our new gravity model using Bertrand or Cournot competition. Importantly, welfare
effects are about 50 to 100 percent larger in absolute terms than in the benchmark model.
This implies that standard welfare quantifications significantly underestimate the gains

from trade liberalization episodes.

Generally, welfare effects are larger for Cournot competition than for Bertrand compe-
tition. However, this ranking is not true in all cases: for large economies of the European

Single Market like France, Germany and Italy, welfare losses under Cournot competition

35We describe our solution procedure in detail in Appendix

36 As we allow for asymmetric trade costs and unbalanced trade, we have to normalize the multilateral
resistance terms, see |Anderson and Yotov| (2010). We follow the suggestion by [Yotov et al.| (2016), p.
72 and normalize by the value of the inward multilateral resistance term P; for a country which should
hardly be affected by our counterfactual exercise. We choose South Korea for our normalization.

3TAn exception is China that loses from removing the European Single Market. The reason is that
China is already a large exporter to Europe. Removing the Single Market leads to trade diversion
on aggregate, implying less exports from European countries and more exports from non-European
countries to any European country. However, since aggregate imports will decline, imports from large
importers may decline since an already large import level can be substituted out easier at the margin,
overcompensating the trade diversion effect. Furthermore, China does not have an RTA with Europe
but other non-member countries do.
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Table 2: Welfare

and markup changes of removing the European Single Market (in %)

Country NAW,; FoAL;
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.6 1.1 0.0 0.0
Austria -5.3 -7.7 -10.3 0.3 3.8
Belgium -4.4 -7.3 -10.1 0.2 1.9
Bulgaria -4.0 -7.0 -9.0 6.6 13.5
Brazil 0.0 0.4 2.8 0.0 0.0
Canada 0.2 0.9 2.7 -0.0 0.0
Switzerland 1.3 2.3 3.6 0.0 0.0
China -0.2 -0.5 -0.9 -0.0 -0.0
Cyprus -5.0 -8.4 -9.2 4.7 9.5
Czech Republic -4.4 -6.9 -8.9 14 7.1
Germany -1.3 -1.1 -0.2 0.2 2.7
Denmark -4.4 -7.1 -10.0 0.5 4.4
Spain -1.9 -2.4 -4.5 2.3 10.6
Estonia -4.6 -7.4 -10.0 0.9 5.4
Finland -3.2 -4.5 -5.3 0.8 7.3
France -2.9 -3.3 -3.1 0.5 4.2
United Kingdom -2.0 -2.5 -3.2 0.5 4.1
Greece -2.7 -4.3 -6.8 2.1 9.7
Croatia -4.7 -7.3 -8.5 2.9 8.5
Hungary -4.4 -6.6 -8.4 1.3 5.9
Indonesia -0.1 0.0 0.1 -0.0 0.0
India -0.1 0.1 1.1 -0.0 0.0
Ireland -34 -4.3 -6.2 0.2 1.7
Italy -1.6 -0.8 -0.1 0.8 8.0
Japan -0.0 0.0 0.2 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 -0.0
Lithuania -3.8 -6.4 -8.8 0.9 5.3
Luxembourg -5.3 -8.5 -11.0 0.2 14
Latvia -3.9 -6.4 -8.7 1.2 5.6
Mexico 0.1 0.8 24 0.0 0.0
Malta -5.4 -8.5 -94 2.9 8.4
Netherlands -3.6 -5.2 -7.2 0.1 1.0
Norway -4.1 -5.5 -4.4 0.2 3.2
Poland -2.9 -4.5 -6.3 2.8 10.8
Portugal -4.2 -6.9 -8.6 5.1 12.5
Romania -2.8 -4.5 -6.6 4.5 124
Russia 0.2 0.6 3.3 0.0 0.0
Slovakia -3.2 -5.0 -6.3 1.4 5.9
Slovenia -5.3 -6.8 -7.7 1.1 6.3
Sweden -4.2 -6.3 -7.9 0.5 5.1
Turkey 0.3 0.7 3.0 0.0 0.0
Taiwan 0.1 0.2 0.6 0.0 0.0
United States 0.1 0.6 24 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost param-
eters used are from Table [1f Monopolistic competition uses parameters from column (7), Bertrand competition from

column (8), and Cournot from column (9).

24



Table 3: Average changes of markups (in %)

Bertrand Cournot

all countries

average across all markets 0.01 0.03
average across all export markets -0.01 -0.07
average across all domestic markets 1.10 4.33

EU members

average across all EU domestic markets 1.62 6.42
average across all EU export markets -0.03 -0.17
average across all non-EU export markets -0.00 0.00

non-EU members

average across all non-EU domestic markets 0.00 0.00
average across all EU export markets 0.01 0.02
average across all non-EU export markets 0.00 -0.00

Notes: Table reports average changes in markups of removing the European Single Market in percent. Estimated trade
cost parameters used are from Table |1} Bertrand competition from column (8), and Cournot from column (9).

are smaller than under Bertrand competition.@ What is the reason for this pattern? First,
price competition implies that the removal of the European Single Market will increase
prices of foreign importers and the price of the national champion. With Cournot compe-
tition, the response of the national champion to the decline in foreign supply depends on
its initial market share. As Lemma [I| has shown, a large output to begin with may lead
to a decline in domestic output, aggravating the welfare loss from reduced foreign supply.
If the domestic market share is not too large to begin with, an increase in domestic out-
put will moderate the aggregate foreign supply reduction. Furthermore, the market share
distribution under Cournot is not the same than under Bertrand to begin with. While
Lemma [1] gives us some guidance on the effects under different competition modes, our
results demonstrate that the degree of heterogeneity across competition modes depends
on the empirical application, particularly on trade costs and market shares across all
markets. They also demonstrate that is is essential to model imperfect competition in a

consistent structural general equilibrium model while allowing for third country effects.

We also see this heterogeneity in the markup changes. Abolishing the European Sin-

38 Also Norway loses less under Cournot than under Bertrand competition.
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Table 4: Welfare and markup changes of removing the European Single Market (in %)
using the same monopolistic competition trade costs

Country HAW; T A,
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.2 0.2 0.0 -0.0
Austria -5.3 -5.3 -5.2 0.2 0.9
Belgium -4.4 -4.1 -4.1 0.1 0.4
Bulgaria -4.0 -4.4 -4.3 3.5 4.6
Brazil 0.0 0.0 0.1 0.0 -0.0
Canada 0.2 0.1 0.1 0.0 0.0
Switzerland 1.3 1.2 1.0 0.0 0.0
China -0.2 -0.1 -0.1 0.0 -0.0
Cyprus -5.0 -4.8 -4.5 2.6 4.0
Czech Republic -4.4 -4.4 -4.4 0.7 2.3
Germany -1.3 -1.5 -1.8 0.1 0.3
Denmark -4.4 -4.4 -4.4 0.2 1.0
Spain -1.9 -2.0 -2.7 0.6 1.9
Estonia -4.6 -4.4 -4.1 0.5 1.9
Finland -3.2 -3.3 -3.6 0.4 1.6
France -2.9 -2.9 -3.2 0.2 0.8
United Kingdom -2.0 -2.1 -2.5 0.2 0.8
Greece -2.7 -2.8 -3.3 0.9 2.5
Croatia -4.7 -4.8 -4.8 1.7 3.3
Hungary -4.4 -4.2 -4.1 0.8 2.3
Indonesia -0.1 -0.0 -0.0 0.0 0.0
India -0.1 0.1 0.1 0.0 0.0
Ireland -3.4 -3.3 -3.5 0.1 0.5
Italy -1.6 -1.8 -2.3 0.2 0.9
Japan -0.0 -0.1 -0.1 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -3.8 -3.7 -3.7 0.5 1.9
Luxembourg -5.3 -5.3 -5.2 0.1 0.4
Latvia -3.9 -3.9 -3.9 0.7 2.3
Mexico 0.1 0.1 0.0 -0.0 0.0
Malta -5.4 -5.0 -4.9 1.2 3.0
Netherlands -3.6 -3.4 -3.5 0.0 0.3
Norway -4.1 -4.0 -3.9 0.1 0.3
Poland -2.9 -3.2 -3.8 1.3 3.1
Portugal -4.2 -4.6 -4.9 1.9 3.4
Romania -2.8 -3.5 -4.1 2.4 4.2
Russia 0.2 0.2 0.2 0.0 0.0
Slovakia -3.2 -3.4 -3.7 0.9 2.4
Slovenia -5.3 -5.1 -5.0 0.6 2.1
Sweden -4.2 -4.2 -4.3 0.2 1.1
Turkey 0.3 0.2 0.2 -0.0 -0.0
Taiwan 0.1 0.0 0.0 0.0 0.0
United States 0.1 0.0 -0.1 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table [1} column (7), i.e., we use the same trade costs consistent with conventional structural
gravity models for all competition modes. 26



gle Market shields domestic firms from foreign competition and hence allows them to
increase their domestic markups. This effect is more pronounced under Cournot competi-
tion. Markup changes can be substantial: without the European Single Market, domestic
markups in Bulgaria would be 13.5 percent larger. Similarly, other countries at the pe-
riphery of the European Single Market like Spain, Poland, Portugal and Romania all see
their domestic markups increase by more than 10 percent. Hence our model confirms one
of the central motivations behind the creation of the European Single Market: to increase
competition in EU member countries’ domestic markets. From this perspective, particu-
larly peripheral EU countries benefit from the competition effects of the European Single
Market, in line with earlier results by Badinger (2007). Conventional structural gravity

models must remain silent on this.

The reduction in trade costs between EU members increases welfare in non-member
states, but their domestic markups practically do not change. Table [2| does not show
markup changes in the export markets of firms. We provide summary statistics of the
markup changes across different markets in Table [3] The first three rows show the aver-
age change in markups across all markets, for both EU members and non-members, where
the average is the simple average across all countries. On average, markups in the world
hardly change (0.01 percent under Bertrand and 0.03 percent under Cournot). Markups
fall slightly across export markets, but the majority of the markup changes happen in
domestic markets. The next three rows of Table |3| show the markup changes for EU mem-
ber countries. On average, the domestic markup of EU member country firms increases
between 1.62 and 6.42 percent, depending on the competition mode. Even within the EU,
markups in their export markets only fall by 0.03 to 0.17 percent after the increase of
trade costs among themselves. Markups EU member firms’ charge in non-member coun-
tries remain effectively constant. The last three rows of the table show the average markup
changes of non-EU members. Non-EU members slightly increase their markups within EU
member states but their other markups remain essentially constant. This implies that the
welfare gains for non-EU members of abolishing the European Single Market stem over-
whelmingly from the trade diversion caused by the exogenous change in trade costs, not
from endogenous markup changes. For EU member states, the welfare changes are the

combined effect of exogenous trade cost changes and endogenous markup changes.

Table [2] illustrates that the welfare effects of trade (de-)liberalization episodes are quite

different from those of conventional monopolistic competition models. The difference in
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Figure 4: Comparison of estimated trade costs across different modes of competition

welfare results stems from two sources: (1) the different competition modes imply different
price and output responses, and (2) the different competition modes imply different trade
cost parameter estimates@ Therefore, a natural question is how would welfare effects
differ across the different competition modes if the underlying trade cost parameters were
the same. We therefore redo the simulations underlying Table [2| but use the same trade
cost parameters for all three competition modes. We use the trade cost parameters from
the conventional gravity estimation, i.e., for monopolistic competition. We present results
of these counterfactuals in Tabled] which is organized in the same way as Table[2] and the
results are the same in the monopolistic competition column. Welfare changes across the
different competition modes are now more similar. Still sizeable differences remain, with

many EU member countries suffering from a 10 to 20 percent larger welfare loss when

39This is reminiscent of the discussion in |Sim0novska and Waugh| d2014|) who stress that different trade
models imply different parameter estimates, particularly trade elasticities, and hence different welfare
effects.
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abolishing the European Single Market. What becomes clear when comparing Tables
and [4]is that differences in welfare effects stem mostly from differences in the estimated
trade costs. Figure [4| shows the different estimated trade costs for all country pairs for the
three different competition modes: estimated trade costs under Bertrand competition
are larger than under monopolistic competition, and trade costs implied by Cournot
competition are even larger. Also the spread in trade costs increases, from monopolistic to
Bertrand to Cournot competition. The intuition for this lies in the negative relationship
between markups and trade costs: under monopolistic competition, the whole variance in
trade flows has to come from trade costs (conditional on importer- and exporter-specific
determinants), whereas under Bertrand and Cournot competition, trade costs can vary
more as markups can adjust accordingly. As markups react more under Cournot than
under Bertrand competition, the variance of trade costs is also larger under Cournot than
under Bertrand. This highlights the importance of using estimated trade costs which
are consistent with the underlying model when conducting counterfactual simulations.
Our results stress the importance of taking into account the endogenous adjustments of

markups when evaluating episodes of trade (de-)liberalization.

5 Concluding remarks

This paper has shown that the structural gravity model can be extended to include
oligopolistic competition. Oligopolistic competition adds a market power distortion, but
we could show that it is possible to empirically disentangle trade and market power fric-
tions. Thus, the structural gravity model is much more universal and not restricted to
models of perfect or monopolistic competition. This is an important development as a lot
of markets are dominated by large firms, and thus an empirical analysis should also allow
for strategic interactions and market power. We have demonstrated this extension by in-
cluding standard price and quantity competition modes as an alternative to monopolistic
competition. This has the advantage that the estimation strategy can use market shares
as they determine markups. In general, however, more complex modes of competition, for
example competition among multi-product firms, could also be accommodated if accord-
ing data were available. Additionally, we have shown that our new gravity model can also
include endogenous market entry and firm heterogeneity such that all exercises done so

far in standard models can also be done using the new gravity approach we suggest.
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Furthermore, this paper has addressed the concern that recent quantitative models do
not take these market power effects into account and may thus not exactly model the
purpose of market integration policies (or the opposite of it, protection). An example is
the formation of the European Single Market which had the explicit purpose of intensi-
fying competition by lowering non-tariff trade barriers. We have shown that monopolistic
competition models are likely to underestimate the gains from trade liberalization. The
reason is that these models employs orthogonal reaction functions and are thus limited
in estimating pro-competitive effects. We demonstrate a simple empirical strategy to take
into account these effects at both the estimation and counterfactual simulation stage, and
we show by the example of the Single European Market that the welfare outcomes be-
tween standard monopolistic competition models and oligopoly models are substantially

different. We thus find that the potential gains from trade are much larger than suggested.

We could also outline that welfare effects may also come about through changes in
profits across countries. While standard models cannot accommodate these changes, since
profits are either zero due to perfect competition or free entry or are a fraction of rev-
enues, our model could show how these changes may affect a country’s welfare. This is
an important innovation in times in which large firms are dominant players in a lot of
industries so that these effects should not be neglected. Thus, we hope that our framework
will enable future research to take into account strategic firm responses when estimating

and quantifying trade policy effects.

Appendix

A.1 Sufficient conditions, comparative static results, existence
and uniqueness of the industry equilibrium

In what follows, we will employ the concept of aggregative games. Aggregative games
are characterized by the property that the profit of each firm can be expressed such
that it depends on the firm’s own action and an aggregate of all firms’ actions only["

We follow |Anderson et al.| (2019) to prove sufficiency, existence and uniqueness of the

40The concept of aggregative games was first developed by |Cornes and Hartley| (2007) for public goods
games and has been generalized and extended to other applications, see for example |Acemoglu and
Jensen| (2013)), |Anderson et al. (2019)), |Cérchon| (1994) and Martimort and Stole] (2012). Nocke and
Schutz| (2018) develop an aggregative games approach for multi-product firms.
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industry equilibrium and to demonstrate that the pass-through is incomplete, that is, that
the markup decreases with the trade friction. We will proceed by showing that all four
assumptions required by |Anderson et al.| (2019)) are fulfilled for our industry equilibrium.
We denote by a; firm i’s action, by A_; the aggregate of all other firms’ actions and by
A the aggregate of all firms’ actions for the Bertrand game, so the profit of firm ¢ can be

written as

e

— L o
(pi — ici) i) = (pi — 7icy) % = (a;_(, - Tici) % = %iB(A—i + ai, a;),
(A.1)
where we have set a; = p}_". Expression shows that the Bertrand game is an
aggregative game, and that strictly decreases with A_; which fulfills Assumption 1
of |Anderson et al.|(2019). Furthermore, 72(A_; +a;, a;) is twice differentiable and strictly

quasi-concave in a,;. Defining profit as a function of A and a;, that is,

(A a;) = (afia - Tici) bhiT”, (A.2)
shows that 75 (A, a;) is also twice differentiable and strictly quasi-concave in a;. Further-
more, maximization of #2(A, a;) w.r.t. a; is the same exercise as in monopolistic compe-
tition models in which A is regarded constant, and we know that the sufficient conditions
are fulfilled in this setup. Thus, #2(A, a;) is strictly concave at the maximum, and hence
Assumption 2 of |Anderson et al. (2019) is fulfilled if the profit function 72(A_; + a;, a;)
can be shown to be strictly concave at the profit maximum. To show this, we do not use
the first-order condition , but the markup equation . Let b; = (u;7;c;)' 7 such that

1
1—0o

p? = b o B = D b

T;:C; e
v J#i

so that we can write the markup equation as an implicit function

1
bilio- b’L + B,lO'
TiCi (0' — 1)8_1

w()

Differentiation yields
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and shows that (i) the profit function is strictly concave at the profit maximum, (ii)
OV (-)/0b; —0W(-)/OB_; < 0 and (iii) that an increase in the trade friction makes the firm

less aggressive. Thus, Assumptions 2 and 3 are also fulfilled.

We now turn to the existence and the uniqueness of the Bertrand equilibrium. As
shown by |Anderson et al.| (2019), continuity of the best response functions implies also
continuity of the aggregate of the best response functions. If the individual strategy spaces
are compact intervals, an equilibrium exists as an implication of Brouwer’s fixed point
theorem. The problem with Bertrand games in a CES environment is that compactness
warrants to allow p; = 0, implying a non-continuity of the profit function. |Anderson et al.
(2019) show that a condition on the aggregate of all best response functions guarantees
the existence of an equilibrium, and this condition is fulfilled for CES demand functions[]
As for uniqueness, we now turn to inclusive best reply functions and replace b; + B_; by

B. Solving for B and treating B as the inclusive inverse best reply function of b; yields

biTic;
B(bi) = bi + L
(e —1)b/™7 —oTic;
Since
1
oric; | b7 — ey
aBsb) | ’
dbz N 1 2
<(0 —1)b; 7 — UT,;ci)
and

41See eq. (2) in Anderson et al.| (2019) which requires (>, r;(B))/B >> 1 for small B where r;(B)
denotes the inclusive best reply function of firm 1.
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Assumption 4 of |Anderson et al.| (2019)) is fulfilled and thus the Nash equilibrium is
unique@ Furthermore, since 0¥(-)/07; < 0, b;/B must strictly decrease. Since s; = b;/B
is the firm’s market share, and the markup can also be written as a function of the market
share, that is,

o— (o —1)sP duB(sP) 1

T P e ER

)

where the derivative shows that the markup increases monotonically with the market
share. Thus, a decline in market share reduces the markup, and (A.3|) proves Proposition

for the Bertrand game.

We now turn to the Cournot game for which profits can be rewritten as

1 _ 1
Eq; ° Ea; ”' 5 ~B
) - . —7ie; |l T =FP (AL ),
(p(-) — mici)g; T TiCi | G TiCi | a (A + a;, a;)
St At
J=11)

(A.4)

where we now have set a; = ql(a*l)/ 7. Expression (A.4)) shows that the Cournot game is
also an aggregative game, and that (A.4]) strictly decreases with A_; so Assumption 1 of
Anderson et al.| (2019) is fulfilled. Furthermore, 72(A_; +a;, a;) is twice differentiable and

strictly quasi-concave in a; Defining profit as a function of A and a;, that is,

(A ) = | —5— =7 | o) (A.5)

shows that 77 (A, a;) is also twice differentiable and strictly quasi-concave in a;. Further-
more, maximization of #2(A,a;) w.r.t. a; is again the same exercise as in monopolistic
competition models in which A is regarded constant, and we know that the sufficient
conditions are fulfilled in this setup. Thus, #2(A,a;) is strictly concave at the maxi-
mum, and hence Assumption 2 of |Anderson et al.| (2019) is fulfilled if the profit function
7¢(A_; + a;, a;) can be shown to be strictly concave at the profit maximum, and we also

show this by using the markup equation instead of the first-order condition . We

use b;, B_; and B as above and can write the markup equation (5)) as an implicit function

4ZAnderson et al. (2019) use the inclusive best reply function r;(B), and their slope condition thus reads
dr;(B)/dB < r;(B)/B. Since the inclusive best reply function is strictly monotone, we can use the
inverse best reply function as we can solve explicitly for B, but not for b;.
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Differentiation yields

Q(-) Bﬂ'b.l%" + ob;Tic; 00(+) ob; 00(+) b.l%”
= — ? O — 0 - 7 O
8bl (O' — 1)biB,iTiCi <% 8871 B%Z(O' — 1) = aTi TZ»2CZ' =

and shows that (i) the profit function is strictly concave at the profit maximum, (ii)
OV (-)/0b; — 0¥(-)/OB_; < 0 and (iii) that an increase in the trade friction makes the
firm less aggressive. Thus, Assumptions 2 and 3 are also fulfilled. Furthermore, the best
response functions are continuous, implying also continuity of the aggregate of the best
response functions, and the individual strategy line is compact, such that a Nash equilib-
rium exists. Existence were guaranteed if outputs were strategic substitutes, but LemmalT]
shows that this is not true in general. We can again prove uniqueness by solving for B

and treating B as the inclusive inverse best reply function of b; which yields

1

B(b;)) =b; | ————
1= Z2gb
Since
=
aB) 1—(0c—2)o (bi TiCi — 1>
dbZ B -1 2
(1 +o0o (b;lTiCi — 1))
and

1

db, b, o 2> 0,
(1 +0o (b;_lTiCi — 1))

Assumption 4 of Anderson et al.| (2019) is fulfilled and thus the Nash equilibrium is also
unique for Cournot competition. Again, since 9€(-)/07; < 0, the market share s; = b;/B

must strictly decrease. Rewriting the markup as a function of the market share implies
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where the derivative shows that the markup increases monotonically with the market
share. Thus, a decline in market share reduces the markup, and (A.6|) proves Proposition

for the Cournot game.

A.2 Strategic complements and substitutes

In what follows, we consider firm ¢ competing against firm j # ¢ in country j. For Bertrand

competition, the first-order condition for firm ¢ can be written as

—0

WB()=1- (pi = 7ici)

p.
i o+ (0 —1)(p—n6) =55 =0 (A.7)
b 2P
Strategic complementarity requires that 9 (-)/dp; > 0 which is true:
a¢B() 2 p; i’
———= =1 =0)*(pi — 7i¢s) =3 > 0. A.8
op, T (A8

For Cournot competition, we use the aggregative games approach of Appendix [A.T] Dif-
ferentiation of 72(A_; + a;,a;) in eq. (A.4) w.r.t. a; yields the first-order condition for

firm 7 as

L _ 1
ga7 T [ B o 1
i at+A—; v o1 -5
c ? o Eal o—1 Ea o—1

p— "Nerartoonmray )~ @9

Strategic complementarity (substitutability) requires that 9¢¢(-)/0A_; > (<)0. We find:

e (+) _ E(a; — AL)
0A_; (a4 A3 (A.10)

Thus, it is not clear whether Cournot competition implies strategic complementarity or

strategic substitutability: if the output of firm i is large (small) such that

0"V > (<)Y gV, (A11)

firm ¢ will increase (decrease) its output with an increase in rival output.
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A.3 Alternative gravity equation

Without loss of generality, we set ¢; = 1 in what follows. For developing an alternative
gravity equation at the aggregate level, we observe that a firm also located in country 1,

but in industry s, has sales of size

* l-0o l1-0o
\ pz‘jn) Eix , 124 (%’n)
Tije = Eje = ——tijx ,
/ (P]H Pl Lijk

. > 0, where we have factored out the equilibrium price of the neighboring firm

if xwk, ZJ
in industry k. The purpose of this exercise is to develop the pricing behavior as being
proportionate to country GDPs and multilateral resistance terms. Let

25 = et (A12)
define the alternative outward multilateral resistance term that differs from eq. in
that it considers the relative expenditures F;,/Y; instead of E;.. We can now use the
outward multilateral resistance term to write the aggregate sales of all firms located in

country ¢ to country j, denoted by X7, as

1 Y 1
* * o x l—0c Al—0c
Xij —/ xz’jkd“ = DPijk A a'/ UKQz]/@ dr,
0 0

ijk
where [, is an indicator variable for which I;;, = 1if i € N;, and I;;, = 0 otherwise. The
aggregate sales of all firms to all locations, including the home location i, are consequently

given by

x l—0o

i XZ*L = p”k Z Y / “"szlmgd’% -
=1 =1

zyk

The model is closed by the general equilibrium condition that aggregate sales of country
i to itself and all other countries, > " | X

: x* l—0o l—0o %
Y;. Since py 7 = Py %xly

is equal to country ¢’s total sales and income,

’LL’

/Ejr and Ej, = o4Y;, we find that

10'* 1-0o
P zgk‘_ tz]kY;

Ckk}/.; ZZL:]_ }/L fO iLIiQ'}LnO—dI{

and rearranging yields
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A.4 Proof of Proposition

As in |Arkolakis et al.| (2012), we assume that labor is the only factor of production with
an endowment of size L; in each country. Without loss of generality, we assume that one
unit of labor is needed to produce one unit of output in each industry. The labor market
is perfectly competitive. Let w; denote the equilibrium wage rate, so the price index in

country j for industry k is given by

Pip=| > pp' " = (Z (wz‘tijk)la> - (A.14)

1€Nk

Furthermore,

* 1—0o

. . Pijk E; 1o ORY; -0

Tk = Pijrlije = <—) B = —— (witijr) ° = —= (witije) ° . (A.15)
J J J P] ij P]k

Let A denote the expenditure share in country j on goods produced by the national

champion of country ¢ as a fraction of expenditures in industry k:

T (w.t..k)lﬂf . )

_ Pigk ilij S a .

Nijk = v, = plo & (witije) 7 = NPy, 7
j ik

As in |Arkolakis et al.| (2012), we consider now a potential shock in all other countries
except in country j, and we also use the country j’s wage rate as the numeraire. In
Arkolakis et al| (2012)), profits are a constant share of revenues, and |Arkolakis et al.
(2012)) can show that that dInY; = dlnw; = 0 holds in their setup (see also Dekle et al.,
2007)). This is not true in an oligopoly setup where

n 1
Y, =L +10,15 =) /0 ok (A.16)
i=1

defines the income of the representative household with w; = 1 used as the numeraire. In
eq. (A.16), 77, denotes the profit of the firm in industry k that is located in country j
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and sells in country 7. Thus, II} denotes the aggregate profits of all firms that are located
in country j. Consequently, welfare changes come about through changes in income due

to profit changes and due to changes in the price indexes. As for the price index changes,

totally differentiating eq. (A.14) yields

dIn Py = Y Aji (dInw; + dIntyy)

iGNjk

and since
l—0o
Nijk <witijk>
- 9
Ajjk wjtjjk

InXjr —In A= (1 —o)(lnw; +Inty, — Inw; —Intju).

Since w; is the numeraire, dInw; = 0. Contrary to Arkolakis et al. (2012), however, we

cannot assume that dInt;;;, = 0, but only that dIn7;;;, = 0. Therefore,

dln)\ijk — dln/\jjk = (]_ — a)(dlnwz + dlntijk — dh’ltjjk),

where dInt;;, = dlnpu;j, is the relative change in the markup charged by the home

champion in country j. Solving for dInw; + dInt;;; leads to

dIn )\ijk —dln )‘jjk

dIn w; + dlnti]’k = 1—o + dln Mk (A17>
Using eq. (A.17)) implies
dln Py, = w — dn pjp, (A.18)

because ZieN]_k Aije = 1 and thus ZZENM dIn\;j = ZieNjk(d)\ijk/)\ijk) = 0. The overall
consumer price index in our model is given by P; = []; P;f. We can derive the wel-
fare change by defining dlnAj, = dln\jj; + (0 — 1)dIn g, as the combined relative
change in domestic expenditures and domestic markups. Equation then leads to
the differential equation dPj,/dAj;, = —Pj/[(1 — 0)Ajx] and a solution

__1
_ij — CAjkl—a
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with C as a constant. Let the superscript 1 (0) denote after (before) the change. Since

D

1 1 po 1 0\ 1-- o
U Ep D Yy (A VAT = A-H/A\ﬁ
Jk jk * jk J Jk k

Using eq. (A.16) implies Proposition [3|

A.5 Using market shares for welfare changes

In the national champions’ model,

dln Ajk =dln )\jjk —+ (O' — 1)dln ijk =dln Sjjk -+ (O’ — 1)dln,ujjk,

as the expenditure share in country 7 on goods produced by the national champion of

country j is exactly s;jz. The change in A, determines the change in welfare for }//\; =1

(see Proposition [3]and Appendix |A.4]). We can now use eqs. (|A.3]) and (A.6)), respectively,

to compute dp;ji/ ;5% and determine dln Ajg. In case of Bertrand competition,

sB (0 —1)
dinAy, =dns?, [ 1+ L :
j jik ( (1-— sf}k)((l - sf}k)a + Sﬁ-k)

which shows that the effect of a reduction in domestic expenditures leads to an addi-

tional welfare effect due to the reduction in the markup. The same is true for Cournot

competition for which we find

_ C
L= %

¢ (c—1
din Ay = dIn S, (1 + M) |

A.6 Additional general equilibrium conditions

We make the same assumptions as in Appendix [A.4] and include a perfectly com-
petitive labor market. The first-order condition for Bertrand reads gix(-) + (pfjr —
¢iTijk)04ijk(+) /Opijr, = 0 and the one for Cournot reads p;;x(-) —cmjk+quk8pijk(-)/8qijk =
0. Both can be rewritten to compute the maximized profit as W;‘jk = (Pijk — CiTijk)%jk =

— @51 0Pik [ Oizi = (Dijklijn)/€ijk = T35/ €56 because Opijn/0qije = —piji/(Gijreijr). With-
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out loss of generality, we ignore fixed costs and assume universal activity of each firm["]

and thus our income equation can be written as

Y, = wiL; +Z / wldk = wi L, +Z / ik g (A.19)

€ijk

We now develop the market Clearlng condition. Sales are given by

pz]k -
ot = E.
g (ij) ’

if ¥, > 0. Aggregation yields

ijk

Yik = fob pz]kzl 7 Z Iuk < ! t“k) ELk:
=1

]k t’L]k}

where we have factored out pfjklfa. Division by Y = Y | Yi; and using the outward

resistance term leads to

* l-0o
Dij —~_ Y
( Z Qikz) = (wiQu)'"" = o

Lijk vV

and

1 (Y \ 77
z k

dk, i.e., GDP equals aggregate sales, so the income definition

Note that Y; = > 7 1f0 x;

can be rewritten as

ijk

n 1 1
2, o

. n 1 * . x ok * %
Labor demand is equal to 7, [ Tijkqj;xdk, and since g;; = x5, /pij). = v/ (Lirci), we

find that the firm labor demand is given by

43Fixed costs can be included and activities can be endogenized by specifying market entry conditions
in the spirit of eq. that determine which firms enter which market and carry a corresponding fixed
entry cost.

40



. ¥ ¥ 1

k jk k

lek’q:jk = Y —= E”’L: = 4 1 — 5 (A21)
ik Ci P — G & €ijk

where the last terms follow from egs. and (5| . Equation (A.21)) shows that adding up

over all firm labor demand meets the labor endowment.

A.7 Extension to multi-product firms

Let the set of all produced varieties be denoted by V), and the subset that is produced
by firm ¢ is given by V; C V. In case of price competition, firm ¢ maximizes its operating
profit in country j, that is, 77(-) = 7.y, (pi — 7ici)@i(-) w.r.t. to all p;, leading to the

first-order conditions

\V/Z & Vl : (]Z( ) — T;C; Z g}q)f
0cVv;

The first-order condition can be rewritten in terms of markups as in the main text, except
that

F=o—(0-1)> s (A.22)

replaces the elasticity. It is now the sum of market shares that determines the overall
elasticity and reduces, ceteris paribus, the elasticity compared to a single-product firm.
The reason is the cannibalization effect that the firm wants to reduce. In case of quantity
competition, firm i maximizes its operating profit 7&(+) = > iey, (0i(+) — Tici)qi wrt. g,

leading to the first-order conditions

8179
VieV:p(-) —Tic; + E
pil aqz
0cV;

Again, the first-order condition can be rewritten in terms of markups as in the main text,

except that

g

P 1_‘_(0_1)206%89

T4
|

(A.23)

replaces the elasticity.
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A.8 Description of the solution of the model for the counterfac-
tual simulations

In the following, we describe the solution method used for the counterfactual simulations
presented in Section 4] of the main text. After estimating our gravity given by eq.
using aggregate trade flows from WIOD, including domestic trade, we calculate model-
consistent scaled trade costs as Tiljf = exp(x;;,B) for the last year 2014 in our data set
and solve for 7;;; using 0 = 5.03 as recommended by Head and Mayer (2014)@ We can
then use egs. and to solve for the matrix of markups p;;; consistent with the
calculated trade costs for the case of Bertrand and Cournot competition, respectively.
Note that for our counterfactual simulations, we use the markup egs. and to allow
for country-specific unit costs ¢; which we proxy by GDP per worker. For monopolistic
competition, all markups in all markets are given by o /(o —1). With the model-consistent
trade cost and markup matrices, we can then calculate model-consistent ¢;;; = p;;7;;+ and

solve the system of (scaled) multilateral resistance terms in eq. (12).

For given trade costs and markups, i.e., for given values of ¢;j;, the system of multilateral
resistance terms in eq. is identical to the system of equations in |Anderson and van
Wincoop (2003)), and hence their discussion concerning existence and uniqueness of the
equilibrium applies in our setting. Particularly, the solution to the system of equations in
(12]) is only defined up to scale; for a lucid discussion, see Anderson and Yotov| (2010).
We follow the suggestion by [Yotov et al. (2016)), p. 72, and normalize by the value of the
inward multilateral resistance term P; for a country which should hardly be affected by

our counterfactual exercise. We choose South Korea for our normalization ]

For the counterfactual, we change the exogenous trade cost matrix 7;j, solve for the
endogenous markups in the counterfactual scenario, again using eqs. and , and then

solve for the corresponding counterfactual multilateral resistance terms using eq. . We

“4We set 7;; = 1,Vi, and 7i; = 1 if our estimated trade cost is below unity. The functional form used
in the literature, Tilj-;" = exp(x};,;B), does not enforce fitted trade costs to be larger than 1. This
happens only for 49 country pairs (2.7 percent of all country pairs), mostly neighboring countries in

Europe (e.g., Austria, Belgium, Germany) where international trade costs may be particularly low as

the geographical distance between two countries is smaller than the average distance within a large

country like Germany or France. This is then picked up by the bilateral fixed effect &;;.

45For numerical stability, we follow |Anderson| (2011) and actually solve eq. for P; =Y,/ YWP;’*1
and Q; = E;/ YWPffl. For an explicit depiction of eq. in this form, see Appendix B in |Heid and
Larch| (2016).
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use observed sales and expenditure in our trade data to calculate E;/Y" and Y;/Y"V . We
then calculate welfare changes in country j as %AW, = (P]Q / le — 1) x 100 where we
use the superscript 1 to denote the counterfactual and 0 the baseline scenario. Hence our
welfare changes are equivalent to what Head and Mayer| (2014)) call the Modular Trade

Impact.

A.9 Additional results on the European Single Market counter-
factual

A.9.1 Using GDP per worker as cost proxy

In our results presented in Section 4| of the main body of the text, we use GDP per worker
to proxy unit production cost ¢;. In this section, we present counterfactual results which
use GDP per capita as our production cost measure. GDPs in current U.S.-$ (PPP) and
population data are from the Penn World Tables 9.0, see |Feenstra et al.| (2015), as provided
in (Gurevich and Herman | (2018). In Table [A.1] we present results from abolishing the
European Single Market for the different competition forms using the respective estimated
trade costs. In Table[A.2] we use the estimated trade costs from monopolistic competition

for all three competition modes. Results remain similar.
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Table A.1: Welfare

and markup changes of removing the European Single Market (in %)

Country NAW,; FoAL;
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.6 1.1 0.0 0.0
Austria -5.3 -7.7 -10.3 0.2 3.2
Belgium -4.4 -7.3 -10.0 0.3 2.6
Bulgaria -4.0 -7.0 -9.0 6.7 13.6
Brazil 0.0 0.4 2.8 -0.0 0.0
Canada 0.2 0.9 2.7 0.0 0.0
Switzerland 1.3 2.3 3.6 0.0 0.0
China -0.2 -0.6 -0.9 0.0 0.0
Cyprus -5.0 -8.1 -8.7 2.1 6.7
Czech Republic -4.4 -6.9 -8.8 1.2 6.9
Germany -1.3 -1.0 0.1 0.1 2.1
Denmark -4.4 -7.1 -9.9 0.4 4.0
Spain -1.9 -2.3 -4.3 2.0 10.3
Estonia -4.6 -74 -10.0 0.9 5.3
Finland -3.2 -4.5 -5.4 0.9 7.5
France -2.9 -3.3 -3.3 0.6 4.8
United Kingdom -2.0 -24 -3.0 0.4 3.7
Greece -2.7 -4.5 -6.9 2.8 10.6
Croatia -4.7 -74 -8.7 3.3 8.8
Hungary -4.4 -6.6 -8.4 1.6 6.5
Indonesia -0.1 0.0 0.1 0.0 0.0
India -0.1 0.1 1.0 0.0 0.0
Ireland -34 -4.3 -6.2 0.2 1.8
Italy -1.6 -1.0 -1.2 1.2 9.3
Japan -0.0 0.0 0.3 -0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -3.8 -6.4 -8.8 1.0 5.4
Luxembourg -5.3 -8.5 -11.1 0.2 14
Latvia -3.9 -6.4 -8.7 1.4 5.7
Mexico 0.1 0.8 24 0.0 0.0
Malta -5.4 -8.4 -94 2.9 8.5
Netherlands -3.6 -5.2 -7.2 0.1 0.8
Norway -4.1 -5.5 -4.2 0.1 2.7
Poland -2.9 -4.6 -6.4 3.0 11.0
Portugal -4.2 -6.7 -8.4 4.6 12.2
Romania -2.8 -4.5 -6.5 4.5 12.5
Russia 0.2 0.6 34 0.0 0.0
Slovakia -3.2 -5.0 -6.3 1.3 5.7
Slovenia -5.3 -6.8 -7.6 0.9 6.0
Sweden -4.2 -6.2 -7.7 0.4 4.5
Turkey 0.3 0.7 2.8 -0.0 0.0
Taiwan 0.1 0.2 0.7 0.0 0.0
United States 0.1 0.7 2.5 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost param-
eters used are from Table [1f Monopolistic competition uses parameters from column (7), Bertrand competition from

column (8), and Cournot from column (9).
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Table A.2: Welfare and markup changes of removing the European Single Market (in %)
using the same monopolistic competition trade costs

Country HAW; T A,
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.3 0.2 0.0 -0.0
Austria -5.3 -5.3 -5.3 0.1 0.6
Belgium -4.4 -4.2 -4.2 0.1 0.5
Bulgaria -4.0 -4.4 -4.3 3.2 4.3
Brazil 0.0 0.0 0.1 0.0 0.0
Canada 0.2 0.1 0.1 -0.0 0.0
Switzerland 1.3 1.2 1.0 0.0 0.0
China -0.2 -0.1 -0.1 -0.0 0.0
Cyprus -5.0 -4.8 -4.6 1.0 2.6
Czech Republic -4.4 -4.4 -4.5 0.6 2.0
Germany -1.3 -1.4 -1.8 0.0 0.2
Denmark -4.4 -4.4 -4.5 0.2 0.8
Spain -1.9 -2.0 -2.6 0.4 1.6
Estonia -4.6 -4.4 -4.1 0.4 1.7
Finland -3.2 -3.3 -3.6 0.3 1.5
France -2.9 -3.0 -3.3 0.1 0.8
United Kingdom -2.0 -2.2 -2.4 0.1 0.6
Greece -2.7 -2.9 -34 0.9 2.5
Croatia -4.7 -4.9 -4.9 1.8 3.3
Hungary -4.4 -4.3 -4.1 0.9 2.4
Indonesia -0.1 -0.0 0.0 0.0 0.0
India -0.1 0.2 0.2 0.0 0.0
Ireland -3.4 -3.4 -3.5 0.1 0.4
Italy -1.6 -1.8 -2.4 0.2 1.2
Japan -0.0 -0.1 -0.1 -0.0 -0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -3.8 -3.7 -3.7 0.5 1.9
Luxembourg -5.3 -5.3 -5.2 0.1 0.4
Latvia -3.9 -3.9 -3.9 0.7 2.2
Mexico 0.1 0.1 0.0 0.0 -0.0
Malta -5.4 -5.1 -5.0 0.9 2.6
Netherlands -3.6 -3.5 -3.5 0.0 0.2
Norway -4.1 -4.0 -3.9 0.0 0.2
Poland -2.9 -3.3 -3.9 1.3 3.0
Portugal -4.2 -4.5 -4.9 1.3 3.0
Romania -2.8 -3.5 -4.1 2.2 3.9
Russia 0.2 0.2 0.2 0.0 0.0
Slovakia -3.2 -3.4 -3.7 0.7 2.2
Slovenia -5.3 -5.2 -5.0 0.4 1.8
Sweden -4.2 -4.2 -4.3 0.2 0.9
Turkey 0.3 0.3 0.4 -0.0 0.0
Taiwan 0.1 0.0 0.0 0.0 0.0
United States 0.1 0.0 -0.0 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table [1} column (7), i.e., we use the same trade costs consistent with conventional structural
gravity models for all competition modes. 45



A.9.2 Including Switzerland and Turkey in the European Single Market
Dummy

In our results presented in Section [] of the main body of the text, Switzerland is not
considered to be part of the European Single Market as it only implements part of the
four freedoms of the EU within bilateral agreements with the EU. Table presents
regression results when including Switzerland in the EU;; dummy, and Tables and
show results of abolishing the European Single Market when Switzerland is considered
part of the single market.

Finally, Turkey has a customs union with the EU but does not otherwise participate in
the European Single Market. Table presents regression results when, in addition to
Switzerland, we include also Turkey in the EU;;; dummy, and Tables E and show
results of abolishing the European Single Market when considering both Switzerland and
Turkey part of the single market. Now, as expected, Switzerland (and Turkey) lose from

abolishing the European Single Market. Results for other countries remain similar.
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Table A.4: Welfare and markup changes of removing the European Single Market (in %),
including Switzerland in EU;j;

Country HAW; T A,
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.6 1.2 -0.0 0.0
Austria -5.5 -8.0 -10.6 0.3 3.8
Belgium -4.4 -74 -10.3 0.2 1.9
Bulgaria -4.1 -7.2 -9.2 6.6 13.5
Brazil 0.0 0.4 3.0 0.0 0.0
Canada 0.2 1.0 2.8 0.0 0.0
Switzerland -4.2 -5.5 -5.8 0.7 5.8
China -0.2 -0.6 -1.0 0.0 0.0
Cyprus -5.1 -8.5 -9.5 4.7 9.5
Czech Republic -4.5 -7.1 -9.0 14 7.1
Germany -1.5 -1.3 -0.4 0.2 2.6
Denmark -4.5 -7.2 -10.1 0.5 4.4
Spain -2.0 -2.5 -4.7 2.3 10.6
Estonia -4.6 -7.5 -10.1 0.9 5.3
Finland -3.3 -4.6 -5.4 0.8 7.3
France -3.0 -3.5 -3.4 0.5 4.2
United Kingdom -2.1 -2.6 -3.3 0.5 4.1
Greece -2.9 -4.5 -7.2 2.1 9.7
Croatia -4.8 -74 -8.6 2.9 8.5
Hungary -4.4 -6.7 -8.5 1.3 5.9
Indonesia -0.1 0.0 0.1 -0.0 -0.0
India -0.1 0.1 1.2 0.0 0.0
Ireland -3.5 -4.5 -6.4 0.2 1.7
Italy -1.7 -0.9 0.1 0.8 8.0
Japan -0.0 0.0 0.2 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -3.8 -6.4 -8.9 0.9 5.3
Luxembourg -5.4 -8.6 -11.1 0.2 14
Latvia -4.1 -6.7 -9.1 1.2 5.6
Mexico 0.1 0.8 2.5 0.0 0.0
Malta -5.5 -8.7 -9.6 2.9 8.3
Netherlands -3.7 -5.3 -7.3 0.1 1.0
Norway -4.0 -5.9 -4.3 0.2 3.1
Poland -2.9 -4.6 -6.3 2.8 10.7
Portugal -4.3 -7.0 -8.8 5.1 12.5
Romania -2.9 -4.7 -6.7 4.4 124
Russia 0.2 0.6 3.3 0.0 0.0
Slovakia -3.3 -5.1 -6.4 1.4 5.9
Slovenia -5.4 -6.9 -7.8 1.1 6.3
Sweden -4.2 -6.4 -8.0 0.5 5.1
Turkey 0.3 0.7 3.1 0.0 0.0
Taiwan 0.1 0.2 0.6 0.0 0.0
United States 0.1 0.7 2.6 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table Monopolistic competition uses parameters from column (7), Bertrand competition
from column (8), and Cournot from column (9). 48



Table A.5: Welfare and markup changes of removing the European Single Market (in %),
including Switzerland in EU;; using the same monopolistic competition trade costs

Country HAW; T A,
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.3 0.3 0.2 0.0 0.0
Austria -5.5 -5.5 -5.4 0.2 0.9
Belgium -4.4 -4.2 -4.2 0.1 0.4
Bulgaria -4.1 -4.5 -4.4 3.5 4.6
Brazil 0.0 0.0 0.1 -0.0 0.0
Canada 0.2 0.1 0.1 0.0 0.0
Switzerland -4.2 -4.3 -4.5 0.2 1.0
China -0.2 -0.1 -0.1 -0.0 0.0
Cyprus -5.1 -4.9 -4.6 2.6 4.0
Czech Republic -4.5 -4.5 -4.5 0.7 2.3
Germany -1.5 -1.6 -2.0 0.1 0.3
Denmark -4.5 -4.4 -4.5 0.2 1.0
Spain -2.0 -2.1 -2.8 0.6 1.9
Estonia -4.6 -4.4 -4.1 0.5 1.9
Finland -3.3 -3.4 -3.6 0.4 1.6
France -3.0 -3.0 -3.3 0.2 0.8
United Kingdom -2.1 -2.2 -2.5 0.2 0.8
Greece -2.9 -2.9 -34 0.9 2.5
Croatia -4.8 -4.9 -4.9 1.7 3.3
Hungary -4.4 -4.2 -4.1 0.8 2.3
Indonesia -0.1 -0.0 -0.0 0.0 0.0
India -0.1 0.1 0.1 -0.0 -0.0
Ireland -3.5 -3.4 -3.6 0.1 0.5
Italy -1.7 -1.9 -2.4 0.2 0.9
Japan -0.0 -0.1 -0.1 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -3.8 -3.7 -3.8 0.5 1.9
Luxembourg -5.4 -5.3 -5.3 0.1 0.4
Latvia -4.1 -4.0 -4.0 0.7 2.3
Mexico 0.1 0.1 0.0 0.0 0.0
Malta -5.5 -5.1 -4.9 1.2 3.0
Netherlands -3.7 -3.4 -3.5 0.0 0.3
Norway -4.0 -3.9 -3.9 0.1 0.3
Poland -2.9 -3.3 -3.9 1.3 3.1
Portugal -4.3 -4.7 -5.0 1.9 3.4
Romania -2.9 -3.5 -4.1 2.4 4.2
Russia 0.2 0.1 0.1 0.0 0.0
Slovakia -3.3 -3.4 -3.8 0.9 2.4
Slovenia -5.4 -5.2 -5.0 0.6 2.1
Sweden -4.2 -4.2 -4.4 0.2 1.1
Turkey 0.3 0.2 0.2 -0.0 0.0
Taiwan 0.1 0.1 0.0 0.0 0.0
United States 0.1 -0.0 -0.1 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table column (7), i.e., we use the same trade costs consistent with conventional structural
gravity models for all competition modes. 49
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Table A.7: Welfare and markup changes of removing the European Single Market (in %),
including Switzerland and Turkey in EU,j;

Country HAW; T A,
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.4 0.7 1.3 0.0 0.0
Austria -5.6 -8.3 -10.8 0.3 3.9
Belgium -4.6 -7.7 -10.6 0.2 1.9
Bulgaria -4.5 -7.9 -9.7 6.9 14.1
Brazil 0.0 0.5 3.3 0.0 -0.0
Canada 0.2 1.1 3.1 0.0 0.0
Switzerland -4.2 -5.6 -5.9 0.7 6.0
China -0.2 -0.6 -1.1 -0.0 -0.0
Cyprus -5.6 -9.2 -10.0 4.9 9.8
Czech Republic -4.6 -7.3 -9.2 14 7.4
Germany -1.6 -14 -0.3 0.2 2.8
Denmark -4.6 -7.5 -10.3 0.5 4.5
Spain -2.0 -2.6 -4.7 2.4 11.1
Estonia -4.8 -7.7 -10.4 1.0 5.6
Finland -3.4 -4.7 -5.4 0.9 7.7
France -3.1 -3.6 -3.3 0.5 4.4
United Kingdom -2.3 -2.8 -3.3 0.5 4.3
Greece -2.7 -4.3 -7.1 2.2 10.1
Croatia -5.0 -7.7 -8.8 3.0 8.8
Hungary -4.5 -6.9 -8.6 14 6.2
Indonesia -0.1 0.1 0.1 -0.0 -0.0
India -0.1 0.1 1.3 -0.0 0.0
Ireland -3.6 -4.7 -6.6 0.2 1.8
Italy -1.8 -0.8 0.5 0.8 8.3
Japan -0.0 0.0 0.3 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -4.0 -6.7 -9.1 1.0 5.5
Luxembourg -2.5 -8.8 -11.4 0.2 1.5
Latvia -4.2 -7.0 -9.3 1.3 5.8
Mexico 0.2 0.9 2.8 0.0 0.0
Malta -5.9 -9.3 -10.0 3.0 8.7
Netherlands -3.8 -5.5 -7.4 0.1 1.1
Norway -4.0 -5.6 -4.3 0.2 3.3
Poland -3.0 -4.7 -6.4 2.9 11.2
Portugal -4.4 -7.3 -9.0 5.3 13.0
Romania -3.1 -4.8 -6.8 4.6 12.9
Russia 0.2 0.7 3.6 0.0 0.0
Slovakia -3.3 -5.2 -6.5 1.5 6.2
Slovenia -5.6 -7.2 -8.0 1.1 6.5
Sweden -4.3 -6.6 -8.1 0.5 5.3
Turkey -1.3 -2.8 -6.6 3.9 13.0
Taiwan 0.1 0.2 0.7 0.0 0.0
United States 0.1 0.8 2.8 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table Monopolistic competition uses parameters from column (7), Bertrand competition
from column (8), and Cournot from column (9). 51



Table A.8: Welfare and markup changes of removing the European Single Market (in %),
including Switzerland and Turkey in EU;;; using the same monopolistic competition trade
costs

Country %AW, S Am,;
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.4 0.3 0.3 0.0 0.0
Austria -5.6 -5.6 -5.6 0.2 0.9
Belgium -4.6 -4.3 -4.3 0.1 0.5
Bulgaria -4.5 -5.0 -4.9 3.6 4.8
Brazil 0.0 0.0 0.1 0.0 -0.0
Canada 0.2 0.1 0.1 0.0 0.0
Switzerland -4.2 -4.3 -4.5 0.2 1.0
China -0.2 -0.1 -0.1 0.0 0.0
Cyprus -5.6 -5.4 -5.0 2.7 4.2
Czech Republic -4.6 -4.6 -4.6 0.7 2.3
Germany -1.6 -1.7 -2.1 0.1 0.3
Denmark -4.6 -4.6 -4.6 0.2 1.1
Spain -2.0 -2.2 -2.9 0.6 2.0
Estonia -4.8 -4.5 -4.3 0.5 1.9
Finland -3.4 -3.5 -3.8 04 1.6
France -3.1 -3.1 -3.5 0.2 0.8
United Kingdom -2.3 -2.3 -2.7 0.2 0.8
Greece -2.7 -2.8 -3.5 0.9 2.6
Croatia -5.0 -5.0 -5.1 1.7 3.4
Hungary -4.5 -4.3 -4.2 0.8 2.3
Indonesia -0.1 -0.0 -0.0 0.0 0.0
India -0.1 0.1 0.1 -0.0 -0.0
Ireland -3.6 -3.5 -3.7 0.1 0.5
Italy -1.8 -1.9 -2.5 0.2 1.0
Japan -0.0 -0.1 -0.1 -0.0 -0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -4.0 -3.9 -3.9 0.5 2.0
Luxembourg -5.5 -5.4 -5.4 0.1 0.5
Latvia -4.2 -4.2 -4.2 0.8 24
Mexico 0.2 0.1 0.0 0.0 0.0
Malta -5.9 -5.5 -5.3 1.3 3.1
Netherlands -3.8 -3.5 -3.6 0.0 0.3
Norway -4.0 -3.9 -3.9 0.1 0.3
Poland -3.0 -3.4 -4.0 14 3.2
Portugal -4.4 -4.8 -5.1 1.9 3.6
Romania -3.1 -3.8 -4.5 2.5 4.3
Russia 0.2 0.2 0.3 0.0 0.0
Slovakia -3.3 -3.5 -3.9 0.9 24
Slovenia -5.6 -5.4 -5.2 0.7 2.2
Sweden -4.3 -4.4 -4.5 0.2 1.2
Turkey -1.3 -1.6 -24 0.9 2.5
Taiwan 0.1 0.1 0.0 0.0 0.0
United States 0.1 -0.0 -0.1 0.0 0.0

Notes: Table reports welfare changes of removing the European Single Market in percent. Estimated trade cost pa-
rameters used are from Table column (7), i.e., we use the same trade costs consistent with conventional structural
gravity models for all competition modes.
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