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Structural Gravity and the Gains from Trade
under Imperfect Competition: Quantifying the
Effects of the European Single Market

Abstract

The structural gravity model is the workhorse model in international trade to estimate the drivers
of trade costs. We propose a new gravity estimation procedure that allows us to disentangle
exogenous trade costs and endogenous aggregate markups under oligopoly. Our method can be
easily implemented in standard gravity data sets, and we illustrate it by analyzing the
competition and welfare effects of the European Single Market. We find that abolishing the
European Single Market would increase domestic aggregate markups in EU member countries
by 2 to 6 percent. Welfare effects of trade liberalization are larger due to changes in competition
among domestic and foreign firms. Our findings highlight that evaluations of trade policy
changes and trade cost reductions should also consider their effects on competition.

JEL-Codes: F100, F120, F140, F150, F170.

Keywords: trade, gravity, imperfect competition, market power, oligopoly, European single
market, European Union.

Benedikt Heid* Frank Stahler
Universitat Jaume I, University of Adelaide,  University of Tubingen, University of Adelaide,
CESifo, and Grup d’investigacio en Integracié6  CESifo and NoCeT, School of Business and

Economica (INTECO) Economics, Nauklerstr. 47
Department of Economics 72074 Tubingen / Germany
Av. Vicent Sos Baynat, s/n frank.staehler@uni-tuebingen.de
12071 Castelld de la Plana / Spain
heid@uji.es

*corresponding author

This version: December 2, 2023
First version: February 13, 2020



Highlights:

We extend the structural gravity model to oligopoly.

We provide a simple estimation procedure that can be used with standard gravity data.
We evaluate the effects of the European Single Market for markups and welfare.

Our oligopoly models fit the data better and avoid the bias of standard estimates.
Welfare effects of trade policy changes are much larger in our oligopoly models.
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1 Introduction

The gravity equation is the most successful workhorse model in international trade as
it explains aggregate trade patterns between countries remarkably well. It is routinely
used to study the trade and welfare effects of geographical and cultural distance, trade
agreements, trade policies, institutions as well as the effects of sporting events, sanctions
and conflicts. A Google Scholar search for the terms “gravity” and “international trade”
delivers about 126,000 resultsﬂ Having started out as a purely empirical model borrowed
from physics, it is now well established in its structural form where the gravity equation is

derived from a theoretical model which is consistent with general equilibrium constraints

(for the path-breaking contributions, see |Anderson, 1979, |/Anderson and van Wincoop,
2003, and [Eaton and Kortum, 2002)). It has been shown that a variety of models like

Armington, Ricardo, Heckscher-Ohlin, monopolistic competition, and models of hetero-

geneous firms all imply a gravity equation. In tandem with its theoretical foundations,

best practices for estimating gravity equations have been established. Most recently,
(2020)) have shown how universal gravity isﬂ

A common feature of the theoretical frameworks underlying structural gravity models
is that an increase in trade costs increases prices in export markets one-to-one, ruling out
pricing—to—marketﬂ Given the counterfactual evidence on the pricing behavior of firms,
we extend structural gravity to oligopoly, while retaining all other features of typically
used structural gravity models. Note carefully that our extension is not just an extension

to variable markups due to non-CES preferencesEl Instead, we build upon the model pre-

"https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%22gravity%22+
%22international+trade’22&btnG=, accessed 19 October 2023.

“Different theoretical foundations for the gravity equation can be found in |Anderson and Yotov| 2016)),
Arkolakis et al| (2012)), [Bergstrand| (1985)), [Caliendo and Parro| (2015)), [Chaney| (2008]), [Chor| (2010)),
Costinot et al.| (2012)), Deardorff] (1998) and Helpman et al.| (2008)). |Anderson| (2011), Head and Mayer]
(2014) and |Yotov et al.| (2016) provide guidance on the estimation of structural gravity models. For a
recent critical review of the structural gravity approach, see |Carrere et al. (2020).

3Examples of applications of such gravity frameworks that rule out pricing-to-market published in this
journal are Ding et al.| (2022)), Jackson and Shepotylo| (2018), or Liu et al.[ (2010).

4{Arkolakis et al. (I2019I) show that models that replace constant by variable markups may lead to lower
gains from trade. These models rely on monopolistic competition but use alternative demand systems,
not the CES preferences used in the structural gravity literature. Other examples for such papers are
Feenstra and Weinstein| (2017)), Melitz and Ottaviano| (2008)), [Mrézova and Neary| (2014]), [Mrézova and|
Neary| (2017)), Mrézova and Neary (2020) and Novy| (2013) who study the effects of trade costs for a
wide variety of utility functions but assume that firms operate under monopolistic competition.
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sented in |Atkeson and Burstein| (2008), which we extend slightly, to derive a structural

leravity equation in a model with strategic interaction among firms where an increase in|

trade costs leads to a less than proportional increase in price, allowing for pricing-to-|

market with CES preferences. In particular, in this framework, a domestic producer ig

lallowed to have market power both in its domestic as well as its international markets.|

Besides its direct relation to |Atkeson and Burstein (2008)), our framework is similar to the
oligopoly models by |Amiti et al.|(2019), and |d‘ Aspremont and Dos Santos Ferreiral (2016))

land their proportionality property between prices, markups and trade costs. Interestingly,

the insights provided by |Atkeson and Burstein (2008) have not transpired into the struc-

tural gravity literature. We derive a structural gravity equation within the |Atkeson and|

Burstein| (2008) framework and estimate it using aggregate data. In some sense, our paper|

lcould therefore also be seen as a translation exercise that conveys the insights of |Atkeson|

land Burstein (2008) into the parlance of the structural gravity literature. Our framework|

fis the simplest possible extension of the canonical gravity setting by [Anderson and van|

‘Wincoop| (2003), i.e., an Armington, (1969) model of product differentiation by country to|

oligopoly. It also embeds the seminal oligopoly models of Brander and Krugman| (1983)

land [Eaton and Grossman| (1986)) into a structural gravity model that allows us to conduct|

lcounterfactual welfare evaluations quantitative trade models and structural gravity are

[famous for. |

| Our main contribution is that we investigate the implications of oligopolistic competi-|

tion in |Atkeson and Burstein| (2008) type frameworks for commonly used, state-of-the-art|

istructural gravity specifications that rely on aggregate trade data and that assume con-|

stant or no markups)’] We demonstrate that not allowing for strategic interaction leads|

tto a bias in standard gravity estimates. The frictions estimated by such standard gravity

models are a combination of trade frictions and market power distortions in an oligopolyl|

isetting. Most importantly, we derive a simple estimation strategy from our model that

corrects this bias and delivers consistent aggregate (and sectoral) trade cost parameter

land Neary| (2021)) study the effects of trade cost reductions on trade volumes and welfare under oligopoly
but again using non-CES preferences. They also do not investigate what their findings imply for gravity
estimations as we do.

5Recent, prominent examples that use structural gravity specifications that abstract from oligopoly are
Anderson et al|(2018)), Agnosteva et al.| (2019)), Baier et al.| (2019), Dutt| (2020), [Fally| (2015]), Fluckiger]
et al.|(2022)), Larch and Wanner| (2017), Larch et al|(2019), Mulabdic and Rotunno| (2022), and [Shapiro

2016|), among others.




estimates and allows researchers to disentangle aggregate trade cost from aggregate mar-
ket power frictions. We develop an estimation strategy that can be easily implemented
in standard software packages commonly used for structural gravity estimation, and we
illustrate it using standard gravity data sets. Besides avoiding biased estimates and hence
wrong policy conclusions, our simple extension of structural gravity models to oligopolistic

competition fits observed market share data better than the standard model.

Why is this important? International trade is driven by large firms: most firms do not
export, and a small number of firms is responsible for a large fraction of exportsﬁ Not
allowing for the oligopolistic nature of today’s international trade may lead to wrong
quantifications of the effects of trade liberalization episodes and may therefore lead to
wrong policy advice. Our results highlight that trade policy can act as an instrument of
competition policy, a fact sidelined by trade policy analyses that rely on standard gravity
models. This is particularly important as the motivation for economic integration via
trade liberalization is often not only to reduce trade costs, but also to increase competition
among exporters and domestic firms. An outstanding example for this is the creation of

the European Single Market whose explicit aim is to increase competition.ﬂ

As an example, we illustrate our estimation method by quantifying the effects of the
European Single Market. For this purpose, we change only one assumption compared
to the standard structural gravity model: we assume that each country hosts a national
champion in each industry that competes against the other national Championsﬁ We
counterfactually increase trade costs by abolishing the European Single Market, and we
show that welfare effects are more pronounced than in standard models. We find that the
interaction between endogenous markups and trade frictions makes a crucial difference

such that a reduction in trade frictions has a stronger effect, even if the number of firms

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.

"“The single market refers to the EU as one territory without any internal borders or other regulatory
obstacles to the free movement of goods and services. A functioning single market stimulates competition
and trade, improves efficiency, raises quality, and helps cut prices.” See https://ec.europa.eu/growth/
single-market_en.

81f corresponding data are available, our model in principle also accommodates an oligopoly with several
heterogeneous domestic firms, multi-product firms and endogenous entry. With information on market
conduct, it can also allow for an economy with multiple sectors in which price competition prevails in
some industries while other industries face binding capacity constraints.


https://ec.europa.eu/growth/single-market_en
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competing in a given market is large. As our framework nests models that assume monop-
olistic competition, we can compare the effects of the European Single Market implied by
standard models with the Cournot and Bertrand industry equilibria of our model. Our
baseline Armington-like assumption that each country hosts a single national champion
implies that 43 firms will be active in each industry in our data set of 43 countries, and
thus the competition effects we identify are a conservative estimate. We also demonstrate
that significant differences in welfare effects remain even with a large number of domestic

firms.

We are not the first to estimate the effect of the European Single Market (see for exam-
ple, Felbermayr et al 2022, and Mayer et al| 2019, for recent studies), but these papers
employ a standard structural gravity approach. Our study emphasizes the difference im-
plied by oligopoly, also because several studies have found that the Single Market has
reduced markups (see, Allen et al., 1998, and Badinger| 2007). Interestingly, it is not the
difference between competition in prices and quantities — that is known to have opposite
implications for strategic trade policy models— but the difference between oligopoly and
monopolistic competition that matters most in terms of welfare implications. Our analy-
sis of the European Single Market is meant as an illustration at an aggregate level. Still,
our paper highlights the potential bias that may arise when assuming away competition

effects in structural gravity models.

Our paper complements a literature that uses detailed firm-level or scanner-level data
of a single country to study firm-level trade in an oligopoly setting] As such data are
typically only available for one country, these papers have to assume away third country
and trade diversion effects, i.e., they cannot answer questions about how changes in trade
costs between two countries, e.g., due to a trade agreement between them, not only affect
the trade agreement member countries but also their trade with non-members, as well as
trade between non-members. Importantly, [de Blas and Russ (2015)) demonstrate theoret-
ically that the effects of trade cost reductions on markups and welfare depend crucially

on whether one considers two or more countries. These third country effects are crucial

9Gee, for example, Amiti et al.| (2019)), [Edmond et al.| (2015)), |Gaubert and Itskhoki (2021) and |[Jaravel
and Sager| (2019). For an overview of the influence of oligopoly models on international trade theory, see
Leahy and Neary| (2011)); for its influence 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. Finally, Markusen| (2021)) and Markusen
(2023)) demonstrate how to incorporate oligopoly into computable general equilibrium (CGE) models.



for the evaluation of trade policies such as trade agreements, and they are at the heart of
the structural gravity literature that uses aggregate data only. Because of these features,
structural gravity remains the workhorse model in empirical international trade both for
academic publications as well as for evaluations of policies such as Brexit, even today,
see, e.g., (Carrere et al. (2020). The innovation of our paper is that we investigate the
implications of oligopoly for widely used structural gravity models that rely on aggregate
trade data. More generally, we show that strategic interactions in imperfectly competitive
markets are important for aggregate evaluations of trade liberalization episodes. Standard
structural gravity models cannot address the pro-competitive effects of trade liberaliza-

tion.

Our model is consistent with the recent empirical findings of interdependent markups
across markets and incomplete pass-through. 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 incompletem 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 foreign 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. De 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) report 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 ez ante
counterfactual analyses impossible, a key advantage of our more structural approach.
Furthermore, we introduce oligopoly into the structural gravity literature, and thus a

major innovation of our paper is that we can take third country effects into account.

Our study also complements a series of papers by Holmes et al.| (2014) and |Hsu et al.

10Using the Global Exporter Database by the World Bank, a survey of exporters in multiple countries,
Asprilla et al.| (2019) provide reduced form evidence that firms adjust their markups after bilateral
exchange rate shocks.



(2020). They use the model of |[Bernard et al. (2003) which assumes Bertrand competition
between firms from different countries that are heterogeneous in productivity but pro-
duce a homogeneous good. Instead, in line with Armington (1969)), we model Bertrand
competition between firms which produce differentiated varieties across countries with
heterogeneous costs. We also consider Cournot competition (and monopolistic competi-
tion as the limiting case), and thus our paper complements Edmond et al.| (2015) who
study Cournot competition in an intermediate goods sector based on the model of |Atkeson
and Burstein| (2008)).

Closest to our paper, |Atkeson and Burstein (2008) develop an oligopoly model with
trade costs to study the implications of pricing-to-market for purchasing power parity
between countries after real exchange rate shocks. They calibrate their model of two sym-
metric countries to replicate stylized facts on aggregate trade volumes and real exchange
rate movements. Our model can be seen as an application of this paperE-] However, there
are key differences, and we make the following contributions: i) we generalize the model
to an arbitrary number of asymmetric countries, ii) we investigate the implications of
oligopolistic competition for the estimation of structural gravity models that use aggre-
gate data, iv) we document an omitted variable bias, v) present an estimation method
that overcomes this bias, vi) derive a generalized version of the Arkolakis et al. (2012)
welfare formula, and vii) apply it to evaluate the competition effects of the European
Single Market.

Finally, in work concurrent to and independent of ours, Breinlich et al. (2020) propose a
first-order approximation of a gravity regression under oligopoly which relies on the avail-
ability of micro firm-level data to construct a measure of country-product-level industry
concentration (Herfindahl-Hirschman index), whereas our approach does not rely on an
approximation and only uses standard aggregate data typically used in the gravity litera-
ture. Finally, we also derive a generalization of the |Arkolakis et al.| (2012) welfare formula
used in quantitative trade theory to evaluate the welfare effects of trade liberalization

episodes.

The remainder of this paper is organized as follows: Section [2| describes equilibrium
prices and markups when firms compete strategically in terms of prices or quantities. Sec-
tion |3| develops a welfare formula in the spirit of |Arkolakis et al. (2012)), while Section

HWe thank a referee for pointing this out.



derives the firm-level gravity equation for an exporting firm that is exposed to oligopolistic
competition. Section [5| shows how trade cost and market power frictions can be disentan-
gled empirically, and demonstrates to which extent not modeling strategic interactions
in imperfectly competitive markets may lead to a bias in the estimated welfare effects of

trade agreements using the European Single Market as an example. Section [6] concludes.

2 Firm behavior under oligopolistic competition

This section scrutinizes oligopolistic competition among exporters and domestic firms if
all countries have identical preferences where the upper tier utility function has a Cobb-
Douglas form and the lower tier has a CES form, the standard setup used in quantitative
trade models, see |Costinot and Rodriguez-Clare| (2014)). We scrutinize oligopolistic com-
petition by employing a model in which firms produce and export in a world in which n
countries may trade with each other. 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, as in the GOLE model
by [Neary (2002, 2016|). We begin with considering the profits of a firm i that operates in
industry k& and produces at location £(i). The set of firms in industry & that produce and
export out of location j is denoted by Lj;, and its aggregate number across all countries
is given by my. Sales are subject to institutional or other geographical frictions that have
the form of iceberg trade costs of size 7y(;);1, Where 7y, > 1 measures trade frictions of

sales for exports of industry k from country ¢(7) to country j.

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 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 aggregate utility in country j is given by the Cobb-Douglas function
InW; = fol ar InUjrdk, fol ai = 1, where Uj;, denotes the subutility of goods produced

12 As pointed out in the introduction, our derivations can be seen as a minor extension or a mere appli-
cation of results in |Atkeson and Burstein| (2008), but we also explicitly consider Bertrand competition
and n countries. Our results on the conditions for strategic complementarity (see Proposition [1]) are
new.



in sector k. Country j’s consumers will be served by the domestic firm and its foreign

competitors in each industry, and the subutility is given by

oo
o1
Ujk = Z q%jk J (1)
€My,

where o > 1; gis;);x denotes the quantity sold by firm ¢ in industry & located at (i) to
country j. Hence ¢;;;; is the quantity sold domestically by firm ¢ located in j as £(i) = j.
My, is the set of all firms of industry & that serve country j. Note that all firms located
in country j will serve at least country j, that is, 7 € M if i € L. Thus, local firms
will always serve their own market. As in all structural gravity models, we can compare
trade frictions only relative to domestic frictions and thus domestic trade is frictionless
to begin with, that is, 7;;; = 1. The aggregate expenditure for goods in this industry is
given by Ejj. As is well-known, utility maximization implies that expenditure for goods
produced by industry k for country j is given by Ej; = a4Y;, where Y} denotes country
7’s aggregate expenditure. For our analysis of strategic interaction, in order to save on
notation in this section, we 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 pie(iyjk, Te) for Ty and use a similar notation for all other variables and parameters
in this part of the analysis, and, to be as close as possible to the canonical |Anderson and
van Wincoop| (2003) structural gravity model, we assume that all m firms are active in

the target country.

In the following, we scrutinize competition by prices. The case of competition by quanti-
ties is similar to |Atkeson and Burstein| (2008)), and we have therefore relegated the details
to Appendix E These are the classic oligopolistic model setups, where price compe-
tition 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 com-
petition, denoted by B for Bertrand, each firm ¢ maximizes its operating profit, that is,

B (pi,p_i) = (pi — To(i)Ce(i) )4 (Dis P—i) W.r.b. p;, where p_; is an (m — 1) price vector that

13We assume for now that markets are segmented such that each firm can set prices or quantities without
any arbitrage constraint. Later on, 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 markets.



denotes the prices of all other active rivals, and ¢,;) denotes the marginal production cost
at location £(i). The first-order condition as an optimal response to the optimal pricing

decisions of all rivals determines the Nash equilibrium in prices and reads

orB 9q;
Vi ——(p;,p";) = @(p;, -, i — i) (03, 05) =0, 2
s g W pts) =l ) + (] = Tacen) 5 (017 (2)

where pf denotes the optimal price of firm ¢ in country j, and p*, denotes the (m — 1)
vector of the optimal prices of all other firms. Since demand for firm 7 in country j is
given by ¢;(pi,p—i) = Ep; 7/ > pi~7, we can rewrite the first-order conditions in terms
of markups, denoted by P and u?, respectively, and elasticities, denoted by €? and €5,

respectively:

e’ o—(oc—1)s8

Vi:p; = /%BTE(i)CZ(i)a,UiB = BF_1 (0= 8;> because (3)

(/%-B Te(i)‘ff(i))l_o
S (B rcw) "

where s? = (uPriycon) 7/ Yome, (WP Ty o))t denotes the market share of firm 4 in

i

& =0c—(c-1)

i :U_(U_l)SiB

country j. Not surprisingly, the Nash equilibrium in prices converges to the monopolistic
competition outcome if sZ approaches ZGIOE In general, sP reduces the elasticity of
demand for firm ¢, and this effect is the stronger, the stronger the trade and market

power frictions of firm ¢ relative to those faced by its competitors.

A common feature of both competition modes is that the pass-through of trade frictions
is not complete such that the markup decreases with an increase in trade costs. Hence,
as pointed out by |Atkeson and Burstein| (2008), any difference in a firm’s equilibrium
prices will be smaller than the difference in trade costs. Importantly, this is different to
the standard assumption used in structural gravity estimation frameworks, where trade

costs increase prices one to one.

We show in Appendix[A.2]that the industry equilibria exist and are unique for both the
Bertrand equilibrium () and the Cournot equilibrium (see eq. (A-2) in Appendix [A.1)) [

14Tn case of complete symmetry in terms of trade frictions and production costs, i.e., Te(i) = T, Co(s) = €, Vi,
sP = 1/m, implying €? = o — (o —1)/m, also because symmetry implies equal markups uZ = pf. 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.

15Kreps and Scheinkman! (1983) have shown that Cournot competition is strategically equivalent to a game



In models of monopolistic competition, the price charged for one destination is pro-
portional to the price charged to other destinations, and the degree of proportionality
is determined by the trade friction only. In case of oligopolistic competition, an increase
in trade frictions will be partially absorbed by firms[[| It is now easy to see that this
proportionality also holds under imperfect competition when both the trade friction and
the market power distortion are taken into account, although the degree of proportional-
ity must be smaller than the pure trade friction. For this purpose, let us reintroduce the
general setup, i.e., subscripts for industry k, location ¢(i) and destination market j, and
write the equilibrium prices given by egs. and as

Pioyje = MieGi)jkTe(i)jk Co)s (4)
—_——
=tio(i)jk
where we have dropped the superscript B for Bertrand and C' for Cournot, as
eqs. and (A.2) show how ju;);x is determined in the two cases, and where we de-
note by t;);x the combined trade and market power friction. 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.

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

Proposition 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 ¢ will increase (de-
crease) its output in response to an increase in rival output if q§a_1)/a > (<) ZL# qfa_l)/a.
(ii) 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 [A.3] For part (ii), ¢ < € and uf > u? for the same

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 stage is added.

16Note that the incomplete pass-through of trade costs to prices also implies that the segmented market
outcome is identical to the integrated market outcome if arbitrage traders are subject to the same
frictions as goods producers as the price differences from one market to the other will always be smaller
than the trade friction. Thus, eqgs. and are also equilibria even if firms cannot exclude parallel
trade, i.e., the resale of goods in one market that they delivered to another market.
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market share s; (see Appendix [A.3)) imply (1 — s;)s;(c — 1)? > 0 which is true. O

Note that both prices and quantities are strategic neutrals in models of monopolistic
competition due to its non-strategic nature, but they can be expected to respond in a
strategic environment. Proposition [I| shows that firms are potentially more aggressive
when competing in prices than in outputs, a result that is consistent with findings in
the theoretical literature using a quasi-linear utility function (see, for example, Leahy
and Neary, 2021)E] The reason is that 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. First, a firm
may increase output in response to output increases if its initial output is already large to
begin with. Second, the multilateral resistance terms, to be developed in Section [4] and

their changes are different across competition modes.

Note also that both under autarky and under free trade, oligopolistic competition only
creates a distortion in outputs if markups vary across sectors, i.e., a one-sector version
of our model under both autarky and free trade is akin to what Neary (2016) calls the
“featureless economy”. However, for non-zero trade costs that vary across markets, even in

a one sector economy a distortion arises under oligopoly as markups vary across markets.

Which markets will firms serve? In principle, our model could also accommodate the
extensive margin of trade by introducing a market-specific fixed entry cost, but we will
follow the standard models by |Anderson and van Wincoop| (2003) and [Eaton and Kortum
(2002) which assume that firms serve all markets to stay as close as possible to these
benchmarks. This is also in line with the aggregate data we use in our empirical application

in Section |5} as we do not observe zero trade flows in our data set.

We have now described our model setup, which is as close as possible to the standard
structural gravity framework that relies on aggregate or sectoral trade data. The next
section will determine the gains from trade liberalization under oligopoly, while we derive

the structural gravity equation under oligopoly in Section [}

1"For demand functions other than CES, this result is also well known in the industrial organization
literature, see, for example, |Singh and Vives| (1984)) and [Vives| (1985)).
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3 The gains from trade

How does our model compare to standard models of trade for which Arkolakis et al.| (2012)
have shown that the gains from trade depend only on the change in the share of a country’s
expenditure on its own goods and the trade elasticity? In standard models of trade, this
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 at the
firm level does not play this important role. We have demonstrated that markups decrease
when trade costs increase, i.e., dpiie)jk /dTg(i)jk < 0, and thus the trade elasticity at the

firm level is given by

dpietiyik/ i)k
ik = ( ) dATe(i)jk/ Te(i) ik ?

which is smaller in absolute terms than the monopolistic competition elasticity 1 —o since
dtieiyk/ Aoy < 0. But this lower elasticity should not be taken to indicate that 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[l To describe the effect on the level of
welfare in the economy, however, we have to take into account how rival firms respond
to this change. Also note that the trade elasticity in our model is not constant but varies
across country-pairs and depends on the level of bilateral trade costs and markups. We
can generalize the welfare result derived by [Arkolakis et al.| (2012) to oligopoly. Following
their notation, we denote the change of any variable z from its level z° to the new level
2! by 2= 21/2° and we denote the share of country j’s expenditure on goods produced

by a domestic firm ¢, ¢ € L, in industry k by A,;;z. We find:

Proposition 2. Let H;-O (H;‘fl) denote the aggregate profit of all firms located in country j
before (after) trade liberalization, and let I;O (I;l) denote the real factor income in country
j before (after) trade liberalization. The gains from trade liberalization under oligopoly are

given by

18This result is similar to [Edmond et al.| (2015). They assume 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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where

Ajk = Z )\ijk

I
velyy, Huijk
and V; = (I;* +113%) / (130 + 112°).
Proof. See Appendix [A.4] O

Proposition [2| can be best understood in a setting similar to an Armington| (1969)
model by considering a country that hosts a single domestic firm in each industry which
allows us to employ the subscript ijk instead of i/(i)jk since i = £(i)[™] Let A;;, denote
the domestic expenditure share of the domestically produced good in industry k, and let
;5% denote the respective markup of the domestic firm in its home market. In this case,

Njp = /\jjk/ul_" and the welfare change is given by

LA
N\
(%) : (6)
ik

Eq. @ shows that the gains from trade do not only depend on the change in domestic
expenditure for domestically produced goods, but also on the change in the domestic
markup for domestically produced goods. In general, _/A\jk summarizes both of these changes
across domestic firms and industries. Proposition [2| shows that the welfare change can be
measured by the change in GDP, }?j, by the changes in expenditure shares for domestically
produced goods and the changes in domestic markups for home consumers as summarized
by /A\jk and by the elasticity 1/(1 — o), weighted by the respective expenditure shares. The
welfare change would be the same as in Arkolakis et al.| (2012) if (i) the domestic markups
in the domestic market did not change, i.e. if 7i;; = 1, and (ii) income did not change,
ie. if )?] = 1. This holds for monopolistic competition models as the markup does not
change for CES preferences and profit is either zero with free entry or a constant share
of revenues otherwise. In our model, however, competition and strategic interaction are

driving forces: first, a reduction in the expenditure share for the domestically produced

19Gince the share of a country’s expenditure on its own goods is equal to the market share in equilibrium
if there is only one domestic firm in each country, we show in Appendix how one can also use the
market share change to compute the change in welfare under this assumption.
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good is due to a more aggressive pricing or output behavior of foreign firms, and second,

competition changes the domestic markup in the domestic market.

Thus, the gains from trade come about not only from the change in the share of country
7’s expenditure on its own goods, but also from the change in its own firms’ markups for
domestic consumers. For example, for given income effects, if trade liberalization leads
to a decrease in ijk, monopolistic competition will underestimate the gains from trade
when competitive pressure will reduce the domestic markups of domestic firms at the same
time. Furthermore, income changes due to changes in domestic profits can either amplify
or reduce the welfare gains, depending on whether domestic profits increase or decrease.m
Note carefully that a reduction in trade costs does not necessarily imply lower profits: while
import competition reduces domestic profits, easier access to foreign markets increases it,
so it is not clear whether }?] is larger or smaller than unity Thus, Propositionidentiﬁes
two additional general equilibrium channels through which gains from trade may come

about.

4 Gravity under imperfect competition

We now develop the gravity equation under oligopoly in order to explore the welfare
effects under imperfect competition further and to be able to take our model to aggregate
trade data typically used in structural gravity estimations. For this exercise, we assume
that each country hosts a single national firm in each industry to which we refer to as
the national champions’ model, and since i = £(i), we can use the subscript ijk instead of
il(i)] k@ Consequently, we can now refer to 7 also as the country where firm i is located,
and there are n firms in total in each industry. This will allow us to estimate the gravity

equation using aggregate (or sectoral) trade data only. Consider a firm in industry & that

20Tn this sense, Proposition [2f seems to be similar to the results of |Arkolakis et al. (2019) who take into
account incomplete pass-through and changes in the price indexes when preferences are not CES. The
crucial difference is, however, that whereas |[Arkolakis et al. (2019) assume monopolistic competition,
Proposition [2| deals with competition in an oligopoly framework that can include markup and profit
changes as a result of strategic interactions.

21Gee, for example, Long et al. (2011) for a simple oligopoly model in which the size of these two effects
depends on the initial level of trade costs.
22We later extend this model to an arbitrary number of (symmetric) national champions, i.e., domestic

firms, in each country. We explore the quantitative implications in our empirical application in the
following section. For details, see Section in the Appendix.
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is located in country ¢ and serves country j. Combining eq. with CES demand, we can

compute sales, denoted by x7, , as

ijk>

l1—0c

Diik Eji,

* % * 17 o J l-0c 1—0c

Lijk = Pijk%ije = (P Ejk = —Pl_o—tijk ¢ o, (7)
jk ik

if 7, > 0, that is, if firm ¢ of industry k is actively serving country j. tijx = ijkTijk

measures both the distortions that originate from market power and from trade frictions,

and
1

n 3
Py, = (Z ijkl(T) (8)
=1

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;i = Z;L 1 T Let I;;, denote an

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

Z%k Z ;’iEg pigk' ™" = Ci“’z H’;’ZEU b~ (9)

j=1 " Jjk j=1 "~ Jjk

—0

Solving eq. @D for ¢} 77 = Yy, o ! and plugging c1 7 into eq. . we can now write trade

flows from country ¢ to j in industry £ as

YieEjg < Lijk )1_0 YirEjx (Mz‘jkﬁjk> e .
I'* = = s with 10
ik v\ QinPik YW\ QuPjk (10)

n

L l—0o Yk; tk -0
g () e R=Xgk(E)
i=1 "k E

where Qy, is the outward multilateral resistance term and Y}V 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 cost 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 (10)) is the gravity equation under imperfect competition. Note that it encom-
passes both the case of oligopolistic competition, i.e., where strategic interaction leads to

endogenous markups, as well as the more standard case of monopolistic competition with
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fixed markups. It has a striking resemblance with the standard gravity equation from
Anderson and van Wincoop| (2003), however, with a key difference. Bilateral trade flows
not only depend on bilateral trade costs 7;;, as in standard gravity models but also on
markups charged by firms via the term ;. From the perspective of our model, com-
monly estimated gravity equations do not specify the trade cost function 7;;, but specify
the combined effect of markups and trade costs t;j;. Alternatively, standard gravity equa-
tions do not control for the bilateral varying markup, and hence the markup term fu;;p
ends up in the error term of the regression. As markups depend on the level of trade costs,
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 the next section where we explore the welfare effects of trade
(de-)liberalization using real world data by estimating our model for a large number of

asymmetric competitors and where we show that the differences are still substantial.

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

Proponents of market integration not only focus on its reduction of trade frictions, but also
on how it increases competition between firms. 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. It is therefore the
ideal setting to use our model to quantify the relative importance of trade cost and
competition effects. We show in this section that structural gravity models that do not take
into account strategic interaction on oligopolistic markets may underestimate the gains
from trade liberalization. Thus, we show that including market power and in particular
the change in market power leads to larger welfare effects. We do so by estimating the
parameters of our quantitative oligopoly trade model and comparing our results to those
of a conventional structural gravity approach. We then use our model to counterfactually

abolish the European Single Market. As we want to focus squarely on the competition
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effects of trade liberalization, and also to be able to compare our results to those in the
literature that use a more standard appraoch, for our counterfactual simulations, we take
into account the direct effect of frictions (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, but we keep aggregate income, profits, and factor prices fixed. Thus, we
follow the standard approach used in the applied structural gravity literature. This allows
us to avoid taking a stance on the operation of labor markets or on ultimate international
firm ownership structures to calculate changes in aggregate profits, and to whom these
changing profits would ultimately accrue. Examples for this approach are Anderson and
Yotov| (2010)), |Glick and Taylor| (2010), or |Chen and Novy| (2022). This approach is what
Head and Mayer| (2014)) call the modular trade impact. Note that the difference between
the modular trade impact we use and the full general equilibrium trade impact that
endogenizes wages is typically negligible, see the discussion on p. 170 in [Head and Mayer
(2014)). Still, our model can be extended by including factor market clearing conditions to
do a full general equilibrium analysis if one is willing to take a stance on factor mobility
across sectors. We compare the results of Bertrand and Cournot oligopoly behavior with
the standard monopolistic competition result in order to demonstrate the differences in

gravity trade cost parameter estimates and welfare implications.

Finally, note that these trade cost parameter estimates from our modified structural
gravity equation are independent of the working of factor markets, as this only affects the
welfare calculations. This implies that trade cost parameters can be estimated without
having to take a stance on these issues. Hence we confirm for oligopoly what |Anderson

(2011)) calls the modularity of structural gravity, one of its key advantages.

We estimate our model using trade data from the World Input-Output Database
(WIOD).EI A key advantage of WIOD is that it contains domestic trade data which
allow 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. (2021). 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.

23For a detailed description of the data, see (Timmer et al.| (2015).
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The innovation is that we now allow for market power such that each country hosts a na-
tional champion, making it 43 competitors for Bertrand and Cournot competition. Thus,
we assume that M, = {1,...,n},Vj, k, which may seem a large number of competitors,
but this guarantees that the competition effects of trade (de-)liberalization we estimate
are conservative. In particular, we estimate eq. by specifying the combined trade and

market power frictions as
the” = i T = e exp(BEUy + B RT Ayye + &) = njj,” exp(xy,B),  (12)
where we have introduced a time index as subscript ¢. Hence we estimate
Xijt = M%ﬁa exp(i + vji + 1 EUsji + BoRT Ajy + &ij + wije), (13)

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
control for the endogeneity of trade policy as suggested by |Baier and Bergstrand| (2007))
as well as to control for standard gravity regressors such as, e.g., distance. Note that n;
and vj; also control for changes in a countries’ overall productivity level over time which,
via its impact on a countries’ production cost, ¢;, not only affects markups but also may
influence a country’s decision to join an RTA or the EU. 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 51 + ;). For EU,j; and RT'A;j;, we use Mario Larch’s Regional
Trade Agreements Database, see Egger and Larch (2008).@ In the following, we 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

24The data set 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 FU;;; = 0 for domestic trade
flows of EU member countries, to be consistent with RT'A;;; which also is equal to 0 for domestic trade
flows. This implies that EU;;; and RT A;;; identify the international trade effects of these agreements,
relative to domestic trade. Gravity models only allow to identify the international 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| (2021)).
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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 EU,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.| (2020) and
use ,uil;’ as an exposure Variable Following the recommendation by Egger and Tarlea,
(2015)), we use |(Cameron et al.| (2011)) multiway clustered standard errors across exporters
and importers. Note that this also controls for autocorrelation in the error term due to,

for example, serially correlated changes in a country’s overall productivity.

The question remains how to measure u}ﬂ". For a given value of o, the market share

of each active firm is given by

l—-0 1-0
6 = Xijt o ijt Cit
it = o l—0 1—0
ZLeNﬁ Xut ELGth tth Cut

From the first-order conditions, we know that p;;; = €;;:/ (€0 — 1) where

<L (14)

g for Cournot (15)

{ o — (0 —1)s;;: for Bertrand,
€ijt =
/ 1+(U_1)sijt

due to eq. for Bertrand competition and eq. (A.2]) for Cournot competition in Appendix
[A 1] which lead to

o—(oc—1)s8 o

5 ijt c
Hije = CEnE 55&5) and  fu;5, (c—1)(1- 5%)7

where the superscript B and C denotes the mode of competition. Equation shows

(16)

that the monopolistic competition markup /(o — 1) is smaller by factor 1 — sgt than the
Cournot markup. For the same level of trade costs and hence market shares, both markups
are larger than o /(o —1), but note that different markups across competition modes imply
different estimated trade frictions for the same country-pair. Importantly, eq. (16)) allows

us to calculate markups directly from the observed market shares in the trade data for a

%5See background on this at https://www.europarl.europa.eu/factsheets/en/sheet/169/
the-european-economic-area-eea-switzerland-and-the-north!

26This can be easily done with ppmlhdfe by using its exposure option. When estimating a log-linearized
eq. by OLS, one can use the transformed dependent variable In X;;; — In ,u%];” to implement our
estimation approach. For the OLS regressions, we use the reghdfe Stata package by |Correia) (2017)).
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given value of ¢, and hence we can estimate the adjusted gravity equation ﬂ

At this point, it may be helpful to point out that while our measures of markups are
functions of trade flows, our estimation method does not suffer from an endogeneity bias
because of this. The reason for this is that we do not include markups as regressors,
but we control for them as an exposure variable@ Also note that in standard gravity
models the markup p;;; does not vary across destinations or origins and hence is captured
by the fixed effects. Hence our estimation procedure nests the standard gravity model
in a monopolistic competition framework for which p,;; = i, Vi, j,¢, and is strictly more
general. To calculate ,LL%;U, we use 0 = 5.03, the preferred estimate of the literature survey
in Head and Mayer| (2014)). We use this value because it is also very close to both the
value 4.927 reported by (Gaubert and Itskhoki| (2021) who structurally estimate o using
detailed French firm-level data in a two country oligopoly model, and it is also close to
the value of 5.39 estimated by Breinlich et al.| (2020) who use French and Chinese firm-
level export data in an oligopoly framework. Detailed firm-level data are typically not
available to most researchers that use standard gravity trade data sets, so it is reassuring
that estimates of o do not differ much from the value found in the literature which relies
on aggregate data only. Nevertheless, we also conduct robustness checks setting o = 3.8,
the median value of the the metastudy by Bajzik et al.| (2020). These results are reported
in Appendix which shows that our findings are largely insensitive to the choice of

g.

We present regression results in Table |1} Columns (1) to (3) show results for a log-

2"Note 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 references
cited therein. 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)).

Z1n econometric terms, the coefficient of the exposure variable u%ﬁ" is constrained to 1 for the Poisson
regression. This is the Poisson equivalent to dividing the dependent variable by a regressor to constrain
its coefficient to 1 in a linear regression estimated via OLS (see footnote . Using the transformed
dependent variable In X;;; — In ,u}ﬁ" does not introduce any endogeneity bias to the OLS estimates,
and similarly for PPML when using an exposure variable. To the contrary, using an exposure variable
or transforming the dependent variable allows us to control for the bias that would occur if we did not
correct for the markup term. Using theory-consistent transformed dependent variables is common in
the gravity literature, e.g., using scaled trade flows, i.e., bilateral trade flows divided by measures of
sales and expenditure, see, e.g., |Agnosteva et al.| (2019), or ratio-type estimators, see, e.g., [Eaton and
Kortum)| (2002)) and the overview in Section 3.1 by [Head and Mayer| (2014]).
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linearized gravity equation regression using OLS for comparison, 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 specification,
RTAs increase trade by approximately 13 percent’] 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
(1) 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 the PPML
estimates in the remaining columns. Column (4) is again the benchmark gravity 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 competition are
higher ceteris paribus than under Bertrand competition (with markups being lowest under
monopolistic competition). Controlling for the effect of ,u}];" 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 repeat the estimations
from columns (4) to (6) but now also control for time-varying border effects, INTER;j;, 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 (+22
percent in column (8) and +26 percent in column (9)), and the EU increases trade 50
percent more than the typical RTA under Bertrand competition (+89 percent under

Cournot competition).

2Tn the following, we calculate marginal effects of dummy variables as [exp(Bx) — 1] x 100.

21



"[9AS] YT OY) Ye JUROYIUSIS 44y ‘[OAS] %G YUY Y8 JUROYIUSIS .\ ;Wi asn (g) pue (9) ‘(¢) suwn[od pue g ‘be woxy ﬂmi asn (g)
pue (g) ‘(g) suwmnoy *(2) pue ‘() ‘(T) suwnjod ut sajewiise £)1aeid prepue)s quasaid om ‘wostredwiod 10 ‘siviodwil pue s19)10dxe $s0I10€ SULIPISN[O ARMIJNU 0) ISNGOT
aIe sI01I0 prepuels (110g)| e 10 UoIOUIR))| *$100j0 POXIJ [RI9)R[l( [RUOIIOLIIP Pue Ieak X I0rtodwl ‘1eak X 19910dxe apnpour suolsserdar [y ‘eypyrudd Sursn spoas] ur TINdd 49
pue erpy3ex Sursn s3o[ ur §70 £Aq g ‘ba woxy woryenba Ayraeid pajsnlpe oYy Suryewur)se Jo sULIOIFA0d uoIssardar sprodar a[qe, ‘uoreduiod s1stodouoiy (DN (S9ION

GeLLT GeLLT GeLLT GeLLT GeLLT CeLLT GeLLT GeLLT GeLLT N
SHA SHA SHA ON ON ON ON ON ON Mg INT
(¥60°0) (690°0) (620°0) (170°0) (£€0°0) (170°0) (g70°0) (¥%0°0) (¥%0°0)
438200 550020  $%xG90°0  55%GTC0  x%C0CE0  sxx9ET°0 550970  5sxl€1°0  5xxGCT0 Mo Ty
(e¥10) (680°0) (690°0) (zz10) (220°0) (£50°0) (€90°0) (¥90°0) (£90°0)
JOUINO))  pueIlIRg DN JOUINO.)  pueILIyg OIN JOUINO))  pueIlIRg DN
TINdd STO

(6) (8) (L) (9) (c) (%) (€) (2) (1)

S9jeUWII}So H@n@&@.ﬁmg 3800 9ped], T 9[qe],

22



As a proof of concept, we also estimate equation at the 2-digit sector level. We
present results in Table in Appendix [A.6] For sectoral elasticities of substitution, we
follow |Costinot and Rodriguez-Clare (2014) and use the values provided by (Caliendo and
Parro (2015). Results confirm that our estimation method can be used even for sectoral
trade data, and that ignoring oligopolistic competition can lead to a significant bias in

structural gravity parameter estimates.

For our counterfactual simulations, we use the estimated trade cost coefficients from
columns (7) to (9) of Table[l]to calculate trade costs for the year 2014, the most recent year
in our data set, and simulate our modelm We follow the literature and set 7;;; = 1, Vi, t,
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 a robustness check,
we redo our counterfactual simulations using GDP per capita. We present results in the
Appendix in Section [A.7.2] Results remain similar.

As our counterfactual, we abolish the European Single Market. In terms of our trade
cost specification, this means that we switch off the EU;j; dummy as well as the according
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 ¢;;

for both the baseline and counterfactual scenario.

Before moving on to describing results of the counterfactuals, it is useful to check the
relative performance in terms of goodness-of-fit of our model in comparison to the standard
monopolistic competition model. Using the estimated model-consistent trade costs and
markups, we can calculate market shares predicted by the respective models and compare
them to the market shares observed in the data. As both trade costs and markups differ
across models, we use the sum of squared errors for the different competition modes M,
SSE(M), i.e., the squared deviation of observed from model-implied market shares as
a measure of the relative goodness-of-fit across models, where M can be monopolistic

competition, Bertrand, or Cournot competition. We present results in Table 2l A lower

30We describe our simulation procedure in detail in Appendix

31For 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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SSE(M) indicates a better model fit. Table 2| shows that our simple national champion
model with oligopolistic market structures fits the data better than the monopolistic
competition model. This is not only true across all markets but, most importantly, also

for domestic market shares that are particularly important for the welfare effects, see
eq. (6)).

Table 2: Goodness-of-fit measures

SSE(M) Monop. Comp. Bertrand Cournot
all market shares 12.55 10.15 9.54
domestic market shares 7.63 6.33 6.05

Notes:

Table reports SSE(M) = 3. Zj(sl‘?l]%ta — sg‘;ft)Z, the sum of squared deviations between
observed and model-implied market shares as a measure of goodness-of-fit for the differ-
ent competition modes M: Monopolistic competition, Bertrand, and Cournot. The first
row calculates SSE(M) for all markets, the second row for domestic market shares only.
Estimated trade cost parameters used are from Table Monopolistic competition uses
parameters from column (7), Bertrand competition from column (8), and Cournot from

column (9).

We can now 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 @ 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 struc-
tural gravity model. As expected, members of the European Single Market see a reduc-

tion in their welfare when it is abolished, whereas most non-members gain@ This result

32As 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.

33 An 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 in the ag-
gregate, implying less exports from European countries and more exports from non-European countries
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is true for the benchmark monopolistic competition model as well as for our new grav-
ity 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 substantially 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 competi-
tion are smaller than under Bertrand Competitionﬁ What is the reason for this pattern?
First, price competition implies that the removal of the European Single Market increases
prices of foreign firms serving a domestic market and the price of the national cham-
pion. With Cournot competition, the response of the national champion to the decline
in foreign supply depends on its initial market share. As Proposition [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 output 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 Proposition [l| gives us some guidance on the
effects under different competition modes, our results demonstrate that the degree of het-
erogeneity across competition modes depends on the empirical application, particularly
on trade costs and market shares across all markets. We also observe that the welfare
losses for Germany and Italy are smaller under oligopolistic competition although do-
mestic markups increase, implying that the impact of trade diversion patterns on welfare
effects may differ across competition modes. This also demonstrates that it is essential
to model oligopolistic competition in a consistent structural trade model that allows for

third country effects.

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

to any European country. However, since aggregate imports decline, imports from large exporters may
decline since an already large import level can be substituted out easier at the margin, overcompen-
sating the trade diversion effect. Furthermore, China does not have an RTA with Europe but other
non-member countries do.

34 Also Norway loses less under Cournot than under Bertrand competition.
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Table 3: 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). 2%



Table 4: 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 simple 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).

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 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 |3| does not show
markup changes in the export markets of firms. We provide summary statistics of the
markup changes across different markets in Table [l The first three rows show the aver-
age of markup changes 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
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Table 5: Welfare and markup changes of removing the European Single Market (in %)
using the same monopolistic competition trade costs

Country HAW; FoAR,;
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. 28



domestic markets. The next three rows of Table |4] 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 [3]illustrates that the welfare effects of trade (de-)liberalization episodes are quite
different from those of conventional monopolistic competition models. The difference in
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 |3| 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 Table [§] which is organized in the same way as Table [, 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 abolishing the European Single Market. At the same time, Germany and Italy now

lose more under oligopolistic competition.

What becomes clear when comparing Tables |3 and || is that differences in welfare ef-
fects stem mostly from differences in the estimated trade costs, and subsequent differences

in implied trade diversion effects. Figure [If shows the different estimated trade costs for

35This is reminiscent of the discussion in Simonovska and Waugh| (2014) who stress that different trade
models imply different parameter estimates, particularly trade elasticities, and hence different welfare
effects.
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Figure 1: Comparison of estimated trade costs across different modes of competition

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 counterfac-

tual simulations.

Estimated trade costs depend on the markups which are functions of the number of

firms serving a given market. In our national champions model, we have one domestic
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Figure 2: Comparison of welfare effects of removing the European Single Market for dif-
ferent number of national champions
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firm per country which serves all markets. A natural question therefore is how our welfare
quantifications change when we allow for more than one national champion. We extend
our model to allowing for an arbitrary number of domestic firms which all have the
same production costs. Hence, in every destination market, the market share of the sole
national champion is now equally shared amongst all national champions. We reestimate
the trade cost parameters with these new market shares for a given number of domestic
firms, obtain the model-implied trade costs and markups and quantify the welfare effects
of removing the European Single market | We show the average welfare effect for an
European Single Market member as a function of the number of national champions in
Figure 2| for the three competition modes. To illustrate, with three national champions,
there are 3x43 [countries in our data set] = 129 firms competing in each market. Not
surprisingly, differences in welfare effects between monopolistic competition and oligopoly
vanish faster with Bertrand competition than with Cournot competition. It becomes clear
that there are sizable differences in the welfare effects of the European Single Market under
oligopoly compared to the monopolistic competition benchmark even when we allow for
more than one domestic firm per country, i.e., our larger welfare gains are not an artefact
of the single national champion model. Overall, our results stress the importance of taking
into account the endogenous adjustments of markups when evaluating episodes of trade

(de-)liberalization.

6 Concluding remarks

This paper has shown that the structural gravity model can be extended to oligopolistic
competition. Oligopolistic competition makes market power endogenous, and we could
show that it is possible to empirically disentangle trade and market power frictions. 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 many mar-
kets are dominated by large firms, and thus empirical analyses should allow for strategic
interactions and market power. We have included price and quantity competition as an al-
ternative to monopolistic competition in an otherwise standard structural gravity model.

In general, however, more complex modes of competition, for example competition among

36See Appendix for the derivation of the gravity equation for the model with an arbitrary number
of national champions.
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multi-product firms, could also be accommodated if according data were available.

Furthermore, this paper has addressed the concern that the structural gravity model
does not take these market power effects into account and may thus not exactly model
the purpose of market integration policies (or their opposite, protectionism). The rea-
son is that it employs orthogonal reaction functions and therefore cannot capture pro-
competitive effects. We have developed a simple empirical strategy to take into account
these effects at both the estimation and counterfactual simulation stage. The data re-
quirements for our approach are identical to standard structural gravity models: we only
rely on aggregate (or sectoral) trade data to calculate market shares and markups. We
have applied our approach to a standard data set of aggregate bilateral trade flows and
evaluated the European Single Market which had the explicit purpose of intensifying
competition among EU member countries by lowering non-tariff trade barriers. We have
found that models ignoring competition effects underestimate the welfare effects of the
European Single Market in particular and of the gains from trade in general. We have also
shown that trade cost parameter estimates from standard structural gravity estimations
suffer from a bias, and how to correct for this bias using a simple estimation procedure

that can easily be implemented in standard gravity data sets.

We also have been able to show that welfare effects may come about through changes
in profits across countries, in addition to changes in price indices. While the standard
structural gravity model cannot accommodate these changes, since profits are either zero
due to perfect competition or free entry or are a fraction of revenues, our model has shown
how these changes may affect a country’s welfare. This is an important innovation in times

in which large firms are dominant players in many industries.

Finally, our paper has demonstrated the practical importance of taking into account
the competition effects of trade policy changes. Standard structural gravity methods that
quantify the effects of proposed trade policy initiatives and that are often used by policy
practitioners (or paid by them via consulting projects) have sidelined the effects of trade
policy on competition and firm markups. We hope that our simple and easily-used esti-
mation framework will enable future research to consider strategic firm responses when
estimating and quantifying aggregate trade policy effects. More generally, our results

highlight that trade policy can act as competition policy.
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A.1 Cournot competition

In case of quantity competition, denoted by C' for Cournot, each firm maximizes its op-
erating profit 7 (q;, q—;) = (pi(¢i, q—i) — Te(i)Ce(i)) & W-r.b. @i, and the first-order conditions

determine the Nash equilibrium in quantities:

or¢
dq;
where ¢ denotes the optimal supply of firm ¢ in country j, and ¢*, denotes the (m — 1)

Vi :

* * * * a *
(g, a%) = i@}, a"3) — TeyCoy + o 94, (¢, q%)q =0, (A1)

vector of the optimal supphes of all other firms. The inverse demand function for firm 7 is
given by p;(¢i,q—i) = Eq; 7/ >, qL As in the case of Bertrand competition presented
in the main text, we can rewrite the first-order condition in terms of mark-ups, denoted

by u{, and elasticities, denoted by €%, now as they follow from the Nash equilibrium in

quantities:
;. * K C C Ez'o o
Vi pi(ar, qty) = 1 T Cegiys My = o = 1) (1 =0 because (A.2)
¢ = 7 = U
Z 14 (0—1) (“?W)Cem)lii_ L+ (o —1)s’
S (ke
where s& = (U&7 o)) ) o (1C 7oy o)) 77 is the market share of firm ¢ such that

the Nash equilibrium in quantities converges to the monopolistic competition outcome for

s¢ approaching zero, too.

A.2 Existence and uniqueness of the industry equilibrium and
comparative static results

In this section, we provide the proof that the equilibrium in our model exists and is unique
and that trade costs increase prices less than one for one. We start with the proof for the
Bertrand game, i.e., price competition, followed by the proof for the Cournot game, i.e.,

quantity competition.

nverse demand can be derived by taking the ratio of the demand function for two distinct varieties 7 # j.
This yields (¢;/¢i) = (pj/pi)~ 7. Solving for p; and multiplying by ¢; yields p;q; = plqjg 1)/‘7/ 71/0.
Summing both sides over all available varieties, i.e., over j, yields Zj DPig; = (pz/ql Y .q (e=1)/

i%
1 /e
Note that Y pjq; = E, so rearranging yields p; = Eq; />, q§o Ve,

1



For both proofs, we 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.E| We fol-
low |Anderson et al.| (2020)) to prove sufficiency, existence and uniqueness of the industry
equilibrium and to demonstrate that pass-through is incomplete, that is, that the markup
decreases with the trade friction. We proceed by showing that all four assumptions re-

quired by |Anderson et al.| (2020) are fulfilled for our industry equilibrium.

Bertrand game: For the Bertrand game, we denote by a; firm ¢’s action, by A_; =
> i @; the aggregate of all other firms’ actions and by A = a; + A_; the aggregate of all

firms’ actions, so the profit of firm ¢ can be written as

Epi_g %0 E(li_l 2
(Pi = Ty cey) () = (Pi = e Ceci)) S e T (af - TmCe(z')) (A3
j=1147

= %ZB(A_Z -+ a;, ai),

where we have set a; = p; 7. Expression (A.3) shows that the Bertrand game is an
aggregative game, and that (A.3|) strictly decreases with A_; which fulfills Assumption 1
of |Anderson et al.| (2020). 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

shows that #2(A,a;) is also twice differentiable and strictly quasi-concave in a;. Fur-

v - Ea, " *
7P (A a;) = (ai - Té(i)%)) — (A.4)

thermore, maximization of #2(A,a;) w.r.t. a; is the same exercise as in monopolistic
competition models in which A is regarded as constant by the firm, and we know that
the sufficient conditions are fulfilled in this setup. Thus, #2(A, q;) is strictly concave at

the maximum, and hence Assumption 2 of |Anderson et al.| (2020)) is fulfilled if the profit
B

show this, we do not use the first-order condition , but the markup equation . Let

function 7;° (A_; + a;, a;) can be shown to be strictly concave at the profit maximum. To

2The 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.| (2020), |Cérchon| (1994) and Martimort and Stole| (2012). |Nocke and
Schutz| (2018) develop an aggregative games approach for multi-product firms.



bi = (,uiTé(i)CE(i))l_J such that

e
MZB = ¢ and B,i = Z bj

Te(i)Ce(s) oy
so that we can write the markup equation (3]) as an implicit function

Ty (0 —1)B-;

Differentiation yields

1

_1 _1
8\1’() B _B_ibil_a —i—biTg(i)Cg(i) <0 6\11() - b; -0 8‘1/() _ bil_c
86, B (0’ — 1)()1'872'7'@(@‘)6@(1‘) ’ 88,1 n 62 (0' — 1) ’ aTg(i) n Téi)Cg(i)

—1

<0

and shows that (i) the profit function is strictly concave at the profit maximum, (ii)
OV (-)/0b; —OW(-)/OB_; < 0 and (iii) that an increase in the trade friction makes the firm
less aggressive. Thus, Assumptions 2 and 3 of |Anderson et al. (2020)) are also fulfilled.

We now turn to the existence and the uniqueness of the Bertrand equilibrium. As
shown by |Anderson et al.| (2020), 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.
(2020) 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 functionsﬁ
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

bmc i
B(b;) = b; + _AU
(0 = 1)b;™" — oTyw ey

Since

3See eq. (2) in |Anderson et al| (2020) which requires (3°1, r;(B))/B >> 1 for small B where r;(B)
denotes the inclusive best reply function of firm ¢ and B =b; + B_;.



1
OTu(s) Ce(i) (bi‘” - Teu)%))

=1+

1

2
<(0 — )b — W(z‘)czu))
and

dB(b) B, seubr
(b:)  B(b;) _ Te(i) Ce(i) bi -0,

((O‘ — 1)bZ 7 — OTg(i)Cg(i))

Assumption 4 of |Anderson et al. (2020) is fulfilled and thus the Nash equilibrium is
uniqueﬁ Furthermore, since 0W(-)/07y;) < 0, b;/B must strictly decrease. Since s; = b;/B

is the firm’s market share, the markup can also be written as a function of the market
share, that is,
B( B o— (o —1s7 du"(s?) 1
R V[

where the derivative shows that the markup increases monotonically with the market

share. Thus, a decline in market share (e.g., caused by an increase in trade costs) reduces
the markup, and hence the difference in equilibrium prices between two markets will be

smaller than the difference in trade costs to serve these two markets.

Cournot game: We now turn to the Cournot game for which profits can be written

as

_1
o

Eq,

(p(+) = Teycey) s = E—Y T — TG | 4= 1 o -i—i—a- — To()Ce(i) al~" (A.6)
> i1 B
= %ZC(A,z + a4, ai),
where we now have set a; = qi(g_l)/ 7. Expression (A.6)) shows that the Cournot game is

also an aggregative game, and that (A.6]) strictly decreases with A_; so Assumption 1 of

4Anderson et al.| (2020) 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;.



Anderson et al.| (2020) is fulfilled. Furthermore, 7¢(A_; +a;, a;) is twice differentiable and

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

; Ea; °! 5
7TiC(A7 a;) = T Toi)Cea) | @ (A.7)

shows that 77 (A, a;) is also twice differentiable and strictly quasi-concave in a;. Further-
more, maximization of ©¢ (A, a;) w.r.t. a; is again the same exercise as in monopolistic
competition models in which A is regarded as constant by the firm, and we know that
the sufficient conditions are fulfilled in this setup. Thus, (A, a;) is strictly concave at
the maximum, and hence Assumption 2 of |Anderson et al.| (2020)) is fulfilled if the profit
function 7¢
we also show this by using the markup equation instead of the first-order condi-
tion (A.1)). We use b;, B_; and B as above and can write the markup equation ((A.2) as

an implicit function

(A_; + a;,a;) can be shown to be strictly concave at the profit maximum, and

Q()— bilfo _U(bi—FBfi)_O
ey (0 —1)Bo

Differentiation yields

_1 _1
Q- B_ibI=" + obimyacui Q(- b; Q(- bl
o) i~ obimpcn _ 900 o >O,3():_2Z <0
OTy(s) UTOLI0

b, (o — V)bB_imuaycu = OB_; B%(0—1)

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 re-
sponse functions, and the individual strategy line is compact, such that a Nash equilibrium
exists. Uniqueness were guaranteed if outputs were strategic substitutes, but Proposition
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

1
OTy(i)Ce(i) 1. o—1

o—1




Since

1

1—(c—2 Loy — 1
dB(bl) (U )0 (bz TZ('L)CZ('L) )

dbl _1_ 2
(1 + 0o (bia_ng(i)Cg(i) — 1))

1

dB(b;)  B(b;) b Tuiycun

and

_ 0
db; b, E 2 >
(1 +o (b@-‘”w)cé(i) - 1))

Assumption 4 of |/Anderson et al.| (2020)) is fulfilled and thus the Nash equilibrium is also
unique for Cournot competition. Again, since 9€2(-) /07y, < 0, the market share s; = b;/B

must strictly decrease. Rewriting the markup as a function of the market share implies

B o dpc(s¢) o
)= oAy iC " o-n—sp Y (A.8)

(2 (2
where the derivative shows that the markup increases monotonically with the market
share. Thus, a decline in the market share (e.g., caused by an increase in trade costs)
reduces the markup, and hence the difference in equilibrium prices between two markets

will be smaller than the difference in trade costs to serve these two markets.

A.3 Proof of Proposition (1| (i): Strategic complements and sub-
stitutes

In the following, we present the proofs for part (i) of Proposition [1} i.e., we investigate
under which conditions prices and quantities are strategic complements or substitutes in

the sense of Bulow et al.| (1985). We consider firm i competing against firm j # 4.

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

—0

(pz'—TMCM) b;
#0’ -+ (0‘ — 1)([)1 - Tg(i)Cg(i))W = 0 (Ag)

B.: —
wP()=1- 2

Strategic complementarity requires that 92 (-)/dp; > 0 which is true:



8¢B(-) 2 p;°p;°
— = (1 —0)*(pi — Ty o)) =155 > O- (A.10)
o) R OSNTEE
For Cournot competition, we use the aggregative games approach of Appendix [A.2] Dif-
ferentiation of 7% (A_; + a4, a;) in eq. (A.6) w.r.t. a; yields the first-order condition for

firm 7 as

UCLﬁ Ea;ﬁ Co(i) T
i a+A_; @) 7T@) -1 _ o
r(/)C( ) B +A aﬁ Ea/,i o—1 + EG/,L- o—1 B O
‘ N oc—1 ‘ (CI,Z' + A_i)z (0' — 1)(@1 + A_Z) -

(A.11)

Strategic complementarity (substitutability) requires that 9¢¢(+)/0A_; > (<)0. We find:
0UF () _ Elai—A)

L = . A12

(9A_i (G/z‘ + A—i)3 ( )

Thus, whether Cournot competition implies strategic complementarity or strategic sub-

stitutability depends on the relative size of firms’ outputs: if the output of firm ¢ is large
(small) such that

> ()Y g (A13)
L#£1

firm ¢ will increase (decrease) its output with an increase in rival output, and hence

quantities are strategic complements (substitutes).

A.4 Proof of Proposition

Let ¢; denote the unit cost of production, so the price index in country j for industry k

is given by

Pje = Z Piwie = Z (tié(@jkcf(i))lﬂ : (A.14)

iEM]’k iEMjk

Furthermore,



Pie\ E Y,
« . X il(i)jk ik -0 kY -0
Tigiyik = PieqyjeGieiyie = ( > Ej = —iss (tumsncen) = 55 (tuwincan) -
(9)J (4)7k9il(i)j P; Pj - P] -

(A.15)
Let gy denote the expenditure share in country j on goods produced by firm i as a

fraction of expenditures in industry k:
* l1—0o
Tisge _ (tiewincus))

l—o 1-o
it(iyjk = Y, = pi—o & (tif(i)jkcé(i)) = )\z’é(i)jkpjk .
j ik

As in |Arkolakis et al.| (2012]), we consider a potential shock in all other countries except
in country j, and we use country j’s unit cost as the numeraire. In |Arkolakis et al.| (2012)),
profits are a constant share of revenues, and therefore |Arkolakis et al.| (2012)) can show
that dInY; = dlnw; = 0 holds in their setup where w; denotes the wage rate (see also

Dekle et al., 2007). This is not true in an oligopoly setup where

n 1
Y=L+ 005 =) ) /0 o dk (A.16)

0=1 1Ly,

defines the income of the representative household with ¢; = 1 used as the numeraire;
T, 1s the maximized profit of an industry £ firm located in country j selling to all other
countries including the home country, 77 is the aggregate real factor income realized in
country j. Note that dInY; # dInc; also precludes solving our model in changes as in
Dekle et al| (2007). In eq. (A.1G), 7y, denotes the maximized profit of the firm ¢ in
industry % that is located in country j and sells in country §. Thus, IT; 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. yields

dIn P = > Ny (dIncgsy + dIntige) - (A.17)

=
As above, let © € L), denote a firm that has its location in country j such that £(¢) = j.

Since
Nie(iyjk (Cf(i)tié(i)jk)la
Aji Citujik ’
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In )\zf(z)]k —In )\ijk: = (1 - J)(ln Cg(i) + In tz@(z)]k —In Cj — In tijk).
Since ¢; is the numeraire, dInc¢; = 0. Contrary to |Arkolakis et al.| (2012), however, we

cannot assume that dInt,;;;, = 0, but only that dIn7j;, = 0. Therefore,

dIn )\M(i)jk —dln )\ijk = (1 — a)(dln Cg(z') -+ dln tié(i)jk — dlntbjjk),
where dInt,;;; = dlnp,;j, is the relative change in the domestic markup charged by a

firm ¢ located in country j. Solving for dln cy;y + dInt ), leads to

dln )\M(z)]k —dln )\ijk

dln Cg(i) + dlIn ti((i)jk = + dlIn Hyjik- (A18)

1—-0o
Using eqgs. (A.17) and (A.18)) and aggregating over all firms located in country j implies

dln A,
dln ]D]k = Z (n—Jljk + le/Lijk) s (Alg)

LEﬁjk 7=
because > ;e Aije = 1 and thus 370 dIn Xy = D ienr, (dNieyjn/ Aiecir) = 0.
The overall consumer price index in our model is given by P; =[], P;*. We define

dinAj, = Y (dIn X + (0 — 1)d1n o5 (A.20)

Leﬁjk
as the combined and weighted relative change in domestic expenditures and domestic
markups. Equation (A.19) then leads to the differential equation dPj;,/dA, = —Pji/[(1—

o)A,] whose solution is

where C is a constant. Let the superscript 1 (0) denote after (before) the change. Since
~ v ELPY Y [AL\'TT i~ e
Jjk Jk ~ jk J Jk o o
J U]Ok E;)k lek Y;-O (Ajlk> J5%5k J J ];[ ik
Furthermore, eq. (A.20) can be solved for levels such that
o— )\L ijk
Aje = (Napbtln) = > 25 (A.22)

Leﬁjk LEL‘,]'k 'LLL]]k

Using eqgs. (A.16)), (A.21) and (A.22) implies Proposition 2]
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A.5 Using market shares for welfare changes

In the national champions’ model,

dinAjy =dln A, + (0 — 1)dIn pj = dlnsjj, + (0 — 1)dIn ik,

as the expenditure share in country 5 on goods produced by the national champion of

country j is exactly s;j;z. The change in A, determines the change in welfare for }7} =1

(see Proposition |2/ and Appendix [A.4). We can now use eqs. (A.5) and (A.g]), respectively,

to compute dpi;j,/ i, and determine dlnAjy. In case of Bertrand competition,

S.B. (0‘ — ].)
dinAj = dlnsP, (1 a
n ( TSR sF)e 5 )

which shows that the effect of a reduction in domestic expenditure 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

¢ (oc—1
din A, = dln sG, (1 + M) |

— C
1 Siik

A.6 Sectoral trade cost parameter estimates
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A.7 Additional results on the European Single Market counter-
factual

A.7.1 Including Switzerland and Turkey in the European Single Market
Dummy

In our results presented in Section [5| 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 also include Turkey in the EU;;; dummy, and Tables 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.3: Welfare and markup changes of removing the European Single Market (in
%), including Switzerland in EU;;;

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 -7.4 -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 -50.4 -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 -5.5 -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 12.4
Russia 0.2 0.6 3.3 0.0 0.0
Slovakia -3.3 -5.1 -6.4 14 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
parameters used are from Table Monopolistic competition uses parameters from column (7), Bertrand competition
from column (8), and Cournot from column (9).
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Table A.4: Welfare and markup changes of removing the European Single Market (in
%), including Switzerland in EU;j; using the same monopolistic competition trade
costs

Country 7AW, SoAm;
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 -3.4 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
parameters 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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Table A.6: Welfare and markup changes of removing the European Single Market (in
%), including Switzerland and Turkey in EU;;;

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 -9.5 -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
parameters used are from Table Monopolistic competition uses parameters from column (7), Bertrand competition
from column (8), and Cournot from column (9).
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Table A.7: Welfare and markup changes of removing the European Single Market (in
%), including Switzerland and Turkey in EUj;j; using the same monopolistic compe-
tition trade costs

Country 7AW, SoAm;
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 0.4 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 -9.5 -5.4 -5.4 0.1 0.5
Latvia -4.2 -4.2 -4.2 0.8 2.4
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 2.4
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 -2.4 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
parameters 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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A.7.2 Using GDP per capita as unit cost proxy

In our results presented in Section [5|of the main body of the text, we use GDP per worker
to proxy unit production cost c;;. 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 , we present results from abolishing the
European Single Market for the different competition forms using the respective estimated
trade costs. In Table[A.9] we use the estimated trade costs from monopolistic competition

for all three competition modes. Results remain similar.
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Table A.8: Welfare and markup changes of removing the European Single Market
(using GDP per capita for unit cost) (in %)

Country HAW; FoAR;
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 -7.4 -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 -2.4 -3.0 0.4 3.7
Greece -2.7 -4.5 -6.9 2.8 10.6
Croatia -4.7 -7.4 -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 -3.4 -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 14 5.7
Mexico 0.1 0.8 2.4 0.0 0.0
Malta -5.4 -8.4 -9.4 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 3.4 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
parameters used are from Table[l} Monopolistic competition uses parameters from column (7), Bertrand competition
from column (8), and Cournot from column (9). The difference to Table [3| in the main text is that this table uses
GDP per capita as our proxy for country-specific unit costs, see Section [A.9| for details.
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Table A.9: Welfare and markup changes of removing the European Single Market
using the same monopolistic competition trade costs (using GDP per capita for unit

cost) (in %)

Country HAW; FoAR;
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 04 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 -3.4 0.9 2.5
Croatia -4.7 -4.9 -4.9 1.8 3.3
Hungary -4.4 -4.3 -4.1 0.9 24
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
parameters used are from Table column (7), i.e., we use the same trade costs consistent with conventional structural
gravity models for all competition modes. The difference to Table [F]in the main text is that this table uses GDP per
capita as our proxy for country-specific unit costs, see Section @ for details.
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A.7.3 Robustness checks for o = 3.8

In our results presented in Section [5| of the main body of the text, we set 0 = 5.03, the
preferred estimate of the literature survey in Head and Mayer (2014). In Table |A.10| we
present parameter estimates using o = 3.8, the median value of the metastudy by |Bajzik
et al.| (2020)). In Table we present results for the same counterfactual as in the main

text but using o = 3.8. Results remain quite similar.
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Table A.11: Robustness check: welfare and markup changes of removing the European
Single Market using o = 3.8 (in %)

Country NAW,; FoAL;
Monop. Comp. Bertrand Cournot Bertrand Cournot
Australia 0.4 0.8 1.2 0.0 0.0
Austria -7.5 -10.3 -12.5 0.6 4.2
Belgium -6.2 -9.7 -12.3 0.5 2.5
Bulgaria -5.7 -9.0 -10.8 7.5 14.0
Brazil 0.0 0.4 1.8 0.0 0.0
Canada 0.3 1.2 2.5 0.0 0.0
Switzerland 1.9 3.1 4.3 0.0 0.0
China -0.3 -0.7 -1.3 -0.0 -0.0
Cyprus -7.2 -10.9 -12.8 5.1 10.4
Czech Republic -6.3 -9.2 -10.9 1.9 6.9
Germany -1.9 -1.6 -1.2 0.3 2.6
Denmark -6.3 -94 -12.2 1.0 4.9
Spain -2.7 -3.5 -5.4 3.3 10.7
Estonia -6.5 -9.8 -12.0 1.3 5.0
Finland -4.6 -6.1 -6.9 1.4 6.8
France -4.1 -4.7 -4.8 0.8 4.2
United Kingdom -2.9 -3.4 -4.3 0.9 4.0
Greece -3.9 -5.8 -8.0 3.1 9.8
Croatia -6.7 -9.7 -10.8 3.3 8.5
Hungary -6.2 -8.7 -10.4 1.6 5.5
Indonesia -0.1 -0.0 -0.1 0.0 -0.0
India -0.1 0.1 0.7 -0.0 0.0
Ireland -4.8 -6.2 -8.3 0.5 2.5
Italy -2.4 -1.6 -1.8 1.5 7.9
Japan -0.1 0.0 0.2 0.0 0.0
Korea, South 0.0 0.0 0.0 0.0 0.0
Lithuania -5.4 -8.3 -10.4 1.2 4.9
Luxembourg -7.6 -11.3 -13.5 0.5 24
Latvia -5.6 -8.5 -10.5 1.5 5.1
Mexico 0.2 1.0 2.2 0.0 -0.0
Malta -7.7 -11.3 -13.3 3.8 9.3
Netherlands -5.2 -7.5 -9.7 0.3 1.6
Norway -5.8 -7.6 -7.4 0.6 4.3
Poland -4.1 -6.0 -7.5 3.5 10.5
Portugal -6.0 -9.1 -10.8 6.3 13.2
Romania -4.0 -6.0 -7.7 5.3 12.7
Russia 0.3 0.8 2.3 0.0 -0.0
Slovakia -4.6 -6.5 -1.7 1.7 5.5
Slovenia -7.6 -9.3 -10.2 1.6 6.0
Sweden -5.9 -8.4 -10.1 0.9 4.9
Turkey 0.4 0.9 2.3 0.0 0.0
Taiwan 0.1 0.2 0.4 0.0 0.0
United States 0.1 0.8 2.2 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 in this letter. Monopolistic competition uses parameters from column (7), Bertrand
competition from column (8), and Cournot from column (9). We set o = 3.8, the median value of the meta study by
Bajzik et al.|(2020). In Table 2 in the manuscript, we use o = 5.03, the preferred value of the meta study by |Head and
Mayer| (2014)).
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A.8 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, 72() = > iev, (Pi — Tu@yci)qi(+) w.r.t. to all p;, leading to the

first-order conditions

. 0
Vi € V; - ql() + ( To(3)Ce(4) Z aqg
beV; pi

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

B =0—-(c-1) Z Sg (A.23)

0ev;
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#&(-) =

Zz‘evi (pi(+) — Te)yceqiy) @ wor.t. g;, leading to the first-order conditions

8p9
3%

Vi € VZ pz( ) — Te(i)Ce(i) + Z
ocy;

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

except that

- o
YT+ (0= 1) Y ey, S6 ( )

replaces the elasticity.
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A.9 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 || 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 7'2-1].;" = exp(x;;,3) for the last year 2014 in our data set and
solve for 7;;; using o = 5.03 as recommended by |Head and Mayer (2014)E|We can then use
eqs. 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 workerﬁ For monopolistic competition,
all markups in all markets are given by /(o — 1). With the model-consistent trade cost
and markup matrices, we can then calculate model-consistent ¢;;; = f1;;:7;;; and solve the

system of (scaled) multilateral resistance terms in eq. (11)).

For given trade costs and markups, i.e., for given values of ¢;;;, 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
(11)) 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 en-

SWe set 74 = 1,Vi,t, and Tij+ = 1 if our estimated trade cost is below unity. The functional form used in
the literature, Tiljzg = exp(x;;;8), 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 &;;, leading to fitted 74;; < 1 in some cases.
6See Section for counterfactual simulation results using GDP per capita as our unit cost proxy.
Results remain similar.

"For numerical stability, we follow |Anderson| (2011) and actually solve eq. for P; =Y,/ YWP;T_1
and Q; = F;/ YWPi”_l. For an explicit depiction of eq. in this form, see Appendix B in [Heid and
Larch| (2016).
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dogenous markups in the counterfactual scenario, again using eqs. and , and then
solve for the corresponding counterfactual multilateral resistance terms using eq. . We
use observed sales and expenditure in our trade data to calculate £;/Y,V and Y;/Y,V.We
then calculate welfare changes in country j as %AW; = (P}/P} — 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.10 Model extension to an arbitrary number of national cham-

pions

In the main text, the quantification of the welfare effects focusses on our model with one
national champion, i.e., one domestic firm per country. In Figure [2| in the main text we
show the average welfare effect of removing the European Single Market for European
Single Market member countries when we allow for more than one national champion per
country. In the following, we derive the gravity equation for this generalized model. If we
allow for Ny symmetric national champions in each country, sales of each individual firm
are still given by eq. . As all national champions from one country are symmetric, they
all charge the same prices, hence, p;jrr = pijr V f € Ng, and markups. For the same level
of trade costs, markups are different as in the case of Bertrand competition, the market
share of any individual firm in the model with N; national champions, 55 s> is given by
55 P= 35 7 /Ny, where 35 s is the market share of the single national champion in the main
text, and similarly for Cournot competition. Therefore, the systems of equations given by
eq. (3) and eq. still determine the markups across all destinations when replacing
sgf by §gf and sicjf by ng

Aggregate sales from country ¢ to country j in industry k are given by

Tijk = NfPl—j_Utijkl_UC,}io. (A25)
jk
Aggregate sales can then be written as
~ - Liji By, Y o LijnEjk, -,
Yi = Zf’%k = Z Ny ;,1_3, pijkl = Czl Z Ny ]jﬂ_i tijkl ) (A-26)
j=1 j=1 Jk j=1 Jjk
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which we can solve for ci"’ =Y ;’k’l, where ;’k’l is the outward multilateral resistance

term. Q% '/N; = Q%" as defined in the main text, and hence we can derive a similar

gravity equation as in the main text:

l1—0o l1—0o
YinE; tij Yir E; ijkTij .
T = e | = ik = kW]k HighTisk ,  with (A.27)
Yy Qi P, Y, Qir P,
1—0o
. n Ek ti'k - n sz tijk 1—0o
Qll o — ]z .k—J 9 and P % = = . (A28)
=2ty | 5 = 25w 5,

Note that as multilateral resistance terms are only defined up to scale, see Anderson and
van Wincoop) (2003), in the case of constant markups as in monopolistic competition, the

number of national champions does not affect the equilibrium.

To bring our model to the data, we calculate the market shares of each of the Ny
national champions from the data, estimate the trade cost parameters and then solve
for the model-consistent markups and welfare in both the baseline and counterfactual
scenario as described in Appendix [A.9]
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