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HOW DO DIFFERENT EXPORTERS REACT TO EXCHANGE RATE CHANGES?
THEORY, EMPIRICS AND AGGREGATE IMPLICATIONS

NON-TECHNICAL SUMMARY

Movements of nominal and real exchange rates are large. They however seem to have little effect on
aggregate variables such as import prices, consumer prices, and the volumes of imports and exports.
The sensitivity, or rather lack of, of prices to exchange rate movements has been well documented
by Goldberg and Knetter (1997) and Campa and Goldberg (2005 and 2008) who provide estimates of
the pass-through of exchange rates into import prices. There is also evidence indicating a decline in
exchange rate pass-through to import prices in the U.S. On the quantity side, the elasticity of aggregate
exports to real exchange rate movements is typically found to be low in industrialized countries, rarely
above 2, sometimes below unity. In international real business cycle models, the elasticity used for
simulations is typically between 0.5 and 2.

One possible explanation is that prices are rigid in the currency of the export market. However, Campa
and Goldberg, (2005) show that the incomplete pass-through of exchange rate changes into import prices
is far from being a short-term phenomenon as it remains after one year. This suggests that price rigidities
cannot fully explain this phenomenon. Moreover, Gopinath and Rigobon (2008) have recently shown on
good-level data, that even conditioning on a price change, trade weighted exchange rate pass-through
into U.S. import prices is low, at 22%. Another explanation is the presence of local distribution costs.
These can directly explain why consumer prices do not respond fully to exchange rate movements.

In this paper, we show that the heterogeneity of the optimal response of exporters to exchange rate
movements can help explain the lack of response of aggregate variables (prices and quantities) to these
movements. We show theoretically and empirically that high and low performance firms react very
differently to exchange rate movements. We interpret performance in terms of productivity or, in an al-
ternative version of the model, in terms of quality. Whereas, following a depreciation, high performance
firms optimally raise their markup rather than the volume they export, low performance firms choose
the opposite strategy. Another way to state this result is that high performance firms absorb exchange
rate movements in their markups but low performance firms do not. The reason is that, due to local
distribution costs, the demand elasticity perceived by high performance firms is lower than the elas-
ticity perceived by low performance ones. This heterogeneity is a novel finding and is also interesting
because of its implications for aggregate effects of exchange rate movements. In our model, following
the spirit of Melitz (2003), fixed export costs generate a selection mechanism through which only the
best performers are able to export. Also, heterogeneity in productivity implies that a very large share of
aggregate exports is made by a small portion of high performance firms. Hence, exporters, and even
more so big exporters, are, by this selection effect, firms which optimally choose to absorb exchange rate
movements in their markups. A depreciation also leads new firms to enter the export market but these are
less productive and smaller than existing ones. We show that our model, with sufficient heterogeneity in
productivity, can indeed reproduce the observed low level of the elasticity of the intensive and extensive
margins of trade to exchange rate movements. Our simple model emphasizes the role of distribution
costs in generating endogenous and heterogenous pricing to market (although changing the demand sys-
tem to make it linear or translog can also also yield heterogenous responses to exchange rate changes).
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We then test the main predictions of the model on a very rich French firm level data set with destination-
specific export values and volumes on the period 1995-2005. Our results confirm that high performance
firms react to a depreciation by increasing their export price rather than their export volume. The reverse
is true for low productivity exporters. Pricing to market by exporters is also more pervasive in sectors
and destination countries with higher distribution costs. Consistent with our theoretical framework, we
show that the probability of firms to enter the export market following a depreciation increases. The
extensive margin response to exchange rate changes is modest at the aggregate level because firms that
enter, following a depreciation, are smaller relative to existing firms.

ABSTRACT

This paper analyzes the reaction of exporters to exchange rate changes. We present a model where, in the
presence of distribution costs in the export market, high and low productivity firms react differently to a
depreciation . Whereas high productivity firms optimally raise their markup rather than the volume they
export, low productivity firms choose the opposite strategy. Hence, pricing to market is both endogenous
and heterogenous. This heterogeneity has important consequences for the aggregate impact of exchange
rate movements. The presence of fixed costs to export means that only high productivity firms can
export, firms which precisely react to an exchange rate depreciation by increasing their export price
rather than their sales. We show that this selection effect can explain the weak impact of exchange rate
movements on aggregate export volumes. We then test the main predictions of the model on a very rich
French firm level data set with destination-specific export values and volumes on the period 1995-2005.
Our results confirm that high performance firms react to a depreciation by increasing their export price
rather than their export volume. The reverse is true for low productivity exporters. Pricing to market
by exporters is also more pervasive in sectors and destination countries with higher distribution costs.
Consistent with our theoretical framework, we show that the probability of firms to enter the export
market following a depreciation increases. The extensive margin response to exchange rate changes is
modest at the aggregate level because firms that enter, following a depreciation, are smaller relative to
existing firms.

JEL Classification: F12.

Keywords: Gravity. Heterogeneity. Exchange rate. Trade.
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LA REACTION DES EXPORTATEURS AUX VARIATIONS DE TAUX DE CHANGE :
THEORIE, RESULTATS EMPIRIQUES ET IMPLICATIONS MACRO-ECONOMIQUES

RESUME NON TECHNIQUE

Les fluctuations de taux de change (nominal et réel) sont importantes, mais semblent avoir un impact
assez faible sur les variables macroéconomiques pertinentes comme les prix a I’importation ou a la
consommation, ou les volumes importés ou exportés par un pays. Cette faiblesse de réaction des prix
aux variations de taux de change a été bien documentée par Goldberg et Knetter (1997) ou encore par
Campa et Goldberg (2005 et 2008) qui fournissent des estimations de la transmission des fluctuations
de taux de change aux prix des importations. Ces travaux et d’autres montrent par ailleurs une tendance
a la baisse de la transmission des taux de change aux prix des importations américaines. Quant aux
volumes, la littérature empirique en macro-économie trouve des élasticités des exportations agrégées
au taux de change souvent inférieures a 1, rarement supérieures a 2. Dans les modeles de cycle réel,
I’élasticité utilisée dans les simulations est comprise entre 0.5 et 2. Ces valeurs sont largement plus
faibles que les élasticités estimées sur d’autres variations de prix comme les changements de droits de
douane. Une explication possible du phénomene serait une rigidité des prix exprimés dans la devise du
pays exportateur a court terms. Cependant, Campa et Goldberg (2005) montrent que la transmission
incomplete des variations de taux de change aux prix a 'importation est une phénomene qui dépasse
le court terme, et reste présent au bout d’un an. Une autre explication tient a la présence de cofits de
distribution locaux qui peuvent expliquer directement pourquoi les prix a la consommation ne réagissent
pas entierement aux variations de taux de change.

Dans cet article, nous montrons que 1’hétérogénéité dans la réponse optimale des exportateurs aux varia-
tions de taux de change peut permettre d’expliquer le manque de réaction des variables agrégées (prix et
quantités). Nous montrons de maniere théorique et empirique que les firmes réagissent différemment aux
variations de taux de change, selon leur performance. Par performance, nous entendons dans le modele
niveau de productivité, mais le modele peut étre ré-interprété en termes d’hétérogénéité au niveau de la
qualité du produit. Alors que, lors d’une dépréciation du taux de change, les firmes les plus performantes
choisissent d’augmenter leur marge plutdt que le volume exporté, les firmes moins performantes choi-
sissent la stratégie inverse. En d’autres termes, les “meilleures firmes” absorbent les fluctuations de taux
de change dans leurs marges, alors que les autres ne le font pas. La raison fondamentale de cette diffé-
rence tient dans un écart d’élasticité-prix de la demande pergue par les deux types de firmes, en raison de
I’existence de colits de distribution locaux. Cette différence de réaction a également des conséquences
en termes d’impact du taux de change au niveau de I’économie dans son ensemble. Dans notre modele,
qui s’inspire de Melitz (2003), I’existence de coflits fixes a I’exportation engendre un mécanisme de sé-
lection au travers duquel seules les “meilleures firmes” exportent. De plus, I’hétérogénéité des niveaux
de productivité implique qu’une treés grande partie des exportations soit réalisée par une tres faible part
des entreprises les meilleures. En conséquence, les exportateurs, et encore plus les gros exportateurs,
sont (au travers de ce mécanisme de sélection), ceux qui choisissent a 1I’équilibre d’absorber les fluctua-
tions de taux de change dans leurs marges. Une dépréciation amene également de nouvelles entreprises
a entrer sur les marchés d’exportation, mais elles sont moins efficaces et plus petites que les exporta-
teurs en place. Lorsque le niveau d’hétérogénéité est suffisamment élevé, notre modele peut reproduire
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le faible niveau observé de I’élasticité des marges intensives et extensives du commerce international
par rapport au taux de change. Le modele met en avant le role des colts de distribution dans la mise
en place de comportement de tarification au marché. Nous testons ensuite les prédictions principales du
modele sur des données extrémement détaillées d’exportation de firmes frangaises en valeur et en quan-
tité, pour la période 1995-2005. Les résultats confirment que les firmes a haute performance réagissent
a une dépréciation en augmentant leur prix a I’exportation plutét que le volume exporté. L’inverse est
vrai pour les firmes de faible productivité. La tarification au marché est également un comportement
plus répandu dans les secteurs et les destinations avec des cofits de distribution plus élevés. En accord
avec nos prédictions théoriques, nous trouvons que la probabilité pour une firme de devenir exportateur
augmente lors d’une dépréciation de la devise. La marge extensive de la réponse aux fluctuations du taux
de change est faible au niveau agrégé car les firmes qui entrent sont plus petites et exportent moins que
les firmes existantes.

RESUME COURT

Larticle analyse la réaction des exportateurs aux fluctuations de taux de change. Nous proposons un
modele ou, en présence de colts de distribution dans I’activité d’exportation, les firmes de haute et
de faible productivité réagissent différemment a une dépréciation du change. Alors que les firmes de
haute productivité en profitent pour augmenter leur marge a 1’équilibre, les autres entreprises préferent
augmenter leur volume d’exportation. La tarification au marché dans ce modele est donc a la fois
endogene et hétérogene. Cette hétérogénéité a une importance fondamentale pour I’impact agrégé des
fluctuations du change. La présence de cofits fixes a I’exportation implique que seules les firmes le plus
productives exportent, c’est-a-dire celles qui réagissent a une dépréciation par un changement de leur
marge et un faible changement de leur volume exporté. Cet effet de sélection peut expliquer la faible
réponse des flux agrégés aux fluctuations du change. Nous testons ensuite les prédictions principales du
modele sur une base de données tres détaillée d’exportations des firmes francaises disposant des volumes
et valeurs exportés au niveau individuel sur la période 1995-2005. Nos résultats confirment que les firmes
les plus productives réagissent au dépréciations en augmentant leurs prix plutdt que leurs quantités
exportées. L’inverse est vrai des firmes les moins productives. Le pricing-to-market est également
un comportement plus répandu dans les secteurs et les destinations avec des coits de distribution plus
élevés. En accord avec nos prédictions théoriques, nous trouvons que la probabilité pour une firme de
devenir exportateur augmente lors d’une dépréciation de la devise. La marge extensive de la réponse
aux fluctuations du taux de change est faible au niveau agrégé car les firmes qui entrent sont plus petites
et exportent moins que les firmes existantes.

Classification JEL : F12

Mots clés : Gravité. Héterogénéité. Taux de change. Commerce international.
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HOW DO DIFFERENT EXPORTERS REACT TO EXCHANGE RATE CHANGES?
THEORY, EMPIRICS AND AGGREGATE IMPLICATIONS'

Nicolas Berman*
Philippe Martin'
Thierry Mayer?

1. INTRODUCTION

Movements of nominal and real exchange rates are large. They however seem to have little ef-
fect on aggregate variables such as import prices, consumer prices, and the volumes of imports
and exports. The sensitivity, or rather lack of, of prices to exchange rate movements has been
well documented by Goldberg and Knetter (1997) and Campa and Goldberg (2005 and 2008)
who provide estimates of the pass-through of exchange rates into import prices. There is also
evidence indicating a decline in exchange rate pass-through to import prices in the U.S. On the
quantity side, the elasticity of aggregate exports to real exchange rate movements is typically
found to be low in industrialized countries, a bit below unity for example in Hooper, Johnson,
and Marquez (2000) and above unity but rarely above 2 in others studies. In international real
business cycle models, the elasticity used for simulations is typically between 0.5 and 2.

One possible explanation is that prices are rigid in the currency of the export market. However,
Campa and Goldberg, (2005) show that the incomplete pass-through of exchange rate changes
into import prices is far from being a short-term phenomenon as it remains after one year.
This suggests that price rigidities cannot fully explain this phenomenon. Moreover, Gopinath
and Rigobon (2008) have recently shown on good-level data, that even conditioning on a price
change, trade weighted exchange rate pass-through into U.S. import prices is low, at 22%.
Another explanation is the presence of local distribution costs. These can directly explain why
consumer prices do not respond fully to exchange rate movements. Corsetti and Dedola (2007)
show that with imperfect competition, distribution costs may also explain why import prices
themselves do not respond much to exchange rate movements.

'We thank Anders Akerman, Andrew Atkeson, Ariel Burstein, Giancarlo Corsetti, Mario Crucini, Linda Gold-
berg, Samuel Kortum, Francis Kramarz, Steve Redding David Weinstein and participants at the Federal Reserve
Bank of New York, Columbia, Princeton, NYU, Sciences-Po, CREST-LMA, Oslo university, Cesifo Summer
Institute, Banco de Portugal, Bank of Hungary, Berkeley, UCLA, Federal Reserve Bank of San Francisco, Univer-
sity Nova of Lisbon and AEA, NBER Summer Institute and ERWIT Meetings for helpful comments. We are very
grateful to Linda Goldberg who provided us the data on distribution costs. Philippe Martin and Thierry Mayer
thank the Institut Universitaire de France for financial help. This paper is produced as part of the project Euro-
pean Firms in a Global Economy: Internal policies for external competitiveness (EFIGE), a Collaborative Project
funded by the European Commission’s Seventh Research Framework Programme, Contract number 225551.

*Graduate Institute of International and Development Studies (nicolas.berman @ graduateinstitute.ch)

tSciences-Po (Paris) and CEPR (philippe.martin @sciences-po.fr)

fSciences-Po (Paris), CEPII and CEPR (thierry.mayer @sciences-po.fr).
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In this paper, we show that the heterogeneity of the optimal response of exporters to exchange
rate movements can help explain the lack of response of aggregate variables (prices and quanti-
ties) to these movements. We show theoretically and empirically that high and low performance
firms react very differently to exchange rate movements. We interpret performance in terms of
productivity or, in an alternative version of the model, in terms of quality. Whereas, following a
depreciation, high performance firms optimally raise their markup rather than the volume they
export, low performance firms choose the opposite strategy. Another way to state this result is
that high performance firms absorb exchange rate movements in their markups but low perfor-
mance firms do not. The reason is that, due to local distribution costs, the demand elasticity
perceived by high performance firms is lower than the elasticity perceived by low performance
ones. This heterogeneity is a novel finding and is also interesting because of its implications
for aggregate effects of exchange rate movements. In our model, following the spirit of Melitz
(2003), fixed export costs generate a selection mechanism through which only the best per-
formers are able to export. Also, heterogeneity in productivity implies that a very large share
of aggregate exports is made by a small portion of high performance firms. Hence, exporters,
and even more so big exporters, are, by this selection effect, firms which optimally choose to
absorb exchange rate movements in their markups. A depreciation also leads new firms to enter
the export market but these are less productive and smaller than existing ones. We show that
our model, with sufficient heterogeneity in productivity, can indeed reproduce the observed low
level of the elasticity of the intensive and extensive margins of trade to exchange rate move-
ments. It should be noted that other models could produce similar results. In particular, in
models where the demand elasticity depends on the productivity and the price of the firm, one
would also predict a similar heterogenous pattern of producer price and quantity responses to
exchange rate movements. This would be the case in the models of Bergin and Feenstra. (2000,
2001, 2009) with translog preferences, Melitz and Ottaviano (2008) with a linear demand func-
tion and Bernard et al. (2003) and Atkeson and Burstein (2008) with quantity competition a la
Cournot. Our simple model emphasizes the role of distribution costs in generating endogenous
and heterogenous pricing to market.

The model produces testable implications on the heterogeneity of the sensitivity of firm level
export prices and volumes to exchange rates and on the role of distribution costs in pricing to
market. We test these predictions on a very rich firm-level dataset. We collected information
on firm-level, destination-specific export values and volumes from the French Customs and
other information on firm performance at annual frequency. This is the same source as the
one used by Eaton, Kortum, and Kramarz (2008) for the year 1986. We use this data set for a
longer and more recent period (1995-2005) so that we can exploit variation across both years
and destinations®>. To our knowledge, our paper is the first to exploit such detailed data to
document the reaction of firms to exchange rate movements in terms of prices, quantities, entry
and exit and to analyze how different firms react differently to exchange rate movements. A big
advantage of our dataset is that we have information that can proxy for the FOB price at the
producer/destination level. We can infer the impact of a depreciation on the pricing strategy of
the exporter. Our paper is therefore complementary to existing studies on pricing to market and

2Berthou and Fontagné (2008a, and b) use this same data set to analyze the effect of the creation of the euro on
the exports of French firms.
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pass-through which use information that proxies pricing strategies of exporters through import
prices® (which contain transport costs) or consumer prices* (which also contain distribution
costs). We first show that firms with performance (measured by TFP, labor productivity, export
size, number of destinations) above the median react to a 10% depreciation by increasing their
(destination specific) export price in euro by around 2%. In contrast, those firms below median
performance do not change export prices in reaction to a change in exchange rate. Hence, only
high performance partially price to market and partially absorb exchange rate movements in
their mark-ups. On export volumes (again destination specific), the reverse is true: for the best
performers export volumes do not react to exchange rate movements but poor performers react
by increasing their export volumes by around 6%. We also find that, following a depreciation,
French exporters selling in sectors and countries with high distribution costs, choose to increase
their mark-up rather than their export volumes. Distribution costs in the destination market
therefore change the pricing strategy of exporters towards more pricing to market. Again, this
1s consistent with our theoretical framework and with the model of Corsetti and Dedola (2007).

To our knowledge, our paper is also the first to document the impact of exchange rate changes
on entry and exit in different destinations. The model predicts entry of firms following a depre-
ciation® We find that this is indeed the case for French firms and, surprisingly, that this entry
takes place relatively quickly, within a year. The extensive margin represents around 20% of
the total increase in exports. However, because the new entrants are on average smaller than
existing exporters, the extensive margin of exchange rate movements on exports has a limited
effect at the aggregate level.

Consistently with the existing literature, we find that the aggregate elasticity of exports to ex-
change rate is low, a little bit above unity. We show that with sufficient heterogeneity and
plausible distribution costs margins, our model, in the absence of nominal rigidities, can re-
produce the observed low aggregate elasticities at both the intensive and extensive margins.
Empirically, and consistent with the key role of heterogeneity in our model, we also find that
sectors with more heterogenous firms are those for which aggregate export volumes are the
least sensitive to exchange rate movements.

At the origin of our results is the interaction between two key elements recently emphasized
by the international trade and macroeconomics literatures. The first element is productivity
heterogeneity across firms which has been theoretically analyzed by Melitz (2003) and Chaney
(2008) in the trade context. Several papers have documented the fact that firms that export have
higher productivity and perform better than other firms more generally (see for the French case,
Eaton, Kortum, and Kramarz (2004 and 2008)). This is due to the existence of fixed costs of
exports that allows only high performers to export. Moreover, a very large share of exports is
concentrated on a small number of firms, the best performers among the exporters (see Bernard,
Jensen, Redding and Schott 2007 and Mayer and Ottaviano, 2007). The second element is

3See for example Gopinath and Itskhoki (2008), Gopinath, Itskhoki and Rigobon (2009), Halpern and Koren
(2008).

4See Crucini and Shintani (2008) and Gopinath, Gourinchas, Hsieh and Li (2009) for example.

SBernard, Eaton, Jensen and Kortum (2003), in a theoretical model with firm heterogeneity, entry and exit find
that an appreciation leads some of the firms to stop exporting.
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local distributions costs that have to be paid by firms to reach consumers. Evidence of the
significance of these costs have been found by Goldberg and Campa (2008) and previously
emphasized by Anderson and Van Wincoop (2004) among others; they are generally found to
constitute a 40 to 60 percent share of consumer prices. Burstein, Neves, and Rebelo (2003)
report that distribution costs represent more than 40 percent of the retail price in the US and
60 percent of the retail price in Argentina. We show in this paper that the interaction of firms’
heterogeneity and local distribution costs generate heterogenous optimal response to exchange
rate changes in terms of prices (heterogenous pricing to market) and quantities.

Our paper is related to the literature on incomplete exchange rate pass-through and pricing
to market. A recent paper by Auer and Chaney (2008) shows that the pass-through can be
incomplete and heterogeneous across goods of different quality in a model with heterogenous
consumers. Our paper is also related to the papers (Corsetti and Dedola, 2007 and Atkeson
and Burstein, 2008) which have analyzed the impact of distribution costs on the extent of the
pass-through. Indeed, in our model, local distribution costs directly lower the pass-through to
consumer prices but also generate variable producer mark-ups as in Corsetti and Dedola (2007)
that further reduce the pass-through.

Burstein, Neves, and Rebelo (2003) analyze the role of nontradable distribution costs in ac-
counting for the behavior of international relative prices. and show that because distribution
services require local labor, they drive a natural wedge between retail prices in different coun-
tries. Burstein, Eichenbaum, and Rebelo (2005) show that distribution costs are also key to
understand the large drop in real exchange rates that occurs after large devaluations. In the
theoretical contribution of Atkeson and Burstein (2008), distribution costs also play an impor-
tant role to explain deviations from relative purchasing power parity in a model with imperfect
competition and variable markups. The model they present is the closest to ours because they
show that in the presence of trade costs and imperfect competition large firms have an incentive
to price to market. Hence, heterogeneity across firms features prominently in their analysis of
pricing to market and deviations from PPP. Different from Atkeson and Burstein (2008), we fo-
cus on both prices and quantities and the mechanism we analyze in our theoretical contribution
depends on the interaction between heterogeneity in productivity and local distribution costs.
In addition, we test our predictions on a very detailed firm-level dataset for both prices and
quantities. Our empirical results on prices are consistent with several aspects of their theoreti-
cal model, in particular the fact that firms differ in the degree to which they price to market and
that this heterogeneity may have important aggregate consequences. Two other related papers
are Dekle, Jeong and Ryoo (2007) and Imbs and Mejean (2009) who show that the aggregation
of heterogenous firms or sectors can result into an aggregation bias in the estimation of the elas-
ticity of exports to exchange rate changes. Their firm and sector level analysis concludes that
estimates of the elasticity parameter at the firm or sector and at the (consistently) aggregated
levels are similar.

There are few empirical contributions on pricing to market, exchange rate and export flows
using exporter-level data®. Martin and Rodriguez (2004) find that Spanish firms do react to a

®Qther papers analyze different aspects of firms reactions to exchange rate shocks. Gourinchas (1999), evaluates

10
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depreciation by raising their mark up. Hellerstein (2008) uses a detailed dataset with retail
and wholesale prices for beer and finds that markup adjustments by manufacturers and retailers
explain roughly half of the incomplete pass-through whereas local costs components account
for the other half. Gaulier, Lahreche-Révil and Méjean (2006) show, using product-level data,
that pricing to market is more pervasive when the goods are traded on referenced markets
and for final consumption goods. Their study stresses strong heterogeneity in pricing to market
across products. Bernard, Jensen an Schott (2006) show that multinationals differentially adjust
their prices inside and outside the firm in response to exchange rate movements. Fitzgerald
and Haller (2008) use an Irish firm level data set and show that, conditioning on goods being
invoiced in destination currency and observing a price change, mark-ups move one-for-one with
movements of the exchange rate. However, these studies do not analyze how and why different
firms react differently to an exchange rate movement and how their price, sales and entry/exit
decisions are affected, which is the focus of our paper. Using British data, Greenaway, Kneller
and Zhang (2007) analyze the exporter status choice following exchange rate variations but
they do not have information on export destination, nor on the pricing strategy of firms.

The paper is organized as follows. We derive the main theoretical results and predictions in the
next section. Section 3 presents the data set, the empirical methodology and the main findings.
Section 4 concludes.

2. THEORETICAL FRAMEWORK

2.1. Preferences and technology

We analyze a simple model in which heterogenous firms of a country (called Home) export to
N countries. The aim is to derive testable implications concerning the impact of exchange rate
movements on exporters behavior. In the empirical section, where we test those implications,
the exporter country will be France. For notational simplicity, given that we concentrate on
one exporter country (Home), we drop subscripts that describe this country. There is only one
sector which operates under monopolistic competition.

The origin of the movements in the bilateral real exchange rates with each N countries will be
left exogenous but could be made endogenous either by introducing monetary shocks that move
the nominal exchange rate under the assumption of rigid nominal wages or productivity shocks
in a non tradeable sector. Corsetti and Dedola (2007) analyze both in a general equilibrium
model. Ghironi and Melitz (2005) and Atkeson and Burstein (2008) focus on productivity

the impact of exchange rate fluctuations on inter- and intra-sectoral job reallocation. The paper investigates empir-
ically the pattern of job creation and destruction in response to real exchange rate movements in France between
1984 and 1992, using disaggregated firm-level data and finds that traded-sector industries are very responsive to
real exchange rate movements. Ekholm, Moxnes and Ullveit-Moe (2008) study firms’ response to the appreciation
of the Norwegian Krone in the early 2000s with respect to employment, productivity, and offshoring. Verhhogen
(2008) finds that following the 1994 peso crisis, initially more productive plants increased the export share of sales
more than others.
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shocks. We prefer to remain agnostic on the origin of real exchange rate movements in short-
medium term horizon (around one year) on which we will focus in the empirical section.

Utility for a representative agent in country ¢ is derived from consumption of a continuum of
differentiated varieties in the standard Dixit-Stiglitz framework:

1
1-1/c

U(Cy) = / z(p) " Vody (1)

X

where () is the consumption of variety ¢. Firms are indexed by ¢ which represents their
productivity (1 /¢ is the number of units of labor necessary for producing the good). As will be
seen below, ¢ also affects the fixed cost of production in the country where the firm is located.
The set of traded varieties is X . The elasticity of substitution between two varieties is o > 1.

We assume that several trade costs impede transactions at the international level: an iceberg
trade cost, a fixed cost of exporting and a distribution cost.

First, we assume an iceberg trade cost 7; > 1 between Home and country i, the destination
country. 7; units of the good are produced and shipped but only one unit arrives at destination.

Second, in order to export in country ¢, a firm producing in the Home country must pay a fixed
cost, specific to each destination F;(y). We will characterize the specific form of this fixed cost
when we analyze the effect of exchange rates on the extensive margin of trade as this specific
form does not affect the intensive margin of trade.

Finally, we assume that distribution (wholesale and retail) costs have to be paid in the destina-
tion country on the amount that reaches the destination. Distribution takes 7, units of labor in
country ¢ per unit consumed in that country. Hence, we follow Tirole (1995), (p. 175) char-
acterization of distribution: "production and retailing are complements". This is the same
assumption as in Burstein, Neves and Rebelo (2003) and Corsetti and Dedola (2007). The
wage paid in distribution is the same as in the production sector. We assume that the cost of
distribution does not depend on the idiosyncratic productivity of the firm. Again, this means
that the distribution costs are outsourced. Those costs are paid to an outside firm that provides
distribution services. If a French firm exports to the US, we therefore assume that what it pays
in distribution services (to wholesalers and retailers) does not depend on its productivity. Any
additive cost (transport, marketing, advertising, insurance...) - not substitutable to production
- paid in local currency and which does not depend on the productivity of the exporter would
have the same impact as the distribution costs we assume here. Qualitatively, our results would
remain if these distribution costs depended on the firm’s productivity, as long as they react less
to productivity than production costs.

In our model, the costs that depend directly on productivity are at the core of what defines a
firm and a product: these are the production costs and the share of the fixed cost of exporting
that is borne in the country where the firm is located.

12
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In units of currency of country 4, the consumer price p¢() of a variety ¢ exported from Home
to country ¢ is:

pi(p) = = 4 nw; 2)

where p; () is the producer price of the good exported to i expressed in Home currency. wj is
the wage rate in country ¢ and ¢; is the nominal exchange rate between the Home country and
country ¢ expressed as Home currency in units of ¢ currency. An increase in €; is a depreciation
in the Home currency vis a vis currency 7. The quantity demanded in 7 of this variety is:

zi(@) = YiP{H [ps(e)] ™7 3)

where Y; is the income of country ¢ and F; is the price index in country ¢. The cost (in units
of currency of the Home country) of producing x;(¢)7; units of good (inclusive of transaction
costs) and selling them in country ¢ for a domestic firm with productivity ¢ is:

ci(p) = wzi(p)7i/ + Fi(p) (4)

where w is the wage rate in the Home country. ¢ will be more generally interpreted as a measure
of the performance of the firm that can affect its sales and its presence on markets. The profits
(in units of currency of the Home country) of exporting this variety to country ¢ are therefore
given by:

mi(p) = [pilp) — w/elzi(p)Ti — Fi(y) (5)

2.2. Prices and the intensive margin

With monopolistic competition on the production side, the producer price p;(¢) expressed in
Home currency of firm/variety ¢ exporting to country ¢ is higher than —%-, the standard mark-up
in the monopolistic competition model:

o ;i\ W w
pi (p) 0_1( + 07i>gp m(gp)sp

) (6)

where we call ¢; = ¢;w; /w the real exchange rate of the Home country with country i. The
mark-up m;(¢) over the marginal cost increases with the productivity of the firm and the ex-
change rate’. Due to high productivity and low producer prices, a large share of the final con-
sumer price does not depend on the producer price so that the elasticity of demand perceived

"Bergin and Feenstra. (2000, 2001, 2009) show that producer mark-ups also increase with a depreciation in a
model with translog preferences. Atkeson and Burstein (2008) show the same result in a model with quantity com-
petition a la Cournot. In a model such as Melitz and Ottaviano (2008) with markups increasing with productivity,
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by the producer is lower. The producer price can be rewritten as a function of this perceived
elasticity 0;(y) :

where

91(90) w oTi + 1,4
_Yvilp) W 0,(p) = LGP 7
00— 17 ) =

pi(p) =

0;(¢) is lower than o, the elasticity in the standard monopolistic competition model. High
productivity firms (high ¢) have a lower elasticity which explains their higher mark-up. A
depreciation (higher ¢;) also reduces the perceived demand elasticity which allows all firms
to increase their markup. High productivity firms, because they have a lower elasticity to start
with, can increase their markup more than others.

Note that the law of one price does not hold: the producer price of the same variety sold in
different countries depends on the bilateral exchange rate, trade and distribution costs and the
wage rate of this country. The impact of a depreciation on the producer price is given by the
following elasticity, specific to each firm:

_dpi(9) @ maip ®)
dgi pi(e) 0T+ 0,00

ep, ()

Testable Prediction 1. The elasticity of the producer price, p;() to a real depreciation (an
increase in q;) is positive and

i) increases with the productivity of the firm o, the size of its exports and more generally its
performance on exports markets.

ii) increases with the importance of local distribution costs 1),
iii) increases with the level of the real exchange rate g;

The mark-up increases with a depreciation because distribution costs involve some endogenous
pricing to market as explained by Corsetti and Dedola (2007). Firms partially absorb some of
the exchange rate change in the mark-up. e, (), which can be thought as a measure of pricing
to market, which here is heterogenous and increases with the productivity of the exporter. The
productivity of a firm affects positively the size of its exports and the number of markets it
exports to (see below). Hence, the elasticity of the producer price to a real depreciation should
increase with these measures of export performance. These predictions also hold in a version
of the model presented in appendix in which firms differ in the quality of the goods they export.
In this case, firms that export higher quality goods (and have higher value added per worker)
react to a depreciation by a larger increase of their producer price.

a similar result would apply. In a model with decreasing returns to labor rather than the linear production function
we assume, firms would also react to a depreciation by increasing producer prices. This is because their marginal
costs increase with production. However, in the absence of distribution costs, the elasticity of the producer price
to exchange rate would not depend on productivity.

14
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Firms that export in countries and sectors with higher distribution costs should react to a real
depreciation by increasing more their producer prices. This is because the elasticity of demand
perceived by the producer is lower on those markets.

Finally, the reason for prediction (iii) is that the share of the price affected by the exchange rate
decreases with the exchange rate itself. In fact, a depreciation acts as a productivity gain for
all firms and — exactly as a productivity gain — it increases the share of the distribution costs in
consumer prices and reduces the elasticity of demand perceived by the producer. The effect of
a real depreciation is therefore non linear.

The import price and the consumer price (expressed in the currency of country 7) are:

o () = PDIT o (Ti +Z) L D) = (Ti +m) )

&; o—1\qp g o—1\qp

so that there is incomplete pass-through of a depreciation at the level of both import and con-
sumer prices. Part of the lack of response of the consumer price to exchange rate comes directly
from the presence of local distribution costs and part comes from the change in the mark-up of
the producer as a response to the exchange rate change®. The optimal degree of pass-through
on prices at the import and consumer levels are respectively:

dpi" (@) @  omi Cdpile) e T (10)

dgi  pf*(p)  oTitmae T dg pi(e)  Titmqe
and decreases with both the importance of the distribution cost and the productivity of the firm.
Note that in our model, we do not consider the choice of currency of invoicing but the optimal
choice of the degree of pass-through is implicitly similar to such a choice. If the elasticity in
(10) for both the import and consumer price approaches -1, this is similar to producer currency
pricing. At the other extreme, if it approaches zero (for example, for very high productivity

firms and or distribution costs), this is similar to local currency pricing’.

For an active exporter, the volume of exports increases with productivity:

T

—0 _ 1 g
zi(p) = YiP7 ™! {q-so + m] w;? (U > ) (11

where P, is the ideal price index in country %:

—-1/(o—1)

ne (o 12 o 2] ot
h=1 ¥

8Hellerstein (2008) work on the beer market estimates that half of the lack of complete pass-through in this
market is due to changes in mark-up and half to local distribution costs.

“Interestingly, Goldberg and Tille (2009) find on a very detailed data set that larger transactions are more likely
to be invoiced in the importer’s currency, reflecting pricing to market. If one assumes that larger transactions are
done by larger and productive firms, this finding is consistent with our model predictions.
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where ¢,; is the bilateral real exchange rate of country h and ¢ and 7, the bilateral trade cost.
Note that as in Chaney (2008), we assume that the number of entrepreneurs who get a produc-
tivity draw is proportional to the population size L, in country h. Only firms with productivity
above (}, in country h can export in country ¢. Note that P; the price index for country ¢ de-
pends on the bilateral exchange rates of country ¢ with all its trade partners. In this perfect price
index, a measure of the effective real exchange rate of the country appears in the second part of
the bracket (in a very non linear way). More precisely, it is the weighted sum of real bilateral
exchange rates of country 7 with all its trading partners. The weights depend in particular on
the number of exporters which is proportional to the number of workers. Hence an effective
exchange rate appreciation of country  that decreases F; leads to a fall of the volume of exports
from an exporter of the Home country. We will assume that the Home country is too small for
its bilateral exchange rate to affect the price index of country .

We can now analyze the impact of a change in the bilateral real exchange rate on the volume
of exports between the Home country and country ¢, characterized by the following elasticity,
specific to each firm:

dzr;(p) ¢ oT;
(o) = - 13
Ca: () dg; xi(@)  Ti+ 0 (19

Testable Prediction 2. The elasticity of the firm exports, x;(¢) to a real depreciation (an
increase in q;) is positive and

i) decreases with the productivity of the firm o, the size of its exports and more generally its
performance on exports markets

ii) decreases with the importance of local distribution costs 7,
iii) decreases with the level of the real exchange rate g;

The intuition of these predictions on export volumes comes directly from the intuition on pro-
ducer prices. Heterogenous absorption of real exchange rate movements into mark-ups gener-
ates an heterogenous reaction of export volumes. Again, these results hold in a version of the
model presented in appendix in which firms differ in the quality of the goods they export.

The elasticity of the value of exports (in Home currency) to exchange rate change of a firm
with productivity ¢ is the sum of the elasticities given in (8) and (13). It can be checked that
the elasticity of the value of exports to ¢; decreases with the productivity of the firm as long as
o > 1, i.e. the relevant case in our model.
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2.3. Profits and the extensive margin

The equilibrium profits for an active Home country exporter to country ¢ can be shown to be:

E; Zc ZT;
(o) = M—wa) (14)
1—0o
= Cinw;OS/iPiail |: i + nz:| - E(gp),
¥4

where C' = 079(0 — 1)7~! is a constant. We now specify the fixed export cost F; (¢). We
assume that workers in both countries are employed to pay this fixed cost which might be
interpreted as research and development, innovation, adaptation to the market or marketing
expenses. We assume that firms with higher productivity in production activities are also more
productive in activities (R&D, innovation, marketing expenses...) necessary to provide the fixed
cost. The production function for the fixed cost to export is more general than in the existing
literature because we allow for it to be partly incurred in the destination country, for example
in the case of marketing costs. It is expressed as a Cobb-Douglas in labor of the Home country
and labor in country 7, with shares o and 1 — « respectively:

w “ - —Q —Q
Ei(p) = fi (E) (eiwi)' ™" = wfip™%q} (15)
where f; > 0. This specification implies that the productivity parameter that characterizes the
firm affects its fixed cost only in the country where production is located. Implicitly, this means

that the share of fixed costs paid in the foreign country is outsourced.

One can show that profits increase with a real depreciation. Partly this is because sales increase
in country ¢ and partly this is because the mark-up of exporting to country ¢ increases with the
depreciation.

The threshold such that profits of a firm ¢ exporting in ¢ are zero is (implicitly) defined by the
following cutoff condition:
Ti

1—0o
Cw; 7Y, Py} Lo*q +m] = fi(¢"q:)™" (16)

i

Below the threshold productivity ¢, firms are not able to export on market ¢. Exporters are
higher productivity firms as in Melitz (2003). Given that we showed in the previous section
that higher productivity firms choose to absorb more of the exchange rate movements into their
mark-up, this implies that exporters are firms which, by selection, are less sensitive (in terms
of their export volumes) to exchange rate movements than other firms.

Note also that if we rank markets by their size or fixed cost, higher productivity firms will
export to more markets.

Using equation (16), the elasticity of the threshold productivity to exchange rate movements is:

_dei g
dq; ¢

= —1. (17)

€, *

¥i
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The threshold decreases with a depreciation because it allows firms that were not productive
enough to sell enough and be profitable to enter the market. Given that a depreciation reduces
the productivity threshold, we should also observe that a depreciation reduces the average pro-
ductivity of firms exporting to this destination.

2.4. Aggregate exports

We denote G(¢p) the cumulative distribution function of productivity (symmetric in all coun-
tries). Hence, in quantity terms, aggregate exports from the Home country to country ¢ are given
by the sum of all individual exports of firms with productivity above the threshold ¢ :

. _ ot (owi N T T

P P

The elasticity of aggregate exports to exchange rate shocks can be decomposed into the inten-
sive and extensive elasticities as follows:

0X; ¢ g by 0xi(¢) q ’ e}
2Ly dG(p) — == Lay (1) G (o} g 19
9 XX, o () Xk (¢))G(¢i) x ” (19)
\ / extensive

-
intensive

The first term represents the increase in exports that comes from existing exporters. The second
term is the increase in exports due to entry of new exporters and is also positive (as 9

aﬁf < 0).
We now want to check whether our model can broadly reproduce the low elasticity of aggregate
export to exchange rate movements. What are we attempting to replicate? In the literature on
the effect of exchange rate on aggregate exports, a typical elasticity is around unity or a bit
above unity. As explained in the empirical section below, we find a similar elasticity, more
precisely 1.11 (see column 1, table 7, section 3.4), for the French yearly data we use. With firm
level data and information on exports for each destination and for each year, we can disentangle
the change of aggregate exports that comes from existing exporters for a specific destination
and the change that comes from the entry or exit of exporters on this destination!®. We can
therefore compute the intensive and the extensive margin elasticities. In column 1 of table 8
(section 3.4), we estimate the intensive elasticity to be (.88 for French exporters. The extensive
margin is therefore 0.23. These are the three elasticities that we attempt to replicate in our
model. Note that the extensive margin - even though small in absolute value- is non negligible
as it represents around 20% of the total change in aggregate exports in the year following an
exchange rate movement.

10Tn these estimations, we control for the GDP, GDP per capita as well as the effective real exchange rate of the
destination country, a destination sector fixed effect as well as a year fixed effect.
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We assume a Pareto distribution for productivity of the form G(¢) = 1—¢ =%, dG(p) = ko~ *~1
where £ is an inverse measure of productivity heterogeneity. We calibrate the model around a
symmetric equilibrium where w = w; , L = L;,¢; = ¢; = 1.

Hence,

o / T[T+ ] T 7R
0X; q; o Ti + 0] 7 ok
X~ = o 20
/ (75 +m30] 7 7R 1dy / [Ti + 0] 7 7 1dp
@5 ®;
intt:nrsive emtc;;ive
It can be shown that!!:
0X, q;
iy 21
0q; X; @

the same aggregate elasticity that Chaney (2008) obtains for the effect of a fall in trade costs
7;. However, the decomposition is different from Chaney (2008). In his model, the intensive
elasticity is o and the extensive elasticity is £k — o. It can be shown that in our model, the
intensive elasticity is smaller than ¢ and that the extensive elasticity is larger than k — o.

We take a value of 1.2 for 7; so that iceberg trade costs are 20%. Distribution costs are assumed
to be a constant share s; of the average consumer price in country . Burstein, Neves, and
Rebelo (2003) provide evidence on the size of distribution margins using data for two countries,
the United States and Argentina, concluding that local distribution services (expenditures on
transport, wholesale and retail services, marketing, etc.) account for at least half of the retail
prices of consumer goods, and an even higher share of tradable agricultural products. Goldberg
and Verboven (2001) concluded that local costs account for up to 35 percent of the price of
a car. Goldberg and Campa (2008) report distribution expenditure shares, which average 32
to 50 percent of the total cost of goods. We choose a share s; = 0.5 when we interpret local
distribution costs as including all local costs. Note that if we assume that part of the transport
costs are additive and do not depend on the exchange rate, this is similar to an increase in
distribution costs in the model. We also report the results for a stricter definition of distribution
costs for which we choose a share of 0.3.

The elasticity is evaluated around an equilibrium where ¢} is such that P(¢ < ¢}) = G(¢}) =
0.8 so that 20% of firms in the Home country export to country 7, approximately what is ob-
served in France. Fixing the proportion of firms that export determines ¢ so that the parameter

HTo see this, note that:

ot =0 p7 k" dep.

[Ts + nip*] ™7 pro* i [+ mp) 7 T Rdp + (k= o) [ [ri+ )7

19



CEPII, WP No 2009 — 32 How do different exporters react to exchange rate changes?

« does not affect the intensive or extensive elasticities as it does not affect the elasticity of the
threshold productivity to the exchange rate (see equation (17)). Finally, we assume that home
country exporters have a negligible impact on the foreign country’s price index'?.

The Pareto distribution parameter k£ has been estimated on French firms by Mayer and Otta-
viano (2007) using the methodology proposed by Norman, Kotz and Balakrishnan (1994), and
the results always range between 1.5 and 3. These estimations are for firms that are either ex-
porters and non exporters but with more than 20 employees. This last restriction means that the
relevant heterogeneity in our model is underestimated as our model does not restrict firm size.
When we use our own data - which also includes firms with less than 20 employees - to eval-
uate the Pareto distribution parameter, we get a number around one. We thus choose k£ = 1.5
as a benchmark and report results for a lower value £ = 1 and higher value k£ = 2. For o, the
elasticity of substitution, we take as our benchmark a high value of 7. In Romalis (2007) as
well as in Imbs and Mejean (2008), and more generally in studies using industry-level rather
than macro data, elasticities of substitution between domestic and foreign varieties are esti-
mated to be between 4 and 13 in the case of Romalis. In a standard monopolistic trade model,
the elasticity of aggregate exports to exchange rate movements is . A high value of o0 means
that the predicted aggregate elasticity is much too high. We want to see if our model is able
to generate a low aggregate elasticity even though we choose a high elasticity of substitution.
We also report the results for ¢ = 4. Note that contrary to the literature on firm heterogeneity
(see Chaney (2008) for example), our model does not restrict parameters such that k£ > o — 1.
We can have low values of £ (high degrees of firm heterogeneity) because the size distribution
of exports has finite mean even with low values of £ relative to o due the presence of local
distribution costs which do not depend on the productivity of the firm.

In table 1, we report the results of our calibration. In our benchmark calibration (¢ = 7; k
= 1.5; 5; = 0.5), we find that both the intensive margin and the extensive margins are low even
though a bit higher than in the data. The exporter with the lowest productivity ¢; and the lowest
export volume has the highest intensive elasticity (at around 1.5). The other more productive
and larger exporters have a lower elasticity. The aggregate elasticity is £ = 1.5 versus 1.11 in
the data. Remember that in standard macro models without distribution costs, heterogeneity,
entry/exit, this elasticity would be equal to the elasticity of substitution between domestic and
foreign goods, in this specific case 7, hence much too high with respect to the observed 1.11. In
a model such as Melitz (2003) or Chaney (2008) with heterogeneity, entry and exit but without
distribution costs, it is easy to check that the intensive elasticity is o, much too high also with
respect to the observed 0.88. Hence, in our model, distribution costs are key to produce a low
intensive elasticity.

Increasing heterogeneity (with a lower k) means that both the intensive and extensive margins
fall. A Pareto parameter around 1 generates results very close to the data'?>. Remember that in
our data the Pareto parameter is actually estimated to be around 1. With more heterogeneity,
the intensive margin falls because a larger share of exports is made by a few very productive

12Note that this assumption means that we overestimate the simulated elasticity.
13To replicate exactly the French data, we obviouly need to choose k = 1.11. With o = 7, a share of distribution
costs equal to 47% of the final price enables us to exactly match the two elasticities.
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and very large firms which prefer to increase their markup rather than their export volumes
following a depreciation. The extensive margin also falls because firms that enter the export
market following the depreciation are much less productive and smaller than those already on
the market so that their impact on the aggregate elasticity is small. With a low level of hetero-
geneity (high value of k), the aggregate elasticity becomes very large and very different from
the data: heterogeneity of firms performance is a key ingredient to explain the low aggregate
elasticity of export volumes to exchange rate changes.

A lower elasticity of substitution o reduces the intensive elasticity. There are two opposite
effects. On the one hand, firms have more incentive to price to market as their export volumes
respond less to a change in relative price (see equation (13)). On the other hand, with a lower
elasticity, more productive firms have a smaller export share and these are the firms that react
to a depreciation by increasing their mark-ups rather than their sales. The extensive margin
increases with a lower o. The reason is that firms that enter following a depreciation are less
productive. With a low o, this low productivity is not such a severe disadvantage. Finally,
when the share of distribution costs in consumer prices is lowered to 0.3, the intensive margin
increases but the extensive margin decreases. The first result comes from the fact that with lower
distribution costs, pricing to market becomes less profitable. The second result comes from the
fact that with lower distribution costs (which do not depend on productivity), the productivity
disadvantage of the new entrants is more pronounced.

Table 1: Calibration of aggregate export elasticities to exchange rate

‘ French data ‘ Benchmark ‘ k=1 ‘ k=2 ‘ c=4 ’ s;= 0.3

Intensive | 0.88 1.16 0.84 1.41 0.80 1.43
Extensive | 0.23 0.34 0.16 0.59 0.70 0.07
Total 1.11 1.5 1.0 2.0 1.5 1.5

Hence, overall these simulation results are consistent with the data. In particular, they are
much closer to the low observed intensive and extensive elasticities than what models without
heterogeneity or distribution costs would produce. The interaction of both ingredients is key for
our story. If exporters are selected and concentrated among the most productive firms because
of the presence of a fixed cost to export, and there is sufficient heterogeneity among firms,
then exporters are firms for which export volumes are optimally insensitive to exchange rate
movements due to the presence of distribution costs. We claim that this may explain why, at the
aggregate level, the intensive elasticity of exports to exchange rate is small. Furthermore, with
sufficient heterogeneity, firms that enter following a depreciation are small so that their effect
in the aggregate is also small. Our model is therefore able to rationalize the weak observed
reaction of aggregate exports to exchange rate movements. A key ingredient for this result to
hold is the heterogeneity of firms in their reaction to exchange rate movements. We test the
empirical validity of this mechanism in the next section.
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3. EMPIRICS

3.1. Data

We test the predictions of the model using a large database on French firms. The data comes
from two different sources:

1) the French customs for firm-level trade data, which reports exports for each firm, by destina-
tion and year. This database reports the volume (in tones) and value of exports by 8-digit prod-
uct (combined nomenclature) and destination, for each firm located on the French metropolitan
territory. It does not report all export shipments. Inside the European Union (EU), firms are
required to report their shipments by product and destination country only if their annual trade
value exceeds the threshold of 150,000 euro. For exports outside the EU all flows are recorded,
unless their value is smaller than 1000 euros or one ton. Even though the database is not com-
prehensive, in practice, those thresholds only eliminate a very small proportion of total exports.

2) A balance sheet dataset called BRN which contains other relevant firm-level information,
including firms’ total turnover, size, sector, and other balance-sheet variables. The period for
which we have the data is from 1995 to 2005. The BRN database is constructed from mandatory
reports of French firms to the tax administration, which are in turn transmitted to INSEE (the
French Statistical Institute). The customs database is virtually exhaustive, while the BRN
contains between 650,000 and 750,000 firms per year over the period - around 60% of the total
number of French firms. A more detailed description of the database is provided by Biscourp
and Kramarz (2002) and Eaton, Kortum and Kramarz (2004). After merging the two sources,
more than 90% of French exporters are still present in the database. Finally, macroeconomic
variables come from the Penn World tables and the IMF’s International Financial Statistics.

We restrict the sample in several ways. Given that we proxy the export price by the export unit
value (the ratio of the export value to volume to a specific destination), we need to be sure that
an increase in this export unit value does not come from an increase in the number of products
exported to a destination. We therefore choose to restrict our analysis to single-product ex-
porters for which this problem does not exist. However, as our database also contains firm-level
export information at the product-level (Combined Nomenclature 8 Digits, 10,000 products),
we also run robustness checks using product-specific information on the entire sample. Sec-
ond, the results presented here contain only non Eurozone destinations, to focus on destinations
characterized by a sufficient level of variance of the real exchange rate. We have checked that
our results are robust to the inclusion of Eurozone destinations.

Table 2 contains some descriptive statistics. We only report information on positive export
flows, i.e. only firms which export at least one time during the period appear here. The to-
tal number of exporters is equal to 175,496, which corresponds to a number of exporters per
year comprised between 90,000 and 100,000. This lowest number demonstrates the important
turnover in the export market already emphasized, among others, by Das, Robert and Tybout
(2007). Restricting the sample to single product observations reduces the number of observa-
tions but most of the exporters remain in the database (164,479) since most of the exporters are
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single-product toward at least one destination/year. In the same way, restricting the database to
non Eurozone countries results in a moderated loss in the number of exporting firms (148,356
in that case). Note also that firms in the restricted sample are comparable to those of the entire
sample in terms of value added per worker.

Table 2: Descriptive Statistics

Nb. Obs. Nb firms Mean Median 1st quartile | 3rd quartile
ALL OBSERVATIONS
Nb Employees 4010101 165993 260 36 1 120
VA/L 3931378 162154 81.65 51.99 37.87 111.05
Number of destinations 4248713 175496 14.8 12 5 22
Number of products by dest. 4248713 175496 4.03 2 1 4
SINGLE-PRODUCT OBS.
Nb Employees 1852521 154216 164 27 9 78
VA /L 1812482 150548 73.45 50.15 36.6 72.04
Number of destinations 1986168 164479 6.4 2 5 9
SINGLE-PRODUCT, NON EURO
Nb Employees 1183693 138416 187.7 30 9 91
VA /L 1156355 135084 76.77 50.86 371 73.15
Number of destinations 1275684 148356 4.76 3 2 7

3.2. Firm-level Methodology

Our first testable prediction is that firms of the Home country (France) react to a currency
depreciation by increasing their production price, and the more so the higher the performance
of the firm. Recall the expression of producer prices in Home currency (euro), (6) for goods

exported to country ¢:
o Nidip | W
pi(p) = (1 + —> - (22)
oc—1 oT; %)

This expression depends on the elasticity of substitution o, distribution costs 7, in the destina-
tion country, the bilateral real exchange rate ¢; = =%, the performance of the firm ¢, the wage

w b

rate in France w, and bilateral variable trade costs 7;. We will estimate the elasticity of prices
with respect to variations in the real exchange rate, for which equation (8) in our model gives

dpi(0) @ Mg

dg; pi(ew) oTi+ 000

Our first testable prediction is that this elasticity is increasing in ¢, the level of the firms’
productivity.
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We estimate the following reduced-form for producer prices (equation 22) proxied by the firm-
level destination specific export unit values (U Vj):

In(UVjir) = aoIn(pj,_1) + an In(RERy) + 1y + pij; + €jie, (23)

Firms are indexed by j, and time by ¢. ¢, ; is firm j’s productivity in year ¢ — 1, RER;
is the average real exchange rate between France and country ¢ during year ¢. The inclusion
of firm-destination fixed effects (labeled ;) enables to estimate a “pure” within effect of the
exchange rate variation over time on prices charged by a firm on a specific market. All un-
observable time invariant characteristics of a firm on a specific market (such as time invariant
trade or distribution costs) are captured by these firm-destination fixed effects. Year dummies
(1),) capture the overall evolution of French variables like the wage rate w. Robustness checks
have been made, controlling for country-specific variables such as GDP and GDP per capita as
well as past values of the real exchange rate. The results are similar.

Equation (23) is estimated for two sets of firms: those under and those above the median
(computed by destination-year) performance variable, and we evaluate whether o is larger for
firms above the median , following testable prediction 1'4.

Firm-level export volumes in equation (11) are given by:

zi(p) = YiP7hw; qu + m} (U o ) , (24)

with the associated elasticity (13)

dmi(@ q; . Ti

dg; xi(p) Ti + ;40

now a decreasing function of firm’s performance. We follow the same reduced form strategy,
as for unit values, estimating firm j exports to destination ¢ in year ¢ as:

Inzji = ByIn(pj_1) + B M(RER:) + v Zit + ¥y + py; + Vjt, (25)

where Z;; is a set of destination-year specific variables containing the following variables:
GDP, GDP per capita and effective exchange rate. Indeed, export volumes (see 24) depend on
Y;, w; and F;, i.e. on country ¢’s GDP, wage and its price index. The second is proxied by
GDP per capita, and the third by the country i’s effective real exchange rate'>. As for the price
equation, we include firm-destination fixed effects and year dummies. Again, equation (25) is
estimated for high and low performance firms separately, and we expect /3, to be smaller for
high performance firms following testable prediction 2.

14This estimation could be done with interaction terms, but we prefer to let more flexibility in the estimation of
other determinants of firms’ unit value.

5The effective exchange rate is computed from CEPII and IFS data as an average of the real exchange rates of
destination countries toward all its trade partners - including itself - weighted by the share of each trade partner in
the country’s total imports.
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To assess the relevance of our price and volume elasticity predictions, we therefore estimate
equations (23), and (25), on different subsamples, defined according to the level of performance
of the firm. More precisely, we run separate estimations for firms above (respectively below)
the median of ¢,;,, computed for each destination-year. Firms’ performance ¢,, is proxied in
different ways: In addition to its contemporaneous TFP'¢ and labor productivity (value added
per worker), we use its TFP in ¢t — 2, the number of destinations it exports to, and its total export
volume. Each indicator is a proxy for the performance of the firms as an exporter. In the model,
it is easy to check that a firm with a higher ¢ will export to more destinations and will have a
larger volume of exports to each of these destinations.

Our theoretical framework also predicts that the exporting probability — P(p > ¢f) —increases
with an exchange rate depreciation. We thus estimate the exporting probability by replacing
the dependent variable of equation (25) a dependent variable which equals 1 when the firm
J exports to country ¢ during year t. We further estimate this equation under the conditions
Zjit—1 = 0 (firm j did not export in destination ¢ in year ¢ — 1) and xj;,—1 > 0 to assess
separately the effect of exchange rate movements on entry decisions and on the decision to stay
on the export market.

3.3. Firm-Level Results
3.3.1. Intensive Margin

Tables 3 and 4 report the results of the estimations of unit values and export volumes. In each
table, we present in the first column the results on the whole sample, before splitting the sample
according to the firm’s performance in the other estimations. The results are clear-cut. Regard-
ing unit values (Table 3), exchange rate changes have a positive effect on prices for the whole
sample, as the model predicts (column (1)). Firms do react to an exchange rate depreciation
(appreciation) by increasing (decreasing) their producer prices. However, the sub-sample analy-
sis shows that only high performers absorb part of the exchange rate depreciation by increasing
their producer prices. Firms which are above the median in terms of performance react to a 1%
depreciation by increasing their producer price between 0.14% and 0.33% depending on the
performance indicator. Low performers do not change their unit values when exchange rates
vary whatever the definition of performance.

The implications of this result on export volumes (Table 4) are also in line with our theo-
retical predictions. On the whole sample (column (1)), the exchange rate has a positive and
significant impact on individual export volumes. The effect however varies importantly across
firms: it is significantly positive for export volumes of low performers, whereas the impact is
not significantly positive for high performance firms. Note that even among low performers,
the elasticity of export volumes to exchange movements is rather small, between 0.36 and 0.69.
Consistently with our theoretical framework, high and low productivity exporters clearly have a
different price and quantity strategies when faced with an exchange rate change. As mentioned
before, this effect has interesting aggregate implications, since exports are very concentrated

16We compute Total Factor Productivity with the Olley-Pakes (1996) methodology.
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toward high performers. In the next section we will indeed show that the distribution of perfor-
mance among exporters modifies to a large extent the response of aggregate export volumes to
exchange rate movements.

TABLE 3 : EXCHANGE RATE AND UNIT VALUES

Dep. Var. : Unit Value 1) ) 3) (4) (5) (6) ©) 8) ) (10) (11)
Performance Indicator TFP TFP(t-2) Labor Productivity Nb Destinations Export Volume
Sub-sample All High Low High Low High Low High Low High Low
TFP(t-1) 0.006 -0.02 0.024* 0.002 0.015 0.019* -0.005
(0.008) (0.013) (0.013) (0.011) (0.013) 0.011) (0.014)
Labor Productivity(t-1) -0.003 0.016
(0.013) (0.013)
TFP(t-2) 0.01 0.023
(0.020) (0.017)
RER 0.166%F+ | 0.212%* 0.004 0.333%%% 0.151 0.185%* 0.006 0.210#%% -0.066 0.135%* 0.143
(0.056) (0.088) (0.083) (0.102) (0.096) (0.090) (0.080) (0.064) (0.127) (0.071) (0.096)
Observations 159659 80947 78712 55860 54815 74312 85347 103116 56543 92105 67554
R-squared 0.92 0.93 0.91 0.94 0.92 0.93 0.91 091 0.93 091 0.89

All variables in logarithms. Robust standard errors in parentheses. Panel, within estimations (firm-destination fixed effects) with year dummies. Sub-
samples computed by destination-year, except for columns (8) and (9), computed by year. * significant at 10%; ** significant at 5%; *** significant at 1

We have also estimated (25) using individual export values instead of export volumes as a de-
pendent variable. As mentioned in the theoretical section, the elasticity of individual export
values to exchange rate is the sum of the elasticities on unit values and export volumes, which
approximately holds in the data. Moreover, the first elasticity increases with productivity, while
the second decreases with productivity. The total effect is thus less clear than on export vol-
umes, but the model predicts that the total elasticity should decrease with productivity as long
as the elasticity of substitution between goods is larger than unity. This is what Table 10 (in
appendix) confirms: the elasticity of the value of exports to exchange rates is always lower for
high than for low performers. As expected from our theoretical framework, the difference is
less striking than in Table 4, but generally significant.

We proceed to a set of robustness checks. First, we have so far only considered single-product
firms, since the analysis of unit values and export volumes for multi-product firms is more
difficult to interpret. To control the robustness of our results to the use of the entire sample of
firms, we have estimated (23) and (25) at the product level. Results are presented in Table 11,
columns (1) to (6) (in the appendix)!’. The results are consistent with our two main theoretical
predictions on the difference of reaction of high and low performance firms to exchange rate
movements. Even though more precisely estimated, the difference between the high and low

17We only report in Table 11 results obtained using TFP as a perfomance indicator. Results using other indicators
are similar, and available upon request.
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TABLE 4 : EXCHANGE RATE AND EXPORT VOLUMES

Dep. Var. : Export Volume 1) @) (©) 4 (5) (6) @] ®) ©) (10 11
Performance Indicator TFP TFP(t-2) Labor Productivity Nb Destinations Export Volume
Sub-sample All High Low High Low High Low High Low High Low
TEFP(t-1) 0.070%#* 0.076%* 0.044 0.039 0.080%FF | 0.094%%* 0.033
(0.020) (0.031) (0.033) (0.030) (0.028) (0.028) (0.030)
Labor Productivity(t-1) 0.067+* 0.063*
0.032 0.032
TEP(t-2) 0.01 -0.033
0.048 0.047
RER 0.333%* 0.127 0.630%* -0.093 0.450%* 0.341* 0.566%*+* -0.183 0.405%%* 0.330* 0.531%*
(0.130) (0.204) 0.207) (0.258) (0.229) (0.206) (0.204) (0.269) (0.155) 0.176) (0.209)
Effective RER -0.227%%% 1 -0.196 -0.279%* -0.276%  -0.329%* -0.023 -0.363%*% | -0.097 -0.193* -0.218** -0.14
(0.081) (0.124) (0.136) (0.151) (0.149) (0.126) (0.131) (0.154) (0.101) (0.110) (0.131)
GDpP 0.810* 0.768 0.816 0.905 2.585%#% 1.084 0.548 1.889* 0.308 0.381 2.132%%*
(0.442) (0.666) (0.748) (0.918) (0.910) (0.666) 0.722) (1.042) (0.531) (0.589) (0.748)
GDP per capita 0.145 0.335 0.142 -0.125 -1.956%* 0.005 0.391 1.925% 0.814 0.594 -1.204
0.450 0677 (0768) | (0984 (0955 | 0676 (0742 | (11320 (0.524) | (0599  (0.763)
Observations 134958 68434 66524 45985 45154 62968 71990 52413 82545 77851 57107
R-squared 0.86 0.87 0.85 0.88 0.86 0.88 0.85 0.87 0.86 0.84 0.76

All variables in logarithms. Robust standard errors in parentheses. Panel, within estimations (firm-destination fixed effects) with year dummies. Sub-
samples computed by destination-year, except for columns (8) and (9), computed by year. * significant at 10%; ** significant at 5%; *** significant at 1%

subsamples is lower than with single product firms. This may be due to the fact that our
performance indicators - and therefore the sub-sample separation - are not at the product-level.
It may also be due to the fact that both low and high performance firms react to an exchange
rate depreciation by increasing the number of products they export to a destination.

Finally, those results are not modified when considering a different decomposition of firms’
performance, based on the first and last deciles rather than the median. Tables 11, columns
(7) to (10) (in the appendix) show on the contrary that, as expected, the use of deciles instead
of median reinforces the difference of behavior between high and low performers. We also
checked that introducing lags of the exchange rate in the regressions does not alter the firm-
level results. In most regressions the lagged exchange rate is not significant which suggests
that the effects we document materialize during the year. This is not true when we aggregate
the results at the sector level (see Table 14 in appendix). Lagged exchange rates are in some
regressions significant. These regressions at the sector level also serve as a robustness check.
When we split the sample between high and low performance sectors (rather than high and low
performance firms), we find again that only the low performance sectors react to an exchange

rate depreciation by increasing their export volumes'8.

!8This is consistent with Alexandre et al., (2009) who show that employment in high-technology sectors are less
affected by changes in real exchange rates than low-technology sectors.
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3.3.2. The role of distribution costs and exchange rate non linearities

Our model emphasizes the difference in the response to exchange rate changes depending on
the export performance of firms, a feature we validated empirically in the former section. It has
additional predictions which we now bring to the data. First, it emphasizes the role of distri-
bution costs in defining the optimal strategy of exporters to exchange rate movements. Campa
and Goldberg (2008) have shown on aggregate sectoral data that the insensitivity of consumer
prices to exchange rate movements depends crucially on distribution costs. We use the data they
constructed on distribution costs in 10 non Eurozone OECD countries in 28 sectors to analyze
the role of distribution costs at the firm level. Equations (8) and (13) show that firms exporting
in sectors and countries with different distribution costs (in the model different levels of 7,w;)
should react differently to an exchange rate movement. Given that there is little time variation
and that several years are missing, we use the average of Campa and Goldberg (2008) data on
the period 1995-2001 to proxy for n,w;. A French firm that exports in a sector and or country
with higher distribution costs (as a percentage of the consumer price) should increase more its
producer price and should increase less its export volume following a depreciation (see testable
predictions 1 and 2, (ii)). Hence, our theoretical framework predicts that the interaction term
between real exchange rate and distribution costs (sector and country specific) should be pos-
itive for the producer price equation and negative for the export volume equation. Given that
the distribution costs data is time invariant and that we include firm-destination fixed effects,
we choose to include interaction terms rather than to split the sample according to distribution
costs levels. Table 5, columns 1 and 2 show the results. Note first that the sample is reduced
due to the limited availability of the distribution cost data. The coefficients on the interaction
between distribution costs and exchange rate are, as predicted by the theory, positive and neg-
ative respectively for the price and export volume equations. They are both significant at the
5% level. The total effect of exchange rate on unit value that can be computed from estimation
(1) ranges from insignificant (in sectors / destinations in which distribution costs are close to
zero) to 1 (in sectors / destinations in which distribution costs are the highest). Firms therefore
totally price to market in the latter case.

Another prediction of our theory is that the effect of exchange rate changes is non linear'® (see
testable predictions 1 and 2, (iii)): a more depreciated exchange rate level (a higher value of g;
in the model) is associated with a larger elasticity of producer prices and in turn a lower elastic-
ity of export volumes to exchange rate movements. In fact, a more depreciated exchange rate
level acts exactly like a positive productivity shock: ¢; and ¢ enter the equations identically. To
test this implication, we split the sample according to the level of the exchange rate (above and
below the median level, computed for each destination on the period). Our results are presented
in Table 5 (columns 3 to 6). They are in line with our predictions: a more depreciated level of
the exchange rate (high level of the real exchange rate) leads firms to choose to increase their
producer price rather than their export volumes. The opposite is true for low levels of the ex-
change rate. This again is consistent with our theoretical framework where lower costs coming
from higher productivity or a depreciated real exchange rate weaken the demand elasticity on

19Bussiere (2007) tests for non linearities of exchange rate pass-through on export and import prices at the aggre-
gate level.
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TABLE 5 : DISTRIBUTIOM COSTS AND NON LINEAR EFFECT OF EXCHANGE RATE VARIATIONS

O] @ )] Q) ® (©)
Dep. Var. Unit Value Export vol. Unit Value Export volume
Sub-sample All All High RER Low RER High RER Low RER
TFP(t-1) 0.004 0.127%%% 0.009 0.018 0.076%*+* 0.103**
(0.013) (0.033) (0.012) (0.015) (0.029) (0.042)
RER -0.307 0.847* 0.326** 0.035 -0.333 0.882**
(0.211) (0.472) (0.128) (0.125) (0.284) (0.351)
RER*Distribution 1.910%* -3.726%*
(0.748) (1.625)
Observations 46222 39941 98654 81035 87397 65319
R-squared 0.91 0.87 0.92 0.92 0.87 0.87

Robust standard errors in parentheses. Panel, within estimations (firm-destination fixed effects) with year dummies.
Destination-specific controls not reported. Subsamples computed by destination. * significant at 10%; ** significant at 5%; *** significant at 1%

the export market.

3.3.3. Alternatives

In this section we consider alternative theoretical explanations to our mechanism that focuses
on the interaction of distribution costs and heterogeneity in productivity. We consider whether
our results are robust to four alternative explanations. Tables 12 and 13 in the appendix contain
the results.

A reason for high performance firms to increase their price following a depreciation may be
that marginal costs (and not mark-ups as in our story) increase with the depreciation, and more
so for the high productivity firms. This could be the case for two reasons.

(1) Imported Inputs. If the share of imported inputs in production is higher for high perfor-
mance firms, a depreciation of the euro may increase more their marginal cost of production
through increased import costs?’. Note that firm destination fixed effects control only for the
time invariant dependence of firms to the exchange rate as a marginal cost. The French Cus-
toms report firm-level, destination-specific imports. Unfortunately, we only have this data for
the years 1995, 1998, 2001 and 2004. For the missing years, we use the closest year for which
the data is available. We then compute, as a proxy for imported inputs, the ratio of imports of
firm ¢ from destination j divided by its total sales at year ¢. Alternatively, we have computed an
index of input exposure using the different import destinations, weighted by bilateral exchange
rate. The results are very similar. Columns (1) to (4) in table 12 show that when controlling for
the firm’s level of imported inputs, the predicted differences between high and low productivity

20This argument is made for example by Dekle et al. (2007)
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firms remain.

(i1) Decreasing returns. With decreasing returns in production, the marginal cost of production
increases when the firm’s exports rise due to the depreciation. High productivity firms may
be firms that use their inputs more efficiently and low productivity firms may have unused
inputs. In this case, high productivity firms would experience a higher increase of marginal
costs following a depreciation. We control for this second alternative by controlling for a proxy
of marginal costs under decreasing returns: we choose the level of sales of the firm. Columns
(5) to (8) in table 12 indicate that our results are robust to this inclusion.

(ii1) Market power of the firm. Another alternative story, closer to our mechanism, is the one
proposed by Atkeson and Burstein (2008). In their theoretical model, only firms with a large
market power price to market, because these firms have a lower perceived demand elasticity.
We control for this market power effect by controlling for the share of the firm’s exports to a
country in the total French exports to this destination-sector (NES classification, 36 sectors).
Columns (1) to (4) in table 13 indicate that our results are robust to this inclusion.

(iv) Competition intensity. Finally, another possibility is that when we split the sample between
low and high productivity firms, we in fact split between sectors with high and low competition
(a high competition in our model is captured by a high level of o). Note that our price elasticity
equation (8) reveals that the response to exchange rate should be a decreasing function of
competition intensity (and vice-versa for volumes, see equation (13) ), which means that a bias
would occur in our estimates if high competition industries were systematically associated with
lower productivity levels. We can control for this possibility by splitting firms in our sample
according to the median level of productivity inside each sector for each destination year rather
for each destination year as in our main specification. Columns (5) to (8) in table 13 show that
the role of productivity differences in the reaction of firms to an exchange rate change is not
weakened.

3.3.4. Extensive Margin

Table 6 reports the results on firms’ exporting probability. The first panel (columns 1 to 3)
reports probit estimates whereas the second panel (columns 4 to 6) report linear probability
model (LPM) estimates and the third panel a logit estimation with firm destination fixed ef-
fects?!. As predicted by the theory, productivity and exchange rate both have a positive impact.
A 10% depreciation increases the exporting probability by 2.1% (see column 1); the effect
is significant both on the entry probability, which increases by 1.9% (see column 2) , and on
the probability of remaining an exporter which increases by 2.3% (see column 3). The results
are similar with the linear specification and larger with the fixed effct logit one. These results
contrast with those of Greenaway et al. (2007) who find no effect of exchange rate changes
on entry decisions. This suggests that using destination-specific information (which they do
not) enables us to estimate more precisely the effect of exchange rates on the extensive margin.
Interestingly, and somewhat surprisingly, we have checked that no delayed effect of exchange
rate movements can be detected on entry and exit decisions.

2I'The marginal effects reported in this case are computed with a linear estimation.
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TABLE 6 : EXCHANGE RATE AND EXPORTING DECISIONS

O] ©) ©) ©) ©) ©) ] ®) ©)
Dep. Var. P(X>0) PX>0) PX>0) [ PX>0) PX>0) PX>0) || P(X>0) PX>0)  PX>0)
Condition All X(I-1)=0 X(I-1)=1 All X(I-)=0 X(I-1)=1 All X(I-1)=0 X(I-1)=1
Labor Productivity(t-1) 0.228%k% 00766 03240k || 00530k 00126 00620 || 0183ke 0132k (2665
(0.002) (0.003) (0.004) (0.001) (0.003) (0.001) (0.005) (0.007) 0.011)
RER 0.898%%%  1258%0x [ 154%kx [| 01990 0,180%%  0.244%0k || 1.582%kx 11860 2,009%%*
(0.033) (0.052) (0.060) (0.007) (0.007) 0.011) (0.045) (0.061) (0.094)
GDP 0.489% 0073 1224wk || -0.123F 0015 02400 || 1146F 10,9600 1501
(0.113) 0.178) (0.197) (0.026) (0.026) (0.040) (0.157) (0.215) (0.403)
GDP per capita 164880k 123406k 04500 || 038265 0188k 0.070% || 3.072%kx 2878wk 033
0.112) (0.175) (0.194) (0.025) (0.026) (0.040) (0.154) 0.211) (0.401)
Effective RER 0012 -0.110% 0,045 0.004 0.016 0.029 -0.021 0.097+F  0.465%+*

(0.021) 0.034) 0.178) (0.005) (0.030) (0.035) (0.029) (0.039) (0.064)

Marginal effects (1)

Labor productivity(t-1) 0.054%%%  (.012%%  0.065%** 0.036%*  0.021%FF+  (.064*+*

RER 0.214%* 0.193%#% 0.231 %%k 0.331%%* 0.266%** 0.509%#*

Observations 2430544 1482033 948511 2430544 1482033 948511 1418476 825367 322999
Estimation Probit OLS FE Logit

Robust standard errors in parentheses.All estimations include destination fixed effects and year dummies. (1) Marginal effects computed
at means. Linear estimations for FE Logit estimations.* significant at 10%; ** significant at 5%; *** significant at 1%

3.4. Aggregate results

Our model predicts that the heterogeneity of response to exchange rate movements and the
distribution of productivity (or more generally performance) among exporters is crucial to un-
derstand the aggregate effect of those exchange rate movements. If the mechanism at work in
our theoretical framework is valid, then sectors for which exports are concentrated on a few
high performers should be those also for which total sector export volumes are least sensitive
to exchange rate movements. There are two reasons for this in our theoretical model. First, the
extensive margin is reduced in more heterogenous sectors. The reason is that in sectors with
high performance heterogeneity, firms that enter following a depreciation are much less produc-
tive and smaller than existing ones. Second, in our framework, performance heterogeneity also
reduces the intensive margin. The reason is that in sectors with high performance heterogene-
ity, exports are concentrated on a few very productive firms. We have shown (theoretically and
empirically) that the exports of those firms are more insensitive to exchange rate movements.

By analyzing how different sectors react differently to an exchange rate depreciation we can
therefore better understand the aggregate implications of the mechanisms we study.

To do this, we aggregate the volume of exports by sector / destination and estimate its reaction
to exchange rate variations. We aggregate firm export flows at the NES 36 level, i.e. into 36
sectors. Our estimated equation takes the form:

In X = v InRER; + v, In RER;; 1 + 323 + 1, + g + €sit (26)

where s is the sector and ¢ the destination. Z; is the same vector of country-specific controls
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than in equation (25): GDP, GDP per capita and effective exchange rate. We introduce a
lagged term of the exchange rate to capture the whole effect of exchange rate on exports, since,
contrary to the firm level estimations, this lag is often significant here.

TABLE 7 : EXCHANGE RATE AND EXPORT VOLUMES, AGGREGATED

Dep. Var. 1) @ ® @ ) © V)
Sectoral Export Volume
Sectoral Indicator K (Patreto Shape) 10% bigger 10% more productive
Sub-sample Whole Sample High Low High Low High Low
RER 0.903#¢* 0.753%%* 1.133%* 0.501** 1.319%+* 0.044 1.115%%*
(0.218) (0.183) (0.446) (0.215) (0.309) (0.535) (0.240)
RER(t-1) 0.206 0.490%* -0.24 0.349 -0.037 0.005 0.523%*
(0.215) 0.211) (0.388) (0.261) (0.293) (0.355) (0.233)
GDP 1.469%+* 1.505%*+* 1.345%* 1.189%** 1,187+ 1.622%%* 1.353%*+*
(0.329) (0.325) (0.630) (0.383) (0.452) (0.558) (0.462)
Total effect of RER 1111 1.244%% 0.895* 0.850%** 1.282%+% 0.050 1.640%+*
(0.290) (0.287) (0.537) (0.292) (0.390) (0.541) (0.376)
Observations 8041 4789 3550 4152 3889 3670 4371
R-squated 0.96 0.97 0.96 0.96 0.97 0.96 0.97

Robust standard errors in parentheses.All estimations include sector-destination fixed effects and year dummies.
* significant at 10%; ** significant at 5%; *** significant at 1%

Table 7 reports the results. First, the total effect of real exchange rate changes on the whole
sample is found to be a bit above unity, 1.11, the number we attempted to replicate in the
theoretical section. There are however large disparities across sectors. In columns (2) to (7) we
split the sample according to the relative position of the sector exporters for each destination and
year. More precisely, for each sector we estimate the Pareto parameter, and the share of the 10%
largest and most productive exporters. For the Pareto shape, we estimate a Pareto distribution
based on the methodology provided by Norman, Kotz and Balakrishnan (1994) (see also Mayer
and Ottaviano, 2007). High and Low represent, as in tables 3 and 4, above and below the
median of these indicators. Here again, the results confirm the theoretical predictions: more
heterogenous sectors have a lower elasticity of export volumes to exchange rate movements.
This is true whether a high degree of heterogeneity is proxied by a low Pareto shape %k (columns
2 and 3), a high share of the 10% largest firms (columns 4 and 5) or most productive ones
(columns 6 and 7).

The low reaction of exports found at the aggregate level may both come from the low elasticity
of the intensive margin (existing exporters) or the low response of the extensive margin (en-
trants). The mechanism stressed in this paper mainly relies on the effect of heterogeneity on the
intensive margin: when existing exporters are high performance firms, their export sales react
less to exchange rates. This is especially true in those sectors where firms selection is stronger,
1.e. where firms are very good performers and sectors with more heterogeneity. In table 8 we
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TABLE 8 : EXCHANGE RATE AND EXPORT VOLUME OF EXISTING EXPORTERS, AGGREGATED

Dep. Var. : Sectoral Volume 1) ) 3) 4 5) 6) (@)
of export, existing exporters
Sectoral Indicator K (Pareto Shape) 10% bigger 10% more productive
Sub-sample Whole Sample High Low High Low High Low
RER 0.678*** 0.600%** 0.808 0.247 1.130%+* 0.205 0.711%*
(0.247) (0.193) (0.525) (0.254) (0.328) (0.544) (0.286)
RER(t-1) 0.202 0.254 0.126 0.326 -0.168 -0.348 0.544%*
(0.228) (0.216) (0.439) (0.267) (0.278) (0.341) (0.254)
GDP 1.691%** 1.590%** 1.789** 1.325%+* 1.6971++* 2.078#k* 1.249%+%
(0.377) (0.314) (0.784) (0.451) (0.576) 0.712) (0.481)
Total effect of RER 0.880%** 0.853%** 0.934 0.573* 0.962+** -0.143 1.255%+*
0.325 (0.305) (0.629) 0.311) (0.443) (0.576) (0.391)
Observations 8040 4789 3549 4151 3889 3670 4370
R-squared 0.96 0.97 0.96 0.96 0.96 0.95 0.97

Robust standard errors in parentheses.All estimations include sector-destination fixed effects and year dummies.
* significant at 10%; ** significant at 5%; *** significant at 1%

estimate the effect of exchange rate on the intensive margin only, i.e. the volume of exports of
firms that exported in ¢ — 1. It is estimated to be (.88, again a number we tried to replicate in
the theoretical section. Results found in table 8 also support the hypothesis that heterogeneity
matters for the intensive margin: the elasticity of the intensive margin to real exchange rate
changes is found to be significant only in sectors where productivity is sufficiently homoge-
nous. This is consistent with our main story: the aggregate effect of exchange rate movements
is low because exporting requires a high productivity, an attribute which in turn gives an incen-
tive to firms to react to an exchange rate depreciation by increasing the export price rather than
their sales. Heterogeneity also implies that a large share of exports is concentrated on these
high productivity firms.

In Table 9 we decompose the total volume of exports into an extensive and an intensive margin
using a more traditional definition, i.e. the number of exporters and the mean volume of ship-
ment. Whereas the number of exporters is expected to increase with the exchange rate, this is
less clear for the mean volume of shipment, since entrants following a depreciation should be
less productive and smaller than existing exporters. This is indeed what our results, presented
in Table 9, suggest: only the number of firms is significantly affected by the exchange rate. The
mean volume of shipments remains unaffected by a change in the exchange rate. Given that
we have seen that a depreciation fosters entry, this shows that entrants are smaller than existing
firms.
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TABLE 9: EXCHANGE RATE, NUMBER OF EXPORTERS AND MEAN VOLUME OF SHIPMENT

M @ ©
Dep. Var Total export volume Number of Exporters Mean Vol. of Shipment
RER 0.903%** 0.544%%* 0.359*
(0.218) (0.057) 0.213)
RER(t-1) 0.206 0.147%%% 0.059
(0.215) (0.043) (0.204)
GDP 1.469%** 0.738%* 0.731%*
(0.329) (0.068) (0.322)
Total effect of RER 11114 0.691#%* 0.420
(0.290) (0.059) (0.285)
Observations 8041 8041 8041
R-squared 0.96 0.99 0.93

Robust standard errors in parentheses.All estimations include sector-destination fixed effects and year dummies.
* significant at 10%; ** significant at 5%; *** significant at 1%

4. CONCLUSION

This paper documents how exporters react to exchange movements. High performance firms
react to a bilateral depreciation by increasing their destination specific export price. They there-
fore partially absorb exchange rate movements in their mark-up. This also means they price to
market. They choose this strategy rather than letting the import price fall and increase their ex-
port sales. Low performance firms choose the opposite strategy. A simple model that features
this heterogeneity in reaction is presented where the main feature is the interaction of hetero-
geneity in productivity and the presence of distribution costs in the destination country. These
distribution costs reduce the demand elasticity to a larger extent for high performers than for
low performers.

We show that the difference in reaction to exchange rate movements is very robust for French
exporters. To our knowledge, our paper is the first to document this fact and more generally
it the first to use a very rich firm-level dataset to analyze how firms react to exchange rate
movements in their choice of prices, of quantities, of exit and entry.

This heterogeneity is interesting in itself but it also has important implications for the impact
of exchange rates on exports at the aggregate level. The mechanism that we document can
explain the low aggregate elasticity of export volumes to exchange rate movements: The bulk of
exports is made by high performance firms which we show optimally prefer to absorb exchange
rate movements in their mark-up. Heterogeneity therefore matters for the intensive margin. It
also matters for the extensive margin because firms that enter the export market following the
exchange rate movement are less productive and smaller than existing ones.
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Our mechanism is based on the presence of three features: the heterogeneity of firms, the pres-
ence of fixed costs to export and of local costs that can be interpreted as distribution costs. It is
not based on any assumption of price rigidity. We believe therefore that it is quite general. We
however have not explored how this mechanism would work in a general equilibrium frame-
work in particular one in which exchange rate movements are endogenous as in Corsetti and
Dedola (2005), Ghironi and Melitz (2005) or Atkeson and Burstein (2008).

Our results have implications for the import pass-through literature which we have not fully
explored because we have focused on the export side of the story which is absent in the recent
literature on pass-through using disaggregated data. Our results suggest that the low level of
pass-through of exchange rate movements into import and consumer prices and maybe its fall
over time can, at least partially, be explained by the mechanism at work in our model (for an
explanation of the fall of pass-through over time see, Bergin and Feenstra (2009)). Exporters,
because of the presence of fixed costs to export, are high performance firms which optimally
choose a low degree of pass-through. If high performance firms are over-represented in the
imports of a country and therefore in its import price index, then the mechanism we have
analyzed should also explain the low degree of pass-through we observe.
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6. APPENDIX

6.1. Heterogenous quality

We present a version of the model where firms differ in terms of quality. This generates similar
empirical predictions as long as higher quality goods have higher distribution costs and quality
increases quickly enough with the cost of production so that the higher quality firms have higher
operating profits. As shown by Baldwin and Harrigan (2007), this is the empirically relevant
case The quality part of this version of the model is similar to Baldwin and Harrigan (2007).
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Utility is:

=75
Ule) = / [s(@)z(@)] ™ dp @7)

where z;(¢) is the consumption of variety . and s(i) is the level of quality. Higher quality

A
goods have higher marginal costs in the form: s(p) = (%) so that they are associated

with a low . The relevant case where profits increase with quality is A > 1 so this is the
assumption we retain. We also assume that higher quality goods have higher distribution costs:
n;w;s(¢). The demand for variety ¢ is:

zi(p) = Y,P7! {M + mwz} _ (28)
gis(¢p)

The optimal producer price p; (expressed in Home currency) of firm/variety ¢ exported in
country ¢ is:

pi () = —2 (HM)E 29)

oc—1 oT; %

so that higher quality goods have higher markups. For an active exporter, the volume of exports
is:

zi(p) = Y;Pi"_l { Ti + mwi] ) (U — 1) (30)

ps(p)ei a

We can now analyze the impact of a change in bilateral real exchange rates on the optimal
producer price:

dpi(p) @ _  nips(9)a a0
dg; pi(p)  oTi+n:p5(0)a;
and on the volume of exports:
dzi(p) g . Ti 32)

dg;  xi(p) 7i + 1;05(0) G

The elasticity of the producer price to an exchange rate change increases with the quality of the
good it produces and therefore with the value added per worker, as long as A > 1, the relevant
case. The elasticity of the volume of exports to an exchange rate change decreases with the
quality of the good it produces and its value added per worker.
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6.2. Robustness checks

TABLE 10 : EXCHANGE RATE AND EXPORT VALUES

Dep. Var. : Export value o) ) ©) o) ©) ©) %) ®) ©) (10) an
Performance Indicator TFP TFP(t-2) Labor Productivity Nb Destinations Export Volume
Sub-sample All High Low High Low High Low High Low High Low
TFP(t-1) 0.080%** 0.059** 0.078*** 0.055%* 0.086*** | 0.095%+* 0.039
(0.018) (0.027) (0.030) (0.027) (0.025) (0.026) (0.029)
Labor Productivity(t-1) 0.068** 0.084%%

(0.029) (0.029)
TFP(t-2) 0.031 -0.006
(0.043) (0.042)

RER 0462 | 0.332% 0542+ | 0213 0.536*F | 0.496%*  0.502%%* 0.27 0.609% | 0.308*  0.463*
0.112) 0.175) 0.182) 0.218) (0.210) 0.176) 0.176) 0.234) (0.134) (0.166) (0.183)

Effective RER -0.069 -0.028 -0.092 -0.089 -0.161 0.094 -0.17 0.098 0.101 0.014 0.114
(0.069) (0.104) 0.116) (0.126) (0.129) (0.106) 0.111) 0.132) (0.085) (0.097) (0.114)

GDP 0591 0.847 0.498 0.601 2.086+* 1.149% 0.164 2.110%* 0.243 0504 0.815
(0.386) (0.587) (0.654) (0.803) (0.818) (0.591) (0.628) (0.880) (0.464) (0.524) (0.660)

GDP per capita 0.4 0.29 0523 0.174 -1.286 0.069 0.809 1.866%  0.911%* 0.584 0.152

(0.394) 0.597) (0.669) (0.853) (0.861) (0.600) (0.644) (0.954) (0.459) (0.536) 0.672)

Observations 134958 68434 66524 45985 45154 62968 71990 52413 82545 77851 57107
R-squared 0.76 0.78 0.75 0.8 0.77 0.79 0.74 0.78 0.76 0.77 0.63

All variables in logarithms. Robust standard errors in parentheses. Panel, within estimations (firm-destination fixed effects) with year dummies. Subsamples
computed by destination-year, except for columns (8) and (9), computed by year. * significant at 10%; ** significant at 5%; *** significant at 1%
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TABLE 11 : ROBUSTNESS: PRODUCT LEVEL AND DECILE DECOMPOSITION

M ® ©) @ ©) © 0] ®
PRODUCT LEVEL DECILE DECOMPOSITION
Dependent Variable Unit Value Export Volume Unit Value Export Volume
Performance Indicator: TFP
Sub-sample All High Low All High Low 10% High  10% Low | 10% High 10% Low
TFP(t-1) 0.016%%* | 0.024%+¢  0.008*F | 0.062%%* | 0.038%%*  (.132%** 0.009 0.012 -0.009 -0.016
©0.004y | ©.004)  0.004 0009 [ ©o11y  ©o11) || ©015 (0018 | 0037)  (0.043)
RER 0.157#%% | 0.205%F  0.110%0k | 0.272%Fk | (.312%*  (.489%+* 0.227* -0.227 0.121 0.893**
(0.025) (0.026) 0.027 (0.059) (0.067) (0.069) (0.125) (0.183) (0.304) (0.442)
Observations 1046447 525545 520902 891184 447378 443806 23779 15073 19851 13239
R-squated 0.78 0.94 0.92 0.58 0.88 0.85 0.95 0.92 0.9 0.86

All variables in logarithms. Robust standatrd errors in parentheses. Panel, within estimations (firm-destination fixed effects) with year dummies.
Destination specific controls not reported. Sub-samples computed by destination-year. * significant at 10%; ** significant at 5%; *** significant at 1%

TABLE 12 : ROBUSTNESS: ALTERNATIVES (1)

M @ &) @ ) © % ®
ALTERNATIVE IMPORTED INPUTS DECREASING RETURNS
Dependent Variable Unit Value Export Volume Unit Value Export Volume
Performance Indicator: TFP
Sub-sample High Low High Low High Low High Low
TFP(t-1) -0.019 0.024* 0.067* 0.05 -0.027%* 0.024* 0.034 0.027
0.012) 0.013) (0.030) (0.034) (0.013) (0.013) (0.031) (0.033)
RER 0.225%* 0.004 0.107 0.631%* 0.211%* 0.004 0.12 0.628***
(0.088) (0.083) (0.204) (0.208) (0.088) (0.083) (0.204) (0.207)
Imports / Total Sales -0.016 0.058 0.038 -0.093
(0.054) (0.044) (0.105) (0.102)
Total Sales 0.054#+% -0.002 0.334%0%  (.230%*
0.018) 0.011) (0.040) (0.029)
Observations 80400 78032 68017 66018 80947 78712 68434 66524
R-squared 0.92 0.91 0.87 0.85 0.93 0.91 0.87 0.85

All variables but Imports/Total Sales in logatithms. Robust standatd errors in parentheses. Panel, within estimations (firm-destination
with year dummies. Sub-samples computed by destination-year. * significant at 10%0; ** significant at 5%; *** significant at 1%
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TABLE 13 : ROBUSTNESS: ALTERNATIVES (2)

) (@) ©) O] ©) © @ ®
ALTERNATIVE MARKET POWER COMPETITION INTENSITY
Dependent Variable Unit Value Export Volume Unit Value Export Volume
Performance Indicator: TFP
Sub-sample High Low High Low High Low High Low
TFP(t-1) -0.02 0.024* 0.066** 0.044 -0.011 0.02 0.078** 0.036
(0.013) (0.013) (0.030) (0.033) (0.013) (0.013) (0.032) (0.033)
RER 0.215%* 0.004 0.328 0.651%+% 0.192%* 0.047 0.207 0.634%+%
(0.088) (0.083) (0.201) (0.205) (0.092) (0.085) (0.210) (0.213)
Share of French Exports 0.248 -0.081 21,1000k 27.365%#*
(0.288) (0.414) (2.407) (6.303)
Obsetvations 81568 78091 68970 65988 80947 78712 68434 66524
R-squared 0.93 091 0.88 0.85 0.93 091 0.87 0.85

All variables but "Share of french exports" in logarithms. Robust standard errors in parentheses. Panel, within estimations (firm-
with year dummies. Sub-samples computed sector-destination-year for columns (5) to (8) * significant at 10%; ** 5%; *** 1%

TABLE 14: EXCHANGE RATE, PRODUCTIVITY AND EXPORT VOLUMES, AGGREGATED

Dep. Var. ) @ 3 @ ©) © o ®
Sectoral Export Volume All firms All firms Existing Exporters Existing Exporters
Sectoral Indicator Mean Productivity Median Productivity Mean Productivity Median Productivity
Sub-sample High Low High Low High Low High Low
RER 1.147+%¢ 0.709%* 1.056%+* 0.711%%% 0.969** 0.480* 0.850% 0.484*
(0.365) 0.277) (0.361) (0.269) (0.431) (0.289) (0.441) (0.281)
RER(t-1) -0.511 0.812%%% -0.345 0.728*** -0.304 0.541* 0.000 0.445*
(0.342) (0.268) (0.353) (0.262) (0.363) 0.277) 0.394) (0.269)
GDP 1.173%* 1.467+F* 1.318** 1.497%%* 1.701#%* 1.370%+* 1.825%** 1.445%%*
(0.514) (0.416) (0.521) (0.428) (0.579) (0.454) (0.587) (0.477)
Total effect of RER 0.636 1.521#%* 0.711 1.440%%* 0.665 1.021#%* 0.850 0.930%**
(0.451) (0.365) (0.460) (0.380) (0.491) (0.381) (0.544) (0.395)
Observations 4002 4074 4005 4073 4001 4074 4004 4073
R-squared 0.97 0.96 0.96 0.96 0.95 0.97 0.96 0.97

Robust standard errors in parentheses.All estimations include sector-destination fixed effects and year dummies.
* significant at 10%; ** significant at 5%; *** significant at 1%
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