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Abstract

A large body of empirical work documents the fact that prices of traded goods
typically change by a smaller proportion than the real exchange rates between the
trading countries (incomplete pass-through). Moreover, the wedge between exchange
rates and relative prices appears to vary across countries (pricing-to-market). While
these facts have received a lot of attention in the literature, we know little on how the
extent of pass-through and pricing-to-market varies across firms in a country. This pa-
per presents a model of trade and international price-setting with heterogeneous firms,
where firms’ strategic behavior implies that i) pass-through is incomplete, ii) the extent
of pass-through is positively related to a firm’s size compared to its competitors, and
iii) exchange rate fluctuations affect both the prices of traded goods and the prices of
goods sold domestically. I test the predictions of the model using a panel data set of
cars prices in five European markets. The estimates broadly support the predictions
of the theory.
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1 Introduction

A large body of empirical work documents the fact that prices of traded goods typically
change by a smaller proportion than the real exchange rates between the trading countries
(incomplete pass-through). The wedge between export prices and domestic prices appears
also to depend on the countries involved in the trade relationship, with exporters charging
different prices to different export markets (pricing-to-market). While the basic fact of
incomplete pass-through has received a lot of attention in the literature, there is little work

on how the extent of pass-through and pricing-to-market varies across firms in a country.!

This paper presents a simple two-country model of trade and international price-setting
where firms are heterogeneous and the market for each good has the characteristics of an
international oligopoly with imperfect information. National markets are segmented, and
firms set their prices by taking into account the optimal responses of their foreign competi-
tors, whose cost structure is unobservable. I show that for a wide range of parameterizations,
firms’ strategic behavior generates residual demands with an elasticity that is increasing in
the price charged, and hence incomplete pass-through of cost changes into prices and pricing-
to-market. The optimal price adjustments following changes in marginal cost depend on a
firm’s relative size compared to the average (or expected) size of its competitors: as a re-
sult, pass-through is a U-shaped function of firm’s size.? The intuition behind this result
is as follows: the largest firms (who are also the most productive in the model) don’t fear
external competition, and - with a probability approaching one - are the lowest price sellers,
hence their pricing decisions are not characterized by any strategic consideration. Similarly,
the smallest, least productive firms have tiny mark-ups, hence no room for absorbing cost
increases through mark-up reductions, and pass most of their cost changes into changes in
prices. Conversely, firms lying in the middle of the distribution take into consideration their

competitors’ optimal responses, and — following a cost shock — increase prices only partially

L A notable exception is the recent paper by Berman, Martin, and Mayer (2012), who looks at firm-specific
changes in export prices.

2 Alessandria (2004) and Feenstra, Gagnon, and Knetter (1996) also present models that deliver a U-
shaped pass-through function, but depending on the aggregate market share that all the exporters from a
country have into a common destination market.



and shrink their mark-ups to avoid losing market share in favor of their competitors. The
U-shape of the theoretical pass-through function should deliver an increasing empirical re-
lationship linking size and pass-through in realized trades: low productivity firms are more
likely to be undercut by competitors, so the prices they charge are not observed in actual

exchanges.

The same reasoning implies similar firm-level variation in pricing-to-market behavior.
Firms charge different prices and different mark-ups in different countries, depending on
demand characteristics, the extent of competition, trade barriers, and so on. Firm het-
erogeneity implies that pass-through is incomplete also for transactions between identical

countries, and is higher the lower the average productivity of the importing country.

While the predictions on the model for pass-through on import prices can also be derived
through other theoretical frameworks, strategic price setting in my model has a unique
implication for the effect of fluctuations of the exchange rate on the prices of goods produced
and sold domestically. More precisely, the model predicts that the prices of goods sold
domestically increase following an exchange rate depreciation. The intuition behind this
result is the following. An exchange rate depreciation makes foreign firms less competitive,
so import prices increase. As a result, competition in the home market is less fierce and
domestic firms can “afford” to charge higher mark-ups than before the depreciation, since
the threat of being undercut by foreign competitors is less severe. This implication of the

model is novel, and finds support in the empirical evidence I describe next.

I test the predictions of the model using a panel data set of car prices in five European
markets.® The estimates consistently confirm the model’s prediction linking pass-through
and size and the result of pass-through on domestic prices. 1 exploit the multi-country
structure of the data to assess the extent of pricing-to-market and to estimate the shape
of the pass-through function by origin-destination country pairs. The results support the
predictions of the theory for 14-17 out of 32 country pairs in the sample, depending on the

specification.

31 use the data collected by Penny Goldberg and Frank Verboven, described in Goldberg and Verboven
(2001).



Incomplete pass-through in the data may arise from two main margins: mark-up vari-
ability, whereby firms absorb part of the cost increases through reductions in mark-ups, and
distribution margins, due to the fact that consumer prices are composed by a certain amount
of non-tradeable distribution services, whose prices are not affected by exchange rate fluc-
tuations. Several papers have shown the empirical importance of distribution margins: see
Burstein, Eichenbaum, and Rebelo (2005), Burstein, Neves, and Rebelo (2003), and Campa
and Goldberg (2006) among others. Nakamura and Zerom (2010) use micro-level data on the
coffee industry to decompose price adjustments into the different components. The model
presented in this paper abstracts from the distribution margin and concentrates on mark-up
variability, driven by the non-linear optimal pricing strategies of firms. Adding a distribution

margin to the model is certainly feasible, and would reinforce the results of the theory.

Theoretical research on incomplete pass-through has achieved the result of mark-up vari-

4 or imperfect competition

ability through two main channels: exogenous price stickiness,
with non-constant elasticity of demand. In this paper prices are fully flexible, hence the
results on incomplete pass-through should be interpreted as long-run results, and not as the
product of short term frictions. Imperfect competition models with variable elasticity of
demand generate incomplete pass-through because changes in prices determine changes in
the elasticity of demand: firms may find optimal to adjust prices only partially in order not
to loose market share in favor of their competitors. Variable elasticity of demand may be
achieved by appropriate choices of preferences (like in Melitz and Ottaviano (2008) and in
Gust et al. (2006)) or by specific assumptions on the nature of imperfect competition, as
illustrated in Dornbusch (1987) and more recently implemented by Atkeson and Burstein
(2008). This paper contributes to this last strand of the literature. On the demand side, I
assume that consumers have CES preferences over a given set of goods, and that they can
acquire each good either by a domestic or by a foreign producer. The existence of an out-
side option (in this case, switching to another producer from a different country) generates a
residual demand with non-constant elasticity. On the supply side, I assume that firms cannot

observe their competitors’ cost structure, and set optimal prices based on their expectations

4Gopinath and Rigobon (2008) document the low frequency and small size of price adjustments.



about the prices charged by their competitors. Given that costs are unobservable, optimal

prices depend on the probability that buyers switch to another supplier.

This paper is closest in spirit to Feenstra, Gagnon, and Knetter (1996), Alessandria
(2004), and Berman, Martin, and Mayer (2012). In Feenstra, Gagnon, and Knetter (1996),
Bertrand competition and CES preferences over a discrete number of products imply a U-
shaped relationship between pass-through and the exporting country share in the destination
market. Like in my model, a large market share corresponds to little competition and more
market power in the destination market. However, while in Feenstra, Gagnon, and Knetter
(1996) market share is a country-level characteristic, firm heterogeneity in my model allows
to link market share and the extent of pass-through at the firm-level. As in Feenstra, Gagnon,
and Knetter (1996), the empirical analysis in my paper concentrates on the cars market, but
exploits more the detailed micro-structure of the data, following Goldberg and Verboven

(2005).

The idea of incomplete price adjustments motivated by the possibility of consumers to
switch to other producers is also present in Alessandria (2004). In this paper, agents have
CES preferences and incomplete pass-through is driven by the possibility that consumers stop
buying if the price charged is too high. Switching to another supplier involves costly search,
hence optimal prices are set by keeping into account the consumers’ threat of switching
supplier. The result is a reservation price rule similar to the one assumed by Feenstra,
Gagnon, and Knetter (1996), with optimal mark-ups depending on search and transport
costs and on the number of firms competing in the same market. The model generates a
pass-through function that is U-shaped in the firm’s market share. The mechanism is very
similar to this paper for the presence of a threat of switching to another supplier. In my
model the threat is instantaneous and has implications on prices via the non-observability of
marginal costs. In Alessandria (2004), the threat takes effect over time due to the presence

of search frictions.

Finally, this paper is closely related to the recent important contribution by Berman,

Martin, and Mayer (2012). Using firm-level data on French exporters, they find that larger,



more productive exporters adjust their mark-ups more following an exchange rate depre-
ciation. This paper is close to their analysis in linking firm market share to the extent of
pass-through, but the analysis differs under a number of aspects. First, the empirical analysis
I present assesses heterogeneity in the extent of pass-through on import prices, consistently
with the previous literature. This is not a negligible difference, since when the elasticity of
demand is increasing in the price charged, changes in marginal cost have asymmetric effects.
Berman, Martin, and Mayer (2012) test the fact that most productive exporters “exploit”
depreciations by increasing their mark-ups, while my results show how the largest exporters
don’t need to decrease their mark-ups much following an exchange rate appreciation. Sec-
ond, the structure of the data I use allows me to test for the presence of exchange rate
pass-through on domestic prices, that my model predicts. I interpret the empirical analysis

in this paper as complementary to the findings reported by Berman, Martin, and Mayer

(2012).

The rest of the paper is organized as follows. In Section 2, I present a two-country model
of trade with heterogeneous firms and strategic price-setting. 1 characterize the optimal
pricing strategy, derive the conditions that assure incomplete pass-through and pricing-to-
market, and discuss the dependence of pass-through on firm size. Section 3 contains nu-
merical examples illustrating the properties of the pass-through function and its dependence
on the aggregate parameters of the model. In Section 4 I test the predictions of the model

using product-level data from the European car industry. Section 5 concludes.

2 A Simple Model of Trade with Strategic Price Set-
ting
In this section I introduce a simple model of trade where firms’ heterogeneity and imperfect

competition generate incomplete pass-through of changes of marginal costs into prices.

I consider a world of two countries, Home (h) and Foreign (f). Each country is populated

by a large number of identical consumers that have CES preferences over a continuum of



differentiated goods:
. n/(n—1)

where q§ is the quantity consumed of good i in country j (j = h, f), @; denotes aggregate
consumption in country j, and n > 1 denotes the elasticity of substitution across goods.
Each good can be acquired from a domestic or from a foreign producer, and consumers buy

it from the producer that charges the lowest price.

Each country is populated by a continuum of heterogeneous producers. Each producer
is specialized in the production of a single good i. A producer of good 7 in country j has
a constant return to scale technology described by ¢! = I’ /w;z}, where I} is the quantity
of labor hired to produce ¢}, w; is the labor cost in country j, and 1/2} denotes the firm’s
productivity (z; is the number of units of labor a firm in country j needs to produce one unit
of good ). Producers in each country are heterogeneous in their costs: let G;(%;) denote
the mass of producers from country j that have unit cost z; < z;. In this economy, the only
feature differentiating goods are the cost parameters zj-, for j = h, f. Consequently, I drop
the index ¢ and denote each good by the couple of unit labor requirements of its suppliers
in the two countries.” Let z = (25, z¢) € ®% and ¢;(z) the quantity purchased in country j
of a good for which the domestic supplier has unit cost z; and the foreign supplier has unit
cost z¢. Finally, let p;x(z;) denote the price charged by a producer from country k with cost

draw z;, for its sales in country j (7, k = h, f).

The timing is the following: (i) producers in both countries observe their own productivity
and the aggregate parameters of the economy; (ii) based on his own productivity and on the
expectations on the prices charged by his competitors, each producer declares a selling price;
(iii) for each good, consumers decide whether to buy it domestically or abroad, depending
on which seller charges the lowest price; (iv) producers whose realized demand is positive

produce, sell and make profits.

The demand side of the economy is standard. A consumer in country j chooses the

>This is a common convention in the Ricardian trade literature. See Eaton and Kortum (2002), Alvarez
and Lucas (2007).



optimal quantity of each good ¢;(z), and whether to buy it domestically or abroad, to

minimize total expenditure. The consumer’s problem is:

Zn(lzr)l . min{p;n(zn), pjr(21) }g;(2)9(2)dz
. n/(n—1)

s.t. [/ qj(z)ll/”g(z)dz] > Q; (1)
it

where ¢g(z) = gn(2n) - 9¢(2y) is the joint density of the cost distributions in the two countries,

which are assumed to be independent. Problem (1) has solution:

q(2) = qn(z) =

(1@)_ Q;  if pin(zn) < pip(zy) (2)

J

@ =urta) = () 0 i o) 2 pite 8

J
where ¢;n(2) (¢jf(2)) is the quantity of good z that a consumer in country j purchases from

a producer in country h (f). P; is the consumer price index in country j:

] 1/(1—=n) (4)

_ 1-n 1-n
P = [Pjh + Py
and:

oo rpjf(2y) 1/(1—n)
Py = [ [ pjh<zh>1—“g<z>dz} 5)
0 0

0o oo 1/(1-n)
pe= [T st (6)
0 pif(zf)

It remains to determine the prices p;i(z;), for j, k = h, f. Markets are segmented. The
set of goods consumed in each country is fixed, and in each country there is exactly one

producer of each good, who has market power on the production of that good.® A producer

6] assume there is only one producer for each good in each country. This assumption can be relaxed by
interpreting each producer’s production function as the aggregate production function of a set of “lower-
level” producers of the same good in a country. By assuming that the technology for producing a good is
country-specific (i.e., that z; is constant across all producers of the same good in country j) and that each



from country £ chooses the price to charge in country j to maximize its expected profits from
sales in country j, taking into account the optimal pricing strategy of its direct competitor in
the other country. Consumers buy from the producer charging the lowest price, so expected
profits are given by profits in case of sale times the probability that the price charged is below
the price charged for the same good by a producer in the other country. In formulating this
problem, I assume that each producer in each country knows the aggregate parameters of the
cost distributions, but cannot observe the individual unit cost of the foreign producer that
produces his same good. The price setting mechanism has the properties of a potentially
asymmetric first-price sealed-bid auction.” Each supplier sets the price as a function of his
own marginal cost in a way that, given that all the other suppliers set their price in the same
way, no individual supplier could do better by choosing the price differently. The resulting
equilibrium is a Bayes-Nash equilibrium, where each supplier chooses its optimal price based
on his guess (correct in equilibrium) of the pricing rule followed by the supplier of the same

good in the other country.

A producer from country k with unit cost z; chooses the price to charge in country j to

maximize:

max [pe(z2) — eyl (pj’“(z’f))" Q11— Fyalpyelaa))] )

pjk(2k) Pj

The term c;,z; denotes the marginal cost of a producer with unit labor requirement z,

lower-level producer has a decreasing returns to scale production function and pays a fixed cost to enter
the market (along the lines of Rossi-Hansberg and Wright (2007)), it can be shown that the aggregation
of lower-level producers generates a constant returns to scale technology that is isomorphic to the linear
technology of each producer in the model. This is achieved by appropriately redefining the technology draw
z as a function of the fixed entry cost and of the parameter ruling decreasing returns for the lower-level
producers.

In their survey of the auctions literature, McAfee and McMillan (1987) report that “sealed-bid tenders
are [...] used by firms procuring inputs from other firms”. Asymmetric auctions seem a natural tool to study
pricing in international markets, “when both domestic and foreign firms submit bids and, for reasons of
comparative advantage, there are systematic cost differences between domestic and foreign firms”. Garetto
(2012) uses a similar price setting mechanism to model optimal pricing of intermediate goods when the
buyers have the possibility of integrating production. Dvir (2010) studies the final good producers optimal
procurement problem in a setting with the same informational assumptions.



where:

cjk:{ . L
etw, ifk#)

t is the iceberg cost of trade between the two countries, and e is the real exchange rate,
expressed in units of domestic consumption per units of foreign consumption. Fj j(-) is
the c.d.f. of the prices charged in country j by suppliers not from country k. The term
1 = Fjx(pjr(zx))] = prob{pju(zx) < pj~i(z~k)} is the mass of consumers in country j

buying good z from suppliers from country k.®

The first order condition of problem (7) can be written as:

1 —1
N+ Hjk[pje(2i)pjr(2r)

pik(zk) = |1 — CikZk (8)

where H; _i[p;r(2x)] is the hazard rate:

 Jiekloie(en)]
Hj,wk[pjk(zk)] - [1 _ Fijh[pjk(Zk)]]

and f; k[pjr(2x)] is the density associated with Fj x[pjk(zk)]-

In equation (8), the term 7, = n + H; k[pjr(zk)] - pju(zk) is the elasticity of residual
demand perceived by a producer in country k selling in country j. The expression of the
elasticity of demand summarizes the two forces that affect optimal price setting: a supplier
must choose its optimal price by keeping into account both the possibility of substitution
across different goods () and direct competition from the producer of exactly the same,
perfectly substitutable good produced in the other country. This second force is summarized
by the hazard rate H; i [p;r(2x)], which is the probability that — after an infinitesimal increase
in the price charged by a producer in country k£ — a consumer in country j switches to buying
the same good from the producer in the other country, conditional on buying from country

k before the price increase. Notice that when the hazard rate is equal to zero, n;, = n and

8With a large number of consumers, I can appeal to the law of large numbers to interpret the probability
of buying from a producer as the actual share of buyers that decide to buy from that producer.

10



equation (8) reduces to the standard constant mark-up pricing rule induced by imperfect
competition and CES preferences. A positive hazard rate, i.e. a positive probability that
potential buyers switch to another producer of the same good, generates a non-constant

elasticity, and is the driving force behind the mechanism illustrated in this paper.”

Given functional forms for the cost distributions G}, (+), G¢(-), the model is solved up to
the scale of production @), Q¢ and the equilibrium wages wy,, wy. Full employment and

market clearing conditions allow to close the model.

The next sections characterize the optimal changes in prices following shocks to marginal
costs. I start by providing conditions under which a shock to firms’ costs is not reflected
one-to-one into the price charged (incomplete pass-through). Then I move to illustrate the
relationship between pass-through and firm size. The model has implications for the effects of

exchange rate changes on both domestic prices and import prices, and for pricing-to-market.

2.1 Incomplete Pass-Through of Cost Changes into Prices

The optimal price adjustment following a change in marginal cost depends crucially on
the elasticity of demand. As equation (8) shows, the fact that each supplier in the model
must keep into account his competitors’ strategies induces a variable component into the
elasticity of demand, and the dependence of this component on prices determines the extent
of pass-through. More precisely, a supplier will find optimal to adjust its price less than
proportionately after a change in marginal cost when the elasticity of demand is increasing
in the price charged.!® When this is true, the percentage reduction in demand caused by an
increase in price is larger than the percentage increase in demand caused by a drop in price

of similar size, inducing firms to be reluctant to adjust their prices proportionately to their

9The result of endogenous mark-ups holds for any functional specification of the cost distributions G;(-)
except for the Pareto, for which the elasticity of demand is constant and hence mark-ups are constant too.
10Tt is easy to prove that if the elasticity of demand is increasing in the price charged, the model exhibits

01 0
incomplete pass-through. We have incomplete pass-through when: M =1[1- @ . ﬁ <1, or—
dlog z le]2 0z
: .. p(z) Ole] I ] . o
equivalently — if: W g > 0, which is always true if the elasticity of demand is increasing in p(z).
€ z

11



costs.

In the model outlined in the previous section, the elasticity of demand that a producer
from country k faces when selling in country j is:
SirkPjr(zk)]
ea(zp) =n+ ’ pir(2i). (9
()l =+ [ P A ) )

J

Whether the elasticity of demand is increasing in the price charged only depends on the
shape of the competitors’ price distribution Fj x(-), and hence on the cost distributions
Gh(-), G¢(-). The following theorem states a necessary and sufficient condition for the

elasticity of demand to be increasing in the price charged.
Theorem 1. The elasticity of demand |cji| is increasing in the price charged if and only if

the competitors’ cost distribution G, (-) satisfies:

7> S 14 2] v

Proof: See Appendix A.

By applying Theorem 1, it is possible to derive the implications of any cost distribution
for the shape of the elasticity of demand. The Pareto distribution is the cutoff between two
sets of distributions that imply different results for the responsiveness of prices to changes in
marginal costs. The relevant set for this exercise is the one composed by those distributions
such that the slope of the density function is larger than in the Pareto case for each value of
z. For example, the exponential, Fréchet and Weibull distributions satisfy condition (A.1).
Finally, the condition in Theorem 1 is closely related to the log-concavity of the survival

function [1 — G(-)]:

Corollary 1. If the survival function [1 — G(z)] is log-concave ¥ z, then condition (A.1)

holds and the elasticity of demand is increasing in the price charged.

Proof: See Appendix A.

12



Log-concavity is sufficient but not necessary to drive the result; Theorem 1 is a weaker
requirement (for example, the Weibull distribution exhibits a log-concave survival function
only for certain values of its parameters, but satisfies Theorem 1 for the entire range of

them).

2.2 Incomplete Pass-Through and Firm Size

Theorem 1 establishes a condition that disciplines the relationship between the firms’ pro-
ductivity distribution and the extent of pass-through in the model. However, firms’ hetero-
geneity also implies that the elasticity of demand is firm-specific, and so is the extent of

pass-through. In this section I characterize the dependence of pass-through on firm size.

Optimal prices in this economy can be expressed as:

lejn(z1)] .

) ASMLYA By k=nh 10

p]k(zk) “%k‘(zk)‘ _ 1cjkzk fO?“ 7 ; f ( )
where the elasticity of demand |e;;(2x)] is given by:

fi~onlpin(zs)]
L — Fj k[pjr(zr

lejk(2e)| =1 + [

Pik(2k)-
™
Pass-through is given by:

pik(2e)  Olejr(2k)]
e (11)

Olog(pju(ar) _

() Oz lejr(zr)|?

Since the elasticity of demand and optimal prices are functions of the firm’s cost z, so
is pass-through. Consider first extremely productive, large firms, for which the unit cost z
approaches zero. For those firms, the term [1 — F; i (pjr(21))] = prob{pjr(zr) < pjk(zk)}
approaches one, and demand approaches the one in a standard model with monopolistic
competition and CES preferences. Hence the elasticity of demand is close to constant: |e;| —
7, prices are characterized by the CES constant mark-up, and pass-through is complete.

Consider now extremely unproductive, small firms, for which the unit cost z; tends to infinity.

13



For those firms, the term [1 — Fj ok (pjr(2k))] = prob{p;r(zx) < p;j~k(zr)} approaches zero,
the elasticity of demand tends to infinity, and prices tend to perfectly competitive ones.
With prices equal to marginal cost, pass-through is also complete. Finally, for firms such
that z is at an intermediate range, [1 — Fj . (pjr(2r))] = prob{pjr(zx) < pjx(zr)} € (0, 1),
lejk| € (n,+00) and — from Theorem 1 - is increasing in z; (and in pjx(zx)), so pass-through
is strictly between 0 and 1. As a result, pass-through is a U-shaped function of firm size.
This result is analogous to the one in Feenstra, Gagnon, and Knetter (1996), extended to
consider a continuum of goods, heterogeneous firms, and endogenous market shares. Notice
that the analysis applies to any change in the unit cost of the firms: productivity shocks,
changes in wages or transportation costs, and exchange rate shocks, which will be the focus
of the empirical analysis. The numerical analysis in Section 3 illustrates the relationship
between pass-through and firm size. The empirical analysis in Section 4 shows that this

prediction of the model finds support in the data.

2.3 Effects of Exchange Rate Changes on Domestic Prices

A unique implication of the model developed in Section 2 is that exchange rate fluctuations
have an effect not only on the prices of traded goods, but also on the prices of goods produced
and sold domestically. This result follows from the fact that (8) defines a system of two
equations in the two unknowns p;x(zp), p;f(zf) that need to be solved jointly to determine

the prices that producers in the two country charge in a common market j (7 = h, f).

Suppose - without loss of generality - that the currency of the Home country depre-
ciates. Then the analysis of the previous section implies that the prices of h’s imports
(pnf(zf)) increase, albeit not proportionally due to incomplete pass-through. As a conse-
quence, the probability that prices of domestic goods are lower than prices of imported goods
([1 — Fnf(prn(2n))] increases, and equation (8) implies that ppp(zp) increases as well. The
intuition behind this result is the following: Home firms can (at least slightly) increase their
mark-ups on domestic sales, given the expectation on the higher import prices charged by

foreign firms. As a result, a depreciation of the exchange rate induces a non-proportional in-

14



crease not only on import prices, but on domestic prices as well. Since this is a second-order
effect, we also expect the increase in domestic prices to be smaller than the corresponding

increase in import prices. Section 4 shows that this prediction is consistent with the data.

2.4 Pricing to Market

Price adjustments following exchange rate shocks also depend on country-level character-
istics. Firms’ reductions in mark-ups are affected by variables linked to the relative com-
petitiveness in the two countries under study. The expression “pricing-to-market” refers to
the possibility that firms charge different prices (and different mark-ups) in countries with

different characteristics.

It is clear from equation (8) that the model exhibits variable mark-ups, increasing in firm-
level productivity. The multiplicative nature of iceberg transportation costs and exchange
rates implies that a) firms set different mark-ups for domestic sales and exports (lower in the
export market if productivities across countries are the same); b) firms set different mark-
ups in different export markets (depending on exchange rates, trade costs, and differences in
productivities across countries); ¢) the price differential between export prices and domestic
prices varies across firms. As a result, the extent of pass-through of exchange rate fluctuations
into import prices and its variation across firms should vary across country-pairs (pricing-
to-market). The average productivity of a country also matters for the extent of pricing-
to-market. Following a depreciation in h’s exchange rate, exporters from f adjust their
prices less the higher the average productivity in the destination market (k). The rationale
behind this result is that foreign exporters tailor their price adjustments to the expected
productivity of the firms they have to compete against in country h. As a result, we should

expect lower pass-through in destinations countries with high average productivity.

I illustrate these properties of the model via numerical examples in Section 3 and test

their consistency with the data in Section 4.
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3 Numerical Examples

In this section I use numerical examples to quantify the extent of pass-through generated
by the model and its variation across firms. I start by considering a scenario in which the
two countries are identical and compute pass-through on both import prices and domestic
prices following an exchange rate depreciation. Using an asymmetric example, I quantify
the differences in the extent of pass-through induced by differences in transportation costs

and country-level productivity.

3.1 Parameterization and Baseline Example

I start by considering two identical countries, and compute changes in import prices following
a depreciation of the domestic currency. The two countries have the same technology (G, =
Gy), the same wage level (w, = wy), no trade costs (¢ = 1), and start with a one-to-one
exchange rate. I assume firms’ unit costs are distributed according to a Weibull law with
shape parameter ¥ and location parameter T: G(z) =1 — e_Tzﬂ, for T,9 > 0. I chose the
Weibull distribution to be consistent with recent quantitative Ricardian models of trade.!
Notice that the Weibull distribution satisfies Theorem 1 for its entire parameters range. For
these preliminary calculations, I set 77 to a standard value of 2. The shape parameter of the

cost distribution is set to ¥ = 4,'2 and the location parameter is normalized to T' = 1.

By solving the system of equations described by (8), I compute prices of imported goods
and the associated mark-ups across the entire firms’ cost distribution.!® I am interested in
quantifying how prices and mark-ups react after a change in the exchange rate. Since the
one described here is a purely real, partial equilibrium economy, exchange rate shocks are
isomorphic to exogenous productivity shocks, or to any exogenous shock changing relative

marginal costs in the two countries. I denote with e the real exchange rate between the

1See most notably Eaton and Kortum (2002).

12Within a similar Ricardian framework with Bertrand competition, Bernard et al. (2003) estimate ¢ = 3.6.

13The algorithm to solve for the optimal pricing rules is described in Appendix B, and is available upon
request to the author.
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two countries, expressed in units of domestic consumption per units of foreign consumption.
I consider a 1% depreciation (appreciation) of the Home (Foreign) currency (¢/ = 1.01),
and compute its effect on import prices in the Home country. The model implies that — in
response to the depreciation — foreign firms increase their export prices less than 1%. On
aggregate, the model implies an increase in the import price index of 0.7%.1* This sluggish
price adjustment is covered by a reduction in mark-ups: average sales-weighted mark-ups
on imports drop of 1.1%. The extent of the adjustment following the depreciation varies
across firms, depending on their productivity level. Following the increase in import prices,
domestic prices in the Home country rise as well: aggregate pass-through on domestic prices

is 0.3%, positive and lower than the one on import prices.

Figure 1 shows the firms’ cost distribution, optimal import prices and mark-ups, and the

extent of pass-through as functions of firm unit cost z.

The largest, most productive firms are the ones with the highest mark-ups (up to 100% in
this example) and they completely pass the appreciation into a price increase (pass-through
tends to one for z — 0): since these firms are “infinitely” productive, the probability that
buyers switch option (i.e., that they start buying from domestic producers instead) after
they increase their price is almost zero. On the other hand, very small, unproductive firms
have almost zero profits and very little margin to shrink their mark-ups, so they have to
pass through completely the cost increase into a price increase (pass-through is one for z
“high”). Pass-through is strictly less than one for firms that lie in the middle of the cost
distribution: these firms strategically reduce mark-ups and not adjust fully their price in
order to induce buyers to keep buying from them and not to switch to domestic producers

after the depreciation.

In the model, firms differ in their unit costs z. Low-cost firms are more productive,
and sell larger quantities at lower prices. Due to CES preferences, the quantity sold by a

firm is proportional to the term p(z)~", which is positively correlated with productivity 1/z.

14The baseline example generates a level of pass-through that is comparable with empirical studies: Campa
and Goldberg (2005) report an average long-run exchange rate pass-through coefficient of 64% among OECD
countries. Gagnon and Knetter (1995) center the range of pass-through estimates found in various studies
around 60% . Appendix C contains details on how individual price changes are aggregated.
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Figure 1: Prices, mark-ups and pass-through as functions of unit costs (baseline example).

Hence the model predicts a relationship between the extent of pass-through and pricing-to-
market and firm size. Figure 2 shows this relationship in the baseline example. The figure
plots pass-through (0log(p)/0log(z)) as a function of log-quantity sold. For large firms, the
relationship appears to be increasing, indicating that large and more productive firms tend
to pass-through a larger portion of their cost shocks into prices. This behavior is reversed
for small firms. Nonetheless, these firms are more likely to be undercut by the prices charged
by their competitors in other countries, so that the prices they charge are less likely to be
observed in actual exchanges. For this reason, the empirical evidence that follows focuses
on testing the increasing shape of the pass-through function for relatively large firms. In
Section 4, I use data from the European car market to estimate the shape of the pass-through

function.
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Figure 2: Pass-through as a function of size.
3.2 Pricing-to-Market

The model I presented in Section 2 exhibits pricing-to-market in the sense that trade costs
and differences in productivities across countries affect prices and mark-ups. The left panel
of Figure 3 shows the extent of pass-through on import prices following a 1% depreciation of
the Home country currency depending on the trade costs separating the two countries. The
figure shows that higher trade barriers induce more (less) productive firms to pass-through

a smaller (larger) portion of their cost increase.

The intuition behind this result is as follows. Large trade barriers make exporters less
competitive with respect to domestic firms in a market. The largest exporters, who have
consistent profit margins, react to this lower competitiveness by reducing prices and mark-
ups. Conversely, the smallest exporters cannot afford to reduce their already tiny markups
much, and pass through a larger portion of the trade cost. Since the realized exchanges we
observe in the data are mostly carried out by the most productive firms in the market, we
should observe lower prices and mark-ups into export destinations that are associated with

high trade costs.
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Figure 3: Pricing-to-Market: Changes in pass-through depending on trade costs and relative
productivity across countries.

Relative competitiveness of domestic versus foreign firms may depend on trade barriers
but also on cross-country productivity differences. The right panel of Figure 3 shows the
extent of pass-through on import prices following a 1% depreciation of the Home country
currency depending on the relative average productivity of the two countries. The Figure
shows that more (less) productive firms reduce their mark-ups more (less) when exporting to
a country whose firms are on average more productive. Also in this case, since the realized
exchanges we observe in the data are mostly carried out by the most productive firms in the
market, we should observe smaller price increases into export destinations that are on average
more productive. I report evidence supporting this prediction in Section 4. The empirical
analysis overall shows that the extent of pass-through indeed depends on the characteristics

of the countries involved.

4 Empirical Evidence: Incomplete Pass-Through and
Pricing-to-Market in the Cars Industry
In this Section I use data from the European car industry to estimate the shape of the

pass-through function as a function of firm size. In line with the predictions of the model,

pass-through estimates are provided for both import prices and domestic prices. The cross-
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country structure of the data also allows me to test the predictions of the model regarding

pricing-to-market.

4.1 Data

I use a panel data set of car prices assembled by Pinelopi Goldberg and Frank Verboven.!®
The data set contains detailed product-level information for car sales in 5 European markets
(Belgium, France, Germany, Italy and the UK) over the period 1970-2000, before the intro-
duction of the euro. For each product, or car model, the data record both the selling price
and the quantity sold in each destination market and a list of car characteristics. Moreover,
the data include information on both the country of incorporation of the producing firm
and the country where the model was effectively produced. I define the origin country as
the country where production effectively took place (independently on the country of in-
corporation of the firm). This is the relevant definition to consider shocks to the exchange
rates as shocks that actually distort the relative cost of production between two countries.
Based on this definition, there are 14 origin countries: the 5 destination markets plus Spain,
Netherlands, Sweden, Japan, Korea, Czech Republic, Yugoslavia, Poland, and Hungary. I
concentrate the attention on prices of imported cars in the five destination markets, keeping

track of the origin and destination countries of each sale.

4.2 Exchange Rate Pass-through on Import Prices: Specification
and Results

Pass-through in the model is a function of both aggregate and firm-level characteristics. At
the firm level, as shown in the previous sections, the extent of pass-through depends on a

firm’s size. I use quantity sold and market share as alternative measures of size.'® Prices

15For a more detailed description of the data, see Goldberg and Verboven (2001), Goldberg and Verboven
(2005).

16With measures of employment and cost of intermediates, one could construct measures of firm produc-
tivity such as output per worker or value added per worker. Unfortunately, the dataset does not include this
information.
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also depend on the aggregate productivity level of the destination country, represented by
the parameter T'. As a proxy for it, I use real GDP per capita in the destination country as

an import demand shifter.

In the model, each firm only produces one good, and is identified with it. In the cars
industry, however, most firms sell more than one product, so I need to take a stand on what
is the relevant level of observation. Anecdotal evidence seems to suggest that a firm may be
more or less competitive in a foreign market for some products with respect to others.!” For
this reason, I identify a firm in the model with a firm-product pair in the data, and run the

regressions at the product level 18-

Based on these considerations, I run the following reduced-form pass-through regression:

In(picat) = o+ Biln(gicar) + Baln(gdpar) + Yoln(ecar) + 1in(gicar) X In(ecar) + ...

..t Y2 [ln(Qicdt)]Q X ln(ecdt) + 5cd + 5firm + 6char + Eicdt (12)

where p;.q; denotes the price of product ¢, produced in country ¢ and sold in country d, in
year ¢t and in local currency (importer’s currency), gi.q is the quantity sold in country d of
the same product (or the market share of that product in the destination country, according
to the alternative definition), e is the exchange rate (importer’s currency d per unit of
exporter’s currency c) in year t, gdpy is the GDP per capita of the destination country
in year t, d.4, are country-pair fixed effects, ;. are firm fixed effects, and dcpq, are fixed
effects related to cars characteristics.?’ &;.4 is an orthogonal error term. The role of the
fixed effects in the regressions is to control as much as possible for supply-side determinants

of prices, so that the estimation of equation (12) can be interpreted as the estimation of a

17See Economist (2008)’s survey on cars in the emerging markets.

18The dataset allows to identify cars models that have changed name over time but retained more or
less constant characteristics. I treat different denominations of the same model over the years as the same
product in the analysis.

9Berman, Martin, and Mayer (2012) also run pass-through regressions using firm-product pairs.

20T use car class (or segment) as the characteristic defining these fixed effects. In the data, cars are grouped
in five classes: subcompact, compact, standard, intermediate, and luxury. Previous studies (most notably
Feenstra, Gagnon, and Knetter (1996)) treated cars as a homogeneous product category. The presence of
car characteristics in the dataset I use allows me to compare cars that belong to the same market segment.
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demand function.

Regression (12) generates the following empirical counterpart to the pass-through func-

tion shown in the model:

al n (picdt )
aln(qwdt )

= Y0 + N1ln(gicar) + 32 [ln(qwdt)]Za

(13)

where the model predicts 43 > 0. I follow Feenstra, Gagnon, and Knetter (1996) in the

inclusion of a quadratic term to capture potential nonlinearities in the relationship between

pass-through and size. Table 1 displays the results.

Quantity sold as measure of size

Market share as measure of size

@ (1) (I11) @ (1) (I11)
Log-size -0.0622%*F*%  -0.0543%**  0.06%** | -0.0358%** -0.0284***  (0.0126**
(0.0062)  (0.0062)  (0.0057) | (0.0069)  (0.0072)  (0.0062)
Log-exchange rate 0.429*** 0.1049* 0.252%** | 0.4222%**  (0.6343***  0.5666%**
(0.0198)  (0.0584)  (0.0467) | (0.0198)  (0.0407)  (0.0326)
Log-GDP per capita 0.1513%%*  0.1769*** -0.011 0.1416***  0.1659*** -0.0018
(0.0442)  (0.0441)  (0.0352) | (0.0444)  (0.0441)  (0.0353)
Interaction size-exchange 0.0631***  0.0023** 0.054***  (0.0341%**
rate (0.0133)  (0.0106) (0.0125)  (0.0099)
Interaction size squared- -0.0028***  -0.0006 0.003*** 0.015*
exchange rate (0.0008) (0.0006) (0.0011) (0.0008)
Country Pair Fixed Effects Yes Yes Yes Yes Yes Yes
Firm and car class fixed effects No No Yes No No Yes
R? 0.9244 0.9255 0.9536 0.9238 0.925 0.9533
No of obs. 8978 8978 8978 8978 8978 8978

Table 1: Pass-through regressions with size-exchange rate interactions (standard errors in

parentheses).

The left panel of Table 1 contains the results using quantity sold as a measure of size.
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Column (I) reports the results of the regression without interaction terms. The coefficient
on size is negative, indicating that larger firms tend to charge lower prices, in line with the
predictions of the model. As expected, the pass-through coefficient Bg is positive and smaller
than one, while the coefficient on GDP per capita is positive, indicating that firm charge
higher prices in richer, more productive countries.?! All three coefficients are significant at the
1% level. Except for one, all country-pair fixed effects are significant, indicating variation in
price adjustments across countries.?> Column (IT) reports the results of the regression adding
linear and quadratic interaction terms. The common coefficients are significant and similar in
size to the previous specification. As predicted by the model, 4; is positive and significant at
the 1% level, indicating that pass-through is increasing as a function of size. All country-pair
fixed effects are also significant. Column (IIT) shows the results of the same regression adding
car class and firm fixed effects, to control for the effects of car characteristics on prices.?3
The coefficient on size is positive in this specification, indicating that — controlling for car
characteristics, larger firms charge higher prices. The coefficient on GDP per capita loses
significance. The sign of the other coefficients is preserved, and especially of the interaction
coefficient 4, that also in this specification is positive as the model predicts. All country-pair

and most of the class and firm fixed effects are significant.

The right panel of Table 1 reports the results of the same regressions using market share
as a measure of size. The results confirm the ones obtained using quantity sold as a measure
of size. The only notable difference is in the sign of the coefficient on the interaction squared,

which is positive in this specification.

21The model does not have a clear implication for the sign of the coefficient 5. A market with a higher
GDP per capita may be characterized by more productive domestic firms, which would push down import
prices in that market, but may be also associated with higher demand due to the higher income. This second
effect, which does not appear in the model due to CES preferences, goes in the direction of pushing up the
prices, and seems the dominant one in the data.

22The only non-significant country-pair fixed effect is the one associated to exports from Yugoslavia to
France, for which there are only eleven observations for only one product.

23The empirical analysis in Feenstra, Gagnon, and Knetter (1996) treats cars as homogeneous goods,
due to the unavailability of car characteristics consistently defined across countries. The data assembled
by Goldberg and Verboven overcome this problem, allowing to control for car characteristics to disentangle
effective mark-up changes from quality differences across different models.
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4.3 Exchange Rate Pass-through on Domestic Prices: Specifica-

tion and Results

In the model, shocks to exchange rates affect not only import prices, but also the prices of
goods produced and consumed domestically. A depreciation of the domestic currency implies
a non-proportional increase in the price of imported goods, as illustrated in Section 2.3. The
increase in import prices is correctly anticipated by domestic producers, whose expectations
about import prices increase. As a consequence, domestic producers can charge relatively
higher prices in their domestic market, as the probability that their prices are lower than
the ones charged by their competitors has increased. Hence, a depreciation of the domestic
currency determines an increase in domestic prices. Since this is a second-order effect, we
expect the increase in domestic prices to be less than proportional to the exchange rate
shock, and smaller than the increase in import prices (pass-through on domestic prices is

“more incomplete” than pass-through on import prices).

Analytically, let e denote the exchange rate between country j and country ¢ (im-
porter’s currency ¢ per unit of exporter’s currency j) at time ¢. If €jct increases, ¢’s currency
depreciates with respect to j’s currency. Hence import prices in ¢, pjq, increase. As a

consequence, domestic prices p..; also increase less than proportionally.

In order to test this mechanism in the data, we need to define a depreciation of a country’s
currency with respect to all the other currencies in the economy. To do so, we define an

“average exchange rate” for country c as follows:?*

sales,

les.
€ = Z ¢ esjcejct. (14)
J

Each exchange rate ej.; is weighted by the “importance” that firms from country j have in

¢’s market (the share of sales in ¢ of products from j).

24Berman, Martin, and Mayer (2012) construct a measure of “multilateral” exchange rate in the same
way.

25



Equipped with this measure of average exchange rate, we run the following regression:

ln(picct) = a+ Blln(qicct> + BZln(gdpct) + Voln(ect) + ﬁ)/lln(qmct) X ln(ect) + ...
et ’72“”((]1‘001%)]2 X ln(ect) + 60 + 6firm + 5char + Eicct (15)

where p;.; denotes the domestic price of product ¢, produced in country ¢, in year ¢t and
in local currency, g is the quantity sold domestically of the same product (or the market
share of that product in the home country, according to the alternative definition), e is the
average exchange rate from equation (14) in year ¢, gdp. is the GDP per capita of country
c in year t, J., are country fixed effects, 0s;m are firm fixed effects, and d.pq, are fixed effects

related to cars characteristics. g;. is an orthogonal error term. Table 2 contains the results.

The left panel of Table 2 contains the results using quantity sold as a measure of size.
Column (I) reports the results of the regression without interaction terms. Consistently with
the predictions of the model, the pass-through coefficient Bg is positive, smaller than one, and
smaller than the pass-through coefficient on import prices reported in Table 1, indicating that
firms increase their domestic prices following a depreciation of the currency and consequent
loss of competitiveness of foreign exporters. Like in the regression for import prices, the
coefficient on size is negative, indicating that larger firms tend to charge lower prices, in line
with the predictions of the model. In this specification, the coefficient on GDP per capita
is negative. All coefficients are significant at the 1% level. All country-pair fixed effects
are highly significant, indicating variation in price adjustments across countries. Column
(IT) reports the results of the regression adding linear and quadratic interaction terms. The
interaction coefficients are both significant, and particularly, 4; is negative, indicating that
most productive firms tend to adjust less their domestic prices following a depreciation.
This fact can be rationalized by thinking that, before the depreciation, the prices that these
firms were charging were already close to their unconstrained optimal prices, so they have
little incentive to adjust their prices further. 4, is positive and significant. Column (III)
shows the results of the same regression adding car class and firm fixed effects. The signs

of the coefficients describing the pass-through function are preserved, but the interaction
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Quantity sold as measure of size

Market share as measure of size

() () iy () (1 iy
Log-size -0.067*¥F*  _0.0418** 0.0398** | -0.0667*** -0.0526%**  -0.0663***
(0.014) (0.0171) (0.0161) (0.0155) (0.019) (0.0166)
Log-exchange rate 0.0303***  (0.3184** 0.2177** 0.0293*** 0.0156 0.1353
(0.004) (0.1276) (0.1085) (0.004) (0.0311) (0.1081)
Log-GDP per capita -0.6355%**  _06445***  -0.6014%** | -0.6386***  -0.6401*** -0.5452%**
(0.0868) (0.0868) (0.0735) (0.087) (0.087) (0.0733)
Interaction size-exchange -0.0509** -0.0335 -0.0031 -0.0262
rate (0.0255) (0.0218) (0.0148) (0.0217)
Interaction size squared- 0.0022* 0.0014 0.0001 0.0015
exchange rate (0.0013) (0.0011) (0.0017) (0.0011)
Country Fixed Effects Yes Yes Yes Yes Yes Yes
Firm and car class fixed effects No No Yes No No Yes
R? 0.9239 0.9241 0.9472 0.9237 0.9237 0.9476
No of obs. 2021 2021 2021 2021 2021 2021

Table 2: Pass-through of exchange rate changes on domestic prices (standard errors in

parentheses).

coefficients are not significant under this specification.

The right panel of Table 2 reports the results of the same regressions using market share

as a measure of size. The results confirm the ones obtained using quantity sold as a measure

of size, but the coefficients on the exchange rate and on the interaction terms lose significance.

4.4 Pricing to Market: Specification and Results

The endogeneity of mark-ups implies that mark-ups differ depending on the countries in-

volved in the trade relationship (pricing-to-market). Within each country pair, Theorem 1
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establishes that pass-through should be incomplete, and increasing with firm size. Moreover,
the numerical examples is Section 3 show that the extent of pass-through is correlated with

transportation costs and productivity differences across countries.

This section addresses empirically the predictions of the model for pricing-to-market.
Following Knetter (1989), Knetter (1993), and Goldberg and Knetter (1997), I quantify
differences in pricing to market across firms by running the following pricing-to-market re-

gressions:

ln(picdt) = 0O + Blcln(qmdt) + Bchn(gdpdt) + ...

o+ Z [Yocaln(€car) + Viealn(Gicar) X In(€car)] + ...
d#c
..t 72cln(gdpdt) X ln(ecdt) + (5d + 6firm + 5char + €icdt 5 VC. (16)

The regression is run separately for each origin country c¢. The dependent variable p;.q
is the price of product i, produced in country ¢ and sold in country d, in year ¢ and in
local currency (importer’s currency), g;.q: denotes the quantity sold in country d of the same
product, e.q is the exchange rate (importer’s currency d per unit of exporter’s currency c)
in year ¢, gdpg is the real GDP per capita of the destination country in year ¢, and 64, 0 firm.,

Ochar are destination country, firm and car class fixed effects, respectively.

The coefficients 7y.q describe pricing-to-market, i.e. the differential response of prices
following changes in the exchange rates for each country pair. The model predicts these
coefficients to be between zero and one if condition (A.1) holds. Moreover, these coefficients
should differ across destination countries d for every origin country c. The coefficients ;.4
describe how pricing-to-market varies with firm size: similarly to the results on aggregate
pass-through, the model predicts that larger, more productive firms should exhibit more
complete price adjustments, hence we expect 41,4 > 0, Ve # d. Finally, the coefficient 7o,
quantifies the dependence of pass-through on the average productivity of the destination
market. The model predicts that firms selling to a relatively more productive (or richer)

market should exhibit smaller price adjustments, hence we expect 7o, < 0.
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The data includes 14 origin and 5 destination countries, but I run the regression only for
the ones for which we have a significant amount of data: France, Germany, Italy, the U.K.

and Japan.?> Tables 3 and 4 display the results.

Table 3 reports the results using quantity sold as a measure of size. As the statistic
of the Wald test reports, the data confirm a significant amount of pricing-to-market: the
coefficients 4g.q are all jointly different from zero for all origin countries except for Japan.
Once we look at price adjustments by country pairs, the results are mixed. Only 7 of the
16 pricing-to-market coefficients are between zero and one like the theory predicts. The
remaining coefficients are in part negative and in part larger than one, indicating no pass-
through or more-than-complete pass-through for certain country pairs. Albeit not completely
satisfactory, these results confirm analogous findings in previous papers.2® The prediction
that pass-through depends on size finds partial support in the country-pair analysis: 7 out of
the 16 coefficients 41,4 are positive like the theory predicts. Finally, the negative relationship
between the extent of the price adjustment and the GDP per capita of the destination country

is satisfied in 3 out of 5 origin countries.

Figure 4 reports the results of the same regressions, using market share as a measure of
size. The results convey the same information as in the previous case: 8 out of 16 coefficients
Yoea are between zero and one, and the Wald test confirms that they are all jointly different
from zero for every origin country. 9 out of 16 coefficients 41,4 are positive, and the prediction
linking the extent of pass-through to the average productivity of the destination country is
satisfied in 3 out of 5 origin countries. Overall, the results of the pricing-to-market regressions

provide support to the theory.

25The dataset contains more than 1000 observations for each of these origin countries.
26See Knetter (1989).
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France Germany Italy UK Japan
Log-size -0.0038 -0.0719%*%%  _0.0339***  _0.0687*** -0.0567***
(0.0144)  (0.0078) (0.01) (0.0209)  (0.0073)
Log-GDP per capita 0.0283 0.255%#%  _1.4144*** 0.0134 1.1716%***
(0.064)  (0.0504)  (0.0747)  (0.1326)  (0.0353)
Log-exchange rate (France) -0.0162 -0.5151%F%%  _0.5587**  (0.2657***
(0.1204)  (0.0621)  (0.2394) (0.05)
Log-exchange rate (Germany) 1.7937%** 0.5423**F*%  (0.5451%*%  0.1834***
(0.2348) (0.0411)  (0.236)  (0.0577)
Log-exchange rate (Italy) 4.3064%** 0.0667 3.182%**  (.3448***
(0.1113)  (0.068) (0.2725)  (0.0948)
Log-exchange rate (UK) 5.4322%**  _0.3725%FF  _1.5766%** 0.3077***
(0.2028)  (0.1002)  (0.0907) (0.0397)
Int. size-exchange rate (France) 0.0028 -0.0037 0.0868***  -0.0102%**
(0.0107)  (0.0027)  (0.0132)  (0.0038)
Int. size-exchange rate (Germany)  -0.0027 -0.004* 0.0292 -0.0073%**
(0.0196) (0.0023)  (0.0263)  (0.0023)
Int. size-exchange rate (Italy) 0.0035 0.0033* 0.0093* 0.0331***
(0.0034)  (0.0017) (0.005)  (0.0112)
Int. size-exchange rate (UK) -0.0575%**  -0.0128 -0.0003 -0.0024
(0.0087)  (0.0093)  (0.0021) (0.0017)
Int. log-GDP per capita- -0.2647HFFF  0.2634F**F  _0.1466%**  -0.1799***  (.1232%**
exchange rate (0.0142) (0.0064) (0.0041) (0.0165) (0.0028)
Country fixed effects Yes Yes Yes Yes Yes
Firm and car class fixed effects Yes Yes Yes Yes Yes
Prob > F:
Ho: Yocd = YocarVd, d' # c 0 0 0 0 0.17
R? 0.9847 0.9935 0.9801 0.9784 0.9908
No of obs. 1975 1829 1308 670 1873

Table 3: Pricing-to-market regressions, quantity sold as a measure of size. (Standard errors

in parentheses).
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France Germany Italy UK Japan
Log-size -0.0145 -0.058*** -0.015 -0.082***  _0.0348**
(0.0158)  (0.0091)  (0.0108)  (0.0224)  (0.008)
Log-GDP per capita 0.0216 0.2296***  -1.4289%*** -0.0244 1.1518***
(0.0651)  (0.0514)  (0.0751)  (0.1336)  (0.0357)
Log-exchange rate (France) 0.0514 -0.5475%*F*%  (.7083*** 0.0867*
(0.0892)  (0.0625)  (0.2435)  (0.0471)
Log-exchange rate (Germany) 1.7479%** 0.4935%**%  1.0183%** 0.0635
(0.2061) (0.0454)  (0.263)  (0.0574)
Log-exchange rate (Italy) 4.3252%%* 0.1027 3.2998%**  (,7354%**
(0.1087)  (0.0648) (0.2441)  (0.0926)
Log-exchange rate (UK) 4.86%**  -0.527H%HFK ] pTeRE 0.2609***
(0.2111)  (0.107)  (0.1014) (0.0346)
Int. size-exchange rate (France) 0.0116 -0.002 0.1009***  -0.0124***
(0.0129)  (0.003) (0.015)  (0.0043)
Int. size-exchange rate (Germany) 0.0014 -0.002 0.0405 -0.0045*
(0.0227) (0.0025)  (0.0295)  (0.0025)
Int. size-exchange rate (Italy) 0.0033 0.0031 0.0089* 0.0262**
(0.004) (0.002) (0.0052)  (0.0108)
Int. size-exchange rate (UK) -0.0255%* -0.0067 0.0004 0.0001
(0.0099)  (0.0115)  (0.0023) (0.0019)
Int. log-GDP per capita- -0.2607**FF  0.2596%** -0.1468 S0.1774%FF 0.1245%**
(0.0145)  (0.0065)  (0.0041)  (0.0165)  (0.0029)
Country fixed effects Yes Yes Yes Yes Yes
Firm and car class fixed effects Yes Yes Yes Yes Yes
Prob > F:
Ho: Yocd = YocarVd, d' # ¢ 0 0 0 0 0
R? 0.9841 0.9932 0.9799 0.9784 0.9905
No of obs. 1975 1829 1308 670 1873

Table 4: Pricing-to-market regressions, market share as a measure of size. (Standard errors

in parentheses).
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5 Conclusions

I presented a simple two-country model of trade and international price-setting where firms
are heterogeneous and the world market of each good has the characteristics of an interna-
tional oligopoly with unobservable firm-level costs. I have shown that — for a wide range of
parameterizations — firms’ strategic price setting endogenously generates residual demands
with an elasticity that is increasing in the price, and hence incomplete pass-through of cost

changes into prices and pricing-to-market.

Strategic behavior in price setting has two related consequences. First, the extent of
pass-through and pricing-to-market depends on a firm’s relative size compared to its com-
petitors: for realized exchanges, larger firms pass-through a larger portion of an exchange
rate appreciation into their export prices. Second, exchange rate fluctuations affect not only
the prices of imported goods, but also the prices of goods sold domestically. I tested the
predictions of the model using a panel data set of cars prices in five European markets. The

estimates broadly support the predictions of the theory.

I believe that this paper contributes to the literature on incomplete pass-through and
pricing-to-market in two ways. First, the model deepens our understanding of the possible
channels that drive these phenomena, by providing a structural framework where trade flows
and market shares are endogenous and depend on firms’ strategic considerations. Second, by
supporting the specific predictions of the structural model, the empirical analysis improves

our understanding of the relationship between firm size, pass-through, and pricing-to-market.
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Appendix

A Proofs

This section contains the proofs of Theorem 1 and Corollary 1.

Theorem 1. The elasticity of demand |e;i| is increasing in the price charged if and only

if the competitors’ cost distribution G, (-) satisfies:

9(2)

S > {1+ 9(2)2)]4 e, (A1)

[1—G(

Proof: The proof proceeds in two steps. I first use an auxiliary, simplified model to
derive condition (A.1), and then show that condition (A.1) is also the necessary and sufficient

condition for the full model.

Let us consider an auxiliary model where firms in one of the two countries (without loss
of generality, say h) set prices equal to their marginal costs, while firms in the other country
(f) set mark-up prices. The two countries are identical under every other characteristic, so
wages are equalized and normalized to one. Goods are freely tradeable (t = 1). We prove
that — for this auxiliary model — (A.1) is a necessary and sufficient condition for incomplete
pass-through of changes of marginal costs into import prices. If p;, = 2, for j = h, f, the

elasticity of import demand for the Home country (|ep¢|) reduces to:

gn(Pns(2f))
1 — G (pus(2y

lensl =n+ [ ))]phf(zf)- (A.2)

Then condition (A.1) follows from differentiation of equation (A.2) with respect to ppr(2y).

Condition (A.1) holds with equality when the cost distribution G(-) is a Pareto.?” So to
ensure that the elasticity of demand is increasing in the price charged we need the density

g(+) to exhibit a larger first derivative than a Pareto on its entire domain.

G(z) =1~ (%)719 for z > a, a >0, and 9 > 0.
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Now that I established the result for the auxiliary model, I move to consider the full
model, where firms from both countries charge mark-up prices, there may be also arbitrary
wage differences and possibly non-zero trade costs. By differentiating (9) with respect to

pix(2x), we obtain:

[ [, ee)

f'(p(2)) > = () [1— F(p(z))]

p(z)|  Vp(2) (A.3)

where the country indexes have been suppressed to ease the notation. When the cost dis-
tribution G(-) is Pareto with shape parameter ¥ and location parameter a, one can solve

analytically for the optimal pricing rule, which in this case is linear in the marginal cost:

v+
(2k) = —————cipz. A4
Pik(zr) L (A4)
When unit costs are Pareto-distributed, optimal prices are also Pareto-distributed over the

9+n
9+n—1

elasticity of demand is constant (|e;x] = 1 + ¢J) and condition (A.3) holds with equality.

support [amcjy, 00), where m is the constant mark-up in (A.4): m = . Moreover, the
Hence also for the full model the Pareto distribution is the cutoff separating the set of
distributions implying incomplete pass-through from the others. Conditions (A.1) and (A.3)
are characterized by the same cutoff, hence (A.1) is sufficient to characterize the set of

distributions implying incomplete pass-through also for the full model. (g.e.d)

Corollary 1. If the survival function [1 — G(2)] is log-concave ¥ z, then condition (A.1)

holds and the elasticity of demand is increasing in the price charged.

Proof: The survival function [1 — G(-)] is log-concave if and only if the following in-

equality holds: ,

j@ﬁ>_[ﬂd Vs

1-G(2)]
which implies that inequality (A.1) also holds. (g.e.d.)
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B An Algorithm to Solve for the Pricing Rule

In this Section I illustrate how to compute optimal prices in the model.

The pricing rules p,x(2x), for j, k = d, f, are the solution of the following system of first

order conditions:2®

firn(pik(21))
1 — Fjok(pjr(2r))

=0, for j,k=d,f.
(B.1)

Pik(2e) (1 —n) +ncieze — pjr(2e) [Pjr(2k) — cir2

Notice that system B.1 can be solved in pairs, i.e., the two equations for j = d are
independent from the two equations for j = f. For each j, I solve numerically the system

with the following algorithm:
1. Given an initial vector of productivities zj for each country k, guess an initial pricing
rule pgk(zk) for each origin country k to destination country j.
2. Compute FJ,(p9)(21))-

3. Given FJ,(-), find the pricing rules pj,(z) (one for each origin country k) that solve

(B.1).

4. 1 pjy(z) — Py(2) <&,V k, STOP.
If 3 k such that pj,(z) — pi(2x) > €, compute Fjy(pj,(2)), and continue iterating

until convergence.

If a solution exist, it must lie between the marginal cost and the monopolistic competition

pricing rule. I use the marginal cost to initialize the algorithm.

Z8The system (B.1) is derived from problem (7).
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C Aggregation

In this section I discuss how to aggregate individual prices to investigate the extent of

incomplete pass-through of aggregate shocks into aggregate prices.

On this matter, it is important to observe that we cannot use ideal price indexes to
measure the effect of aggregate shocks on aggregate prices. By construction, the CES ideal
price indexes take into account the equilibrium expenditure shares in each of the goods,
so a variation in the individual prices is accompanied by the corresponding equilibrium
variation in demand. Moreover in this model a change in price may induce a change in the
acquisition option: consumers may switch to imports after an increase in the domestic price,
and this switch is taken into account by the ideal price index. In order to isolate the change
in aggregate prices while keeping quantities and acquisition choices constant, I adopt an
aggregation method that mimics the construction of the CPI index.?? I refer to these new

price aggregates as the “actual” price indexes.

The actual price index for goods produced in country k and sold in country j (7, k = h, f)
1s:
~ 1
Py, = S_/ Pik(z)sk(z)g(2)dz (C.1)
ik J B

where Bjy, is the set of goods that a consumer in country j buys from a producer in country

29The CPI index contains two levels of aggregation. At the lower level, individual prices are collected into
item-area indexes through a geometric average:

1

pi N;
i g it
ol =T | =2
t =1 7
Pj1

where pgt is the price of good j at time t in the item-area ¢ and N; s the number of collected prices in
item-area i. At the upper level, item-area indexes are aggregated into the CPI index by:

ACPIL,; = Z szwz

where si = E!/ (Zl E{,) is the expenditure share in item-area ¢ in the base year b. In my calculations, I
abstract from the lower level aggregation and implicitly assume N; = 1 Vi, so that the item-area index is
just equal to the individual price variation.
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Bjr = {(2a, 2¢) : pjx(2r) = min{pja(za), pjs(25)}} for j,k=h,f. (C.2)

The term s;;(2x) is the expenditure share in country j of a good bought from a country k

producer with cost z:

silen) = T (1 By (). (©3)
Nl TR TR _ prob{f;K:u

~
sk (zi)| Ty

The expenditure share s;(2;) is given by the expenditure share conditional on consumers
from country j buying from country k (s;x(zx)|1sx) times the probability that consumers
from country j buy from k (prob{ll;x = 1}). The term Sj; in equation (C.1) is the total
expenditure share in country j on goods bought from country k:

Pira;i fBjk pir(2r)qik(2)g(2)dz

S, = iRk _ . (C.4)
’ Pjq; Pjq;

Changes in actual price indexes are computed aggregating individual price changes, but
assuming that the price changes do not affect the expenditure shares and the acquisition

option. I denote with }Sjk the percentage variation in the actual price index ij:

. 1 A
ik = = Dik(2e) s (2)g(2)dz (C.5)
Sik J By,

where p;i(z) is the percentage variation in the individual price p;x(zx).
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