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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). This fact has received a lot of attention in the literature, and there is a recent and
growing body of work on how the extent of pass-through varies across firms. This paper contributes
to the literature by proposing a novel channel driving incomplete pass-through at the firm level
and by testing its implications empirically. The key new ingredient is the lack of information about

competitors in a market.

I present a simple 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 domestic and foreign competitors, whose exact 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. The optimal price adjustments following changes in
marginal cost depend on a firm’s relative productivity in the destination market compared to the
average (or expected) productivity of its competitors: as a result, pass-through is a U-shaped
function of firm’s productivity. The intuition behind this result is as follows: the most productive
firms (who also tend to be the largest 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 productivity
distribution take into consideration their competitors’ optimal responses, and — following a cost
shock — increase prices only partially and shrink their mark-ups to avoid losing market share in

favor of their competitors.



In order to study the dependence of pass-through on producers’ information sets, 1 extend
the model to incorporate cross-sectional heterogeneity in information and consider an environment
where both informed and uninformed producers coexist. I assume that an uninformed producer
has incomplete information, i.e., he does not observe the unit costs of any of his competitors, and
that all other competitors cannot observe its unit cost. Consistently, I assume that an informed
producer has complete information about other informed producers, but incomplete information
about uninformed producers. These informational assumptions are equivalent to the ones in Che
and Kim (2004), who study first-price auctions with two groups of bidders with different information
sets.! Under the key assumption that the first and second lowest cost sellers of each good are from
the same country, I show that, in the model with cross-sectional heterogeneity in information,

uninformed producers exhibit lower pass-through than informed producers.

How to bring to the data a prediction about the extent of information available to producers?
When firms enter a market with a new product, it is reasonable to think that the amount of
information they have about their competitors is limited.? Hence I interpret the prediction of
the model as saying that new entrants should pass-through a lower portion of their marginal cost
changes into prices compared to incumbent competitors. Notice that this prediction is purely driven

by the effect of information on prices, and holds keeping everything else equal, including firm size.

While the prediction of the model relating pass-through and productivity can be generated also
by alternative models, the second prediction, related to information, is novel of my framework.
Other settings may generate different pass-through rates among new entrants and incumbents,
driven by their relative sizes. Models where the pricing functions are linear affine functions of
marginal costs, like Melitz and Ottaviano (2008) or the distribution costs model used in Berman

et al. (2012), for example, predict that new entrants, which are on average smaller firms than

1Che and Kim (2004) study the efficiency properties of the described auction and compare them with the ones
of a second-price auction. My analysis is concerned with characterizing the properties of the equilibrium in terms of
pass-through rates in an international application of their environment.

2In this spirit, when discussing the applications of their framework, Che and Kim (2004) notice that “..it is
presumably easier for a bidder to estimate the preferences and technological abilities of the old firms than those of the
new ones”.



incumbents, should exhibit higher pass-through. Conversely, in my model differences in pass-
through among incumbents and new entrants are driven by differences in the information sets of

the players, hence hold also controlling for firm size.

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 qualitative prediction linking the extent of pass-
through and productivity, proxied by firm market share. This empirical relationship is statistically
significant and robust to the inclusion of a very restrictive set of controls, but the differences in the
pass-through rates across firms of different size are rather small. Moreover, the empirical analysis
reveals a robust relationship between the extent of pass-through and the amount of information
about competition in a market, proxied by the time since the introduction of a new product. New
entrants, defined as firms that recently introduced a new product in a market, systematically exhibit
lower pass-through than incumbents in the data, also controlling for firm size. To my knowledge,
there is no other paper studying the relationship between pass-through and the extent of information
about competition in a market, or examining possible differences in firm-level pass-through between

new entrants and incumbents.

It is instructive to put the predictions of the model into the context of the literature. Incomplete
pass-through in the data may arise from many different margins: mark-up variability, distribution
margins, imported intermediate inputs, and non-constant returns to scale.* Burstein and Gopinath
(2014) provide a unified treatment of models generating incomplete pass-through via these various
channels. The model presented in this paper focuses on variable mark-ups and abstracts from other

channels.

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

5

through two main channels: exogenous price stickiness,” or imperfect competition with non-constant

3T use the data collected by Penny Goldberg and Frank Verboven, described in Goldberg and Verboven (2001).

4Several papers have shown the empirical importance of distribution margins: see Burstein et al. (2003), Burstein
et al. (2005), 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.

SGopinath and Rigobon (2008) document the low frequency and small size of price adjustments. In this paper
prices are fully flexible, hence the results on incomplete pass-through should be interpreted as long-run results, and



elasticity of demand. The latter generates 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 lose market share in favor of their competitors. Variable elasticity of demand may
be obtained by appropriate choices of preferences (like in Melitz and Ottaviano 2008 and in Gust
et al. 2010) or by specific assumptions on the nature of imperfect competition, as illustrated in
Dornbusch (1987) and more recently implemented by Atkeson and Burstein (2007, 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 from domestic
or foreign producers. The existence of an outside option (in this case, switching to another producer)
generates a residual demand with non-constant elasticity. On the supply side, I assume that firms
cannot observe their competitors’ costs, and set optimal prices based on their expectations about
the prices charged by their competitors. Given that costs are unobservable, optimal prices depend

on the probability that buyers switch to another supplier.

Models featuring incomplete pass-through at the firm level differ in terms of their implications
for how the extent of pass-through varies across firms. On one side, models with additive dis-
tribution costs (like Berman et al. 2012 and Chatterjee et al. 2013) imply that prices are linear
affine functions of marginal costs, mark-ups are higher and pass-through is lower for larger and
more productive firms.% On the other side, there is a large class of models featuring some form of
imperfect competition coupled with non-linear demand systems and strategic interactions in price
setting.” Particularly, models with Bertrand competition and incomplete information (like Fisher
1989 and this paper) and models with Cournot competition, product differentiation, and a nested
CES system (like Atkeson and Burstein 2008, Amiti et al. 2014, and Auer and Schoenle 2015)

imply that prices are concave functions of marginal costs, mark-ups are higher for larger and more

not as the product of short term frictions.

In these models, pass-through incompleteness arises from the interaction of fixed costs and firm size, and there
is no role for firms’ strategic decisions. Models with imperfect competition and linear demand systems, like the one
in Melitz and Ottaviano (2008), share the same predictions.

"Dornbusch (1987) reviews this class of models and concludes that the exact shape of the pass-through function
depends on the precise choice of market structure that one considers. Yang (1997) illustrates the implications of a
special case of the models described in Dornbusch (1987) for the relationship linking pass-through and market shares.



productive firms, and firm-level pass-through is a U-shaped function of firm productivity and size.®

In these models, pass-through incompleteness arises from strategic price adjustments whose extent
depends on the toughness of competition a firm faces in the export market. It is important to
notice that in all these models a firm’s best response function depends on the prices of the firm’s
competitors. Conversely, when goods are perfectly substitutable and information is complete, like
in Atkeson and Burstein (2007), limit pricing is possible and optimal prices depend directly on the

competitors’ costs.”

The model in this paper is closest in spirit to Fisher (1989) and Alessandria (2004). My model
shares with the one in Fisher (1989) the concept of equilibrium considered: a Bayesian Nash
equilibrium where there is strategic interdependence in the pricing rules set by firms. Bertrand
competition under uncertainty implies that each firm chooses the optimal price based on the expec-
tation it has of the prices charged by its competitors. I add to his analysis firms’ heterogeneity and
the fact that the choke price is endogenous and firm-specific. Alessandria (2004) also features the
idea of incomplete price adjustments motivated by the possibility of consumers to switch to other
producers. 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 a number of empirical contributions that have been testing

the predictions of various models regarding the shape of the empirical pass-through function.!? As

8Even if their model implies a U-shape, Amiti et al. (2014) argue that the relevant comparative statics exercise to
assess the shape of the empirical pass-through function is performed by defining the mark-up elasticity while keeping
the price index constant. With this modification, their model delivers a pass-through function that is decreasing in
firm size.

9The simple scenario with perfectly substitutable goods and complete information that I describe in Section 2.2.1
corresponds exactly to the setup analyzed in Atkeson and Burstein (2007). In this model producers’ best response
functions are expressed in terms of the marginal costs of their competitors. When adding incomplete information to
this model, the equilibrium changes to the one described in Section 2.2.2 and in Section 3. On the other hand, in
models with complete information and imperfectly substitutable goods (like Atkeson and Burstein 2008), producers’
best response functions are expressed in terms of prices of their competitors. However, in general, when adding
incomplete information to these models, the equilibrium also changes as long as demand is non-linear. For a rigorous
treatment of Cournot and Bertrand equilibria under different informational assumptions, see Gal-or (1986).

19Berman et al. (2012), Chatterjee et al. (2013), and Amiti et al. (2014) all find support for the prediction that



Feenstra et al. (1996), I provide evidence in support of the fact that, at least for certain industries,
the relationship between pass-through and market share is U-shaped.!! Like Feenstra et al. (1996),
my empirical analysis is based on the cars market, but exploits more the detailed micro-structure

of the data, following Goldberg and Verboven (2005).

The rest of the paper is organized as follows. In Section 2 I present the model under complete
and incomplete information, I derive the conditions for pass-through incompleteness and discuss the
dependence of pass-through on firm-level productivity. In Section 3, I extend the model to feature
cross-sectional heterogeneity in information and discuss the relationship between pass-through and
information about competition in the destination market. Section 4 tests 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 Setting

In this section I introduce a simple Ricardian model of trade with heterogeneous firms and imper-
fect competition. I outline the solution of the model under the alternative assumptions of complete
versus incomplete information, and discuss pass-through of cost changes into prices in each sce-
nario. I conclude the section by illustrating the relationship between pass-through and firm-level

productivity.

the extent of pass-through is inversely related to the size of the firm, using large across-industries firm-level datasets
from France, Brazil, and Belgium, respectively.

"While in Feenstra et al. (1996) market share is a country-level characteristic, firm heterogeneity in my model
links market share and the extent of pass-through at the firm-level. Auer and Schoenle (2015) also provide empirical
evidence in support of a U-shaped firm-level pass-through function.



2.1 Environment, Preferences and Demand

The economy is composed of many countries, indexed by i,j,k € {1,...N}. Consumers in each

country have CES preferences over a continuum of differentiated goods:

n/(n—1)
Ui=Qi= [/ qz’(l“)l_l/ndl“]

for i = 1,..N. ¢;(x) is the quantity consumed of good z in country i, Q); denotes aggregate
consumption in country ¢, and 1 > 1 denotes the elasticity of substitution across goods. Each good
can be acquired from a producer located in any country, 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 spe-
cialized in the production of a single good z, and in each country j there is a fixed number n;
of potential producers of each good, with varying levels of efficiency.'> Each producer of a good
in each country has a constant returns to scale technology that transforms labor into units of the
good. Let zp,;(x) be the number of units of labor that producer m of good  in country j needs to
produce one unit of the good. Producers in each country are heterogeneous in their costs: zp,;(x)
is a random draw from a country-specific distribution G;(z). Finally, let p;m;(x) denote the price

charged for good = by producer m in country j for sales to country i.

The demand side of the economy is standard. A consumer in country i chooses the optimal
quantity of each good ¢;(x), and from which producer to buy it, to minimize total expenditure.
The consumer’s problem is:

min min min imik (L i(x)dx 1
i (x) ke{l,..N} {me{l,...nk}{p k( )}}Q( ) (1)

n/(n—1)
s.t. [/ Qi(l‘)ll/ndl} > Qi

12This assumption is analogous to the setup in Bernard et al. (2003). In a similar framework, de Blas and Russ
(2015) endogenize the number of potential producers.




Problem (1) has solution:

Glx) = (7%) Q )

where p;(x) is the cheapest price at which good z is sold in country i: p;(x) = min { min {plmk(x)}}
ke{l,..N} | me{l,..n.}

and P; denotes the consumer price index in country i: P, = [ i pi(a:)lfndm] 1/(=n),

2.2 Optimal Pricing under Complete versus Incomplete Information

Let’s now move to the determination of the prices pjm;(x), for m = 1,..n; and i,j5 = 1,..N.
Markets are segmented. A producer from country j maximizes its expected profits from sales to
potential buyers in all countries, and may charge different prices to buyers in different countries.
By assuming that no resale is possible, I study the pricing problem country by country. In choosing
the optimal price to charge in country 4, a producer of good z from country j must consider both
direct competition from the producers of the same good (in country j and abroad) and indirect

competition from the producers of other, imperfectly substitutable goods in all countries.

2.2.1 Complete Information

I start by describing optimal pricing in the simpler case of complete information. This provides a

useful benchmark against which to compare the results of alternative informational assumptions.

Under complete information, each producer can observe the unit costs of all his competitors,
at home and abroad. In this case, the solution of the model is identical to the Bertrand game in
Bernard et al. (2003) and Atkeson and Burstein (2007): the producer who has the lowest cost of
supplying good x to country ¢ charges a price equal to the minimum between the monopolistically
competitive price and the marginal cost of the second lowest cost producer. All other producers of

good z remain latent.

As pointed out by Atkeson and Burstein (2007), in this scenario the extent of pass-through de-

pends on whether the lowest cost producer and his best latent competitor to supply good z to



country ¢ are located in the same country or not: if they are, shocks to exchange rates affect
their marginal costs equally, implying 100% pass-through via the piecewise linearity of the pric-
ing function. Conversely, when the two lowest cost producers are located in different countries,
pass-through is zero as long as the optimal pricing strategy is limit pricing, and 100% as long
as monopoly pricing prevails. Atkeson and Burstein (2007) remark that the first scenario is likely
to be realized when national comparative advantage is strong with respect to international trade

costs. 13

2.2.2 Incomplete Information

In this section I study optimal pricing under incomplete information. I assume that each producer
in each country knows the aggregate parameters of the cost distributions, but cannot observe
the individual unit costs of the other producers of his same good. The price setting mechanism
has the properties of a potentially asymmetric first-price sealed-bid auction.'® The assumption
of incomplete information seems natural in the international context, where it may be too costly
to monitor a foreign competitor’s cost structure. Consequently, each producer sets the price as
a function of his own marginal cost in a way that, given that all the other producers set their
price in the same way, no individual producer could do better by choosing the price differently.
The resulting equilibrium is a Bayesian Nash equilibrium, where each producer chooses its optimal
price based on his guess (correct in equilibrium) of the pricing rules followed by the other producers

of the same good.

131t is worthy to notice that pass-through is zero or 100% under complete information and under the assumption
that producers of the same good produce products that are perfectly substitutable in the eyes of the consumers. When
different varieties of the same product produced by different firms are not perfectly substitutable, like in Atkeson and
Burstein (2008), pass-through is generally incomplete and a function of the relationship between the elasticities of
substitution within and across varieties.

“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 (2013) uses a similar price setting
mechanism to model optimal pricing of intermediate goods when the buyers have the possibility of integrating
production. Dvir (2012) studies the final good producers’ optimal procurement problem in a setting with the same
informational assumptions.

10



The timing is the following: (i) producers in all 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 domestic and foreign competitors, each producer declares a selling
price; (iii) for each good, consumers decide to buy the good from the producer that charges the

lowest price; (iv) producers whose realized demand is positive produce, sell and make profits.

Producer m of good « from country j (who has unit cost z,,;(x)) chooses the price to charge in
country ¢ to maximize expected profits, given by profits in case of sale times the probability that

the price charged is below the price charged for the same good by its other producers:

max [pimj(x) - Cijzmj(x)] <pzmp+z($)> : Qi- H [1 - ’L] pzm] H H Fy, pzm]( ))] (3)

Pimj (T I#m k#jl=1

The term c¢;;2y,;(x) denotes the marginal cost of the producer, where ¢;; is a combination of origin-

destination parameters:

W ifi=j
Gij = ey
eijtijwj if 4 75 ]
where w; denotes the wage in country j, t;; > 1 is the iceberg cost of trade between the two

countries, and e;; is the real exchange rate, expressed in units of consumption in ¢ per units of

consumption in j. Fj;(-) is the c.d.f. of the prices charged in country ¢ by producers from country

j. The term H Fi;(pimj(x))] is the probability that the price pjm;(x) is the lowest among the
l#m
prices set for good = by producers from j selling to i. Similarly, the term H H Fit,(pimj ()]
k#jl=1

is the probability that the price piy;(x) is the lowest among the prices set for good = by producers
from countries other than j selling to ¢. The product of these two terms is the probability that
Pimj(z) = pi(x), i.e. that pim;(x) is the lowest price at which consumers in country i can buy good

xT.

11



The first order condition of problem (3) can be written as:

- 4 -1
1
Pimj(z) = |1 — Ccijzmi(z)  (4)
n+ | (g — D Hijlpim; (@)] + > i Hik[pim ()] | - iy ()
I kAj i
where H;j[pim;j(x)] is the hazard rate:
fik(Pimj ()

sz[pzm]($)] = 5 for k = 1, ..N (5)

[1 = Fir(pim; ()]
and f;r(+) is the density associated with Fj(-).

Let |ejm;j(x)| denote the elasticity of residual demand perceived by producer m of good x in

country j for its sales to country i:

lEims ()] = 0+ | (nj — V) Hij[pim; ()] + Y niHig[pim; ()] - Pim; (). (6)
k#j

The expression for the elasticity of demand summarizes the two forces that affect optimal price
setting in equation (4): a supplier must choose its optimal price by keeping into account both the
possibility of substitution across different goods (1) and direct competition from the producers of
exactly the same, perfectly substitutable good in each country. This second force is summarized
by the sum of the hazard rates H;i[pimj(z)]. Each hazard rate describes the probability that —
after an infinitesimal increase in the price charged by producer m from country j — a consumer
in country i switches to buying the same good x from another producer, either in country j (the
term (n; — 1) H;j[pim;(x)]) or in any other country (the term -, . ngHig[pim;(2)]), conditional on
having bought from producer m from country j before the price increase. Notice that when all the
hazard rates are equal to zero, |e;m;j(z)| = n and equation (4) reduces to the standard constant

mark-up pricing rule implied by imperfect competition and CES preferences.!®

5The result of endogenous mark-ups holds for any functional specification of the cost distributions G, (-) except

12



2.3 Pass-Through of Cost Changes into Prices Under Incomplete Information

In this section I provide conditions under which the model with incomplete information generates

incomplete pass-through.

The optimal price adjustment following a change in marginal cost depends crucially on the
elasticity of demand. As equation (4) shows, the fact that each supplier in the model must keep
into account his competitors’ pricing 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 finds 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 costs.

The elasticity of demand that producer m of good = from country j faces when selling in country
i is described by equation (6). Whether the elasticity of demand is increasing in the price charged
only depends on the shape of the price distributions Fjj(-), and hence on the cost distributions G;(+).
The following theorem states a sufficient condition for the elasticity of demand to be increasing in

the price charged.

Theorem 1. The elasticity of demand |gim;(x)| is increasing in the price charged if the cost dis-
tributions G;(-) satisfy:

9i(2)

1+[1_Gi(

di(z) > —g"i’z) [ =l z] Vz,¥i=1,..N. (7)

for the Pareto, for which the elasticity of demand is constant and hence mark-ups are constant too. I consider this
particular case of limited empirical relevance, since there is extensive evidence in the literature about the fact that
the empirical productivity distribution — not the cost distribution — can be well approximated by a Pareto.

161t is easy to prove that if the elasticity of demand is increasing in the price charged, the model exhibits incomplete

1
pass-through. We have incomplete pass-through when: Ologp = 1-2. % < 1, or — equivalently — if:
dlog z le]2 0z
% . ? > 0, which is always true if the elasticity of demand is increasing in p.
€ z

13



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 (7). Finally, this condition is

closely related to the log-concavity of the survival functions [1 — G;(-)]:!"

Corollary 1. If the survival functions [1 — G;(z)] are log-concave ¥ z and Vi = 1,...N, then

condition (7) holds and the elasticity of demand is increasing in the price charged.

Proof: See Appendix A.

2.4 Incomplete Pass-Through and Firm Productivity

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

here the dependence of pass-through on firm-level productivity.®

Optimal prices in this economy can be expressed as:

Pimj(T) = %ciﬂm(m) fori,j=1,..N and m=1,..n (8)

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

18Tn this version of the model there is a one-to-one correspondence between firm-level productivity, sales, and
market share. For this reason, the prediction of the model linking firm-level productivity and pass-through can also
be interpreted as linking firm size (market share) and pass-through.

14



where the elasticity of demand |e;m;(2)| is given by equation (6). Pass-through of marginal costs

into prices is given by:

Pl (2) = 2108 (Pim; (@)

—1_ pimj(df) ) a|€zm](x)| ] (9)
0log zpm;(x) leimj ()] Ozmj(x)
Since both the elasticity of demand and the optimal price are functions of the firm’s marginal cost

Zmj (), so is pass-through.

Consider first extremely productive firms, for which the unit cost z,,;(x) approaches zero. Those
firms have large sales and market shares in each country they sell to. For those firms, the probabil-
ity to charge the lowest price for good x in country ¢, prob{pim;(z) = pi(z)}, approaches one, and
demand approaches the one in a standard model with monopolistic competition and CES prefer-
ences. Hence the elasticity of demand tends to a constant: |e;m;(x)| — n, prices are characterized
by the CES constant mark-up, and pass-through is complete. Consider now extremely unproduc-
tive firms, for which the unit cost zp,;(x) tends to infinity. Those firms have the smallest sales and
market shares in each country they sell to. For those firms, prob{pim;(x) = pi(x)} approaches zero,
the elasticity of demand tends to infinity, and prices tend to the perfectly competitive ones. With
prices equal to marginal costs, pass-through is also complete. Finally, for firms such that z,;(x) is
at an intermediate range, prob{pim;(x) = pi(x)} € (0,1), |gim;(x)| € (n,4+00) and — from Theorem

1 — is increasing in zp,;(x) (and in p;jm;(z)), so pass-through is strictly between 0 and 1.

As a result, pass-through is a U-shaped function of firm-level productivity, but also of firm sales
and market share in a country. Notice that this 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.

15



3 Optimal Pricing with Cross-Sectional Differences in Informa-

tion

I showed earlier how firms’ heterogeneity, imperfect competition, and incomplete information give
rise to incomplete pass-through of changes of marginal costs into prices. In order to assess the
role of incomplete information for pass-through, I extend the model to incorporate cross-sectional

heterogeneity in the information that a producer has about his competitors.

I assume that there are two types of agents in the economy, “uninformed” and “informed”.
One can think about informed producers as experienced, or “old” producers, who have been selling
their product for some time already and know the ins and outs of the market. Similarly, we can

interpret uninformed producers as new entrants in a market.

I assume that producers are arbitrarily partitioned in these two groups: in each country j
there are n? informed old producers and n; — nj uninformed new producers.'® 1 assume that
a new producer has incomplete information, i.e. he does not observe the unit costs of any of his
competitors, and that other competitors (both old and new) cannot observe the unit cost of the new
producer. Consistently, an old producer has complete information about other old producers, but
has incomplete information about new producers. These informational assumptions are equivalent

to the ones in Che and Kim (2004), who study first-price auctions with two groups of bidders with

different information sets.

I describe here the pricing strategies of an old and a new producer. As Che and Kim (2004)
illustrate, only the lowest cost old producer of a good is active in the market, while the other old
producers remain latent. The lowest cost old producer charges a price that is bounded above by
the marginal cost of the second lowest cost old producer. Conditional on this upper bound on

his price, the lowest cost old producer plays the incomplete information game described in Section

19Notice that this analysis nests the two extreme models I discussed in Section 2: when n; =0 Vj, all producers
are new and the model features pervasive incomplete information. When n; = n; Vj, all producers are old and the
model reduces to standard Bertrand competition.
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2.2.1 with the new producers. I characterize the solution of the game below.

Let z{(z) denote the unit cost of the old producer who has the lowest cost of selling good « to

market i:

o

zi(x):{zmj(z):cijzmj(z):keg%}{ in %zlk(x)}}. (10)

1m1
le{1,..n2}

I denoted with G (-) the c.d.f. of the unit costs zj(x), for I = 1,..n, k = 1,...N. Let Gi(+)
denote the c.d.f. of the marginal costs ¢;; 2, (2) (the firm’s unit cost augmented by wages, exchange
rates and bilateral trade costs). Let G?(-) denote the c.d.f. of the marginal cost of the best old

producer of good z selling to 4:

Gi(z) =1~ H [1 - Gir(cawzw)]"™ . (11)
ke{l,..N}

Suppose that both the lowest cost and the second lowest cost old sellers of good = to country
are from country j. This is a key assumption for the results that follow, and it is unfortunately very
hard to assess whether it actually holds in the data. A possibility would be to construct estimates
of firm-level productivity by destination country (using data on export sales and production costs),
and compare the estimated productivities of the top sellers in each market, under the additional
assumption that under limit pricing the second best producer actually produces despite being
indifferent between producing or not. Unfortunately, the data I use to estimate the prediction of the
model in Section 4 don’t include enough information to estimate productivity. Notwithstanding the
impossibility of testing this assumption, given that it delivers a stark prediction relating information
and pass-through, I assume it holds in the analysis that follows. I characterize in Appendix A the
solution of the game under the alternative scenario in which the two lowest cost old sellers of good

x to country i are located in different countries.?’

29Notice that, in the alternative scenario in which the two lowest cost old sellers are located in different countries,
I do not obtain a clear-cut result relating pass-through and the extent of information that a supplier has available.
Pass-through could be higher or lower for new producers depending on whether the lowest cost old supplier applies
limit pricing or not. See Appendix A for details.
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Let 222(x) denote the unit cost of the second lowest cost old seller of good z to country i. Then
the price charged by the lowest cost old seller is pf;(z) = min{pfj(x),cijsz}, where pf;(z) is the

solution of the following problem:

° 0 p%(x) - 0 n—ng 0 n—ng
max [py;(x) — ci;2] ()] - [—} Qi - [1— Fij(pg;(x))]" ™ - H [1 = F(pg;(x)]" ™ (12)
Pij($) k;ﬁ]

n—mn?2
where [1 — Fjj (ploj(a:))} ' is the probability that pg;(x) is lower than all the prices charged by
n—ny

new producers from j, while [, [1 — Fi, (pf](x))} * is the probability that pg;(x) is lower than

all the prices charged by new producers from other countries.

The solution of this problem takes the form:

P () = |1 - ! 520 (x) (13)

n+ Y (n—ng)Hixlpl(x)] - pi(x)

e

where Hi(+) is the hazard rate function defined in equation (5).

Let’s now consider the pricing problem of a new producer. Assume (without loss of generality)
that seller m from country j that is selling good x to country 7 is a new producer. He chooses the
price to charge (pj;,,;(x)) that solves the following problem:

pzm]%(x)] Qi - [1 — Eo(p?mg(x))] . [1 _ Fij(p;zmj(x))]nfngfl .

[T 11— Pl (@n)]™ ™ (14)
k#j

max [Pl () — iy ()] [
p?mj (x)

where F?(-) is the c.d.f. of the price charged by the lowest cost old seller of x to i, and [1 — FY (Pin (m))]

is the probability that p?mj(x) is lower than the price charged by the lowest cost old seller of x to .
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The solution of this problem takes the form:

Pimj(T) = |1 — Cijzm;i()

HY[pf(2)] + (n = ng = D) Hilpp, (@) + Y (0 = n) Hig [Pl (@)] | - Py ()
k#j
(15)
where H?(-) is the analogous hazard rate constructed using the c.d.f. of the price charged by the

best old seller of z to 3.

3.1 Information and Pass-through

I proceed now to argue that the pricing functions of informed and uninformed producers (equations

(13) and (15), respectively) exhibit systematically different pass-through rates.

Theorem 2. If the two lowest cost old sellers of a good to a destination country are from the same
origin country, the prices charged by new, uninformed producers exhibit lower pass-through rates

than the prices charged by old, informed producers.

Proof: If the optimal pricing strategy of the old producer is limit pricing, his pricing rule

exhibits 100% pass-through, hence higher pass-through than the one of the new producer.

If the optimal pricing strategy of the old producer is the one described in equation (13), we
need to compare the elasticities of demand of a new and of an old producer. As shown above,
pass-through is lower the more responsive is the elasticity of demand to price changes. The lowest

cost old producer of good x in country ¢ has elasticity of demand given by:

N
=0+ Y (n— ) Halp) - p. (16)
k=1

while a new producer of good = from country j selling in country ¢ has elasticity of demand given
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Eimg =0+ |H(p) + (n —n§ = 1)Hij(p) + Y (n — n)Hir(p) | - p. (17)
k#j

These two elasticities only differ in terms of one of the hazard rates, so we can re-write them as:

e = O+ H;p) p (18)

~

en = O+ Hp)p (19)

imj

where © = 1+ [y (n — ) H(p) + (n — g = D Hys(p)] - p.

For continuous distributions defined over a positive support, the hazard rate of the minimum of

o

those distributions is given by the sum of the distributions’ hazard rates: H{(p) = E]kvzl [Hir(p)]"*.

As a result:

def _ O0Hij(p) 3
L = el Hy) (20)
85?771' al aHz al n
22— S ) R P 3 Ha) (21)
k=1 =1

hence apz <2 ”’” (g.e.d.)

It makes sense intuitively that the elasticity of demand of a new producer is more responsive to
price changes than the elasticity of demand of an old producer: given that the old producer is the
lowest cost producer among the old ones, it is more likely that a buyer switches to the old producer
after a price change from a new producer than a buyer switching to a new producer after a price

change from the old producer.

To summarize, prices charged by new, uninformed producers should exhibit lower pass-through
than prices charged by old, informed producers. To my knowledge this prediction is novel of this
framework, and I show in the next section that it finds broad support in the data. Notice also that

this prediction contrasts with the implications of alternative frameworks with endogenous entry.
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In those models, new entrants are typically small firms compared to the average incumbents, and
since prices are linear affine functions of marginal costs, pass-through is decreasing in firm size so
new entrants should exhibit higher pass-through than incumbents because of their smaller size. In
my model instead, new entrants exhibit lower pass-through than incumbents controlling for firm

size.

4 Empirical Evidence: Exchange Rate Pass-Through in the Cars

Industry

In this section I use data from the European car industry to test the two predictions of the model
that I illustrated in the previous sections. First, pass-through is a U-shaped function of firm-level
productivity, which I proxy using market share. Second, new entrants in a market, likely operating
under incomplete information, exhibit lower pass-through rates than experienced producers who

have been selling in the market for a while.

4.1 Data

I use a panel data set of car prices assembled by Pinelopi Goldberg and Frank Verboven.?! I argue
that the car industry is a good laboratory to test the predictions of my model. The small number
of competitors in the car industry makes imperfect competition and strategic complementarity in

pricing very plausible assumptions.

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 introduction
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, which allow me to disentangle

price changes that are not due to quality changes. Moreover, the data include information on both

21For a more detailed description of the data, see Goldberg and Verboven (2001, 2005).
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the country of incorporation of the producing firm and the country where the car was effectively
produced. I define the origin country as the country where production effectively took place (inde-
pendently on the country of incorporation 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.

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.?3:24

In order to test the first prediction, on the relationship between exchange rate pass-through and
firm-level productivity, I use market share in the destination market as a proxy for productivity.?® In
order to test the second prediction, on the relationship between exchange rate pass-through and the
extent of information about competitors, I augmented the existing dataset with additional variables
that keep track of the time when a product is first introduced in a market. More precisely, I define
a dummy variable D7, that takes value one if firm-product pair ¢ is operating under incomplete
information in a destination market d in year ¢. I assume that information is incomplete if product
i has been sold in market d for at most n years (where n = 1,2,3 in the empirical analysis that

follows). The variable D}, is the empirical counterpart to the partition of producers into informed

22Gee The Economist (2008)’s survey on cars in the emerging markets.

23The dataset allows to identify car 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.

24Berman et al. (2012) also run pass-through regressions using firm-product pairs. Chatterjee et al. (2013) extend
the framework in Berman et al. (2012) to consider multiproduct firms, and study within-firm, across-products price
adjustments following exchange rate appreciations.

25The results are robust to using quantity sold as a measure of size. With measures of employment and cost
of intermediates, one could construct measures of firm productivity such as output per worker or value added per
worker. Unfortunately, the dataset does not include this information.
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and uninformed in the model. Appendix B provides details about the construction of the variable

proxying for incomplete information.

4.2 Exchange Rate Pass-through and Firm Size: Specification and Results

To test for the shape of the relationship between firm-level exchange rate pass-through and firm

size, I run the following reduced-form pass-through regression:

In(picat) = o+ B1ln(Gicar) + Boln(gdpar) + Yoln(ecat) + v1in(icar) % In(ecar) + ... (22)

-t Y2 [ln(qicdt)]2 X ln(ecdt) + (5t + (5cd + (5firm + 52 + 5char + Eicdt -

Dicat denotes the price of product ¢ produced in country ¢ and sold in country d in year ¢ and in
local currency (importer’s currency), ¢cq: i the market share in country d of the same product,
ecqr 1s the exchange rate (importer’s currency d per unit of exporter’s currency c) in year t, gdpg
is the GDP per capita of the destination country in year ¢ (import demand shifter), J; are year
fixed effects (to interpret the results as a pure within estimation), d.q4 are country-pair fixed effects,
Orirm are firm fixed effects, 9; are product fixed effects, and .54, are fixed effects related to car

characteristics.26

€icqt 18 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 (22) can be interpreted as the estimation of a demand function.

Regression (22) delivers the following empirical counterpart to the pass-through function gen-

erated by the model:

Oln(picar)

=A S l n o) l 7 27 2
Bln(eoqr) Yo + Y100 (Gicar) + Y2lln(gicar)] (23)

where the inclusion of a linear and a quadratic interaction term is meant to capture the nonlinearities

26 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 et al.
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. Moreover, controlling for car characteristics ensures
that changes in prices of individual products do not reflect changes in product quality.
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in the relationship between pass-through and size that the model predicts.

@) (1) (I1I) (Iv)

Log-market share -.049 -.056 -.019 -.010
(.003)***  (.004)***  (.002)***  (.002)***

Log-GDP per capita -1.060 -1.068 -1.013 -1.008
(027)%**  (.027)***  (.013)***  (.009)***

Log-exchange rate .051 .109 .067 .106

Interaction market share-exchange rate .025 .0006 .011
(.006)*** (.003) (.002)***

Interaction market share squared-exchange rate .002 .0002 .0009
(.0005)***  (.0003)  (.0002)***

Firm and car class fixed effects No No Yes No

Product fixed effects No No No Yes

R? 981 981 .996 .998

No. of obs 8978 8978 8978 8978

Table 1: Pass-through regressions with size-exchange rate interactions (standard errors in paren-
theses). All specifications include country-pair and year fixed effects.

Table 1 displays the results. 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.?” The coefficient on GDP per capita is negative, indicating
that firms charge lower prices in richer, more productive countries. As expected, the pass-through

coefficient 4q is positive and smaller than one. All three coefficients are significant at the 1% level.

Column II 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. The
estimates of 47 and 45 are positive and significant at the 1% level, consistent with the prediction
of the model that pass-through is a U-shaped function of firm productivity (market share in the
destination market). Berman et al. (2012) estimate a pass-through coefficient 4° that is comparable

in size to the one reported in Table 1, ranging between 5% and 13% across specifications.?® To have

2"The results are robust to the use of lagged market share as a measure of size.
28The regression specification in Berman et al. (2012) is slightly different compared to the one in Table 1, in
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a sense of the economic magnitude of the interaction terms, or of the differences in pass-through
rates for firms with different market shares, the results in Table 1, together with the empirical
distribution of market shares, suggest that doubling the market share of a firm at the bottom (top)
of the market share distribution implies a decrease in the pass-through rate of 1.3% (an increase in
the pass-through rate of 1.9%). These numbers reveal that the relationship between firm size and
pass-through rate is very robust but implies small quantitative differences in pass-through rates

across firms.

Column III shows the results of the same regression adding car class and firm fixed effects, to
control for the effects of car characteristics on prices. The signs of all the coefficients are preserved,
but the interaction terms lose significance. Column IV shows the results of the same regression
without firm and car class fixed effects but with product fixed effects. The signs of the coefficients
are unchanged with respect to the previous specifications, and the linear and quadratic interaction
terms are significant at the 1% level.2? The results of these different specifications strongly support

the prediction of the model about the U-shape of the firm-level pass-through function.

4.3 Exchange Rate Pass-through and Information: Specification and Results

To test for the relationship between producer-level exchange rate pass-through and the extent of

information about competition in the destination market, I run the following regression:

In(picar) = a+ Buln(gicar) + Baln(gdpar) + B3 Digy + BaDY gy + ... (24)

that they use unit values as dependent variable and estimated firm-level TFP as regressor, whereas I use product-
level prices as a dependent variable and product-level market share as a regressor. The interaction terms exchange
ratex TFP range between 0.02 and 0.05, a relatively small magnitude like in Table 1. It has to be said that the
relationship between pass-through and firm size that Berman et al. (2012) unveil is different from the one I find in the
data. In their data, pass-through is decreasing in firm-level productivity, so that larger and more productive firms
exhibit lower pass-through than smaller, least productive firms. Besides this difference, however, the simple pass-
through rates that the Goldberg and Verboven (2001) dataset delivers are comparable to the ones in the data used
by Berman et al. (2012). Auer and Schoenle (2015) also study the empirical relationship between pass-through and
market share at the firm-level. They also find evidence supporting the existence of a U-shaped relationship linking
pass-through and market share, and my quantitative results are broadly comparable to theirs.

29 An even more restrictive specification of regression (22) would include product-year fixed effects. Unfortunately,
the small number of data points in some of the groups that these fixed effects produce prevents me from running the
regression under this specification.
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e Fy0ln(ecar) + v1ln(ecat) X Dy + vyaln(ecar) % D?dt + ..

e + 5t + (5Cd + Eicdt-

where D, = 1 if product i has been sold in destination market d for less than n years. D}, proxies
for the presence of incomplete information about a firm’s competitors: if a producer only recently
started to sell product ¢ in market d, it is reasonable to think that the amount of information
he has about the competition is limited. Under the key assumption that the two lowest cost old
producers of a good to a destination country are located in the same origin country, the model
predicts that producers operating under incomplete information exhibit lower pass-through than

producers operating under complete information, hence we expect 4; < 0.3°

One could also think that the relevant competition to consider when entering a market is related
to the type of product (here, car) sold. For example, if firm f was already selling cars in the same
class as car product i, one could think that entering the market with a new product may be
associated with less severe lack of information. The dummy variable D? 4> Which takes the value
of 1 if firm f is already selling products in the same class as product ¢ in market d, captures this

effect. Hence we expect 4o > 0.

Table 2 shows the results using D?dt as proxy for incomplete information: this is equivalent to
say that firms have incomplete information about their competitors in the first two years in which

they sell a new product in a market.3!

The most basic effect of information on pass-through is reported in column I, where no other
controls are included. As expected, the coefficient on the interaction between the incomplete

information dummy and the exchange rate is negative and significant at the 1% level. Under this

30 As previously mentioned, the Goldberg and Verboven (2001) data do not include information on producers’ costs
that could be used to estimate firm-level productivity and test whether the key assumption about the location of the
lowest cost old producers holds in the data.

3T chose incomplete information to be relevant for n = 2 years to take into account the fact that, for products
introduced at the end of the year, the lack of information about competitors is likely to last more than a few months.
For robustness, I run regression (24) also using D};, and D3;, as proxies for incomplete information. The results are
analogous to the ones reported.
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(1) (1I1) (I11) (IV) (V) (VI) (VII)

Log-market share -.079 -.094 -.074 -.060 -.067 -.071

Log-GDP per capita .81 .619 .267 -.904 271 -.913

Log-exchange rate 433 427 .364 157 .026 313 .140
(006)***  (L007)***  (L009)***  (.019)***  (.012)**  (.043)***  (.028)***

D2, -273  -361  -381  -407 054  -.401 .053

Interaction Dfdt-exchange rate -.045 -.050 -.042 -.020 .004 -.017 .003

(.014)***  (.014)***  (.014)™**  (.004)***  (.003)  (.004)*** (.003)

D?dt 128 -.099 -.094 -.096 -.094
(.050)**  (.018)***  (.012)***  (.018)***  (.012)***

Interaction D? 4-€xchange rate 119 .0008 .013 .003 .013
(011)***  (.004)  (.003)***  (.004) (.003)***

Interaction mkt share-exchange rate .043 .044

Interaction mkt share?-exchange rate .003 .004
(.001)***  (.0007)***

Country-pair fixed effects No No No Yes Yes Yes Yes

Year fixed effects No No No No Yes No Yes

R? 491 .486 .496 .952 .98 .952 .98

No. of obs 5899 5533 5533 5533 5533 5533 9533

Table 2: Pass-through regressions with proxies for incomplete information and size-exchange rate
interactions (standard errors in parentheses).

specification, the effect of incomplete information on pass-through is given by the difference between
the two coefficients 49 — 41. Sellers of new products (operating under incomplete information)
have an average pass-through rate of 38.8%, compared to the higher pass-through rate of sellers of
established products (43.3%). Controlling for firm-product market share and GDP per capita in the
destination market (column II) barely changes the result. In column III I add to the regression the
dummy D? 4> indicating that incomplete information is less severe if a firms enters a market where
it is already selling similar products. As expected, the coefficient on the interaction term D?dt—
exchange rate is positive, indicating that experience in selling similar products mitigates the effect

of information incompleteness and increases pass-through. The effect of the incomplete information
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dummy D?dt is quantitatively similar to the previous specifications, while the estimated coefficient
42 implies that sellers that were already selling products in the same car class as the new product
exhibit a pass-through rate that is 0.12% higher than the one of entirely new sellers. Columns IV

and V add country-pair and year fixed effects.??

Given that new entrants in a market are typically smaller in size than incumbents, one could
worry that the coefficients in the dummies Dfdt, D?dt are actually capturing differences in pass-
through that are due to firm size rather than to the extent of information. Moreover, the model
presented in this paper suggests that the effect of information on pass-through should hold con-
trolling for firm size. With these considerations in mind, columns VI and VII of Table 2 report the
results of jointly testing the two predictions of the model, on the dependence of pass-through on
both market share and the extent of information. As the table shows, both results are robust to
this more inclusive specification. The more restrictive sets of fixed effects reduce the impact of
information on pass-through, but the coefficients remain sizeable: controlling for firm size, new
producers operating under incomplete information exhibit a pass-through rate that is 1.7% lower

than the one of experienced producers.

To conclude, the results displayed in Table 2 show that the relationship between market size,
information and exchange rate pass-through that is predicted by the model finds support in the

data.

5 Conclusions

I presented a simple Ricardian model of trade and international price-setting where firms are het-
erogeneous and the world market of each good has the characteristics of an international oligopoly
with imperfect information. 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 charged, and hence incomplete pass-through of cost changes into prices.

32The results lose significance with the addition of more restrictive sets of fixed effects.
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In this framework, strategic behavior in price setting has two important implications. First, the
extent of pass-through and pricing-to-market depends on a firm’s relative productivity compared
to its competitors. The model predicts a U-shaped relationship, where very unproductive and
very productive firms pass-through a larger portion of an exchange rate appreciation into their
export prices, while firms in the middle of the productivity distribution pass-through less. Second,
producers operating under incomplete information, like new entrants in a market, tend to exhibit
lower pass-through rates compared to experienced producers, operating under complete information
about their competitors. This result holds under the assumption that the two lowest cost old
producers of a good are located in the same country, and holds controlling for firm market share.
I tested the predictions of the model using a panel data set of car prices in five European markets.

The estimates broadly support both predictions of the theory.

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

understanding of the relationship between firm size, information, and pass-through.

Finally, it has to be noted that the one described here is clearly a dynamic game where firms
interact over time, and over time learn about each other. An interesting avenue to pursue in
this agenda would be to characterize how firms’ prices evolve over time as firms learn about the
costs of their competitors. In this setting, firms would learn about each other by observing the
prices charged in the past: if a seller charged a low price in the past, other sellers may infer that
he has a low unit cost, which affects their incentives when deciding the prices to charge. The
setting in McAdams (2015), while different from the one in this paper under many angles, could
be used to guide the analysis. Such an extension would be an innovation in both the theoretical

pass-through literature and the dynamic auction literature, which I plan to pursue in another paper.
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Appendix

A Proofs

A.1 Incomplete Pass-Through in the Model with Incomplete Information

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

Theorem 1. The elasticity of demand |eimj(x)| is increasing in the price charged if the cost

distributions G;(-) satisfy:

gi(z) > —giiz) [1 + gzg)(z)] z} Vz, Vi=1,..N. (A.1)



Proof: I prove the theorem in the cleaner setting where there is only one producer of each
good in each country. The proof is straightforward to extend to the case of n; producers in each

country j (j =1,...N).

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 sufficient condition for the full model.

Let us consider an auxiliary model where the competitors of the supplier of good = from country
j set prices equal to their marginal costs, while the supplier of good z from country j sets mark-up
prices. Countries are identical under every characteristic, so wages are equalized and normalized
to one. Goods are freely tradeable (t;; = 1) and there is a one-to-one exchange rate. I prove that
— for this auxiliary model — (A.1) is a sufficient condition for incomplete pass-through of changes

of marginal costs into prices.

If all prices other than p;;(z) are equal to marginal costs, the elasticity of demand that the

supplier of good x in country j faces (|g;;(z)|) reduces to:

lesj| = T]+Z ngZ]:ZZp”( ))]pij(az). (A.2)

Then condition (A.1) follows from differentiation of (A.2) with respect to p;;(z).

Condition (A.1) holds with equality when the cost distributions G;(-) are Pareto.>® So to
ensure that the elasticity of demand is increasing in the price charged we need that each density

gi(+) exhibits a larger first derivative than a Pareto on its entire domain.

Now that I established the result for the auxiliary model, I move to consider the full model,
where all firms charge mark-up prices, there may be also arbitrary wage differences and possibly

non-zero trade costs. By differentiating (6) with respect to p;;(x), we obtain:

_ Jir(piz(2)) fie(pij ()
@) LT = Falpy (@)

33G(z):1—(3) for z > a, a >0, and ¥ > 0.

fin(pi () >

pij(x)|  Vpij(xz) and Vk=1,...N. (A.3)
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When the cost distributions G;(-) are 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:
d+n

pz‘j(ﬂf)

When unit costs are Pareto-distributed, optimal prices are also Pareto-distributed over the support

94n

[a;mc;j,00), where m is the constant mark-up in (A.4): m = T

Moreover, the elasticity of
demand is constant (|g;;(z)| = n+1) and condition (A.3) holds with equality. 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 functions [1 — G;(z)] are log-concave ¥ z and ¥ i = 1...N, 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 inequality

holds:
gi(Z)Z

1—Gi(2)] vz

gi(2) > —

which implies that inequality (A.1) also holds. (g.e.d.)

A.2 Pass-Through and Information Revisited

In this Appendix, I characterize the relationship between pass-through and information under the
alternative assumption that the two lowest cost old sellers of a good to a country are located in

different countries.

Recall that the pricing rule of an old, informed producer is given by: py;(z) = min{pg;(z), c;; 202}
where pfj(a:) is the solution of the incomplete information game with the new producers (equation

(13)), while the pricing rule of a new, uninformed producer is given by equation (15).
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In this scenario, the pricing rule of an old producer exhibits zero pass-through under limit
pricing, and incomplete pass-through in the other case. As a result, if the lowest cost old producer
applies limit pricing, the prices charged by new producers exhibit higher pass-through than the
prices charged by old producers. Conversely, if both parties apply the pricing rules result of the
incomplete information game, Theorem 2 applies and the prices charged by new producers exhibit

lower pass-through than the prices charged by old producers.

B On the Construction of the Incomplete Information Dummy

The dataset covers the years 1970-1999. During this time, old products continue to be sold, new
products are introduced, and old products are replaced with new versions. To keep these possibilities
into account, the construction of the incomplete information dummy D7, follows the steps described

below.

1. In the original dataset there are two variables that describe products: co identifies a product
code, while zcode identifies as one product different versions of the same product that are
replacements of one another. I believe that replacing an old version of a car model does
not entail incomplete information, as the set of competitors is essentially the same. For this
reason, | define car products using the variable zcode and do not consider a replacement as

the introduction of a new product.

2. For products that are introduced before 1970, the dataset may not include information for
the years in which they were first introduced in each destination market. To identify these
products, for each zcode, I searched when the first version of the product was launched in its
home market and added this information to the dataset. If the year of launch is at or after
1970, the dataset contains enough information to define the incomplete information dummy
for the product, as described below. In the baseline regressions I drop those observations for

which the year of launch is before 1970. For robustness, I also run the regressions leaving
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them in the dataset and setting the dummy equal to zero (which is equivalent to assuming

that there is complete information for products launched before 1970).

. If the year of launch is at or after 1970, for each zcode, destination market, and year, define
a dummy Dildt which assumes value one if year t is the first year in which product 7 is sold in

market d, and zero otherwise.

. If the year of launch is at or after 1970, for each zcode, destination market, and year, define
a dummy Dfdt which assumes value one if year ¢ is the second year in which product ¢ is sold

in market d, and zero otherwise. Similarly define Dfdt.
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