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Pricing-to-Market in a Ricardian Model of International Trade

By ANDREW ATKESON AND ARIEL BURSTEIN*

Recent research on international trade, such as
Andrew B. Bernard, Jonathan Eaton, J. Bradford
Jensen, and Samuel Kortum (2003, BEJK here-
after), has studied models in which comparative
advantage is derived from Ricardian technologi-
cal differences across firms or plants rather than
across countries. In our recent research (see
Atkeson and Burstein 2006), we study the abil-
ity of these models to account quantitatively for
several important features of the data on trade
volumes (at both the aggregate and firm level),
market structure, and the behavior of fluctua-
tions in international relative prices.

In this paper, we present a simplified version
of our model in Atkeson and Burstein (2006),
based on that presented in BEJK, to provide an
analytically more tractable account of the role
of trade costs and imperfect competition with
variable markups in accounting for international
relative prices that is useful for classroom discus-
sion. This model provides a simple and intuitive
account of the decision of individual exporting
firms to practice pricing-to-market—that is,
to change the relative price at which they sell
their output at home and abroad in response to
a change in the relative costs of production. This
simplified model is less appropriate for quantita-
tive work than the model in Atkeson and Burstein
(2006) largely because its implications for pric-
ing are not robust to small changes in market
structure. The pricing implications of the model
are not continuous with respect to the elasticity
of substitution between the output of compet-
ing firms. These implications are very different
when firms’ outputs are perfect substitutes rather
than near, but imperfect, substitutes.

We focus on the implications of our simpli-
fied model for two features of the data on inter-
national relative prices. The first feature is the
observation that, for the major developed econ-
omies, the international relative producer price
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of manufactured (tradeable) goods is roughly
twice as volatile as the corresponding terms of
trade for manufactured goods (see Atkeson and
Burstein 2006 for a full review of these data).
Algebraically, this can be the case only if there
are systematic fluctuations in the ratio of export
prices to home country producer prices and the
ratio of import prices to source country pro-
ducer prices for tradeable goods. Specifically,
an increase in the home marginal cost relative
to foreign marginal costs leads to an increase in
home producer prices relative to export prices. In
this model, these fluctuations arise as a result of
individual firms’ decisions to price-to-market.

The second feature we study is the find-
ing that for many developed economies there
appears to be little difference in the magnitude
of the fluctuations in the international relative
consumer price of the basket of goods that are
considered tradeable and the magnitude of the
fluctuations in overall consumer price index—
based real exchange rates (CPI-based RER) (see,
for example, Charles Engel 1999). This finding
has been presented as an important challenge in
open economy macroeconomics since it suggests
that international arbitrage through international
trade plays a very limited role in mitigating the
fluctuations in international relative consumer
prices at the macroeconomic level.

We present two main results from our model.
First, we show that both trade costs and imper-
fect competition with variable markups are
needed to account for pricing-to-market at the
firm and aggregate level. Second, we show that
international trade costs are essential, but pric-
ing-to-market is not, to account for a high vola-
tility of tradeable consumer prices relative to the
overall CPI-based RER.

1. Model

We develop a model in which two symmet-
ric countries (indexed by i) produce and trade
a continuum of goods subject to frictions in
international goods markets. Compared to the
model studied in Atkeson and Burstein (2006),
we assume that varieties within a sector are
perfect substitutes (p = o, in the notation of that
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paper), and we abstract from the fixed costs of
exporting, so international trade is driven only
by considerations of comparative advantage. We
also consider two types of competition: perfect
competition and Bertrand competition.

Final consumption, c;, is a composite of final
tradeable good consumption, ¢!, and final non-
tradeable good consumption, ¢}, given by ¢; =
(ch)(cY)"™". The final tradeable and nontrade-
able goods are produced by a competitive firm
using a continuum of varieties j subject to a stan-
dard CES production function. In each country,
those varieties used to produce the final trade-
able good are indexed by j € [0,1], and those
used to produce the final non-tradeable good are
indexed by j € (1,2]. The production function
for the final tradeable good is given by ¢/ =
[[o0y)' ™" dj]"@D, and likewise for the final
nontradeable good using varieties j € (1,2].
Profit maximization by the final goods produc-
ers gives standard CES demand functions with
an elasticity given by 7.

In each country i, there are K potential pro-
ducers of each of these varieties, giving a total
of 2 X K potential producers of each variety in
the world. These potential producers of each
variety have technologies to produce the same
good with different marginal costs. Each poten-
tial producer has a constant returns production
technology of the form y = zl, where [ is labor
and z is a productivity realization that is idio-
syncratic to that producer. Tradeable and non-
tradeable varieties are distinguished by the cost
of trading them internationally. For tradeable
varieties j € [0, 1], there is an iceberg trade cost
indexed by D = 1 to ship these varieties between
countries, while for nontradeable varieties j €
(1,2], international trade is prohibitively costly.
Hence, the marginal cost of supplying one unit
of a tradeable variety in country 1 for a domestic
firm with productivity z is W,/z. The marginal
cost for a supplier of country 2, with the same
productivity z to sell in country 1, is DW,/z.
Note, D = 1 corresponds to the case of costless
international trade of tradeable varieties.

A. Perfect Competition

Under perfect competition, the final goods
producers in each country i purchase each vari-
ety from the lowest cost supplier of that good
to that country, and the price charged for that
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variety is the marginal cost of that lowest cost
supplier. So, the price of sector j in country i
is given by P; = cj, where c}; is the marginal
cost of the lowest cost producer among the 2K
potential suppliers of this variety j to this coun-
try i. For imported varieties, this marginal cost
is the marginal cost of production scaled up by
the international trade cost D. The extent to
which tradeable varieties are traded depends on
the balancing of the trading cost D = 1 and the
dispersion of idiosyncratic productivities z.

B. Bertrand Competition

Under Bertrand competition, the final goods
producer in each country i purchases each inter-
mediate good from the lowest cost supplier of
that good to that country, just as under perfect
competition, but the price charged is the mini-
mum of the monopoly price for the lowest cost
supplier and the marginal cost of the second
lowest cost supplier of that good to that country.
This is the key distinction between Bertrand and
perfect competition. Under Bertrand competi-
tion, there is no fixed relationship between the
price of each intermediate good and the mar-
ginal cost of the supplier of that good.

To model Bertrand competition, let c{; denote
the marginal cost of the k™ lowest cost supplier
(k = 1 or 2) of sector j to country i. Then, the
price is given by P; = min{c,[n/(n — 1)]c;}.

In defining the term pricing-to-market, we
consider the prices charged by a single producer
of a traded variety j in two different locations.
Let Ej be the percentage change in the price of
variety j in country i. Here, an overbar on a vari-
able indicates the log change of the variable. Our
measure of pricing-to-market at the firm level for
a variety j that is actually traded is P,;— P,;. It
reflects the extent to which deviations from the
law of one price arise from the pricing decision
of a single producer supplying different locations
as opposed to the pricing decisions of different
producers supplying different locations.

I1. Aggregate Prices

We consider aggregate shocks to the marginal
cost of production, W, as the driving force behind
fluctuations in international relative prices. We
measure changes in aggregate price indices in
our model using the same methodology used by
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Bureau of Labor Statistics (BLS) accountants in
constructing consumer, producer, and export and
import price indices. We consider expenditure
weighted averages of price changes for individ-
ual varieties and use expenditure shares from the
symmetric equilibrium (i.e., W, = W, = 1). In
this section, we derive expressions for the change
in aggregate price indices in response to a small
change in relative wages across countries using a
first-order approximation that leaves unchanged
the identities of the firms that produce and sell
in each country. Later, when we compute the
changes in prices numerically, we account for
the switches in the identities of producing firms
using the methodology used by the BLS to con-
struct price indices.

We denote by EPI, the change in the loga-
rithm in the export price index in country 1
(import price index for country 2), covering
prices that domestic firms charge for foreign
sales, and by IPI, the change in the import
price index for country 1 (export price index for
country 2), covering prices that foreign firms
charge for domestic sales. We denote by PPI]
the change in the producer price index of trade-
able goods in country i = 1,2, covering prices
that domestic producers of tradeable goods
charge for all sales, including sales to foreigners
(exports). The change in the CPI for tradeable
goods, CPI!, covers prices of domestically con-
sumed tradeable goods including domestically
produced and imported goods, and the change
in the price of the final consumption good, CPI;,
is a weighted average of the change in the price
index for tradeable goods and the price index
of nontradeable goods. The change in the CPI-
based RER is given by RER = CPI, — CPIL,.

Under either perfect or Bertrand competition,
P; = W, for all nontradeable varieties since all
competitors producing these varieties are domes-
tic. This implies that the price of nontradeable
varieties moves one-to-one with change in the
producer’s marginal costs. Thus, the change in
the CPI-based RER for tradeable goods relative
to the overall CPI-based RER is

@
CPIT - CPII
Cﬁl - C—P12 -

(CPI] — CPL)/(W, — W)
¥(CPI{ = CPL)/((W, = W, + (1~ v))
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We examine what perfect and Bertrand com-
petition imply for pricing-to-market at the firm
level, for pricing-to-market at the aggregate level
as measured by (EPI, — IPI,)/(PPI' — PPI}),
and for the fraction of overall CPI-based RER
fluctuations accounted for by movements in the
CPI-based RER for tradeable goods as given by

).
A. Perfect Competition

Under perfect competition, prices are set
equal to the marginal cost of the lowest cost
producer. So, P,; = W, for all nontradeable vari-
eties consumed in country 1 and also for those
tradeable varieties j that are produced and con-
sumed in country 1. Similarly, P,; = W, for all
those tradeable varieties produced in country 1

and exported to country 2. Symmetrically, P; =
W, for all varieties produced in country 2 and
consumed in country i, and P,; = W, for all vari-
eties imported in country 1. Hence, there is no
pricing-to-market since P; = P,; for all varieties
that are actually traded.

Aggregate prices are given by EPI, = PPIT
= W, and IPI, = PPI} = W,. Hence, we have
our aggregate measure of pricing-to-market,
(EPI, — IPI)/(PPIT — PPI}), equal to 1, and
(CPIT — CPI})/(W, — W,) = 1 — 2s,. Given
these results and a choice of the share of trade-
ables in overall consumption 7y, one can compute
the movement in the relative consumer price
of tradeable goods as a fraction of the overall
movement in the CPI-based RER using (1).

B. Bertrand Competition

The logic of pricing under Bertrand competi-
tion is different from that under perfect compe-
tition because pricing is determined by the costs
of the second lowest cost supplier of a good. We
refer to this second lowest cost supplier as the
latent competitor. For all nontradeable varieties,
the latent competitor is domestic, so P; = W, as
under perfect competition. For tradeable variet-
ies, however, the latent competitor can be local
or located abroad.

To understand pricing under Bertrand and
perfect competition, it is useful to group trade-
able varieties purchased in each country into
four categories: (a) varieties that are produced
locally and priced at the marginal cost of a
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local latent competitor (we denote the symmet-
ric equilibrium share of this category of goods
in tradeable goods consumption by s;;); (b)
varieties that are produced abroad and priced
at the marginal cost of a latent competitor that
is also located abroad (share s, ); (c) variet-
ies produced locally but priced at the cost of
a latent competitor abroad (share s;,,); and (d)
varieties produced abroad but priced at the cost
of a local latent competitor (share s,,; ). Locally
produced products priced at the monopoly
markup of n/(n — 1) are included in s;;, while
imported varieties priced at this markup are
included in s, Using these shares, we can
express the import share as sy, = Sy + Sy,
and the expenditure share on local goods as
1 —sy=s+ sty

In country 1, for varieties in categories (a) or
(d) (with latent competitors in country 1), Flj =
W,, and for varieties in categories (b) and (c)
(with latent competitors in country 2), P); = W,.
By symmetry, in country 2, for varieties in cat-
egories (a) or (d), I_’2j = W,, and for varieties in
categories (b) and (c), P; = W,.

Pricing-to-market at the firm level under Ber-
trand competition can be understood as follows.
Consider the pricing of a variety j that is pro-
duced in country 1 and exported to country 2.
For a portion of such varieties, the producer
will face the same latent competitor as the sec-
ond lowest cost supplier in both markets. If that
latent competitor is located in country 1, then
Pj; = Py = W,, while if that competitor is in
country 2, then P;; = P,; = W,. In either of these
cases, there is no pricing-to-market at the firm
level since P,; = P,;. For the remainder of those
varieties that are produced in country 1 and
actually traded, the producer faces a local latent
competitor when selling in country 1 and a for-
eign latent competitor when selling in country 2.
Hence, P,; = W, and P,; = W,. For these variet-
ies, there is pricing-to-market at the firm level
since P); — Py = W, — W,. Similar arguments
apply for exporters located in country 2. Import
and export prices are then given by

_ 1 _ _
2 EPI, = S—(SMMWI + SMLW2)
M

— 1 — —
and IPII = S_(SMMWZ + sMLWl)‘
M
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These results also imply that producer and con-
sumer price indices are given by

3) FITI{ = (SLL + SMM)Wl

+ (s + s Wa,

@) CPI = (spp + )W,
+ (SMM + SLM)WZ»

and symmetric expressions for PPI2 and CPIZ.
With these results we have

(5) _ET)TI - ml
PPIT — PPI}
1 - 2SML/SM
= n
1 - 2(SLM + SML)
CPIl — CPL,
© —=—="=1=2(sy+ Sts — S1)-

Wl - V_Vz
II1. Discussion

With this model, we establish two main
results. The first is the analytical result that both
imperfect competition with variable markups
and trade costs are required for pricing-to-mar-
ket at the firm and aggregate levels. If either ele-
ment of the model is missing, there is no such
pricing-to-market. The second result is a quan-
titative result that, under Bertrand competition,
pricing-to-market does not contribute substan-
tially to the relative volatility of tradeable con-
sumer prices and the overall CPI-based RER.

Consider, first, the result that both imperfect
competition with variable markups and trade costs
are required for pricing-to-market. It is clear that
imperfect competition with variable markups is
required for pricing-to-market at the firm level.
Moreover, our aggregate measure of pricing-to-
market is always equal to 1 under perfect compe-
tition. So there is no aggregate pricing-to-market,
and it is less than 1 under Bertrand competition,
from (5), as long as sy (1 — s37) < S.psS-

The result that trade costs (D > 1) are also
required for pricing-to-market under Bertrand
competition is more subtle. Without trade costs
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(D = 1), every tradeables firm that produces also
exports and faces the same latent competitor
both on domestic sales and on exports. Hence,
P, ;= ﬁzj for all tradeable varieties j, and there is
no pricing-to-market at the firm level. Moreover,
our aggregate measure of pricing-to-market in (5)
is equal to 1 just as under perfect competition.

It is worth noting that, with Bertrand competi-
tion, we do not need trade costs to have imperfect
pass-through of costs to traded goods prices. If
sy > 0, ie., some exporting firms face foreign
latent competitors and hence do not pass through
changes in their domestic production costs, we
see from (2) that export and import prices each
reflect both domestic and foreign costs, even
without trade costs. The extent of pass-through
under Bertrand competition depends on the extent
of national comparative advantage as measured
by the share of exporters with latent competitors
located in the same country. When national com-
parative advantage is strong in the sense that all
exporters face a latent competitor in their home
country, so that s,;; = 0, then from (2) we have that
export and import price indices move just as they
do under perfect competition. In contrast, when
national comparative advantage is weak relative
to the magnitude of trade costs in the sense that
all exporters face latent competitors abroad, so
that sy, = 0, then export and import prices move
in exactly the opposite direction as under perfect
competition. In general, under Bertrand competi-
tion, our model predicts higher pass-through of
costs to import prices if exporters to a country do
not face much local competition (1ow $,;/5y,).

Note that in our model, prices are set optimally
every period and not fixed by assumption. Thus,
our model illustrates that the evidence of persis-
tent pricing-to-market and persistent deviations
of relative purchasing power parity (PPP) can be
rationalized under flexible prices if the underly-
ing movements in international relative costs are
sufficiently persistent.

We now consider the model’s implications
for the movement in the consumer prices for
tradeable goods relative to the movement in
the overall CPI-based RER. We begin with an
analytical result. If the expenditure share on
imported goods priced at the cost of a domes-
tic latent competitor is equal to the expenditure
share on domestically produced goods priced
at the cost of a foreign latent competitor (s,
= s;u), then the fraction of movements in the
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CPI-based RER accounted for by changes in
the relative consumer price of tradeable goods
is the same under perfect or Bertrand competi-
tion, despite the different logic of pricing. Under
perfect competition, the movement in the CPI
for tradeable goods is a weighted average of the
movements in underlying domestic and foreign
marginal costs with the weights given by the
share of imports in final consumption. Under
Bertrand competition, foreign costs have an
impact on the domestic CPI for tradeable goods
to the extent that some consumption goods have
foreign latent competitors. If s,,; = s;y, then the
share of consumption goods with foreign latent
competitors (S, + S14) is equal to the import
share (s, + s32)- So, in this case, the fraction
of the CPI-based RER fluctuations accounted
for by movements in the relative consumer
price of tradeable goods is equal under either
form of competition. Equivalently, in this case
we can say that pricing-to-market and imper-
fect pass-through play no role in accounting for
the fraction of the CPI-based RER fluctuations
accounted for by movements in the relative con-
sumer price of tradeable goods.

This analytical result can also be understood
thinking about the pricing of each individual
tradeable variety. The deviations from relative
PPP for those varieties that are actually traded
that occur under Bertrand competition contribute
to the fluctuations in the relative price of trade-
able goods. Bertrand competition introduces an
offsetting effect not present with perfect compe-
tition, however, for the prices of tradeable variet-
ies that are not traded. Under perfect competition,
for all tradeable varieties that are produced in
country 1 and not exported, P,; = W,, while for
those produced in country 2 and not exported,

sz = W,. Hence, for all tradeable varieties that
are not traded, P; — Py, = W, — W,. Under
Bertrand competition, the pricing of tradeable
varieties that are not traded is still determined by
the cost of the latent competitor, and this com-
petitor can be located in either country. Hence,
for those varieties produced in country 1 and not
exported, a fraction face local latent competition
and hence have Flj = W,, while the remainder
face foreign latent competition and have P,; =
W,. Applying the same argument to producers
in country 2 who do not export, we get that, on
average, the fluctuations in the relative price of
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TABLE 1—AGGREGATE PRICES IN A QUANTITATIVE EXAMPLE

(Percent changes)
W,= 0.001 W,=20 W,=40
Perfect Bertrand Perfect Bertrand Perfect Bertrand

EPI, — 1P],

— 100 13.0 100 36.7 100 54.2
PPI{ — PPI,

CPIT — CPIY

_— 771 757 76.8 75.6 76.1 75.1
CPI, — CPI,

those tradeable varieties that are not actually
traded is smaller under Bertrand competition
than it is under perfect competition. The pricing
of tradeable varieties that are not actually traded
contributes to smaller fluctuations in the relative
price of tradeable goods under Bertrand compe-
tition. To the extent that s;,, = s, the effects
of Bertrand competition on pricing-to-market of
tradeable varieties that are actually traded and
on the pricing of tradeable varieties that are not
actually traded offset when aggregated to deter-
mine the fluctuations in the overall relative con-
sumer price of tradeable goods.

Without further assumptions, there is no pre-
sumption in our model that s;,, = s5,,,. We now
explore the implications of a simple quantitative
example.

We consider an example in which the share of
tradeable goods in overall consumption is y =
0.4, the elasticity of substitution between variet-
ies is 7 = 3, and the number of potential compet-
itors per variety in each country is K = 20. Firm
productivities z within each variety are inde-
pendently drawn from a lognormal distribution
with variance 6. The parameters K and 6 con-
trol the dispersion of idiosyncratic productivities
z within a variety. Given D, a higher K or a lower
0 leads to a smaller number of exporters. In this
example, we calibrate 6 for an arbitrary choice of
K. Atkeson and Burstein (2006) calibrate K and
0 to match facts on industry concentration. We
choose the parameters 6 and D so that, in a sym-
metric equilibrium, the trade share is s, = 16.5
percent, and the fraction of tradeable firms that
export is 25 percent, as in Atkeson and Burstein
(2006). The choice of these two parameters under
Perfect and Bertrand competition is D = 1.503,
0 = 0.66, and D = 1.7, 0 = 0.875, respectively.
Under Bertrand competition, expenditure shares
by latent competitor are s;; = 75.1 percent, s,

= 8.4 percent, s,; = 7.5 percent, and sy, = 9
percent .

Table 1 reports the results for changes in the
wage rate in country 1 of various sizes (the results
for W, = 0.001 percent also correspond to those
using the expressions from the first-order approx-
imation). Two results emerge from this example.
First, the model produces substantial aggregate
pricing-to-market under Bertrand competition.
Note that pricing-to-market is less pronounced
after a larger increase in W,. This is because, after
a large shock to wages in country 1, it is more
likely that those firms in s,,; and s;,—those
facing latent competitors from abroad—switch
export status. But note that even after a shock as
large as 40 percent, we still get substantial aggre-
gate pricing-to-market. Second, the fraction of
the movement in the CPI-based RER accounted
for by a change in the relative consumer price of
tradeable goods does not vary substantially with
the form of competition.! This is because, in our
quantitative example, s;,, is quite close to s, .
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