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Abstract

A central assumption of open economy macro models with nominal rigidities relates
to the currency in which goods are priced, whether there is so-called producer currency
pricing or local currency pricing. This has important implications for exchange rate
pass-through and optimal exchange rate policy. We show, using novel transaction level
information on currency and prices for U.S. imports, that even conditional on a price
change, there is a large difference in the pass-through of the average good priced in
dollars (25%) versus non-dollars (95%). This finding is contrary to the assumption in
a large class of models that the currency of pricing is exogenous and is evidence of an
important selection effect that results from endogenous currency choice. We describe a
model of optimal currency choice in an environment of staggered price setting and show
that the empirical evidence strongly supports the model’s predictions of the relation
between currency choice and pass-through. We further document evidence of significant
real rigidities, with the pass-through of dollar pricers increasing above 50% in the long-
run. Lastly, we numerically illustrate the currency choice decision in both a Calvo
and a menu-cost model with variable mark-ups and imported intermediate inputs and
evaluate the ability of these models to match pass-through patterns documented in the
data.
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1 Introduction

In the open economy macro literature with nominal rigidities, the currency in which goods
are priced has important implications for the pass-through of exchange rates into traded
goods prices and for optimal exchange rate policy. In a large class of models, the currency
of pricing is exogenous. That is, prices are exogenously set either in the producer currency
or in the local currency.! In such models, the difference in pass-through is a short-run
phenomenon. In the short run, when prices are rigid, pass-through into import prices of
goods priced in the producer’s currency is 100% and it is 0% for goods priced in the local

currency. However, when prices adjust, there is no difference in pass-through.?

We show, using novel transaction level information on currency and prices for U.S. im-
ports, that even conditional on a price change, there is a large difference in the pass-through
of the average good priced in dollars (25%) versus non-dollars (95%). This finding is contrary
to the assumption of a large literature that assumes the currency of pricing is exogenous. It
is evidence of an important selection effect and is consistent with a separate literature on
endogenous currency choice recently reviewed in Engel (2006). In this environment, the dif-
ference in pass-through between producer currency pricing (PCP) and local currency pricing
(LCP) firms persists even conditional on adjusting prices. Evidence of this selection effect
reduces the importance of the direct effect of nominal rigidities in explaining differences in

pass-through across the different pricing regimes.

Given the observed strong relationship between currency of pricing and measured pass-
through at different horizons, we explore both theoretically and empirically the relation
between currency choice and pass-through in this paper. The paper is structured as follows.
To motivate our analysis, we first show, in Section 2, using aggregate price index regressions
that the difference in pass-through into U.S. import prices of the average good priced in
dollars versus the average good priced in non-dollars is large at horizons starting from 1
month all the way out to 24 months. The pass-through into dollar (non-dollar) priced goods
is close to 0 (1) in the short-run and is 0.14 (0.92) at 24 months. The difference therefore
declines from 1 in the short-run to around 0.75 at 24 months. Such sizeable and significant
differences are shown to hold for individual countries exporting to the U.S. across dollar and
non-dollar goods. The feature that short-run pass-through is dramatically different, when
prices have not adjusted, is consistent with currency choice being exogenous or endogenous.

However, the finding that even at horizons of 24 months this difference persists is evidence

IFor instance, Obstfeld and Rogoff (1995) assume producer currency pricing, Betts and Devereux (2000)
and Chari, Kehoe, and McGrattan (2002) assume local currency pricing. Devereux and Engel (2003) allow
prices to be exogenously set both in local and producer currencies.

2This is under the empirically relevant assumption that the exchange rate follows a random walk.



of an important selection effect that arises when currency choice is endogenous.

Next, we describe in Section 3, a model of optimal currency choice in a partial equilibrium
environment of staggered price setting. There exists a large literature on optimal currency
choice as surveyed in Engel (2006)® who also presented an important equivalence result
between optimal pass-through and the optimal currency of pricing.* However, the analysis
in the literature has been conducted in a static environment where prices are pre-set only one
period in advance. We consider here a dynamic multi-period staggered price setting model.
In this environment, we make a distinction between optimal pass-through when the firm
adjusts its price but all other firms have not adjusted and the optimal long-run (or flexible
price) pass-through when all firms have fully adjusted their prices. Currency choice is shown
to depend on the pass-through conditional on the first instance of price adjustment to the
exchange rate shock. We refer to this as the medium-run pass-through and it is determined
by both the dynamic path of desired pass-through and the duration of non-adjustment.
Currency choice cannot be predicted solely by long-run pass-through or desired pass-through
on impact of the exchange rate shock. This result does not depend on the specific source
of incomplete pass-through, that is if it is variable mark-ups, imported inputs, decreasing
returns to scale in production, etc. If real rigidities in the pricing decisions of firms are
important, medium-run pass-through can differ from long-run pass-through. Specifically, a
firm with a high flexible price (long-run) pass-through can well choose local currency pricing

if real rigidities lead to a low desired pass-through in the short-run.

We then use the model to derive pricing equations that can be used to estimate the pass-
through coefficients that affect the currency choice decision. Previous empirical work on
currency choice has been limited by the lack of sufficiently disaggregated data on prices and
currency of denomination. As Engel (2006) pointed out, without detailed price data, it is
hard to disentangle the effect of nominal from real rigidities on exchange rate pass-through.
We remedy this by using unpublished micro-data on firm level import prices collected by the
Bureau of Labor Statistics for the U.S., for the period 1994-2005. There are several reasons
why this data is particularly suited to our analysis. Firstly, there is reported transaction level
currency information which is unique to this database. Secondly, we observe the individual

goods price series and therefore can condition our analysis on the instances when prices

3The papers in this literature include Giovannini (1988); Friberg (1998); Bacchetta and van Wincoop
(2003, 2005); Devereux, Engel, and Storgaard (2004); Corsetti and Pesenti (2004); Goldberg and Tille
(2005).

4The intuition for this result is as follows: Currency choice is essentially a zero-one indexing decision of
firm’s price to exchange rate shocks. If prices adjust every period, currency choice is irrelevant. However
when prices are sticky, the firm can use currency choice to make its price closer to the desired price in periods
when the firm does not adjust it. Producer (local) currency pricing assures 100% (0%) pass-through in the
short run, prior to price adjustment. Therefore, the higher is the desired pass-through in the short-run, the
higher are the gains from pricing in producer currency compared to local currency.



change, which is required to estimate a theoretically appropriate measure of pass-through

for currency choice.

The empirical analysis in Section 4 provides strong support for the theoretical mapping
between currency choice and medium-run exchange rate pass-through. We show that condi-
tioning on a price change, the elasticity of response of prices to the cumulative exchange rate
change over the period of non-adjustment is only 25% for dollar pricers as compared to 95%
for non-dollar pricers. Secondly, we find evidence of significant real rigidities for dollar priced
goods that mutes the initial response of firms’ prices to exchange rate shocks. We find that
exchange rate shocks that took place prior to the most recent period of non-adjustment have
strong and significant effects on current price adjustments. As a result, the pass-through
of dollar pricers increases to above 50% in the long-run. The difference in pass-through
between dollar and non-dollar priced goods in the long-run comes down to 42% as opposed
to 70% conditional on the first price adjustment. The finding that long-run pass-through for
some dollar pricers can be as high as 60% is consistent with the fact that what matters for
currency choice is the medium-run pass-through and not the long-run pass-through. These
empirical results are not specific to a particular model of incomplete pass-through and stand

on their own as facts that need to be matched by models of exchange rate pass-through.

In the final section, Section 5, we numerically analyze the behavior of a Calvo and a Menu-
cost model of price setting to match the facts in the data. The advantage of the international
context is that exchange rate shocks are observable and large cost shocks unlike the inflation
shocks studied in the closed-economy literature. This is therefore a useful laboratory for
comparing alternative price adjustment models. We allow for two sources of incomplete
long-run pass-through — variable mark-ups arising from Kimball demand preferences and
imported inputs in production. We show that a firm is more likely to select into producer
currency pricing the lower the elasticity of its mark-up and the lower the share of imported
inputs in its production cost. For reasonable parameter values we find that the model can
generate low long-run import pass-through as in the data. In both models, desired pass-
through has an increasing profile which translates into a lower medium-run pass-through as
compared to the long-run pass-through. However, in the menu cost model the size of this
difference is small: a firm adjusting on the day of the shock will pass-through 90% of what
is optimal in the long run; a firm adjusting 6 months after the shock will already decide to
pass-through the optimal long-run amount. The menu cost model, in our calibration, has
limited success in trying to explain the dynamic path of adjustment in the data in the face of
such large exchange rate shocks. In the Calvo model, the results are quantitatively different.
The medium-run pass-through is about 70% of that in the long-run which is closer to the

empirical estimate of 50% and the long-run is achieved only after several rounds of price



adjustments.

Finally, Section 6 provides a discussion of the results and concludes.

Data

We use unpublished micro data on import prices collected by the Bureau of Labor Statistics
for the period 1994-2005. This data are collected on a monthly basis and have information
on import prices of a very detailed good over time, with details on the country of origin
and the currency of pricing. Details regarding the underlying database are reported in
Gopinath and Rigobon (2007).

In the price survey, the BLS asks firms to report on the currency of denomination of the
price. Gopinath and Rigobon (2007) document that prices are rigid, with a median duration
of 11 months, in the currency in which they are reported as being priced in.> Around 90%
of U.S. imports in the BLS sample are reported as priced in dollars. This fraction however
varies by country of origin. The fraction of imports in the exporters currency is, for example,
34% from Germany, 16% from U.K. and 13% from Japan. From all developing countries the
share in the exporters currency is close to zero. As is well known, a significant fraction of
trade takes place intra-firm. This database allows us to identify transactions as taking place
intra-firm or at arms-length. Since we will test theories of prices that are driven mainly by

market forces we exclude intra-firm prices from our analysis.%

In our empirical analysis we include countries that have a non-negligible share of their
exports to the U.S. priced in both dollar and non-dollar currency. This includes Germany;,
Switzerland, Italy, Japan, UK, Belgium, France, Sweden, Spain, Austria, Netherlands and
Canada.” In Table 1 we present the number of goods, country by country, that are invoiced
in dollars (first column), in the exporter’s currency (second column), and the fraction of

goods that are invoiced in the exporter’s currency (last column).

>This fact suggests that the currency information is meaningful and it is not the case, for instance, that
firms price in non-dollars and simply convert the prices into dollars to report to the BLS. For this would
imply that dollar prices would then show a high frequency of adjustment, which is not the case.

6For empirical evidence on the differences between intra-firm and arms-length transactions, using this
data, see Gopinath and Rigobon (2007) and Neiman (2007).

"We used the following two formal criteria for selection: (1) a country should have at least 10 items priced
in non-dollars; and (2) at least 5% of all items imported from a country should be priced in non-dollars.



2 Aggregate ERPT and Currency of Pricing

To motivate our analysis we present estimates of exchange rate pass-through across dollar and
non-dollar priced goods using aggregated price indices that we construct from the underlying
data.® We show that the difference in pass-through into U.S. import prices of the average
good priced in dollars versus the average good priced in non-dollars is large even at horizons

longer than a year.

For each country we construct two separate price indices — one including only goods that
are priced in dollars and the other using only those goods priced in the exporter’s currency.
For most countries, for exports to the U.S., these are the only two types of pricing.® Some
goods are priced in a third currency, but such instances are rare. The index we construct is
un-weighted, since we were not provided with BLS weights at the good level for the whole

period.

We estimate the following standard pass-through specification,
n n 3
Apip = o+ Zﬂl,jA€i,t—j + ZﬁQ,jﬂi,t—j + Zﬂ&jAyt—j + & (1)
5=0 5=0 §=0

where ¢ indexes the country, Ap is the monthly change in the price index in dollars, 7 is the
monthly foreign country inflation using the producer price index, and Ay is average GDP
growth in the U.S.; n is the number of lags which varies from 1 to 24. Since the data is

monthly, we include up to 24 lags for the nominal exchange rate and foreign inflation and 3
lags for GDP growth.°

The statistic of interest is the sum of the coefficients on the nominal exchange rate:
B(n) = Z;L:o B1,;- These coefficients reflect the impact that the current change in the
exchange rate has on the price index of imports over time. The objective is to compare these
estimates across different currency indices as we increase the number of lags included in the
specification from 1 to 24. Figure 1 depicts the pass-through coefficients from estimating
a pooled regression of all countries with the number of lags on the x-axis. The line in
the middle depicts the pass-through for the aggregate index. This measure of pass-through
increases from 0.22 with one lag to 0.30 with 24 lags. The feature that at the aggregate

8Note that throughout this paper we will only be examining U.S. prices and consequently we will have
nothing to say about whether the law of one price holds across countries. For instance, it is possible to have
incomplete pass-through and the law of one price holding if all goods markets are perfectly integrated and
firms face the same competitors in each market.

9Some non-dollar items keep their dollar price fixed for a few months and then index to the cumulative
exchange rate change. However, these cases are few in number. We have excluded such hybrid cases from
our specification, however they had little influence on the results.

10We have also estimated similar equations including controls for U.S. inflation and find that the results
are insensitive to this.
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Figure 1: Aggregate ERPT at different horizons by currency

level most of the pass-through takes place in the first two quarters and levels off soon after is
consistent with the findings of Campa and Goldberg (2005) and others who have estimated
pass-through into the U.S. using the BLS price index.

From just this aggregate index, however, it is impossible to discern the role of currency.
Now we consider the separate currency indices. The top line depicts the pass-through for
the non-dollar index. The bottom line is the pass-through for the dollar invoiced index.
The bands represent the 95% confidence interval around the point estimate for each lag
specification. As Figure 1 demonstrates, the regression using only the contemporaneous and
1 month lag of the exchange rate estimates a pass-through of 0.03 for goods priced in dollars
and 0.96 for goods priced in non-dollars. Further, we observe that the pass-through increases
for the dollar items with the inclusion of lags, while it decreases slightly for the non-dollar
index. This is consistent with the pattern of price stickiness documented in the data. Note
that the pass-through into the dollar priced goods is far more gradual than is suggested by
the pass-through into the aggregate index. A striking feature of the plot is that the gap
between pass-through of the dollar and non-dollar index remains large and significant even
24 months out. At 24 months the pass-through is 0.30, 0.14 and 0.94 respectively for the

aggregate, dollar and non-dollar indices.

In Figure 2, we replicate the aggregate regressions country by country. Notice that the

aggregate level of pass-through varies substantially across countries. This can be seen from
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Figure 2: Aggregate ERPT at different horizons by currency from specific countries

the middle line in the plots. For instance, for Germany, the pass-through is 40 percent in
the short run and increases slightly to 45 percent when 24 lags are included. For Japan
and Italy, the numbers are smaller, as they increase from below 25 percent to 30 percent,

while for Sweden and France pass-through is always smaller than 20 percent. The difference



between the pass-through of the dollar and non-dollar index is again quite striking. The
exception to this is Canada where the two pass-through elasticities intersect. Average pass-
through for Canada increases from 20 percent in the short run to almost 60 percent in 24
months, though these numbers are highly imprecisely estimated. For all other countries
the differences remain large even at long horizons and for 9 out of the 12 countries the
difference is significant even for the specification with 24 lags. The two exceptions, other
than Canada, are Austria, and Netherlands for which there is simply not enough data to
statistically distinguish the two pass-through elasticities at 24 months horizon. Notice that
in all other countries the confidence intervals for the dollar and non-dollar pass-through do

not intersect.

It is important to emphasize that the average pass-through numbers we obtain (the
middle line) are very close to the numbers estimated using the publicly available BLS price
index. For imports from Japan and Canada the BLS reports a price index starting from
1994. We find that the measure of aggregate pass-through using our index is very close to
the numbers using the BLS price index. Specifically, using the BLS index, the estimate for
Canada is 57 percent, and it is 31 percent for Japan, while we obtain a pass-through of 0.60
and 0.29 respectively. What we do additionally is to decompose that index by currency of
pricing and we find that the pass-through elasticities at long horizons are very different for

these two sub-indices.
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Figure 3: Fraction of PCP firms and Aggregate ERPT

Another striking feature of Figure 2 is how similar pass-through patterns are across
the countries once we condition on currency choice, despite the cross-country differences in
aggregate pass-through coefficients. In other words, given the large and persistent differences
in pass-through related to the currency of invoicing, the fraction of goods that are priced in

different currencies, should have significant prediction power for the measures of aggregate



import pass-through, even at very distant horizons. We illustrate this point in Figure 3.
Each dot in this figure represents a country and its coordinates are the fraction of ‘non-
dollar firms’ importing from this country on the x-axis and the aggregate ERPT from this
country on the y-axis. The line in the figure is not a regression, but simply a line which
connects 0.14 ERPT (which is the average pass-through for LCP firms) when the fraction
of PCP firms is 0 and 0.94 (which is the average pass-through for PCP firms) when this
fraction is 1. The only outlier in this figure is Canada and the correlation between the two

plotted variables is 0.87 excluding Canada.

The results in this section demonstrate that unlike the models that assume exogenous
currency choice, exchange rate pass-through of PCP and LCP firms do not equalize even
after most prices have had enough time to adjust. This evidence is consistent with the

endogeneity of currency choice and motivates our analysis in the following sections.

We proceed in the following steps. First, we present a general result on the relation
between currency choice and medium-run pass-through in an environment of staggered price
setting in Section 3.1. We do this without specifying the source of incomplete pass-through,
that is if it is variable mark-ups, imported inputs, decreasing returns to scale in production,
etc. Then in Section 3.2 we introduce two channels of incomplete pass-through — variable
mark-ups and imported inputs. By doing so we demonstrate conditions under which medium-
run pass-through, on which currency choice depends, can differ from long-run pass-through.
Next, in Section 4 we empirically test the implications of the model for the relation between
currency choice and medium-run pass-through and we also test for the presence of real
rigidities. These empirical results stand on their own as facts that need to be matched by
models of exchange rate pass-through. Until this point we intentionally abstract from specific
models of variable mark-ups and incomplete pass-through, so as to emphasize the generality
of the results. In the final section, Section 5, we consider a particular source of variable
mark-ups, namely Kimball demand preferences, alongside imported inputs in production to
evaluate the ability of a Calvo and a Menu-cost models of price setting to match the facts
in the data.

3 Currency Choice in a Dynamic Sticky Price Model

In this section we discuss the optimal currency choice for price setting by firms in an environ-
ment with sticky prices, in a partial equilibrium set-up. We allow the firm to choose between
local currency (LCP) and producer currency pricing (PCP). There exists a large literature on

currency choice in environments with prices set one period in advance. Instead, we consider



a multi-period setting and derive new insights which cannot be shown in a one-period model.

While there are several important papers in the theoretical literature on currency choice,!!
our paper is most closely related to Engel (2006). Engel (2006) showed that in an environ-
ment with one-period-ahead price setting, flexible price pass-through is a sufficient statistic
for currency choice. Specifically, if the flexible price pass-through is greater than a cer-
tain threshold, the firm should choose producer currency pricing which guarantees complete
short-run pass-through, before the firm adjusts its price. On the other hand, if the flexible
price pass-through is low, the firm should choose local currency pricing which assures zero

pass-through in the short-run.

This section extends the important insight of Engel (2006) and analyzes an environment
with an arbitrary amount of price stickiness. We make a distinction between pass-through
when the firm adjusts its price but all other firms have not adjusted and the long-run (or
flexible price) pass-through when all firms have fully adjusted their prices. In this environ-
ment, currency choice depends on the pass-through conditional on the first instance of price
adjustment to the exchange rate shock. We refer to this as the medium-run pass-through and
it is a function of the dynamic path of desired pass-through and the frequency of adjustment.
Medium-run pass-through can differ from the long-run (flexible price) pass-through if real
rigidities such as strategic complementarities in the pricing decisions of firms are important.
Specifically, a firm with a high long-run pass-through can well choose local currency pricing

if strategic complementarities are strong and lead to a low medium-run pass-through.

3.1 Medium-run Pass-through and Currency Choice

We consider here the case of Calvo staggered price setting where a firm who gets to change
its price can also choose the currency in which to price.!? The assumption of Calvo price
setting allows us to characterize analytically the optimal currency choice rule. In Section 5
we will show numerically that the theoretical insights of this section extend to a model with

menu costs and endogenous frequency of price adjustment.!?

Consider an exporting firm with a profit function H(p ; s), where p is the local currency

price of the firm (in logs) and s is the remaining state vector; s can include the industry price

11See references in footnote 3.

12We show later the conditions under which the currency choice rule would be the same if currency was
chosen only once during the life of the good.

13 According to the empirical evidence in Gopinath and Rigobon (2007), exchange rate movements do not
play a predominant role in explaining the probability of price adjustments. Therefore, the assumption of
exogenous frequency of price adjustment is not very restrictive for the purposes of studying optimal currency
choice decisions.

10



level, demand and cost variables, etc. For now we do not specify what these variables are.
This is left to the next subsection. Define p(s) = argmax, II(p;s) to be the static optimal
price of the firm in state s and denote II(s) = I1(p(s); s). We will refer to p(s) as the desired
price of the firm, i.e. the price that the firm would set if it adjusted every period in the given

environment.*

Denote the history of the states by s = (so, ..., s;). The state space can be segmented
into s; = (e, hy), where e; is the log of the exchange rate’® and h, contains the remaining
state variables. Further, we assume that the exchange rate follows an exogenous random
walk!S process.Nevertheless, state variables h; can be correlated with current or past shocks
to the exchange rate and can exhibit arbitrary amount of persistence. We assume that the

firm discounts the future at a constant rate ¢.

Consider a firm that decides to set its current price in the local currency. The Bellman

equation for the value of this firm is then

Vi(pss') = T(pise) + 00 {Vi(pss'™")[s", Di1=0} (2)
+5(1 = OE{V (s |s", 0pa=1},

where 9, is the indicator variable for price adjustment in period 7 which equals 0 with
probability 6, independently of any exogenous state variable.!” If the firm adjusts in state
st, it sets the price according to p(s') = argmax, Vi (p;s!), and we denote by Vi (s!) =
%3 (ﬁ(st); st) the value of the firm conditional on price adjustment and local currency pricing.

Finally, V'(s") is the continuation value defined below which allows for the optimal choice of

the currency of pricing.
A similar Bellman equation holds for a firm setting its current price in its own (producer)
currency:

Ve(p™;s") = T(p+ers i) + 66E {Ve (p7; s™) |5, 0141=0} (3)
+6(1 = O)E{V (s |s", 9pa=1},

4There is a difference between flexible price and desired price. When we say flexible price, we imply that
the firm operates in a flexible price environment which imposes a certain selection criteria on the set of states
s that can be consistent with the flexible price equilibrium (in particular, since the sectoral price level can
be part of the state space). When we say desired price, we refer to the pricing decision of a flexible-price
firm in a given sticky price environment. As a result, pass-through into flexible prices can be different from
pass-through into desired prices if, for example, strategic complementarities are important.

5 Exchange rate is defined in the standard way so that an increase in e; corresponds to appreciation of
the foreign currency.

16 All the results can be extended in a natural way to an environment with mean reversion in the exchange
rate, however this case is empirically less relevant and we omit it from the text for brevity.

1"Note that expectations in (2) must be conditioned on whether the firm adjusts its price since this may
affect endogenous state variables such as the intra-industry price level.

11



where p* is the producer currency price of the firm. The optimal price is then p*(s*) =
arg max,- Vp(p*; s') and again we denote Vp(s') = Vp(p*(s'); s'). The continuation value is
then naturally defined as V(s) = max{Vy(s), Vp(s!)}.

Before discussing the optimal currency choice, we prove a familiar certainty equivalence

result which will be useful for our further analysis:

Proposition 1 Up to the second order, the optimal prices in the local currency for both
LCP and PCP firms are equal to the weighted average desired price in all future periods and

states conditional on the preset price remaining effective. Formally,

p( 1 - 59 Z (58 ]E {p St+g ‘S 19,54.1— —19154_(:0} (4)
=0
and o
ﬁ*(st) = (1 — 59) Z((W)ZE {ﬁ*(sﬁ_g)‘st, ﬁt-l—l: N :19t+f20} s (5)
£=0

where p*(Si1e) = P(Si4e) — €140 is the desired price in producer currency. Consequently, up

to the second order of approzimation, p(s') = p*(s') + e;.
Proof: See Appendix

Proposition 1, despite being standard in the monetary economics literature (e.g., see
Dotsey, King, and Wolman (1999)), has an interesting implication in the international con-
text when firms are allowed to choose between local and producer currency pricing. Specifi-
cally, Proposition 1 shows that two firms pricing in different currencies but similar in all other
respects will choose the same prices in local currency, conditional on adjustment.'® There-
fore, all the differences in pricing decisions between otherwise similar LCP and PCP firms

should be purely short-run and should disappear at the instance of first price adjustment.

Now we turn to the question of currency choice. The difference in the value of local

versus producer currency pricing is

L =V,(p(s");s") — Vp(p*(s"); s'), (6)

so that the firm would optimally choose LCP if £ > 0, PCP if £ < 0, and would be indifferent
between the two if £ = 0 (from now on we will omit this latter possibility for brevity). We

now introduce the following

18This result relies on the random walk in exchange rate assumption. If exchange rate mean reverts, LCP
and PCP firms will choose different prices conditional on adjustment: Each firm in response to an exchange
rate shock will adjust its prices by less in its own currency of pricing in anticipation that the shock will
eventually die out. As a result, LCP firms will mechanically have lower measured pass-through. However,
empirically, exchange rates appear to be extremely persistent so that such considerations are unlikely to be
quantitatively significant.
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Lemma 1 Up to the third order, the following approximation is valid

= ‘ 1 covy (ﬁ(st—O—E)a €t+e)
L ox ;(59) vay(ee) | 5 var(eres) . (7)

Proof: See Appendix B

Using Lemma 1, we can state the following general rule of currency choice:!?

Proposition 2 The firm will choose local currency pricing whenever

i(&g)% % _ covy (ﬁ(5t+£)a€t+£) -0 (8)

=0 vary(eg¢)

and producer currency pricing otherwise.

One obvious conclusion that follows from Proposition 2 is that currency choice is irrelevant
for the firm that adjusts prices every period (as £ = 0 in this case). Our model under Calvo
assumption does not exactly incorporate the Engel (2006) setup as a special case since in
Engel’s setup firms adjust prices every period, however, they do so before observing the
current state of the world. If we rewrite the model under the assumption that when a firm
adjusts, it does not yet observe the current state, the currency choice rule instead of (8)

becomes
_ COVi—1 (ﬁ(StM), €t+é)

vari (€t+£>

i(ae)f(l + ) %

=0
and if the firm adjusts every period it reduces to

covi1(P(se), e) 1
< —.
var,_1(e;) 2

This is exactly the equivalence result of Engel (2006).

Another observation is that the covariance terms in (8) are not conditional on any con-
temporaneous variables. In other words, what is important for currency choice is the uncon-
ditional correlation of exchange rate shocks and desired prices independently of whether this
is a direct relationship or mediated by other variables. Finally, note that covariance-over-
variance terms are certain regression coefficients which can be interpreted as pass-through

coefficients. We will make this notion more precise below.

To proceed further with the analysis we make the following stationarity assumption:

19The only remaining step between Lemma 1 and Proposition 2 is to show that var,(e;y¢) = £-var(Ae;) oc £,
which is a standard random walk property.
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Assumption 1 Pass-through elasticity

U, =E —dﬁ(StH) =F Op(51+0) + dp(se+e) dhere
¢ t de; N Derry dhee  de

St7"l9t+1:. . .:'lgt_’_g = 0}

depends only on time horizon ¢ and does not depend on initial state s'.

This assumption can be viewed as a first order approximation and we use it to put some
structure on the time-series properties of pass-through. Next we state a simple result which
links the theoretical concept of pass-through elasticity introduced in Assumption 1 to an

empirically more operational concept of a regression coefficient:?

Lemma 2 Up to the second order, theoretical pass-through elasticity is equivalent to the

regression coefficient in a corresponding regression equation. Formally,

= cov(p(siperr), Aery)
v, =
var(Aeg 1)

Assumption 1, together with Proposition 1, allows us to introduce the following notion of

medium-run pass-through:

Vg = (1 —40) (00) oy
0 det % £y (9)

i.e. the response of the optimal Calvo price setting rule to the current shock to the exchange
rate. In other words, Uy is the fraction of today’s shock to the exchange rate the firm will
optimally pass-through given that it adjusts its price at the moment of the shock. Note that
U, is a measure of the medium-run pass-through as opposed to flexible price, or long-run,
pass-through which correspond to horizons when all other firms have eventually adjusted

their prices. We will return to this discussion below.

With this definition and using Lemma 2, we show the following result:

Proposition 3 Under Assumption 1, the sufficient statistic for currency choice is the medium-
run pass-through, Wo. Specifically, the firm will choose LCP whenever Wy < 1/2 and PCP

otherwise.

Proof: See Appendix B

This result shows a direct link between optimal currency choice and medium-run pass-

through of the firm. The result of Proposition 3 is fairly general and would survive in a

20The proof of this Lemma relies on standard first order Taylor approximation and symmetry of the
distribution of exchange rate shocks and is omitted for brevity.
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number of environments. The intuition for this result is that the desired pass-through of
the firm before first adjustment of prices is what should matter for currency choice which by
itself is a mechanism of indexing the short-run price of the firm to one or the other currency.
If Assumption 1 fails we would not obtain the sharp prediction of Proposition 3 anymore,
however, some average measure of desired pass-through elasticities {\ifg} weighted using the
relevant probabilities of non-adjustment in respective periods {6} would still determine
the optimal currency choice. The extension of the result to a general menu cost model is
more complicated since in this case the firm can optimally choose the instances of price
adjustment and they do not have to be the same under different choices of currency of
pricing. In Section 5 we show numerically, under certain parameterizations, that there are
close similarities in the currency choice decision in a menu-cost model to those in the Calvo

model.

It is important to note that with the stationarity Assumption 1, the optimal currency
choice rule is invariant to whether the firm chooses currency every time it adjusts prices or
once and for all. This is consistent with our empirical finding that only a few firms change

the currency of pricing during the life of their goods.?!

Finally, it is worth mentioning that the particular threshold of 1/2 is specific to the second
order approximation of the value functions that we use. The result should be interpreted
more generally as follows: a firm with a higher medium-run pass-though is more likely to
become a PCP firm. Nevertheless, in Section 5, we show numerically for a particular model
of currency choice that this threshold of 1/2 is a fairly good approximation to the actual

optimal cutoff.

Proposition 3 allows us to formulate the following set of corollaries:

Corollary 1 If U, = U is constant over time, then currency choice should not be affected

by the amount of nominal rigidity, 6.

Corollary 2 If two firms have the same amount of nominal rigidity (04 = 0g) and firm
A has a higher desired pass-through at all horizons (\ilzf‘ > \ilf for all €), then firm B will

choose LCP whenever firm A does so but the opposite will not always be true.

Corollary 3 If two firms have the same increasing desired pass-through profiles (i.e., \I/gﬂ >
U, for all £), then a firm with more nominal rigidity (04 > 05) will always choose PCP

whenever the other firm does so while the opposite will not always be true. This implies that,

210nly 125 goods in the sample change currency during their life in the index. This empirical finding
can also be consistent with small costs of changing the currency of pricing even in an environment where
Assumption 1 fails.
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all else equal, PCP firms should on average have longer durations of prices and firms with

shorter durations of prices should be more likely to become LCP.?

We will illustrate these corollaries with a hypothetical example in Figure 4. Later, in Sec-

tion 5, we provide a more specific example from a calibrated model.

0.8
1
0.7 i
D
0.6 : >
0.5F ==~ - R i i
o 0.4
©-Firm A -©-FimA
0.4 B=Firm B 1 0.4 —& Firm B
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Figure 4: Desired Pass-through profiles, \i/i (left); and corresponding Medium-run Pass-
though as a function of duration, WJ(7) where 7 = 1/(1 — 6) (right)

The left panel of Figure 4 plots the desired pass-through profiles {@i } for three firms:
Firms A and B have steeper desired pass-through profiles than Firm C, which however has
a higher initial desired pass-through. As a result, Firm C has relatively high desired pass-
through on impact but a lower desired long-run pass-through than the two other firms.

Finally, Firm B has desired pass-through strictly greater than Firm A at all horizons.

The right panel of Figure 4 in turn translates using (9) respective desired pass-through
profiles of these three firms into our measure of medium-run pass-through, \i/%, as a function
of the expected duration of firm’s price, 7/ = 1/(1 — 7). Proposition 3 shows that ¥ (77)
has to be compared with 1/2 to determine the currency choice. First, we observe that each
firm is more likely to become LCP when its duration is low: Firm A, C and B will become
LCP if their expected durations are less then 5, 4 and 3 months respectively. This illustrates
Corollary 3. Next, observe that firm B for any given duration is more likely to become
PCP than firm A since its desired pass-though profile is strictly higher and as a result its

medium-run pass-through is also higher for any given duration. This illustrates Corollary 2.23

22This observation is consistent with the finding in Gopinath and Rigobon (2007) that non-dollar firms
have a slightly higher duration of prices than dollar firms.

23We do not illustrate Corollary 1, as it is straightforward: when U, = U for all 4, then ¥y = ¥ for any
duration 7.
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Lastly, note that both duration and the entire desired pass-through profile are important
in determining currency choice. In the example above we cannot predict currency choice
based solely on long-run pass-through or desired pass-through on impact. Specifically, firm C
has a higher desired pass-through on impact than both other firms but it will switch into
PCP only after firm B does so, as we increase the duration of prices. Moreover, firm A has a
higher long-run desired pass-through than firm C, however it will switch into PCP only after
firm C does so, as we increase the duration. This illustrates the difference in the currency

choice rule in a multi-period setting as compared to a one-period ahead setting.

3.2 Medium-run versus Long-run Pass-through

The previous section provides a sharp link between currency choice and medium-run ex-
change rate pass-through without requiring to specify the determinants of pass-through. In
this section, we examine two standard sources of incomplete pass-through, variable mark-ups
and imported intermediate inputs so as to describe circumstances under which medium-run
pass-through will differ from long-run pass-through. We also define the empirical specifica-

tion to be used in the next section.

First, we split the state space so that h; = (F;, 2;), where P, is the sectoral price level
(in logs) and z; are all other state variables. We assume that shocks to e, affects only P,
for ¢ > 0 and do not affect any leads or lags of z.2* This assumption is introduced for

expositional purposes and can be easily relaxed.

Next we write explicitly the profit function of the firm

I(p; (e, P, z)) = Q(p; P, z) [exp(p) — exp(e + ¢*(e, 2))] , (10)

where Q(+) is demand for the firm’s exports and ¢*(-) is the log of the unit cost in producer
currency. Implicitly we have assumed that the firm operates a constant returns to scale
technology since the unit cost function does not depend on the price of the firm.?® Both

demand and costs of the firm can be affected by shocks exogenous to the exchange rate.

The cost function can additionally be affected by the exchange rate directly if the firm

uses imported intermediate inputs. We denote the elasticity of the unit cost in local currency

24Gpecifically, z; may include idiosyncratic or aggregate productivity, overall demand conditions, and other
firm-specific characteristics such as properties of production technology and menu costs of the firm.

25Decreasing returns to scale are known to generate additional channels of strategic complementarities and
incomplete exchange rate pass-through (Burstein and Hellwig, 2007; Goldberg and Tille, 2005). However,
empirically it is hard to disentangle this channel from the variable mark-ups channel, which we introduce
below.
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with respect to the exchange rate by

dle + c¢*(e, 2)]
de

¢

and interpret ¢ as the fraction of the cost of the firm incurred in the producer’s currency.?®
When ¢ < 1, the firm has limited incentives to adjust its local currency price since its
unit cost in local currency does not move as much. This is the imported inputs channel of

incomplete pass-through.

The effective elasticity of demand is given by

_dlnQ(p; P, 2)
dp

o(p; P, z)

The optimal mark-up of the firm (in logs) is then u = In[o/(0c — 1)]. As a result, the desired
price of the firm is defined implicitly by

ple, P, z) = u(p; P, z) + c*(e, z) +e. (11)

The desired pass-through of the firm is

~ dp(e, P, z) o I'p dP
J(e, P - fal 12
(e, P 2) de I 1+0 14T de’ (12)

where we denote I' = —du/dp and T'p = du/dP.*" T and I'p measure the strength of
strategic complementarities in the model, or the extent of what is referred to as pricing-
to-market. This is the variable mark-ups channel of limited pass-through. The mechanism
of variable mark-ups for incomplete exchange rate pass-through was first proposed in the

seminal works of Dornbusch (1987) and Krugman (1987) and later used in multiple papers.?

Note that the sectoral price level P is an endogenous variable determined in equilibrium
by the fraction of firms adjusting their price and the respective sizes of these adjustments.

Conditional on z, the dynamics of the price level is determined by the shocks to the exchange

26Throughout the paper we will assume that ¢ is a constant. One example when this assumption is exactly
satisfied is the case of Cobb-Douglas unit cost function with the price of first and second inputs perfectly
stable in producer and local currencies respectively.

2TMany demand specifications, like that in Atkeson and Burstein (2005) and Klenow and Willis (2006),
imply I' = I'p. For CES demand, I' = T'p = 0 and p = const. In general, I' and I'p are necessarily related
but do not have to be equal. A reasonable assumption is that I' > I'p > 0.

28Note that when I' = I'p = 0, which is in particular true under CES preferences and constant elasticity
demand, the desired pass-through of the firm is always equal to ¢ and does not depend on the sectoral
price level and hence the prices of competitors. This means that the variable mark-up channel of incomplete
pass-through is shut down. Finally, when I > 0, the desired pass-through is ¢/(141I") < ¢ when the sectoral
price level is held fixed (e.g., competitors do not respond to the exchange rate shock); and when I'p > 0,
desired pass-through is increasing in dP/de.
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rate. We will assume that dP;,¢/de; depends only on ¢ and does not depend on the initial

state s'. This is equivalent to Assumption 1 in the previous section. As a result,

§ ¢ Ty AP

U, = ) 1
CTIHT T1A4T de (13)
Finally, the long-run pass-through is
~ I'p dPiioo
U ¢ P (14)

°°:1+F+1+F de, ’

that is the response of the price of the firm to the exchange rate shock when all other firms
in the sector have had enough time to adjust to this shock.? If prices are flexible, all firms
adjust instantaneously, thus d P, o, /de; = dP;/de; and hence \I~/oo is also a measure of flexible
price pass-through. Finally, note that if U, has an increasing profile, long-run pass-through
is higher than medium-run pass-through. T, will have an increasing (decreasing) profile if
most competitors of a foreign firm price in the local (producer) currency. This explains the
importance of coordination motive for currency choice.?® In the case of the U.S., it is natural

to assume that most competitors for a firm price in dollars.

We summarize the discussion above in

Proposition 4 If strategic complementarities are important (specifically, when T p#£0), medium-
run and long-run pass-through are different and flexible price pass-through is not a sufficient
statistic for currency choice. If the sectoral price index responds sluggishly to exchange rate

shocks, then medium-run pass-through is lower than long-run pass-through.

Finally, we mention that ¢, I' and I'p are important primitives that determine both pass-
through of the firm at different horizons, as well as its currency choice. The lower is ¢, the
lower is the pass-through of the firm at all horizons and the firm is more likely to choose local
currency pricing. Comparative statics with respect to I' and I'p are less unambiguous. An
increase in I', keeping I'p constant, will affect pass-through and currency choice in the same
way as a fall in ¢. However, I' and ['p, in most cases, are likely to change simultaneously
and in the same direction. Moreover, a change in these parameters is likely to affect the
equilibrium dynamic response of the sectoral price index (dP.,/de;). As a result, general

predictions about the effect of I' and I'p on pass-through and currency choice cannot be

29Note that equivalently long-run pass-through can be defined as ¥, = lim;_, ¥y, where
Uy = (1-60) 3720 (60) Wiy

so that indeed ¥, = V.
30See Krugman (1980); Goldberg and Tille (2005); Bacchetta and van Wincoop (2005).
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made.3! We will investigate this link in more detail in a specific model that we simulate in

Section 5.

Note that we considered only a certain type of real rigidity in this section namely strategic
complementarities. There are however other forms of real rigidities such as those suggested
by Basu (1995) which can also rationalize long-run pass-through differing from the medium-
run. In the empirical analysis, we will only provide evidence of the existence of some form

of real rigidities and it is not our goal to identify the particular source of real rigidity.*?

3.2.1 Empirical Specification

In this section we introduce three empirical specifications that we will take to the data in

order to test the theory of currency choice.

Using (4) and (11) we write explicitly the optimal price setting rules of a firm:33

pe=(1—100) Z(‘SeyE{ﬂtH + ¢+ erpels, = .. =01 =0}
=0
= O(L) [ + ¢ + e, (15)

where O(L) represents the corresponding expected present value operator (conditional on
non-adjusting prices) and for brevity s, and ¢, , denote pu(py ; Prqr, 2e4¢) and c* (€414, 2e+0)

respectively.

With this notation, we can write the size of the optimal price adjustment as
Ty = Ar Pt = P — De—ry = O(L)Ary [fte4e + ¢y + €44], (16)

where 71 is the most recent duration of the firm’s price (in the currency of price setting). In
words, the size of the optimal price adjustment is equal to the revision in the expectations
about the future path of optimal mark-ups, marginal costs and exchange rates. The following

proposition allows us to make the transition from (16) to an empirically identifiable equation:

3LCES preferences and constant elasticity demand (so that I' = I'p = 0) constitute one special case which
yields particularly sharp prediction. In this case, ¢ is the only parameter that determines pass-through and
currency choice: pass-through is high and PCP is optimal when ¢ is close 1 and pass-through is low and
LCP is optimal when ¢ is close to 0. However, this case constitutes little theoretical or empirical interest for
the purpose of explaining incomplete pass-through and currency choice.

32Delayed price adjustment to shocks can also be rationalized in a sticky information model suggested by
Mankiw and Reis (2002). For a related empirical test of this model based on BLS consumer price data see
Klenow and Willis (2007).

33Note that, according to Proposition 1, this is the optimal local currency price for both LCP and PCP
firms. A PCP firm will set p; = O(L)[u: + ¢f] in producer currency so that p: = p; + e, given that by the
random walk property ©(L)e; = e;.
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Proposition 5 When the exchange rate follows a random walk and up to the second order,
optimal price adjustment can be expressed in local currency, irrespective of the currency of

pricing, as
Tp

14T

. ¢

= O(L)P; — Prn] +2(). (17)

[er —en] +

Proof: See Appendix B

Motivated by Proposition 5, we will estimate the following three regression specifications:

T = Woles — erem ] + e1(2h), (18)
Ty = @O[Gt - etf-rl] + (\ifl - ‘i’o) [etfn - et*ﬁ*Tz] + 52<Zt)7 (19)
Tk = Appr = UooAper + e3(21), (20)

where 73 is the previous duration of the price of the firm and Ay denotes a life-long change
in the respective variable; specifically, A;pr is the difference between the last and the first
observed prices of the firm and Aper is the cumulative change in the exchange rate over the
life of the good.

Estimated coefficient W is our proxy measure for the medium-run pass-through ¥,. The
theory suggests that this should be the sufficient statistic for the currency choice of firms
with higher values of 0, making the choice of producer currency pricing more likely. Further,
under the null of no real rigidities, a firm should not react to exchange rate shocks that took
place prior to the most recent period of non-adjustment, which implies Uy = U, Conversely,
when real rigidities are important, past changes in the exchange rate can effect current price
adjustments of the firm through, for instance, their sluggish effect on competitors prices.
Therefore, the second specification allows us to estimate the importance of real rigidities
by testing the null that the coefficient on the lag of exchange rate change is equal to zero.
Finally, the life-long specification produces a coefficient ., which we treat as a proxy for the
long-run (or flexible price) pass-through coefficient W, = ... We formalize this discussion
in3
Proposition 6 (a) WECF < 1/2 < WFPCP: (b)When real rigidities are important, Wy # .
(c) When T, < 1/2 < \i/oo, the firm should choose LCP despite a high flexible price pass-
through.

34We emphasize again that the particular threshold of 1/2 is specific to the quadratic approaximation.
We however show in the numerical section that for certain parameter specifications 1/2 is a fairly accurate
measure of the threshold.
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4  Micro-level ERPT and Currency of Pricing

In this section, we empirically test the implications of the theory section, as summarized in
Proposition 6, for the relation between currency choice and pass-through. We also evaluate

the importance of real rigidities in the data.

To test these implications, as highlighted in the previous sections, we need a measure
of pass-through that is estimated from periods of price adjustment. This is an important
departure from empirical studies that use aggregate price indices, as was done in Section 2.
Given the low frequency of price adjustment observed in the data, aggregate price indices
are dominated by unchanging prices. Increasing the horizon of estimation to several months
so as to arrive at the flexible price pass-through does not solve this issue because around
30% of the goods in the BLS sample do not change their price during their life, i.e. before
they get replaced. Consequently, when estimating the pass-through using the BLS index

such prices have an impact on measured pass-through even at long horizons.

Another advantage of examining good level price adjustments is that we can distinguish
between the response of prices conditional on the first instance of price adjustment and

further rounds of price adjustment, in order to test for the importance of real rigidities.

The relevant estimate of pass-through for currency choice is related to the unconditional
covariance-over-variance between prices and the exchange rate. Consequently, the appro-
priate regression will have no other controls besides the nominal exchange rate. To more
transparently compare our regression estimates to other estimates in the literature, we will
include, as is standard in the literature, a control for the foreign country inflation, domestic
inflation and GDP growth. This is innocuous because the coefficient on the nominal ex-
change rate for the countries in our sample changes very little if we do or do not include
these controls. This reflects the fact that the nominal exchange rate has very low covariance
with these other variables. In all the regressions we include a fixed effect for each country
and primary stratum lower pair (mostly 4 digit harmonized code) and cluster the standard

errors to allow for correlation in the residuals within these pairs.
We first estimate the following equation, which is the counterpart to equation (18):
7= UEP A e + (\i/(]fcp — WPy DAL e+ Ziyy + ey, (21)

where, as before, 7; is the change in the dollar price, conditional on price adjustment in the

currency of pricing;>® A, e; = e; — e;_r, and 71 is the duration of the previous price in the

35In the BLS database, the original reported price (in the currency of pricing) and the dollar converted
price are both reported. We use the latter, conditional on the original reported price having changed. Since
the first price adjustment is censored from the data, we also perform the analysis excluding the first price
change and find that the results are not sensitive to this assumption.
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currency of pricing. Recall that under the random walk assumption, A, e; is the proper
measure of the revision in expectations about the path of the exchange rate accumulated
over the period of price non-adjustment. D is a dummy that takes the value of 1 when the
good is priced in the foreign currency. Z; includes controls for the foreign consumer price
level, the US consumer price level and US GDP.3¢

The results from estimation of specification (21) are reported in Table 2. The first row,
reports the results from pooling all observations. The pass-through, conditional on a price
change, to the cumulative exchange rate change, is 0.24 for dollar priced goods and 0.90
for non-dollar priced goods. Recall that these are our proxy estimates of the medium-run
pass-through which, according to the theory, should be a sufficient statistic for the currency
choice. The difference in these pass-through estimates is large and strongly significant, which
supports the prediction of the currency choice model.?” We estimate this specification for
each country and obtain similarly that there is a sizeable difference in the point estimate of
dollar and non-dollar priced goods. This difference is statistically significant at conventional

levels of significance for 9 out of the 11 countries. The exceptions are Spain and Canada.

In Table 3 we perform the same analysis except we restrict the sample of goods to only
differentiated goods, using the Rauch (1999) classification.®® We were able to classify around
65% of the goods using this classification. Here again we find strong evidence of a selection
effect. The average medium-run pass-through for dollar priced firms is 0.24 and it is 0.96
for non-dollar priced firms. This difference is also observed at the country level, with the
difference in the pass-through estimates being significant for all countries, except Spain and

Canada.

Next, we allow for lags in the exchange rate changes to affect current price adjustment

to test for the presence of real rigidities. We estimate

ft = \ingPATlet + (\il(l)JCP — \iJé/CP) . D . Aﬁet (22)
FAVECPA ey 4+ (ATTOP — AVTCP) D Aner g + Ziya + o+ €2,

36The data series for these variables was obtained from the IMF’s International Financial Statistics
database. For consistency, we include the cumulative change in this variables over the period of price
non-adjustment. We also allow for these variables to effect pass-through differentially across dollar and
non-dollar priced goods.

37 As discussed in footnote 18, if firms expect the exchange rate to mean revert then even conditional on
adjusting prices the pass-through will differ. However, for this to explain the observed differences in pass-
through, the price setters subjective rate of mean reversion for the exchange rate needs to be unrealistically
high.

38Rauch (1999) classified goods on the basis of whether they were traded on an exchange (organized),
had prices listed in trade publications (reference) or were brand name products (differentiated). Each good
in our database is mapped to a 10 digit harmonized code. We use the concordance between the 10 digit
harmonized code and the SITC2 (Rev 2) codes to classify the goods into the three categories.
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where AW¢ = ¢ — W¢ for ¢ € {LCP, PCPY} and 7, is the duration of the previous price of
the firm so that A, e;—r, = €4—r, — €4—r,—r, is the cumulative exchange rate change over the
previous (the one before the most recent one) period of non-adjustment. In this specification

we also allow Z; to include lagged foreign and domestic inflation.3’

Specification (22) is the counterpart to equation (19) and the results are reported in
Table 4. This specification requires the goods to have at least two price adjustments during
their life. Since there are several goods that have only one price change during their life, we
lose about 30% of the goods when we move to this specification from (21) which required the
good to have only one price adjustment during its life. Nevertheless, we obtain very similar
estimates for specification (21) to those reported in Tables 2 and 3 when we estimate that
specification using only the goods that enter the sample for specification (22), i.e. those that

have at least two price adjustments during their life.°

From Table 4 we observe that medium-run pass-through is significantly different between
dollar and non-dollar goods, as was the case in Tables 2 and 3. Moreover, quantitatively
the estimates are very similar across these tables. In the first row of Table 4, for all goods,
the difference between medium-run pass-through of non-dollar and dollar firms is 0.62 and
is highly significant. This is again the case when we look at the sub-samples of Euro and
Non-Euro countries. The pass-through for non-dollar goods for the Euro (Non-Euro) area is
64 (59) percentage points higher.*! This large and significant difference is also evident when

we restrict the sample to differentiated goods: it is 67 percentage points in this case.

The second finding of Table 4 is that exchange rate shocks that took place prior to the
current period of adjustment have a significant effect on current price adjustments. This
supports the existence of strong real rigidities in pricing behavior across firms. The first row
of Table 4 points out that the elasticity of current price changes to lagged exchange rate
shocks for dollar priced goods is 0.21, which is only slightly smaller than the response to the
contemporaneous exchange rate movement (equal to 0.25). This significant effect for dollar
priced goods is documented also for the sub-sample of Euro and Non-Euro countries and for
differentiated goods.*? For non-dollar priced goods the second rounds of adjustment are in

general small and insignificantly different from zero. This finding is also consistent with the

39We have estimated the specification with lagged own price changes and find that the implied pass-through
estimates are very similar.

40T his is consistent with our assumption that the exchange rate follows a random walk so that the current
change in the exchange rate is uncorrelated with the previous exchange rate movements.

41There are not enough observations to perform a country-by-country analysis. For Germany and Japan
for which there are sufficient observations for both dollar and non-dollar goods we obtain similar results to
those reported in Tables 2 and 3.

42For the Euro (non-Euro) countries the elasticity of current price change to lagged exchange rate move-
ments is 0.14 (0.24) as compared to 0.23 (0.24) for contemporaneous exchange rate change. Similarly, for
the sample of differentiated goods the ‘lagged’ elasticity is 0.21 versus the ‘contemporaneous’ of 0.22.
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endogenous currency choice theory that goods with low strategic complementarities should

price in producer currency.

It is important to stress that this result on real rigidities is of independent interest as
it provides evidence for a mechanism that can generate significant inertia in the response
of prices to shocks, much longer than the median duration of price rigidity. This is viewed
as essential for generating quantitatively significant non-neutralities to monetary shocks.
Evidence of this mechanism has been tested in recent papers by Klenow and Willis (2006)
and Burstein and Hellwig (2007) using consumer price data. One of the useful features of
international data for this purpose is that we have an observable cost shock, namely the

exchange rate, that is arguably orthogonal to idiosyncratic cost-shocks of firms.

A third finding from Table 4 is that pass-through after multiple rounds of adjustment
need not be as dramatically different between local and producer currency pricing firms.
This refers back to the point made in Section 3 that what matters for currency choice is
the medium-run pass-through and not the long-run pass-through. As is evident in Table
4, for all cases the difference between the dollar and non-dollar goods after two rounds of
adjustment is substantially lower than after one round of adjustment. For all goods, the
difference in \TJO is 0.62, while the difference in \ill is 0.36, which is almost half the original
estimate. Similarly, for differentiated goods, the difference declines from 0.67 to 0.43. This

decline is also evident for the sub-sample of Euro and Non-Euro countries.*?

This point is further developed in Table 5, which shows the results for specification (20)
where we perform the estimation using price changes over multiple rounds of adjustment
and the response to the cumulative exchange rate movements over this period. Specifically,

we estimate
Th = \ich,oCPALeT + (lilfocp - \i,chcp) D Aper + Zyys + sy, (23)

where z% is the difference between the last observed new price of the good and the first price
in the sample; and Aper is the exchange rate change over the respective period. We have,
therefore, one observation for each good that has at least one price adjustment during its life
in the sample.** We refer to T, as life-long pass-through; recall that it is our proxy measure
of the long-run pass-through. The life-long pass-through for dollar priced goods (first line of
Table 5) is 0.51 which is more than twice the medium-run pass-through estimate. For the
Euro (Non-Euro) sample the estimate is 0.42 (0.59) and for differentiated goods the estimate

is 0.52. These estimates are again about twice as high as the estimates of the medium-run

43For these sub-samples, the difference declines from 0.64 (0.55) to 0.59 (0.25) respectively.
440ne of the benefits of this approach is that we retain the full sample of goods with at least one price
adjustment, unlike in specification (22) described in Table 4.
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pass-through.*®

The life-long pass-through for all non-dollar goods, as well as for Euro, Non-Euro and
Differentiated sub-samples, are 0.92, 0.89, 0.93 and 0.99 respectively. These estimates are
generally not statistically significantly different from complete pass-through. The difference
in life-long pass-through between all non-dollar and dollar goods is 0.42, again statistically
significant but substantially smaller than the difference in medium-run pass-through, just as
in Table 4.

It is important to emphasize that the measure of long-run pass-through for dollar goods
from Table 5 is substantially higher than the numbers obtained from the aggregate regressions
in Section 2. One reason for this is, is the fact that aggregate regressions include 30% of goods
whose prices do not change at all during their lives which significantly reduces the estimated
aggregate pass-through coefficients. The presence of a large number of such goods in the
sample points towards a potentially important role of item substitutions in passing-through
exchange rate movements into the import prices. The current methodology of import price
index construction by the BLS does not include price changes associated with substitutions,

owing to concerns with quality changes, and accordingly this channel is omitted.

5 Numerical Illustration

The purpose of this section is two-fold: First, we numerically evaluate the ability of a Calvo
and a menu cost model with variable mark-ups and imported intermediate inputs to match
some of the facts in the data. Second, we study numerically the primitive determinants of
both pass-through and currency choice in the simulated models. In particular, we look at
the exact values of cutoffs for the currency choice not bound by the simplifying assumption
of the theory section (i.e., quadratic approximation to the value function and Calvo price

setting).

The model allows for two channels of incomplete long-run pass-through — variable mark-
ups and imported intermediate inputs. We show that the model generates low long-run
pass-through and the Calvo model, unlike the menu-cost model, generates quantitatively
significant lagged adjustments to exchange rate shocks, as in the data. A firm is more likely
to select into producer currency pricing the lower the elasticity of its mark-up and the lower

the share of imported inputs in its production function as this leads to higher desired pass-

45We emphasize that the point estimates for the life-long pass-through of dollar items are in many cases
higher than 50%. This is consistent with the theoretical prediction that currency choice should be determined
by medium-run and not long-run pass-through, so that LCP is preferred when medium-run pass-through is
low even if long-run pass-through exceeds 50%.
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through profiles. The threshold of the currency choice decision from Section 3 of 1/2 is also
shown to be a good approximation to the actual optimal cutoff in the simulation. We briefly
describe here the setup of the simulation. For more details the reader is referred to the

Appendix.

Consistent with our partial equilibrium approach, we will focus on a single sector of the
economy. There exist a continuum of firms in the sector indexed by ¢. Firm ¢ in period t has

the following unit cost function in the local currency:
Cit = exp(pier — au),

where a;; is the idiosyncratic productivity of the firm and ¢;, as before, can be interpreted
as the share of foreign-country inputs in the production cost of the firm. This ¢; captures
the imported intermediate inputs channel of incomplete pass-through: the smaller is ¢;, the
more stable is the local currency unit cost of the firm in response to exchange rate shocks.

We further assume that idiosyncratic productivity follows an autoregressive process:

Qit = Palit—1 + Oglit, wiy ~ 1.5.d.N(0,1).

We introduce variable mark-ups using Kimball (1995) kinked demand specification re-
cently analyzed by Klenow and Willis (2006) in the context of a closed economy general
equilibrium menu cost model. This demand structure produces pricing complementarities
via the variable elasticity of demand even in a sector where each firm has a negligible market

share. As shown in Klenow and Willis (2006), the relative demand function under Kimball

o(zs) = [1 +éln (Dta__ 1)] Wg, (24)

Ot

preferences is given by

where z;; = exp(p; — P,) is the price of the firm relative to the sectoral price level; and D; is
an endogenous sectoral demand parameter. Since we take a partial equilibrium approach, we
fix D, = D > 1 as an exogenous constant. This demand function is conveniently governed

by two positive parameters: ¢ and €. The elasticity of demand is given by

_dlnp(za)

— 7. \—€/a
dlnz; 7 (i) ’

o(xy) =
and the super-elasticity, or the elasticity of elasticity of demand, is

dlno(xy) . o(xy)

dlnzy o

e(zy) = > 0.

When € — 0, demand collapses to a standard CES demand with constant elasticity . As €

increases, the super-elasticity of demand increases so that the elasticity of demand becomes
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more and more sensitive to the relative price of the firm.*® Finally, since the elasticity of
demand increases with the relative price of the firm, the desired mark-up of the firm decreases
with the relative price which is the essence of the variable mark-ups channel of incomplete

pass-through.

We now link this demand structure to the measure of strategic complementarity intro-
duced in Section 3.2. Recall that I' and I'p are the elasticities of the desired markup with
respect to own price and sectoral price level respectively.*” When elasticity of demand is a
function of the relative price only, which is the case under Kimball preferences, we have

(i)

'=I'p=—-"—.
P o(wg) — 1

(25)

Therefore, strategic complementarities are stronger, the higher is the super-elasticity of de-
mand and the lower is the elasticity of demand. One can also show that I' increases in € and

decreases in 7.

Finally, we introduce price stickiness using both a Calvo model and a menu cost model.
Under Calvo specification, a firms gets a chance to adjust its price with an exogenous prob-
ability (1 — 6) each period. Therefore, 1/(1—6) corresponds to an average duration of firm’s
price. Under menu cost specification, the firm endogenously determines the instances of
price adjustment and pays a menu cost k each time it adjusts. The firms are assumed to be

homogenous with respect to # and s under the two specifications respectively.

5.1 Calibration
To simulate the model we first need to calibrate the underlying parameters:

{6,6,€,0,k,04, pa, (6:)}.

The values of the calibrated parameters are listed in Table 6. The period in the model
corresponds to one month and accordingly the discount rate is § = 0.96'/12. We set & = 6
and € = 8 which corresponds to I' &~ 2. This generates a significant amount of strategic
complementarity in the model: Partial pass-through is equal to 1/(1+1I") = 1/3, that is only
1/3 of the idiosyncratic shock is passed-through into the price while mark-up absorbs 2/3

of the shock.*® At the same time, this parameter choice leads to the median flexible price

46Tn this sense, parameter € governs the super-elasticity of demand, while parameter & governs the elasticity.
However, strictly speaking, both parameters jointly determine elasticity and super-elasticity of demand.

4TThat is, I' = —dyu/dp and 'p = duu/dP, where = In[o /(o — 1)].

48Recall that the optimal price is equal to markup over marginal cost, p = p + c¢. Therefore, the response
of the price to an idiosyncratic marginal cost shock is dp/dc = 1/(1 +T') < 1 since the movements in the
desired markups in response to price adjustment partially absorb the cost shocks.
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mark-up of roughly 60%, which corresponds to a median elasticity of demand of 2.6. This
is close to the median elasticity estimated by Broda and Weinstein (2006) using trade data.

Next, we choose {0, k, 0., p} to match the median duration of prices of 11 months and
the average absolute size of price adjustment of 8%, as documented in Gopinath and Rigobon
(2007). Consequently, for Calvo model we set § = 10/11. For the menu cost model we set
menu cost x to equal 3.5% of revenues of a typical firm conditional on adjustment, which
corresponds to 0.32% of revenues on an annual basis and is similar to what is typically used
in recent macro literature. Finally, we set o, = 0.11 and p, = 0.85, which implies substantial
idiosyncratic productivity shocks and is again standard in the literature following the work
of Golosov and Lucas (2007).

Lastly, we calibrate ¢;, the fraction of foreign-country inputs in production costs, to be
discretely distributed between 0 and 1 as shown in Table 7. This implies that the costs
of firms are differentially responsive to exchange rate movements, so that an exchange rate
shock is neither a pure aggregate shock, nor a pure idiosyncratic shock. We model in this
way the difference between local producers who have a low ¢ and foreign exporters who have
a high ¢. We assume that 85% of the firms are local producers with an average ¢ of 20%.
The remaining 15% of the firms in the sector are foreign exporters with an average ¢ of 85%.
Thus, the sectoral average ¢, both across local and foreign firms, is equal to ¢ = 30%. This
calibration is broadly consistent with the data from input-output tables for the United States
and other OECD countries.*® As will be shown below, it is important to incorporate this
type of firm heterogeneity into the model in order to match low pass-through into import

prices.

The shock we will consider is a one time permanent unanticipated change in the exchange
rate. Specifically, we will assume that the exchange rate depreciates by 6%. This is calibrated
to be a two standard deviation shock to the nominal exchange rate, given that monthly

exchange rate volatility is around 3%.

5.2 Dynamic Pass-through Patterns

Before we describe the dynamic response of the economy, we first examine the long-run (or

flexible price) pass-through. As was shown in the theory section (see equation 14), each firm

49We use the 2006 edition of the OECD input-ouput tables and estimate for each country in our sample the
share of imports that is used as inputs in domestic production, by sector. The sectoral average across these
countries is 15%. That is the ¢ for the average firm exporting to the U.S. is calibrated to 0.85. Secondly,
for firms exporting to the U.S., their competitors also include local U.S. firms. From the U.S. input-ouput
tables we estimate, for the tradable sectors, that the sectoral average fraction of imports as a share of total
production is 15%.
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will pass-through in the long-run the following portion of the exchange rate shock:

) 1 r dp.
\Ijioo: [ 3
= TIT% T 13T ae

where dP,,/de is the long-run response of the sectoral price level. Therefore, long-run pass-
through is a weighted average of pass-through into the individual unit cost (¢;) and aggregate
pass-through into the sectoral price index (d P, /de) with the weight on the latter increasing

in the amount of strategic complementarities (I").5

Given our calibration, we find that the sectoral pass-through elasticity is AP, /Ae = 0.29
which is very close to ¢ = 0.30. Therefore, variable elasticity of demand and heterogeneous
response of the firms to the shock do not lead to a significantly different long-run pass-
through into the sectoral price index: Just as in the CES specification (I' = 0) or if all firms
have the same ¢,°! long-run pass-through into the sectoral price is mainly driven by the

pass-through of the shock into the marginal cost of an average firm.

However, the pattern is very different for the sub-sample of importers. Under our
parametrization, the pass-through elasticity into the (sectoral) import price index is 45%
though the average pass-through into marginal cost of importers is equal to ¢p; = 0.85.
Consequently, importers pass-through on average only about 50% of the change in their
marginal cost. The intuition for this result is straightforward. Since importers’ costs re-
spond to exchange rate movements much stronger than the costs of an average firm in the
sector (i.e., ¢; > ¢ for importers), the exchange rate shock for them is largely like an id-
iosyncratic shock; as a result, variable mark-ups absorb a significant fraction of this largely
idiosyncratic cost shock.?? Therefore, the Kimball demand specification is able to reproduce

low long-run exchange rate pass-through into import prices.

We now turn to the dynamic response of the firms to a one time permanent unanticipated
exchange rate depreciation of 6%. For now we assume that all firms price in the local
currency. This is a good first approximation to the data since over 90% of imports into the
U.S. are priced in dollars. We will address the issue of currency choice below. Again we

defer all the details of the simulation to the appendix and report here only the final results.

50Under CES demand, I' = 0 and each firm passes-through completely the change in its marginal cost. As
a result, the elasticity of the sectoral price index is simply equal to ¢.

5INote that when all firms have the same ¢;’s and respond symmetrically to the shock in the long-run,
they all simply pass-through completely the change in their marginal costs (even under non-CES demand)
so that relative prices do not change.

52Formally, flexible price pass-through elasticity for an average importer can be written as

r
14T

_ _ o 1 - _
\I’M,oo=1+F¢M+ ¢:¢+1+7F(¢M—¢)-

Since ¢y > ¢, increasing I' will force importers to pass-through less and less of the exchange rate shock.
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Figure 5: Pass-through into sectoral and import prices

The left panel of Figure 5 illustrates pass-through into sectoral and import prices for the
Calvo model and the right panel plots a similar graph for the menu-cost model. In the case of
the Calvo model the dynamic adjustment is gradual. Even after 10 months the pass-through
is about 1/3 and after 20 months it is still below 2/3 of that in the long-run. In contrast,
the dynamic response of the menu-cost model is rapid with about 1/2 of the long-run pass-
through taking place in the first 5 months. Therefore, a menu cost model does not generate

a lot of sluggishness in aggregate prices owing to the well known selection effect.’® Similar

patterns hold for the import price index.
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Figure 6: Desired pass-through (¥,) and actual pass-through conditional on adjustment (¥,)

The difference in sluggishness of the aggregate price index under the Calvo and menu
cost specifications translates into the differences in the desired and actual pass-through of a

53Interestingly, this is not driven by an increased number of price adjustments on and after the date of
the shock, i.e. the fraction of firms adjusting prices does not increase significantly after the shock happens.
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typical foreign firm as illustrated in Figure 6.°* The lower line in each panel corresponds to
the desired pass-through of the firm, i.e. the optimal pass-through of a firm with the same
characteristics, but which adjusts its prices every period in the given environment. The
upper line plots the actual pass-through of the firm conditional on price adjustment. The
medium-run pass-through, as defined in the theory section, corresponds to the value of the

actual pass-through on the day of the shock (i.e., at t = 1).

As is evident from Figure 6, desired pass-through of the firm has an increasing profile
under both price stickiness specifications. This translates into the lower medium-run pass-
through as compared to the long-run pass-through. However, in the menu cost model the size
of this difference is small: a firm adjusting on the day of the shock will already pass-through
90% of its long-run response and a firm adjusting six periods after the shock will decide to
pass-through the optimal long-run amount. In the Calvo model, the results are quantitatively
different. The medium-run pass-through is about 70% of that in the long-run which is closer
to our empirical estimate of 50%. Additionally, under this specification, a typical firm will

have a number of price adjustments before it attains its long-run pass-through level.?®

5.3 Currency Choice in the Simulated Model

Lastly, we address the issue of currency choice in the simulated sticky price model. We
examine optimal currency choice by a marginal firm with a given ¢ and I'(€, ) placed in the
sector discussed above, where sectoral price level evolves after the exchange rate shock as
depicted in the left panel of Figure 5. This marginal firm is too small to effect the sectoral

price index, consistent with Kimball preferences.

In a world in which firms anticipate no exchange rate movements, currency choice is
irrelevant. Therefore, we will assume that a firm expects the currency shock with nearly
zero probability, so that it does not affect its pricing decisions before the shock happens.
However, since it is costless, the firm will specify in which currency it sets its price in case
of the low probability event of the exchange rate movement. This assumption allows us to
approximate a fully dynamic environment in which the exchange rate follows a random walk

process.

Figure 7 plots the results of this exercise. Specifically, we fix ¢ = 6 and for each € €
{0,1,...,5} we find a value of ¢, denoted by ngS(@), which makes the firm indifferent between

SFor illustration we take a firm with the average idiosyncratic productivity and ¢; = 1. The non-
smoothness of the curves in Figure 6 comes from the fact that we were computing the value and policy
functions on a grid.

55 Also note that the desired pass-through on impact, which constitutes the lower bound on the medium-run
pass-through, is about 55% of the long-run pass-through in both specifications.
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local and producer currency pricing. For a given €, a firm prefers local currency pricing if

P < q%(E) and producer currency pricing otherwise.
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Figure 7: Currency Choice in the Simulated Model

The left panel of Figure 7 plots gzg(E) both under Calvo and menu cost specifications.
Consequently, the region of local (producer) currency pricing is below (above) this curve for
each specification respectively. Since QAS(E) is increasing in €, the firm is more likely to choose
local currency pricing the lower is its ¢ and the higher is its € (which also corresponds to
a higher T"). Recall that, consistent with the theory, both of these factors also contribute
to a higher pass-through of the firm. Quite remarkably both menu cost and Calvo models
have very similar predictions for the currency choice in this setting. Finally, note that no
firm with ¢ < 1 will choose producer currency pricing when the demand super-elasticity
parameter is € > 4.5.5¢ In other words, even foreign firms which incur all their costs in the
producer currency will prefer to price in local currency when strategic complementarities

become strong enough.

The right panel of Figure 7 maps the indifference curves QB(E) from the left panel into
medium-run and long-run pass-through. More specifically, we take a firm characterized by a
given € and ¢ = qg(é), so that it is indifferent between LCP and PCP, and plot the medium
and long-run pass-through for this firm against I'(¢,5).5” From this figure we observe that a
firm should select producer currency pricing whenever its medium-run pass-through is above
roughly 50%: the exact threshold numbers are 0.465 when I' = 0 which increases to 0.515

56This finding makes internally consistent our assumption in the previous subsection that all firms price
in the local currency since there we had € = 8.

5TWe plot only the results for the Calvo model and the results for the menu cost model are nearly identical.
On the x-axis we map each € for a given & into I' according to (25). We then use ¢ = ¢(€) and obtained
I'(€,5) to construct the measures of medium and long-run pass-through which we plot on the y-axis. For
further details consult the Appendix.
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when I' = 1. This is remarkably similar to our theoretical threshold of 1/2 which emerges
under the quadratic approximation to the value function of the firm. Finally, note that when
strategic complementarities are weak (I' &~ 0), long-run and medium-run pass-through are
the same; they start to diverge, with long-run pass-through exceeding medium-run pass-
through, as strategic complementarities become stronger. For example, when I' = 1 a firm
can have long-run pass-through as high as 70% and still choose local currency pricing since

its medium-run pass-through is low enough.

6 Discussion and Conclusion

We refer to pass-through over multiple periods of price adjustment as the long-run pass-
through. This is a significant improvement over using the aggregate price index because
the latter includes goods whose prices never change. However, an interesting feature of the
data is that there are a large number of goods that simply get replaced without experiencing
a price change during their life. It is reasonable to conjecture that a significant amount
of pass-through adjustment takes place when the firm also changes the physical aspects of
the good. Accordingly the relevant long-run includes pass-through associated with product
substitutions. Estimating the importance of item substitution for long-run pass-through is

however outside the scope of the current paper and is left for future research.

While we test the mapping between currency choice and medium-run pass-through, it is
harder to empirically link the two concepts to underlying primitives. This is because of the
lack of detailed estimates on parameters such as the elasticity of elasticity of demand, market
shares, dollar-denominated costs, etc. What we do find in the data is that the probability
of pricing in non-dollars is significantly higher for a typical good in the differentiated sector

(based on Rauch’s classification), which is consistent with the theory.

To summarize, the topic of exchange rate pass-through has received extensive attention in
both theoretical and empirical literature in international economics. In the theoretical open
economy macro literature with nominal rigidities, the currency of pricing, which is assumed to
be exogenous in a large class of models, has stark predictions for differences in short-run pass-
through, but in the long-run pass-through’s are the same. We show here that empirically,
even conditional on a price change, exchange rate pass-through differs dramatically between
firms that price in the local currency and those that price in the producer currency, which
is contrary to the prediction of models with exogenous currency choice. Instead, this is

consistent with currency choice being endogenous.

We present a model of endogenous currency choice in a dynamic staggered price setting
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environment and show that medium-run pass-through is a sufficient statistic for currency
choice. This measure of pass-through depends both on the desired pass-through profile over
time and on the durations of price non-adjustment. In the presence of real rigidities this
measure of pass-through can differ from long-run pass-through. We use micro data on U.S.
import prices to show that the predictions of the model are borne out in the data. We also

provide evidence of significant real rigidities in price setting.
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Appendix

A Proofs of Results for Section 3

Proof of Proposition 1:  Consider the first order condition for price setting by an LCP

firm:
> e o (00) E {IL, (p(s'); sp40) | ', Pea=" . .=0y=0} = 0, (26)

where the subscript denotes the respective partial derivative. Using the Taylor expansion,

we obtain

I, (p(5"); se4e) = Wpp(sese) [(5%) = Blsee)] + 0% = Tp(se) [p(s) = Blsese)] + 0 (27)

where v = O, ((66)"||sp—s¢||) and O, denotes a variable with the same order of magnitude in
the probabilistic sense. The first equality in (27) relies on the fact that I1,(s) = IL,(5(s); s) =
0, while the second requires smooth differentiability of the second derivative of the profit
function which we assume holds.”® Plugging (27) into (26) we obtain the following optimality

condition
ZZO(M)E]E {ﬁ(st) - 15(57:%) |Sta Vip1=. . -:ﬁtH:O} = 042,
which proves the claim in the proposition about the LCP firm.

Similar manipulation for the PCP firm leads to the following condition
S0t o(BO)E{p(s") + erie — Plsere) |s', Vo= . .=Vy=0} = .
Now, recall the martingale property of the exchange rate
E {€t+g|5t, Dia1y - ,19t+g} = e

which completes the proof of the claim for the PCP firm. W

Proof of Lemma 1: First, we expand the expression for £ using Bellman equations (2)
and (3):

L=3,,00)E {H(ﬁ(st); 5t+£) — H(ﬁ*(st)—l—eHg : St+g) |st, V1= . .:ﬁtH:O} )

58This assures that I, (s¢¢) = pp(s:) + .
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Next we use the following Taylor expansion®

H(ﬁ(st); 8t+z) —1I ( p*(s')+erre; StH)
— My (sre) [ (p(5") = Blsir)” = (5°(s") + eure = o) | +

31 (see) [(P(s") = B*(5") = exre) (B(s") + D7 (5") + eve — 25(5040))] + 0

together with fact that TI,,(s,¢) = IL,,(s¢) + @ to obtain
1 - _
E = —EHPP(St) 2(68)6 COVy¢ (€t+g, Ctiv — 2p(8t+[)) + 063,
=0

where each covariance term implicitly conditions on (s',¥;11=...=1;,,=0). To make the

transition from expectations to covariances we have used the facts that

>orso(00) E{p(s") 4+ p*(s") + erre — 20(S140) |Sta Vppi=... =0 =0} =0+ a?

which follows from Proposition 1 and that E {€t+g‘8t,’l9t+1:. . .:ﬁtHzO} = ¢; for any /.

Each covariance can be expanded as

COVy <€t+£7 Cite — 2]5(515—1—6)) = Vart(6t+€) — 2covy (ﬁ(3t+£>, €t+£)-

Finally, noting that flpp(-) < 0 by the second order condition of profit maximization, we

arrive at (7). W

Proof of Proposition 3:  First note that we can rewrite (8) as

- 59 1+€

Using this together with Lemma 2, we have up to the same order of approximation

1 _ covy (ﬁ(5t+z+1)7 Aeppr+... + A€t+£+1) >0
2 (1 + f)vart(AetH) -

00 1 1 /41
> 01+ o) > Wi =0
— 2 (1 + /) pore
which after some manipulations yields
. 1
(1—66)> (o6 <5 =
=0

59Note that we expand the profit function state-by-state around the price of the firm p(s;,¢) only, holding
the state s;, constant and then use the fact that ﬁpp(stM) ~ ﬁpp(st). An alternative strategy, which
yields the same results, is to expand around the whole state vector (p(s;), s¢) which then produces additional
redundant terms that should be canceled out.
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Proof of Proposition 5: Consider first an LCP firm. We can approximate (up to the
second order and omitting redundant constants) pyy = —I'pr + IpPiys + gu(2e40) since
the approximation is done for the states in which the price of the firm is fixed; similarly,
Ciio + €t = deiqr + ge(2e44). Using the pricing equation (15), this then yields the following

structural approximation:
pr = —TDi + dey + TpO(L) P, + g(2'),

where we have used the random walk property of exchange rate: ©(L)e; = ;. Transforming
this pricing equation into the optimal size of price adjustment directly leads to the reduced
form (17).

Now we do the same steps for a PCP firm. Since the price of a PCP firm is fixed in the
producer currency, we have o = —I'(p} + eie) + I'pPis + gu(2i4¢) so that in producer

currency the optimal price is
P = O(L)[ue + i) = =T(p; + e) + TpO(L) P + (6 — L)es + g(2")
Translating this into the local currency we again obtain
pr=p; + e = —Ip+ gpe + TpO(L) P, + g(2"),

which is equivalent to the approximate pricing equation for an LCP firm. M

B Details of the Simulation in Section 5

The details of the Kimball demand are developed in Kimball (1995) and Klenow and Willis
(2006). We use Kimball demand function (24) to compute the profit function of the firm:

H(pita Py, e, ay, ¢z) = SO(GXP(pit - Pt)) : [eXp(pz‘t) - Cit}a (28)

where Cj = exp(¢e; — a). With this profit function, we can write down the Bellman

equation for a firm setting prices in local currency. Under the menu cost specification we

haveb?

vy (pit: Py es, aie, &) = (pie, P, eg, air, ) + 5E{VN (pits P, €as1, Qisr, 65) | Py €g, i, - - - },
VA(Pt7 €ty Aty (251) = m;iX {VN(p7 Pt7 €, At ¢Z)}7

V(pita Pta €ty At ¢Z) = Inax {VN(pZt7 -Ptv €ty Qit, gbl)v VA(Pt7 €ty At QSZ) - H}?

60Under the Calvo specification the value of the firm is simply replaced by V = VY 4 (1 —0)V4 and the
policy function is respectively p;;—1 with probability 6 and p;; with probability 1 — . Other features of the
calibration do not change.
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where V(-), V¥(-) and V4(-) denote respectively the value of the firm, the value to the firm
of non-adjusting its prices and the value of the firm upon adjustment. We will also denote

the policy function of the firm as

Dit—1, VN (pit—la Pta €ty Ajt, ¢7,) > VA (Pta €ty At ¢1) — R,

pit = 9(pi—1, Py e, ai, i) =< © .
Dit otherwise,

where

Dit = arg max {VN(p, P v, ain, d:) }

There are two sets of fixed point problems in solving this model. First, once the value
function of the firm is computed, we need to know the current state and, in particular, the
endogenous price level P, to determine the optimal action of the firm which in its turn affects

the price level. Thus, we need to solve the following fixed point problem at each t:
/ w(pitfb Pt7 €1, it ¢i)g(pit717 pta €t, Qit, ¢i)d@(p’it717 Qi ¢i’et7 Pt> s ) = Pta (29)
{Pit—1,0it,¢: }

where w(-) are the weights of the individual firms in the price level aggregation and d®(-) is
the equilibrium distribution of the types of the firms. We use as weights the relative demand
functions of the firms to obtain a better approximation to the ideal price index.®! Below we

describe how we solve for the equilibrium distribution of the types of the firms.

The second fixed point problem arises in solving the Bellman equation of the firms,
specifically, in forecasting P,;; based on the observations of (e, P, ...). Since exchange rate
is the only aggregate shock, the innovations to the price level are driven exclusively by the
shocks to the exchange rate. Moreover, if there are no exchange rate shocks (e; = const
with probability 1) and there exists a stationary distribution ®(-), equilibrium price level is
constant. Additionally, after a one-time unexpected permanent exchange rate shock, price
level is no longer constant, however, its dynamics is fully predetermined. We will use these

two properties to solve the forecasting fixed point problem.

Specifically, we will first solve for a (stochastic) steady state price level when exchange
rate is constant at different levels. More formally, we will solve for P(e) which satisfies (29)
given that e, = e for all ¢ and distribution ®(-) is stationary. In computing the expectation

in the Bellman equation value functions, we will hence assume that P, = P(e).

Next we will solve for a dynamic response of P, when ¢, jumps permanently from eq to e;
at t = 1, the economy is originally in the steady state with Py = P(ey) and also Pp = P(e;)

for some large T" at which a new steady state is achieved. The dynamic path of the price

61'We also used a simple geometric average of prices, which is a first order approximation to the ideal price
index, and obtained very similar results.

39



level {P;}T_, is predetermined in this case and thus the firms have perfect foresight about the
price level. This allows us to iterate the value function of the firm backwards starting from
t =T. Starting with an initially assumed {]%}tT:O, we iterate this procedure till convergence
to find a fixed point — the equilibrium dynamic response of the price level to exchange rate
shock.

We explain now how we obtain the equilibrium distribution of the types of the firm. For
a given stationary exchange rate e and price level P, in initial period 7, we sample a large
number N of firms ¢ characterized by a triplet (p;,, a;r, ®;), where we assume that initially

each firm has a flexible optimal price
ﬁiT = ﬁ(P’Tu €r;s Qir, ¢z) = argmax {H(p7 PT7 €1, Qjr,s gbz) }
P

Using a transition probability matrix for a;, and the initial sample of firms, we estimate
the equilibrium distribution of firms in the next period ®™ (p;., a;r41, #;). Using the policy
function, we obtain next period prices for each firm in our sample, which in turn allows us
to compute the equilibrium distribution next period, ®® (p;;.1, airs2, ;). We iterate this
procedure till convergence when we obtain ®(p;;, ai+1, ;). The indicator of convergence is
that the price level stabilizes at some level which in fact is P(e). When the exchange rate
shock happens, we still keep track of this sample of N firms which allows us to estimate the

equilibrium dynamics of the price level.

Finally, Figure 5 simply plots the equilibrium path of the price level, {pt}tT:o» as well as a
similar price index for importers (i.e, the firms with ¢; > 0.75). To construct figure 6 we plot
a policy function of a firm with a mean realization of productivity shock (a; = 0) given that
it adjusts its price (not necessarily for the first time) ¢ periods after the shock happens. This
corresponds to the actual pass-through conditional on adjustment. Desired pass-through is
simply the policy function of a corresponding flexible price firm, i.e. p;, which faces the

same dynamics of the price level after the shock, {P;}7_,.

Currency Choice Simulation

As described above, the economy is in a stochastic stationary state at date ¢ = 0 and at
date t = 1 a one-time unexpected permanent exchange rate shock happens. Now we assume
that exchange rate goes 6% up or down with equal probability, however, firms setting prices
at t < 1 put zero probability on an exchange rate movement event. We look at a marginal
firm with profit function as in (28), however, we now allow the demand of the firm to have

different parameters (€,5) than for the rest of the firms. Once the shock happens, the firm
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has a perfect foresight about the future path of the price level {ﬁ’t}tho, which we take from

the previous simulation.

Our marginal firm adjusts its price at ¢ = 0. For concreteness we take a firm with a mean
realization of productivity, a;p = 0. At this stage it chooses whether to price in local or
producer currency. We normalize the initial exchange rate to ey = 0. Therefore, at ¢ = 0 the
firm charges p;o in either currency. If it chooses producer currency, however, after exchange
rate shock happens its price in local currency becomes p;y + €1, while it remains p;q if the
firm chooses LCP. Therefore, to determine the firm’s optimal currency choice we need to
compare the expected value to the firm at date ¢ = 1 conditional on exchange rate shock
happening from having the price remain at p;p or move to p;g + e;. The expectation of the
value function is taken across two possible realization of e; and across possible realizations

of a;; given the initial productivity level a;o = 0.

We denote the firm’s expected value function at date ¢ = 1 conditional on exchange
rate movement by V(pl€, ¢), where we emphasize the dependence of the value function on
demand parameter € and cost parameter ¢. Further, for each € on a grid we solve for an
indifference value of ¢ = ¢(€) such that

VY (ﬁz‘o|€7 @(g)) =V (ﬁz‘o + €, ﬁg(é))
We check that the value function differential
L(ple) = VE (piole, @) — Vi (Pio + e1]€, o)

is decreasing in ¢ for each given €. Therefore, the firm with a given € will choose LCP
whenever ¢ < gg(é) This way we construct the left panel of Figure 7. To construct the right
panel of this figure, we convert € into I'(€) according to (25) and compute the medium and

long-run pass-through according to

Bo(e) = - +(r)( 571 +(1§)( DI 59)(59%—2 = ‘:J,
) rE Pr—h
Vol = 1T e " 13T @i m e

These pass-through coefficients correspond to a firm indifferent between LCP and PCP, i.e.
a firm with (€, ¢) such that ¢ = QAS(E) Since lower ¢ corresponds to lower pass-through
coefficients, a firm with demand parameter € and a medium-run pass-through below Wg(€)
will choose LCP.
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Tables

Country Np Nnyp Fracyp
Germany 684 472 0.40
Switzerland 133 87 0.38
Ttaly 867 245 0.22
Japan 2,004 549 0.21
UK 580 139 0.19
Belgium 101 21 0.17
France 503 79 0.13
Sweden 159 22 0.12
Spain 233 28 0.11
Austria 83 10 0.10
Netherlands 133 15 0.10
Canada 1,823 83 0.04
Overall 7,303 1,750 0.19

Table 1: Number of Goods

Time Discount Factor
Kimball demand parameters

Calvo Frequency of Non-adjustment
Menu-Cost as a fraction of Revenue
Std. Dev of Idiosyncratic Shock
Persistence of Idiosyncratic Shock
One-time Exchange Rate Shock

5 0.96/12
€ 8

o 6

6 10/11
K 3.5%
Oa 0.11
Pa 0.85
Ae  0.06

Table 6: Calibrated Parameter Values

Local Firms

Importers

)
Pr{¢; = ¢}

0.00 0.25
0.35 0.30 0.20

0.50

0.75 1.00
0.10 0.05
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Table 7: Calibration of the Cost Distribution
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