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Introduction

Research in the field of International Finance has hardly ever been more exciting
than it is today. The past decade has witnessed large swings in the dollar, the Southeast
Asian currency crises, the launch of the European Monetary Union and the successful
introduction of the euro as a means of payment and eventually as an international
currency. These events have highlighted the role of exchange rate fluctuations for both
consumers and firms in an open economy. This is particularly so for Sweden, a small,
relatively open economy outside the European Monetary Union, an area which holds
many of it’s major trading partners.

The fact that prices of both domestically sold and imported goods are not com-
pletely flexible raises several important questions. How will the pricing and quantity
decisions of exporting firms change when prices are not flexible? How will the link
between exchange rates and prices of imported goods on the one hand, and prices of
goods sold in different countries on the other hand, be affected by nominal rigidities?
Do consumers take advantage of cross-country price differences brought about by flex-
ible exchange rates and sticky prices? These are issues that this thesis will try to shed
light on. Below we summarize in more detail the included papers.






Summary of Papers

This thesis consists of five papers. The common theme of the first three papers
is that prices of goods are not completely flexible, something that will affect how
both consumers and firms respond to exchange rate changes. The last two papers,
one empirical and one theoretical, study the effect of exchange rate variability and
uncertainty on export pricing and profits, and also the relationship between exchange
rate uncertainty and the market value of exporting firms.

Paper 1: An Empirical Analysis of the Currency Denomination in International
Trade

This paper investigates the choice of currency in international trade transactions
by Swedish exporting firms. In a world of nominal rigidities, the currency in which
prices are set will affect both expected profits of exporting companies, as well as how
consumers and firms in general are affected by exchange rate changes. While the theo-
retical literature on optimal choice of price-setting and invoicing currency for exporting
firms is extensive (see for example Baron (1976), Donnenfeld and Zilcha (1991), Friberg
(1998), Bacchetta and van Wincoop (2005) and Engel (2005)), remarkably little empir-
ical research on the subject has been carried out. Grassman (1973) noted in a seminal
paper that in trade between industrialized countries the currency of the producer was
generally used. Producer Currency Pricing (PCP) then became known as Grassman’s
Law. Donnenfeld and Haug (2002, 2003) study the impact of exchange-rate volatility
on the denomination of U.S. and Canadian imports respectively, and find a positive
correlation between exchange rate volatility and the use of the importer’s currency,
sometimes denoted Local Currency Pricing (LCP). Goldberg and Tille (2005) derive
and test a model of industry specific factors that could explain invoicing patterns.
They confirm earlier studies that point to the dollar being the currency of choice in
transactions with the U.S. as well as in other transactions in exchange traded and/or
reference priced goods. They argue that the latter finding is largely attributable to
industry herding behavior in currency choice and not to macroeconomic factors.

We use a unique and extensive microdata set on individual payment transactions
between foreign importers and Swedish exporting firms in order to analyze the choice
of invoicing currency in international trade. It is the first paper to examine currency
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invoicing at such a disaggregated level. The main findings are that high exchange rate
volatility vis-a-vis the Swedish krona reduces the likelihood of using the importer’s
currency while high GDP and GDP per capita in the importing country increases the
likelihood. A large market share of a third country increases the likelihood of using
the third country’s currency. A further finding is a decreased use of Swedish krona in
exports and a rise in the use of the euro as a vehicle currency

Paper 2: State Dependent Pricing, Invoicing Currency and FEzchange Rate Pass-
Through (with Martin Flodén)

In this paper, written jointly with Martin Flodén, we analyze exchange rate pass-
through (the relation between import prices and exchange rates) in a dynamic model
with menu costs. When prices cannot be continuously updated, the currency in which
export prices are denominated will affect the degree to which changes in the exchange
rate are transmitted to prices of imported goods. Trivially, if for example all exporters
to a foreign market set prices in the importer’s currency (Local Currency Pricing or
LCP) and prices cannot be updated, exchange rate pass-through to import prices would
be zero. If all prices instead are set in the exporter’s currency (Producer Currency
Pricing or PCP), then exchange rate changes would be fully transmitted into import
prices as long as they are not updated. However, if prices were completely flexible,
pass-through would be independent of pricing convention (LCP or PCP), and only
depend on functional forms of cost and demand, as well as the form of competition.

In the present paper, we provide a link between the fixed and flexible price analyses
by specifying a dynamic framework with exogenous choice of exporting currency, but
with endogenous pricing decisions. More specifically, we consider the pricing strategies
of firms that produce in a home country, sell on a foreign market, and can change the
price in response to exchange rate fluctuations, while being subject to menu costs. The
degree of pass-through is then endogenous and depends on (i) the invoicing convention
(LCP or PCP), (ii) the size of menu costs in relation to the costs of using suboptimal
prices (since this determines how often firms update prices), and (iii) the frictionless
degree of pass-through (since this determines how much prices are changed when firms
choose to update prices).

Our main finding is that when LCP is favored to PCP, the exporter changes prices
less frequently under LCP than under PCP. The intuition is that in this setting, the
optimal currency choice is the one that on average minimizes the difference between
fixed and flexible price profits, and thereby the frequency of price updates. When
LCP is preferred, this results in limited pass-through and a low correlation between
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exchange rate movements and import prices. While eventually exchange rate pass-
through may be determined by factors other than nominal rigidities, our model explains
why extensive local currency pricing implies lower volatility of imported goods prices
also in the medium run.

We further analyze the impact of large versus small innovations in the exchange
rate. Since larger fluctuations in the exchange rate raise the opportunity cost of holding
prices fixed, firms update prices more frequently. Under LCP we therefore find that
pass-through is larger for large exchange rate innovations while for PCP, the degree of
pass-through is smaller for large fluctuations.

Paper 3: Demand and Distance: Fvidence of Cross Border Shopping (with Marcus
Asplund and Richard Friberg)

While many studies have documented deviations from the Law of One Price in
international settings (for example Engel and Rogers (1996), Goldberg and Knetter
(1997), Haskel and Wolf (2001), Anderson and Van Wincoop (2004), Goldberg and
Verboven (2005)), evidence is scarce on the extent to which consumers take advantage
of price differentials and engage in cross border shopping.

We use data from 287 Swedish municipalities to estimate how responsive alcohol
sales are to foreign prices, and relate the sensitivity to the location’s distance to the
border. Typical results suggest that the elasticity with respect to the foreign price is
around 0.4 in the border region; moving 200 (400) kilometers inland reduces it to 0.2
(0.1). For example, a 10 percent reduction in the Danish price of spirits causes a fall
in per capita sales of roughly 4 percent at the border (Malmo). This large cross price
elasticity is almost half the own price elasticity. The effect diminishes gradually as one
moves further from the border, but fall in sales is estimated to drop below 1 percent
only at 460 kilometer from the border. Not until we reach 1000 kilometers can we
reject that the effect is zero.

With the deeper integration of the European Union (EU) and its expansion, the
effects of cross border trade has become an important policy issue as in many cases
the price differences are due to taxes set by individual member states. This is true
also for country price differences for alcohol, so our evidence has implications for the
debate on tax competition/harmonization. Taking the recent Danish spirits tax cut in
October 2003 and making a back of the envelope calculation of the effects on Swedish
tax revenues suggest a direct loss of about 214 million kronor (some 24 million euro
per year or 2.7 euro per capita). While the tax revenue implications in general will
depend on many factors, these numbers nevertheless suggest that the literature on tax
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competition between governments (Kanbur and Keen, 1993, Wang, 1999 and Nielsen,
2001), has empirical relevance.

Paper 4: When is a Lower Exchange Rate Pass-Through Associated with Greater
Exchange Rate Exposure? (with Martin Flodén and Witness Simbanegavi)

In this paper, written jointly with Martin Flodén and Witness Simbanegavi, we
study the relationship between exchange rate pass-through and exchange rate expo-
sure (the relation between profits and exchange rates) under flexible prices. The pass-
through of exchange rate changes into import prices, as well as the effect of exchange
rate fluctuations on the value of the firm are two closely related topics, yet only one
previous paper, (Bodnar et al 2002), studies their relationship in a theoretical model.
In that study the authors set up a duopoly model with an exporting firm and an
import competing foreign firm. They show that exchange rate pass-through and ex-
posure should be negatively correlated across industries. The intuition for this result
is that when the substitutability between the domestically produced good and the im-
ported good increases in an industry (which in effect increases the price elasticity of
demand for the firms) both firms have greater incentives to stabilize prices, and hence
exchange rate pass-through falls. Profits on the other hand become more sensitive to
exchange rate changes, so exposure increases. Hence if industries differed mainly in
the substitutability between domestically produced and imported goods, one should
see a negative relationship between exchange rate pass-through and exposure across
industries.

In the paper we add variation on the supply side across industries and study how
this will affect the relationship between pass-through and exposure. We introduce
a convex cost function and study the effects of changing the elasticity of costs with
respect to output. We do this both in a simple model of monopolistic competition as
well as in the oligopoly models used by Bodnar et al (2002). We find that increasing
the convexity of costs reduces both exchange rate pass-through and exposure, both in
the case of monopolistic competition as well as under the duopoly price and quantity
models. The conclusion is thus that if industries differ mainly on the supply side,
this would imply a positive correlation between pass-through and exposure. We find
that when we allow for non-constant marginal costs, the model also seems to fit the
data better, both in respect to the estimated elasticities, and their correlation across
industries.
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Paper 5: Common Currencies and Equity Prices: Evidence from a Political Event

Recent empirical research has found that sharing a common currency leads to large
and positive effects on the level of bilateral trade between two countries. Monetary
unions seems to act like "trade boosters", increasing trade between member countries,
without diverting trade between member and non-member countries, something that
has been documented by Rose (2000), Persson (2001), Frankel and Rose (2002) and
Micco et al. (2003), to name a few.

We will use a political event, the Swedish referendum on whether or not to join the
European Monetary Union (EMU), as a natural experiment to examine the relationship
between common currencies and the market value of exporting firms. If Sweden would
have voted to join the EMU, exchange rate uncertainty as well as transaction costs
would have been greatly reduced for many exporting companies. Prior to the election,
these potential gains (adjusted for the probability of a favorable outcome) should have
been included in equity prices. The day after the election the probability of a favorable
outcome was zero and one would expect a decline in equity prices of exporting firms. We
find evidence of statistically significant negative abnormal returns on the trading day
after the election for two out of fifteen examined industry indices, but no effect on the
stock-market as a whole or in a sample of individual exporting companies. The small
effects found in this study are in line with earlier research that find a weak relationship
between exchange rates and equity prices, and indicate that the large increases in
bilateral trade due to countries sharing a common currency may not benefit individual
exporting firms to the same extent.
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PAPER 1

An Empirical Analysis of the Currency Denomination in International
Trade

Fredrik Wilander

ABSTRACT. This paper examines the choice of currency in international transactions
by Swedish exporting firms. Using a unique and extensive data set from the Swedish
Central Bank’s Settlement Reports, we model the firms’ choice of export currency as
a multinomial logit model. The main findings are that high exchange rate volatility
reduces the likelihood of using the importers currency while high GDP and GDP per
capita in the importing country increases the likelihood. A large market share of a
third country increases the likelihood of using the third country’s currency. A further
finding is a decreased use of Swedish krona in exports and a rise in the use of the

euro as a vehicle currency

1. Introduction

This paper investigates the choice of currency in international transactions by
Swedish exporting firms. In a world of nominal rigidities, the currency in which prices
are set partly determines the degree of exchange-rate pass-through. It therefore partly
determines how consumers and firms are affected by exchange rate changes in the short
run. For instance, if prices are fixed, and all exporting firms selling to a foreign market
set prices in the importing country’s currency, then the pass through would be zero.
Since a change in the exchange rate would have little effect on the relative price of im-
ported goods, the response of the real exchange rate would be large. The implications
of this are examined in the new open economy macro literature. Engel (2002), shows
that local currency pricing (setting price in the importers currency) may have large
effects on exchange-rate policy.

0 This paper has benefited from comments by Philippe Bacchetta, Charles Engel, Richard Friberg,
Jonas Vlachos as well as two anonymous referees, seminar participants at the Stockholm School of
Economics Lunch Workshop and at the seminar series at the Swedish Research Institute of Industrial
Economics and the research department at the Swedish Central Bank. I gratefully acknowledge
help from Anders Lindstrom and Magnus Svensson at the Swedish Central Bank in obtaining the
data material and Solveig Westin at Statistics Sweden for help with data inquiries. I also thank
Bankforskningsinstitutet for financial support.
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16 An Emprical Analysis of the Currency Denomination in International Trade

Several stylized facts regarding the choice of currencies for invoicing have been
observed. For trade in manufactured goods between industrialized countries, the ex-
porter’s currency has been the usual choice. This empirical regularity was first noted
by Grassman (1973) in his study of invoicing patterns of Swedish firms, and hence
this practice is often referred to as Grassman’s Law. However, invoicing practices
also differ between countries. Imports to the U.S. are typically invoiced in dollars,
while Japanese exports are primarily invoiced in dollars rather than yen (Black, 1990).
Furthermore McKinnon (1979) reports that exchange-traded and/or primary commodi-
ties, for instance oil, are usually priced in U.S. dollars. Finally, Tavlas (1991) reports
that inflationary currencies are less likely to be used in foreign trade. However, be-
yond these observations, little empirical research on the specific mechanisms that give
rise to certain currencies being used in international transactions has been conducted.
Donnenfeld and Haug (2002, 2003) study the impact of exchange-rate volatility on the
denomination of U.S. and Canadian imports respectively, and find a positive correla-
tion between exchange rate volatility and local currency pricing. Goldberg and Tille
(2005) derive and test a model of industry specific factors that could explain invoicing
patterns. They confirm that the dollar is indeed the currency of choice in transactions
with the U.S. as well as in other transactions in exchange traded and/or reference
priced goods. They argue that the latter finding is largely attributable to industry
herding behavior in currency choice and not to macroeconomic factors.

This paper contributes to the empirical literature on currency invoicing in several
ways. It uses a unique and extensive micro data set on individual payment transactions
between foreign importers and Swedish exporting firms. It is the first paper to examine
currency invoicing at such a disaggregated level. It also extends the multinomial logit
analysis by Donnenfeld and Haug to separate the effect of different vehicle currencies.
Finally the dataset covers the period from 1999-2002 which marks the start of the
single European currency, the euro. Given that Sweden did not join the European
Monetary Union, our data provides us with answers regarding the role of the euro in
trade outside the monetary union.

The paper is organized as follows. Section 2 briefly reviews some of the theoretical
literature on currency invoicing, section 3 discusses the data, section 4 presents the
empirical model and estimation results, section 5 discusses robustness and econometric
issues and section 6 concludes.
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2. Theoretical Foundations

To see what different roles a currency can play one can characterize a typical inter-
national transaction in the following way:

Figure 1: Time line of a typical international transaction.

1. Price iz set in currency chosen by exporter.
2. Exchange rate is realized.

3. Foreign importers place their orders.

4. Exchange Rate is realized.

5. Payment iz made.

The first step in the time line corresponds to the unit of account function of a
currency. As producers determine in what currency prices should be set they do not
know the future behavior of the exchange rate. After the exchange rate has been
realized, foreign importers place their orders. The time in between the third and the
fifth step corresponds to the store of value function of a currency. The final step in
the international transaction is the payment made by the importer to the producer.
This corresponds to the medium of exchange function of a currency. The problem
for the exporter is to determine in what currency to price the company’s products.
The exporter can set a price denominated in its home currency, so called producer
currency pricing (PCP). Another possibility is to set prices in the currency of the
importer, commonly referred to as local currency pricing or LCP. A third possibility is
to set price in a currency that is neither the domestic currency of the producer or the
importer (sometimes denoted a vehicle currency).

We will now turn to a brief survey the theoretical literature on the currency denom-
ination of exports. The survey will focus on the unit of account function of a currency,
as it is the price setting behavior of firms that is emphasized in open economy macro-
economic literature. It will focus on the effects of exchange rate volatility, market size
of the importing country as well as the role of currency unions. We will also briefly dis-
cuss the role of these variables in the theoretical literature on the medium of exchange
function of a currency. Finally we will also consider some alternative explanations for
the choice of currency denomination in international trade.

2.1. Exchange Rate Volatility. If prices cannot be updated continuously and
without cost in response to exchange rate fluctuations, variability in the exchange-rate
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will have different effects on expected profits depending on which currency is chosen,
as analyzed by Baron (1976), Donnenfeld and Zilcha (1991), Friberg (1998), Bacchetta
and van Wincoop (2003) and Engel (2005). These papers show how the currency choice
depends on the shape of the firm’s profit function with respect to the exchange rate.
Since the profit function is linear in the exchange rate under local currency pricing, if
the profit function under PCP is globally convex (concave) in the exchange rate, then
the exporter’s (importer’s) currency should be used.

At a first glance this clean result seems to give easily testable implications on
the link between exchange rate volatility and the choice of currency. However, there
are several caveats. First, the optimal invoicing choice does not depend on exchange
rate volatility, although the gains from making the correct choice are greater the more
volatile is the exchange rate. Second, whether the profit function under PCP is concave
or convex depends on the functional forms of cost and demand'.

In a recent paper, Engel (2005) solves for the optimal choice of export currency
with preset prices. In the general model, the condition that pins down optimality of
PCP is a complicated expression depending on the covariance of the exchange rate with
several variables. However, assuming constant elasticity of demand, linear costs and
that all costs are denominated in the exporter’s currency, then it is possible to derive a
condition for which optimality of PCP is directly linked to the variance of the exchange
rate. PCP will be the preferred choice if the variance of the log exchange rate is high
compared to the covariance between the local wage rate and the log exchange rate?. So
for the set of firms for which costs and demand is as described above, greater exchange
rate volatility lead to increased producer currency pricing. In general however, the
effect is ambiguous®.

2.2. The Role of Market Size. In the unit of account literature, Bacchetta and
van Wincoop (2005) extends the classical partial equilibrium analysis of a single firm
exporting to one foreign market, allowing the exporting country to have a large market
share. The foreign market demand facing a firm is then, given the number of exporting

1 For example, a linear demand function and linear or convex costs imply that the profit function
under PCP is concave, while a constant elasticity demand function and linear costs result in the
opposite. It is also possible, as pointed out by Bacchetta and van Wincoop (2005) that the profit
function has both concave and convex parts.

2 More specifically, PCP will be preferred if Var(log S)>%COV(W,S) where S is the exchange rate
and w is the local wage rate.

3 Hartmann (1998) analyzes a different mechanism, related to the medium of exchange role of
currencies. In a simple model of bid-ask spread he shows that the spread between a domestic dealers
selling and buying rate is increasing in exchange rate volatility. Since the spread is assumed to be set
symmetrically around the true equilibrium exchange rate, for a domestic exporter this would clearly
favor PCP if volatility is high, since foreign currency payments can only be converted to domestic
currency at a more unfavorable rate.
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firms and the number of domestic firms in the importing country, a function of the price
that the firm charges relative to the price index in the foreign market. The larger is the
share of firms from the exporting country that sets price in the exporters’ currency, the
more will the foreign price index depend on the exchange rate. The result is then that
the larger is the market share of the exporting country, the more likely is a marginal
exporting firm to set price in its own currency®. The intuition is that the relative price
of its goods will be less sensitive to exchange rate changes, thereby reducing demand
uncertainty associated with PCP. An indirect way to test this would be to argue that
this effect is more likely to be present when the importing country is relatively small,
and even more likely in developing countries with little or no domestic production. A
different way to test this strategic complementarity effect is to realize that the intuition
carries over to the case of vehicle currency pricing. If a third country has a large market
share, and firms from that country use PCP, then setting price in the third country’s
currency is more beneficial. This is also the result in Johnson and Pick (1997). In their
model vehicle currency pricing is only beneficial if there is a competing exporter also
using that currency.

2.3. The Effect of Currency Unions. Another interesting and testable theo-
retical result from Bacchetta and van Wincoop (2005) is the fact that when a number
of countries form a monetary union, the new currency will be used more extensively
in international transactions than the sum of the currencies it replaces. This applies
both to imports and exports. The intuition for the case of exports to union member
countries is that prior to the formation of a currency union, it is the exporter’s market
share in each of the countries forming the union that determines if the exporter’s or
importer’s currency should be used. For example, a Swedish firm may set prices in
krona when exporting to a smaller country such as Portugal, while setting price in
the local currency when exporting to a larger country with a bigger domestic market,
such as France. In the model, the concept of a country only means that the currencies
differ. Hence, after the creation of a currency union, it is likely that the firm’s market
share in the enlarged single market is not sizeable enough for krona (PCP) to be the
desired choice, and the firm may denominate all it’s exports to the union in the union’s
currency, regardless of the individual size of countries. We would hence expect that

4 Size of the importing country is an important factor also in the medium of exchange literature.
Krugman (1984) argues that currencies of larger countries will be used, as firms from small countries
are relatively more experienced in dealing with exchange rates. This line of reasoning was formalized
in Matsuyama et. al (1993). They use a two country model of random matching in which two
national currencies compete and find that an equilibrium in which one country’s currency is accepted
as medium of exchange by agents from the other country is only possible when the relative size of the
other country is not to large.
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local currency pricing to countries in a currency union, such as EMU-member states,
is more prevalent other things equal.

2.4. Other explanations for the choice of invoicing currency. We have so
far considered variation in invoicing patterns across destinations. One issue which we
have not touched upon that may have implications for the currency denomination in
trade is related to the store of value function of a currency. As noted in the introduction,
Tavlas (1991) found that in countries with high inflation, the local currency is less likely
to be used. One potential explanation for this is related to the store of value function
of a currency. An exporter should be unwilling to set price and accept future payments
in an inflationary currency, as it is such a poor store of value.

There are also important goods and industry specific factors to consider. One
factor is the relative bargaining power of exporters and importers®. Another factor
is product differentiation. Since exporters of differentiated goods usually have some
degree of market power, they have the possibility of fixing the export price in their
own currency. Firms selling homogenous goods are price takers which limits the scope
for pricing to market® (McKinnon, 1979). Goldberg and Tille (2005) argue that this
effect leads to herding behavior in industries selling homogenous products. The herding
effect can be stronger than the impact of macroeconomic variables if the elasticity of
substitution between products in an industry is sufficiently high. The implication is
that invoicing patterns should differ substantially across industries.

One additional issue worth mentioning is the practice of matching cash inflows with
outflows, so called operational hedging. A firm incurring large variable costs in a foreign
currency, most likely due to imported intermediate goods, could be more tempted to
invoice in that currency instead of its own. Thus one would expect to find a negative
relationship between the degree of PCP and the degree of imported intermediate goods
in an industry.

3. Data

The data set used in this paper is from the settlement reports from the Swedish
Central Bank. All payments to Swedish firms through Swedish banks above a threshold

5 One paper that analyzes this mechanism is Viaene and de Vries (1992). They develop a model
of bargaining between importers and exporters in which the higher bargaining power of exporting
companies leads to the dominance in invoicing in the exporter’s currency.

6 Engel (2005) discusses a related mechanism. Fixing local wages, prices of competing products
and assuming that all costs are denominated in the exporter’s currency and increasing in quantity,
then PCP is more likely the lower is the demand elasticity. Hence, for a firm selling a homogenous
good PCP would indeed be an inferior choice.
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level are reported”. The data used here contain these observations from 1999 through
2002, for nine industries classified by SNI-code®. It shows the date of the transaction,
from which country the payment came, the amount in Swedish krona, and in what
currency payment was made. As noted above, the role of a currency in an international
transaction takes the form first as a unit of account, but also as a store of value and
medium of exchange. The data set here captures the medium of exchange role, in what
currency the actual payment from the importer to the producer was made. However,
with few known exceptions, the same currency is used in all parts of an international
transaction.

The data set contains the following industries: apparel, chemicals, food, furniture,
motor vehicles, optical and medical instruments, paper and pulp, telecommunications
equipment and wood products’.

All in all there are 147 countries represented although we will drop some due to
unavailability of data. The econometric specification will include 69 countries. The
countries for which data is missing represent however only a small fraction of the
overall number of observations. Table Al in Appendix A shows Swedish exports to
major trading partners in 2002. There are roughly 188000 individual observations.
Table 1 outlines the choice of export currency by Swedish firms.

7 The threshold level was increased in 2000 from 75000 krona (about $10000) to 100000 krona
($13000) and once again in 2002 to 150000 krona ($20000).

8 SN is the Swedish Industrial Classification System. On the two-digit level it is roughly equivalent
to for instance NAIC, the North American Industrial Classification System.

9 A handful of very large corporations are reported separately and are not included.
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Table 1: Invoicing practices of Swedish firms during period 1999-2002.

Fraction of transactions to EMU member countries 1999 2000 2001 2002

PCP 40.65 39.27 37.72 34.40
LCP 49.85 49,71 51.54 54.45
VCP (dollar) 6.97 883 9.12 10.26
VCP (euro) n/a n/a n/a n/a
VCP (other) 254 218 1.62 0.89
Fraction of transactions to the U.S. 1999 2000 2001 2002
PCP 31.12 30.83 26.22 22.99
LCP 65.31 64.31 69.93 72.25
VCP (dollar) n/a n/a n/a n/a
VCP (euro) 225 3.7 222 351
VCP (other) 1.33 110 164 1.25
Fraction of transactions to rest of world 1999 2000 2001 2002
(excluding U.S. & EMU countries)
PCP 42,39 39.51 36.06 33.72
LCP 17.31 17.03 16.73 17.03
VCP (dollar) 23.25 23.34 23.36 21.85
VCP (euro) 11.46 16.79 21.57 25.88
VCP (other) 559 3.34 228 1.51

It is interesting to note the diminishing use of Swedish krona!’. This is true for exports
to all different geographical regions, and although not revealed in Table 1, holds in each
of the nine industries’!. A second interesting finding is the increased use of the euro
as a vehicle currency in trade with countries outside the European Monetary Union.
Vehicle currency pricing in euro has more than doubled between 1999-2002. Table 1
also shows that the use of dollar in invoicing has not fallen. One conclusion is thus
that for Sweden, the increased use of the euro has come at the expense of the krona,
and not the dollar.

It is also interesting to note that the fraction of exports invoiced in krona differs
substantially between industries. Figure 2 shows the fraction of exports invoiced in

10 Compared to Grassman’s findings in 1973 the fraction of PCP is now substantially lower, and
continues to fall. The total amount of PCP is actually even lower than suggested by Table 1, as
transactions in Swedish krona are on average smaller than transactions using the importer’s currency.
This was also the finding in Grassman (1973).

11 This pattern is not due to increases in the threshold, as the same pattern over time is found also
for observations where the value of the payment exceeds the highest threshold ($20000).
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krona during the period 1999-2002.
Figure 2: Percentage of Exports Invoiced in Swedish Krona, per Industry

0% PCP 1999-
2002

0ﬁ i i W W W W
15 18 20 21 24 32 33 34 36

Note: Industries; 15: Food; 18: Apparel; 20: Wood Products;
21: Paper and Pulp; 24 Chemicals: 32 Telecom;
33: Optical/Precision and Medical Instruments; 34: Motor Vehicles; 36: Furniture

Motor vehicles, for example, had no less than 60% of its exports invoiced in krona,
while the corresponding fraction for Pulp was only 26.5%. Judging from only nine
industries it is difficult to draw any conclusions, but for these industries it seems as
greater product differentiation can be associated with more PCP'2,

The issue of cash flow matching mentioned in section 2.4 is examined in Figure Al
in Appendix A. Using data from Statistics Sweden we regress the fraction of invoicing
in Swedish krona on the degree of imported intermediate goods used in production on
an industry basis. However, there seem to be no relationship in our data!s.

4. Estimation and Results

To test the predictions from the theoretical part, a multinomial logit model will be
used. The discrete dependent choice variable captures the currency choice made by
individual exporting firms. If the dependent variable is coded to take on the value 1,
then for that observation the price is set in krona, 2 refers to price set in the importer’s
currency, 3 refers to dollar being used as vehicle currency and 4 refers to refers to any

12 One classification of product differentiation is that of Rauch (1999). Rauch divides products
into three categories: goods traded on an exchange (homogenous), reference priced, and differentiated.
Using this classification on U.S. SITC codes, pulp falls under either homogenous or reference priced,
while motor vehicles are differentiated goods.

13 A least squares regression of the fraction of PCP on the value of imported intermediate goods
used in production yields a weakly positive coefficient with a p-value exceeding .6.
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other currency used as a vehicle currency. So for example, a payment in euro from
Norway would be coded as 4, while a payment in euro from Germany would be coded
as 2. Coding in this way exhausts the list of potential choices. Since data here is
individual specific rather than choice specific, the model will take the following form
it

6'31

(4.1) Pr(Yy =j) = Wy

j=1,2,34.

The model is normalized by setting §; = 0, so PCP is chosen to be the base
category, or comparison group. The vector X includes the independent variables and
can be divided into two components

(4.2) B;Xi= oy + 6%

The subvector x includes variables that will be used to test the predictions from
the theoretical literature. In order to test the effect of exchange rate volatility on
currency denomination, the yearly variance of the exchange rate between Sweden and
the country from which the payment came will be included. It is calculated as the
variance of the difference of log weekly exchange rates'. In order to asses the impor-
tance of size of the import market we will include PPP-adjusted GDP (in billions of
dollars) and GDP per capita (in thousands of dollars) from the World Development
Indicators database. Moreover, the U.S./Swedish market share is included as an ex-
planatory variable. It is calculated as the ratio of U.S. exports to Swedish exports to
a given country for each industry and year, using data from U.S. International Trade
Commission on U.S. Industry Exports by NAIC code. What we are interested in is
if this variable affect the likelihood of Swedish companies invoicing in dollars. Given
the inclusion of this variable, exports to the U.S. will not be included in the multino-
mial specification. Included in z are also macroeconomic variables in the importing
country such as inflation, financial market efficiency (total value traded in stockmarket

15

as a share of GDP) as well as the black market premium'®. Inflation data is taken
from International Financial Statistics while the variable proxying for financial market
efficiency is from Demirguc-Kunt and Levine (2001).

The subvector y includes distance (in thousands of kilometers) between Sweden and
the importing country, a dummy variable indicating if the country is a member of the

European Union and fixed effects. The fixed effects include year dummies and industry

14 YWhat we want to capture is the variance of unexpected innovations in the exchange rate. Since
the log of exchange rate follows a random walk, this is a suitable measure.

15 This variable is calculated as the spread between the official exchange rate and the rate in the
black market. Data is from Wacziarg and Welsh (2003).
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dummies. The year dummies are included since there is a trend in the data and the
industry dummies because of the difference in invoicing patterns in different industries.
This means that we are analyzing cross-country variation in invoicing patterns. Section
5 will discuss the sensitivity of the results to exclusion of fixed effects.

What is of primary interest is the marginal effects of the importing country’s char-
acteristics on the choice probabilities. Unlike a linear model, here the marginal effects
of the independent variables on the dependent variables is not given by the S-vector.
Differentiating (4.2) w.r.t. to X yield P;[3; — S PiB). So, the marginal effect
of any specific characteristic on a choice probability need not have the same sign as
the estimated coefficient. Both the estimated coefficients and marginal effects will be
reported. In a second specification we will model the choice of local currency pricing
against all other invoicing choices. Thus we will set j = 2 and obtain a regular logit
model. In this specification we will include exports to the U.S. and instead remove the
market share variable. We will also include a second dummy, taking the value of one
if the country is a EMU-member. A positive and significant coefficient would provide
evidence in favor of the theoretical predictions by Bacchetta and van Wincoop on the
extensive use of local currency pricing to countries forming a monetary union.

Since the data includes many observations from each country, so that the explana-
tory variables are the same over many observations, the standard errors need to be
adjusted. We form clusters, or groups, on the country level, and let the error term be
correlated within a cluster. We still assume that observations are independent between
groups.

The estimation results from the multinomial estimation are presented in Table 2.
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Table 2: Multinomial Logit Model

Number of obs. 188597
Pseudo R2 0.1277
LCP VCP (dollar) VCP (other)
Variables Marginal Effects Marginal Effects Marginal Effects
Coefficients Coefficients Coefficients
. —.0006 .0001 .0001
Blackmarket Premium 0025 0004 0004
(.0035) (:0002)* (.0004)
. 10049 0079 —.0020
Distance 03869 0945 0027
(.0375) (:0354)%** (.0232)
. 2411 —.0986 —.0677
European Union 9266 —.6193 5379
(.3237)*** (.2299)**x (.4120)
- ~23.6584 6.4522 5.8343
Exchange Rate Volatility —92.1784 306721 39.9320
(40.5726)** (15.1143)** (37.5865)
. . . —.0401 0585 1123
Financial Efficiency 1839 5084 15623
(/4185) (5976) (4597)%**
1 10004 10002 —5.84e—05
GDP 0023 10028 .0005
(.0007)*** (.0010)*** (.0020)
. 0179 —.0071 —.0024
GDP per Capita 0696 —.0430 —.0073
(:0221)*** (10160)*** (.0150)
. ~.0796 —.0002 10032
Inflation —.3325 ~.0111 0250
(.2807) (.0066)* (.0047)***
. 2 ,0040 0018 —.0109
US/Swedish Market share 648004 0041 laas
(8.90e—04) (.0018)** (.0999)
n/a n/a n/a
constant —2.8674 ~1.310 ~1.926
(.6931) (.5949) (.2859)

Notes: Clustered standard errors in parenthesis.

*kk Xk denotes significance at the 1%, 5%, and 10% level respectively.

1 implies that Marginal Effects, Coefficients and Standard Errors Multiplied by 10
2 implies that Marginal Effects, Coefficients and Standard Errors Multiplied by 1000

The first thing to note is that increased exchange rate volatility leads to reduced
probability of pricing in the importer’s currency. As noted in section 2, the effect of
exchange rate volatility on invoicing currency is ambiguous so it is not clear what result
should be expected'®. Donnenfeld and Haug (2002, 2003) find that the fraction of local
currency pricing for Canadian and U.S. imports is positively related to their measure

16 Note however that the result is consistent with the special case of exporters facing constant
elasticity of demand and linear costs in Engel (2005).
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of exchange rate volatility. One must however bear in mind that the U.S. constitutes a
special case in terms of currency invoicing in that such a large fraction of exports and
imports are denominated in dollars. The dominance of dollar invoicing to Canada is
also extensive!’. The finding in this paper indicates that a positive relationship between
exchange rate volatility and local currency pricing will not hold for all countries.

A further finding related to exchange rate volatility is that high volatility of the
krona against the currency of the importer may lead to substitution towards a vehicle
currency, most notably the dollar.

Secondly, higher GDP and GDP per capita in the importing country increases the
likelihood of the importer’s currency being used, as predicted by both the medium of
exchange and unit of account literature. Another interesting finding is the effect of
a large U.S. to Swedish market share on the likelihood of Swedish exporters pricing
in dollars. The effect is positive and statistically significant. This result, as argued
above, provides indirect evidence for the strategic complementarity effect discussed by
Bacchetta and van Wincoop (2005). Financial market efficiency seems not to affect
the likelihood of choosing LCP over PCP, but may positively affect the likelihood of
choosing a vehicle currency other than the dollar (perhaps surprisingly).

Finally we also perform a Wald test of the hypothesis that > ;B;=0for j =34
where we test both the coeflicients of the black market premium and inflation. We can
reject the null hypothesis that the sum of the coefficients on black market premium
for outcome 3 and 4 is zero at the 10% level while the corresponding test for the
coefficients on inflation can be rejected at the 5%-level. This indicates that when
exporting to countries with a high black market premium and high inflation, a vehicle
currency may be used.

Table 3 displays the results from regular logit, probit and linear probability models
where the choice set is restricted to local currency pricing versus all other choices. The
dependent variable thus takes the value of one if the transaction was denominated in
the importers currency and zero otherwise. In this specification the variables of interest
are primarily GDP and GDP per capita, exchange rate volatility and the EMU dummy
variable.

17 In our sample, no less than 41% of the payment transactions from Canada were denominated
in U.S dollars which, as can be seen from Table 1, is a much higher fraction than for exports to other
countries.
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Table 3: Binomial Models. Choice set restricted to LCP versus all other currencies.

Logit Probit Linear Model
Number of obs. 196801 196801 196801
Pseudo R2 .1619 .1640 .3208
Variables Marginal Effects Marginal Effects LS-Coefficients
Coefficients Coefficients Standard Errors
. —.0004 —.0003 .0001
Blackmarket Premium — 0019 0007 0001
(.0019) (.0006)
. .0002 0011 —.0040
Distance 0011 .0029 .0081
(.0463) (.0254)
1541 1523 11409
EMU 6674 4041 0396°**
(.1118)*** (.0654)***
. 1349 1325 0408
European Union 15989 3579 0488
(-3041)* (.1786)*
. ~10.1873 ~10.8284 ~7.311
Exchange Rate Volatility 14997 987529 4037+
(30.4476) (18.2729)
. . . —.0474 —.0489 —.1223
Financial Efficiency o087 1208 ‘1129
(.4775) (.2878)
1 001 001 .001
GDP .004 002 .0002+**
(.0010)*** (.0004)***
. 0234 0222 0154
GDP per Capita 1017 0588 .0028%+
(10241)%** (.0125)%**
. —.0021 ~.0019 .0010
Inflation —.0093 —.0052 0013
(.0207) (.0097)
n/a n/a .0154
constant ~3.2284 —1.8846 0853
(.7703) (.4042)

Notes: Clustered standard errors. In parenthesis for logit and probit models.
*kk *k ¥ denotes significance at the 1%, 5%, and 10% level respectively.

1 implies that Marginal Effects, Coefficients and Standard Errors Multiplied by 10
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Here the marginal effects from the logit and probit estimations should be compared
to the coefficients from the linear regression, since these are obviously also the marginal
effects. In all three specifications the marginal effects of GDP and GDP per capita
are positive, as predicted. The marginal effects of an increase in the variance of the
exchange rate are negative, but only statistically significant in the linear regression.
The reason for this is most likely the included EMU-dummy'®. The effect of a change
in zero to one for the EMU dummy is positive and statistically significant. Since we
control for other factors influencing the choice of invoicing currency, this indicates that
local currency pricing is more prevalent to countries that belong to a monetary union.
Note that this effect is robust to the inclusion of a dummy variable indicating that
a country is a member of the European Union. The coefficients on the remaining
variables differ somewhat depending on specification, but none of those coefficients are
significantly different from zero in any specification.

To summarize, we find that exchange rate volatility leads to reduced local currency
pricing in all specifications. We also find that, higher GDP and GDP per capita leads
to increased local currency pricing while a high black market premium and inflation
instead lead to invoicing in a vehicle currency. Moreover we find that if a third country
has a large market share, vehicle currency pricing in that country’s currency becomes
more attractive. Finally, in the regular logit model we test if local currency pricing is
more prevalent to countries in a monetary union and we find that this is indeed the
case.

5. Robustness

This section discusses the sensitivity of the reported results to changes in specifica-
tion, as well as some econometric problems associated with the use of the multinomial
logit model.

As mentioned in section 4, in order to study the variation in currency denomination
across destinations it is important that the econometric specification includes both
industry fixed effects and year fixed effects. It is nonetheless of interest to examine the
sensitivity of the reported results to pooling the data. Since there is a trend in the
dependent variable over time, as well as large disparities in invoicing patterns across
industries, the explanatory power of the model should decrease when we remove the
fixed effects that capture this variation. This is also the case, especially when removing
industry fixed effects. For the multinomial specification, the signs of coefficients and
marginal effects on all variables that were significant in the baseline specification are

18 The estimated variance of the euro is among the lowest for all four years, while at the same time

local currency pricing is prevalent to countries within the EMU. Hence, the EMU-dummy is likely to
capture some of the effects of exchange rate volatility on local currency pricing.
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however unchanged, although there are some changes in associated p-values. Removing
year fixed effects imply that the p-value for the coefficient on exchange rate volatility
corresponding to local currency pricing increases from .023 to .138. Also the positive
effect of black market premium and inflation on the use of a vehicle currency is not
significant. Otherwise the results are unchanged. Dropping the industry dummies have
no effect on the sign of coeflicients and marginal effects, but the coefficient on GDP for
local currency pricing is no longer statistically significant, and neither is the effect of a
large U.S. market share on the likelihood of invoicing in dollars, although the p-value is
still .157. That the latter result holds conditional on inclusion of industry fixed effects
seems reasonable given the large differences in invoicing patterns across industries. A
final difference is that the negative coefficient on inflation for local currency pricing
is now statistically significant. Otherwise the results are unchanged compared to the
baseline specification. For the binary choice models all results reported in section 4
were robust to the exclusion of fixed effects, as well as to the exclusion of U.S. exports.

It can also be of interest to examine if results are sensitive to the way certain
variables are calculated. We therefore replace the estimate of exchange rate volatility
with a measure of the variance of monthly instead of weekly spot rates, more specifically
the coefficient of variation of monthly spot rates. This makes no difference, the marginal
effect of volatility on local currency pricing is still negative, while the effect on vehicle
currency pricing is positive. Another variable with many possible definitions is financial
market efficiency. In the baseline specification it is calculated as the total value traded
on the stock market in the importing country, divided by the GDP of the importing
country. We replace it with a measure of the overall size of financial markets (deposit
money bank assets and stock market capitalization as a share of GDP) as well as
private credit to GDP. In the first case results are unchanged relative to the baseline
specification, while for private credit to GDP the results are somewhat changed as the
likelihood of local currency pricing increases significantly when private credit to GDP
increases. However, private credit to GDP may not be a good measure of the efficiency
of financial markets and in general we cannot say that there are any effects of this
variable on the likelihood of local currency pricing.

One final issue concerns the assumption of independently distributed error term
in the multinomial model, often referred to as the assumption of independence of
irrelevant alternatives (IIA). This means that the odds ratios, or relative probabilities,
are assumed to be independent of other alternatives. This assumption is possible to test
using tests developed by Hausman and McFadden (1984) and Small and Hsiao (1985).
We use both tests and find that the test by Hausman and McFadden fail to reject
the null hypothesis of independence, while the Small and Hsiao test do reject the null.
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Greene (2000) argues that when the assumption of independence fails, an alternative to
the multinomial model is needed. He suggests a multivariate probit estimation instead.
Appendix B discusses the multivariate probit model as well as estimation results. In
general the results are very similar to the multinomial model and hence we conclude
that the estimates from the multinomial model are valid.

6. Concluding Remarks

This paper has examined the currency denomination in international trade by mod-
eling the firm’s choice of export currency as a multinomial logit model. The main
findings are that high exchange rate volatility reduces the likelihood of local currency
pricing while high GDP and GDP per capita increases it. A large market share of a
competing third country (here the U.S.) increases the likelihood of using that coun-
try’s currency. In some specifications there is also a statistically significant negative
relationship between inflation in the importing country and reduced likelihood of local
currency pricing on the one hand, and increased vehicle currency pricing on the other
hand. A further finding is that the use of Swedish krona is falling across all industries
while there at the same time has been an increase in vehicle currency pricing in euro.
The use of the euro in transactions involving non EMU members has roughly doubled
between 1999-2002.

The negative effect of exchange rate volatility on local currency pricing found in
this study contrasts previous empirical work by Donnenfeld and Haug (2002, 2003) who
found that exchange rate volatility increases the likelihood of local currency pricing,.
This difference should perhaps not be surprising. The dataset employed in this study
covers 69 countries, both developing and industrialized. The samples in Donnenfeld
and Haug are restricted to include only 16 highly industrialized countries and also focus
on imports to Canada and the U.S. for which there is a strong dominance of dollar
invoicing. The results in this paper indicate that one should be careful to extrapolate
the positive correlation between local currency pricing and exchange rate volatility
found in earlier studies.

The result found in this study that higher GDP in the importing country increases
the likelihood of local currency pricing is however consistent with the finding in Don-
nenfeld and Haug (2003) that higher GDP in the exporting country increases the like-
lihood of producer currency pricing. This is also the prediction by both the medium
of exchange literature and unit of account literature.

Finally, both the increased likelihood of local currency pricing when exporting to
countries in a currency union, and the increased likelihood of invoicing in a vehicle
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currency when other competitors with a large market share do so as well, are consistent
with the theoretical predictions by Bacchetta and van Wincoop (2005).
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7. Appendix A

Table Al: Major Swedish Export Destinations

Position Country % Share
2002 (of total exports)

US.A 11.5
Germany
Norway
Great Britain
Denmark
Finland
Netherlands
France
Belgium
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Source: Swedish Trade Council

Figure Al: Relation between Imported Inputs and Share of PCP
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8. Appendix B

When the assumption of independence of irrelevant alternatives fails, Greene (2000)
argues that an alternative to the multinomial logit model needs to be specified. He sug-
gests a multivariate probit model. Using a simulated maximum likelihood approach!?
we estimate three equations simultaneously, and allow for correlated error terms be-
tween equations. Formally the multivariate model takes the following form

y1 = 1 X + € with y; =1 for LCP, 0 otherwise
y2 = [yX + € with y; =1 for VCP in dollars, 0 otherwise
ys = f3X + €3 with y; = 1 for VCP other, 0 otherwise

Moreover, € is multivariate normal with zero expected value and variance one, and
with correlation across equations equal to p. X is the vector of explanatory variables
that are the same for each equation (although this is not necessary) and is similar to
the multinomial specification. Year and industry fixed effects are included. Note that
the specification of choices is not identical to the multinomial logit model were the base
category is producer currency pricing, here the base category in each equation refers to
all outcomes except the one for which y = 1. Hence a direct comparison with the m-
logit model is not appropriate, but for certain variables we nonetheless expect a similar
result. We still expect exchange rate volatility to negatively affect the likelihood of
local currency pricing, and GDP and GDP per capita to have a positive effect. We still
expect that the likelihood of using the dollar as a vehicle currency is increasing in U.S.
to Swedish market share. For the variables inflation and black market premium it is
difficult to compare given the specification of the dependent variable. Table B1 below
reports the estimated coeflicients from the multivariate probit model. The marginal
effects for this model is not possible to estimate, but given that each equation is an
ordinary probit the marginal effect will always have the same sign as the estimated
coefficient. However, we cannot make any quantitative interpretations.

The main results remain unchanged also in the multivariate probit case. Specifically,
exchange rate volatility reduces the likelihood of choosing LCP, while GDP and GDP
per capita increase it. The effect of inflation is negative and but only weakly significant
with a p-value of .10 for a double sided test. The probability of invoicing in dollars is
increasing in the U.S. to Swedish market share and it is also more likely if the bilateral

19 The Stata program for estimation of multivariate probit models using simulated maximum

likelihood is written by Lorenzo Cappelari and Stephen P. Jenkins, Institute for Social and Economic
Research, University of Essex.
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exchange rate between Sweden and the importing country is volatile (this effect is also
only weakly significant with p-value of .10). Vehicle currency pricing in any currency
but the dollar is the preferred choice if inflation in the importing country is high and
the financial markets are well developed.

Table B1: Multivariate Probit estimation with simulated maximum likelihood.

Number of obs. 188597
Equation 1  Equation 2 Equation 3
. Coefficients Coefficients Coefficients
Va’rla'bles Standard Errors Standard Errors Standard Errors
Blackmarket Premium -.0008 .0001 .0001
0011 0001 .0003
European Union .6845 -.4245 -.3544
1985%* 1526%*= 11952+
Exchange Rate Volatility -37.7854 10.5423 29.7256
13.79636*** 5.3357%* 25.3965
Distance .0030 .0592 -.0194
10230 0256%= 0138
Financial Efficiency -.1842 .1996 .7855
3135 3152 2726%*+
GDP! .0011 .0008 -.0006
10005** 10005* 10010
GDP per Capita .0486 -.0331 -.0034
10109%** 10092+ 0078
Inflation -.0158 -.0106 0174
10095* 10039+~ 10028***
U.S/Swedish market share? 0012 0149 -.1840
10043 .0086* 1460
constant -1.5525 -1.0379 -1.2836
13272 2905 -2000

Note: Standard errors clustered on country.
*xk k% * denotes significance at the 1%, 5%, and 10% level respectively.
1 implies that Marginal Effects, Coefficients and Standard Errors Multiplied by 10
2 implies that Marginal Effects, Coefficients and Standard Errors Multiplied by 10000
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PAPER 2

State Dependent Pricing, Invoicing Currency, and Exchange Rate
Pass-Through

Martin Flodén and Fredrik Wilander

ABSTRACT. We analyze exchange rate pass-through and volatility of import prices in
a dynamic framework where firms are subject to menu costs and decide on price ad-
justments in response to exchange rate innovations. The exchange rate pass-through
and import price volatility then depend on the invoicing currency in combination
with functional forms of cost and demand functions. In particular, there is lower
pass-through, less frequent price adjustments, and lower price volatility when prices

are set in the importer’s currency than when prices are set in the exporter’s currency.

1. Introduction

In a recent speech to the Congress the Federal Reserve chairman, Alan Greenspan,
noted that the fall of the dollar during the latter part of 2003 has had little effect on
prices of imported goods and services, as "foreign exporters have been willing to absorb
some of the price decline measured in their own currencies and the consequent squeeze
on profit margins it entails". Abundant empirical research indeed demonstrates that
exchange rate pass-through to import prices is less than unity.! In particular this seems
to be the case for the U.S. where import prices are to a large extent insulated from
movements in the dollar versus the currencies of many of its major trading partners. In
spite of extensive theoretical research, the determinants of exchange rate pass-through
remain unclear.

Spurred by the dollar appreciation in the late 1970’s and early 1980’s, a large body
of theoretical work analyzed exchange rate pass-through and pricing to market, i.e.

0 We thank Philippe Bacchetta, Charles Engel, Richard Friberg, Malin Adolfsson, and seminar
participants at the Stockholm School of Economics and Sveriges Riksbank for valuable comments. We
also thank the bank of Sweden Tercentenary Foundation, the Wallander and Hedelius Foundation, and
Bankforskningsinstitutet for generous funding. This paper was produced while Wilander participated
in the Sveriges Riksbank summer internship program. He thanks the monetary policy department for
shown hospitality.

1 See for instance Goldberg and Knetter (1997) and Goldberg and Verboven (2001). Engel and
Rogers (1996) and Parsley and Wei (2001) examine pass-through to consumer prices.
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failure of import prices to fully respond to changes in exchange rates.? These models
are characterized by imperfect competition in a flexible price setting. The degree of
pass-through is then determined by functional forms of cost and demand functions as
well as the form of competition.

Another strand of the literature introduces nominal price stickiness and considers
the short run response of import prices to exchange rate fluctuations. When firms do
not instantaneously adjust prices in response to fluctuating exchange rates the choice
of currency in which to price exports becomes important. The exporting firm can set
prices either in its domestic currency (Producer Currency Pricing or PCP) or in the
currency of the importer (Local Currency Pricing or LCP), and these models imply
that there is either zero (LCP) or complete (PCP) pass-through.?®

In the present paper, we provide a link between these short run and long run
analyses by specifying a dynamic framework with endogenous pricing decisions. More
specifically, we consider the pricing strategies of firms that produce in a home coun-
try, sell on a foreign market, and can change the price in response to exchange rate
fluctuations, while being subject to menu costs. The degree of pass-through is then
endogenous and depends on (i) the invoicing convention (LCP or PCP), (ii) the size of
menu costs in relation to the costs of using suboptimal prices (since this determines how
often firms update prices), and (iii) the frictionless degree of pass-through (since this
determines how much prices are changed when firms choose to update prices). Typi-
cally, our dynamic setting generates a degree of pass-through between that implied by
fixed-price and flexible-price models, as is illustrated in Figure 1.*

2 Early contributions include Krugman (1987) and Dornbusch (1987).

3 The sticky-price literature either analyzes the optimal choice of export currency in a partial
equilibrium framework such as Baron (1976), Donnenfeldt and Zilcha (1991), Friberg (1998) and
Bacchetta and van Wincoop (2002), or takes the choice of currency as exogenous and explores the
consequenses of this choice in general equilibrium macro models such as Obstfeld and Rogoff (2000)
and Chari, Kehoe and McGrattan (2002).

4 In the presence of inflation or other factors that imply asymmetric pricing rules, it is however
possible that pass-through under LCP exceeds the flexible-price pass-through. We demonstrate this
below.
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Figure 1: Degree of Pass-Through Implied by Different Pricing Assumptions
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Our main finding is that when LCP is favored to PCP, the exporter changes prices
less frequently under LCP than under PCP. This results in limited pass-through and a
low correlation between exchange rate movements and import prices. While eventually
exchange rate pass-through may be determined by factors other than nominal rigidities,
our model explains why extensive local currency pricing implies lower volatility of
imported goods prices also in the medium run.

We further analyze the impact of large versus small innovations in the exchange
rate. Since larger fluctuations in the exchange rate raise the opportunity cost of holding
prices fixed, firms update prices more frequently. Under LCP we therefore find that
pass-through is larger for large exchange rate innovations while for PCP, the degree of
pass-through is smaller for large fluctuations. Our model also generates asymmetric
responses to appreciations and depreciations, especially in the presence of inflation.
Since periods of high inflation imply that firms would adjust prices upward even in
the absence of fluctuating exchange rates, under LCP they are more likely to keep
prices fixed in the case of a depreciation. Under PCP, given a depreciation, firms are
unwilling to allow prices to fall by the full amount and quickly adjust prices upwards.
In both cases, a depreciation of the exporters’ currency leads to lower pass-through
than an appreciation.

Our findings have potential to shed light on a number of issues in open economy
macroeconomics. For instance, Obstfeld and Rogoff (2000) argue that the literature
assuming LCP and pricing-to-market is hard to reconcile with empirical evidence, and
one of their arguments is that although pass-through is estimated to be less than unity,
it is higher than zero. According to our analysis, any degree of pass-through in the
interval between zero and unity is consistent both with LCP and PCP. This is also
the case in Devereux et al. (2004). Although pass-through is implicitly restricted
to be either zero or unity for any particular firm in their model, the average pass-
through is in the unit interval since firms endogenously choose the invoicing currency.
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Moreover, the low correlation between exchange rates and import prices under LCP
estimated in our model can explain the recent failure of U.S. import prices to change
significantly in response to the falling value of the dollar also over longer time horizons.®
Finally, several empirical studies have examined asymmetric responses to depreciations
and appreciations without finding a clear result. We point out that the average pass-
through must be identical for depreciations and appreciations in a stationary world,
but we demonstrate that the frequency and magnitude of price responses can differ.
Such asymmetric responses may result in non-linear relations between pass-through
and the sign and magnitude of exchange rate fluctuations. It is therefore important
that the econometric model is carefully specified, and we demonstrate that typical
regressions can result in biased estimates of the pass-through. In the presence of
inflation, prices are not stationary and pass-through may differ for depreciations and
appreciations. We demonstrate that pass-through then is higher after appreciations
than after depreciation.

In a recent paper, Ran (2004) analyzes pass-through in a framework similar to ours
but with quadratic adjustment costs for prices and a constant exchange rate. Assuming
linear demand and constant marginal cost, he finds that the degree of pass-through to
surprise exchange rate shocks depends on the current price relative to the steady state
price, and on the pricing convention. The quadratic adjustment costs induce firms to
change prices continuously and always by a small amount, which is not consistent with
real-world pricing behavior (Blinder, 1994). Moreover, since the exchange rate process
is not explicitly modelled, the scope for an analysis similar to ours is limited.

We now turn to describe the model. Then, in Section 3 we summarize the analysis
from the static pass-through literature and discuss how it relates to our dynamic setting.
In Section 4 we use artificial data generated by the model to examine how pass-through
is affected by the choice of invoicing currency. Finally, Section 5 concludes.

2. The Model

We consider the pricing strategies of an exporting firm that produces in its home
country and only sells in a foreign country. Define p and p” as the export price in the
foreign currency and in the exporter’s currency, respectively. Let s denote the nominal
exchange rate (home currency units per foreign currency unit) so that p® = sp. The
firm’s invoicing currency is exogenous. Under LCP, the firm sets the price in the foreign
currency, while it sets the price in domestic currency under PCP. Furthermore, let 5
m‘particularly common in the United States. According to Bekx (1998), 80 percent of
U.S. imports are priced in dollars, while the fraction of imports priced in local currency is around 40

percent in other large developed countries. For a survey of the currency denomination in international
trade, see Hartmann (1998).
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and p¥ denote the average price levels in the foreign and home countries, let 7 and i
denote the (constant) inflation rates, and define the normalized prices p* = p¥/p” and
p = p/p. The real cost of producing quantity z is C (z), and foreign demand is given
by D (p). The real profit function is then

(g, p) = ¢pD (p) — C (D (p))

where g = sp/p” is the real exchange rate.

We assume that the real exchange rate follows some stationary Markov process. In
the beginning of each period, the firm observes the exchange rate and decides whether
to keep the price from the previous period or to pay a menu cost § to change its price.
The firm’s problem is then to solve

(2.1) V (g,p) = max {V*(¢,p),V°(q)} .

where V' (g,p) is the firm’s value in the beginning of a period if the real exchange rate
is ¢ and if the firm’s relative price is $ unless a new price is chosen, V* is the value of
keeping the price from the previous period, and V¢ is the value if a new price is set.
Let 3 denote the discount factor, and define an inflation and exchange rate adjustment

factor as®

1
. e under LCP
¢ _{ q/(Jiwa—) under PCP -

The value of keeping the price is then

V* (g,0) =11 (q,) + BEV (¢, ('p)
while the value of choosing a new optimal price is

Velq) = mgxﬂ (q,p) — €+ BEV (¢, ('D).

The solution to this problem is characterized by the value functions together with
three policy functions, P (q), P (q), and P (q). The firm will change the price if p
deviates sufficiently from the optimal price. P (¢) and P (q) denote the lower and upper
bound of the firm’s region of inaction so that the firm chooses to keep the price as long
as p € [£ (q),P (q)]. If the price is outside of this region, the firm will choose a new
price according to the optimal pricing rule P (¢) = argmax; I (¢, p) —&+BEV (¢, (D).
The solution algorithm is described in the appendix.

6 The normalized foreign-currency price p may change even in the absence of active pricing
decisions. These changes are captured by (.
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2.1. Functional Forms and Parameter Values. One time period is one quarter
and we set 3 = 0.98. We assume that the cost and demand functions are C (y) = y*
and D (p) = Op~*. As a baseline calibration of the demand function we set § = 20
and the price-elasticity to u = 4. In the cost function, we consider three specifications
for the convexity, @ = 1.10, a = 1.25, and « = 1.50.7 The firm’s cost of adjusting
the price is assumed to be the same under LCP and PPP, although one could argue
that these costs are different in nature. We choose the adjustment cost £ so that 25
percent of firms change prices every quarter under LCP when o = 1.25. This frequency
of price updates is in line with Bils and Klenow (2004), who report that half of goods
display a price that lasts for 5.5 months or less. The resulting menu cost is £ = 0.031
which implies that average adjustment costs are 0.24 percent of average revenue.® In
the baseline specification, we ignore inflation and set 7% = 7 =0, and ¥ = p = 1.

The log real exchange rate is assumed to follow an AR(1) process,

log (g:41) = plog (¢:) + €141,

where ¢ ~ N (0,0?). Based on estimates in Chari et al. (2002), we set the persistence
to p = 0.83 and the standard deviation to ¢ = 0.075.

3. Static Frameworks

Before analyzing the full dynamic model, we relate our model to the existing liter-
ature that examines pass-through in static settings. We ignore inflation in this section
and therefore use the notation s = ¢ and p = p.

3.1. Flexible Prices. If prices are fully flexible (¢ = 0) our model reduces to a
static maximization problem as portrayed in Feenstra (1989) and Friberg (1998). The
firm chooses the price p to solve

m;:;mx spD(p) — C(D(p))

Under certainty and letting s* = % the solution to this problem can be characterized
as the familiar mark-up relation

-1
p=3s5*Cp (1 - l)
w

7 If the capital stock is fixed and production is Y= ht/ * then 1 / « is the labor share in production
and @ = 1.5 is in line with typical values. If the capital stock can be varied, lower values of @ are
realistic.

8 Dutta et al. (1999) found that adjustment costs constitute 0.5 percent of revenue.
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where p is the price elasticity of demand. By totally differentiating the above expression
and rearranging, we obtain the degree of exchange rate pass-through (the price change
in percent due to a one percentage change in the exchange rate) as

3.1 Ens) = %% = [emcw) + emrm)]

where ep¢(py is the elasticity of marginal cost with respect to output and epg(p) is
the elasticity of marginal revenue with respect to the price. With the functional forms
specified in Section (2.1), expression (3.1) implies that e,(;) = [1 (@ — 1) +1]". This
shows that there is less than full pass-through as long as the marginal cost is increasing.
We also see that there is less pass-through if the cost function is more convex or if

demand is more convex.’

3.2. Choice of Export Currency with Fixed Prices. In the setting above,
the choice of invoicing currency is irrelevant since prices can be optimally adjusted.
But if prices must be fixed in advance of the realization of s, this is obviously not the
case. If firms use PCP, as s changes, so does the import price which causes shifts in
demand, and hence profits. If firms use LCP, changes in the exchange rate do not lead
to demand shifts but to changes in cash flows from sales. Using the same notation as
above, the profit functions corresponding to LCP and PCP are

(3.2) *“" = spD(p) — C(D(p))
and
3) wrer = pp(E) - o(p(),

Note that the profit function under LCP is linear in the exchange rate. So pricing
in the importer’s currency yields the highest expected profits if the profit function

corresponding to PCP is concave in the exchange rate, i.e. if the second derivative of

II17CP with respect to s is negative.!’

Bacchetta and van Wincoop (2003) and Engel (2005) show that if the cost and
demand functions are as specified in Section (2.1), then LCP will be preferred to PCP
if p(aw—1) > 1, and PCP will be preferred otherwise. Bacchetta and van Wincoop

9 According to Friberg (1998), a sufficient condition for pass-through to be less than 100 percent is
that demand is not too convex when marginal costs are constant. As our example demonstrates, with
the specific functional forms considered here, increased convexity of demand reduces pass-through if
costs are convex. It is the interaction term between convexity of demand and costs, (a - 1), that
determines pass-through.

0 Our argument is a little simplified since firms typically do not fix the price at the certainty-
equivalent level. See Friberg (1998) for a proof.
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provide the intuition for this result. PCP implies that prices and hence demand fluc-
tuates. If demand is convex, these fluctuations raise average demand. If marginal cost
was constant this would raise profits and would favor PCP over LCP. However, fluc-
tuating demand implies frequent contractions and expansions of output, which raises
average costs if the cost schedule is convex. This mechanism favors LCP over PCP, and
will dominate as long as costs increase sufficiently quickly when firms expand output.

3.3. Pre-Set but Adjustable Prices. Friberg (1998) and Engel (2005) show
that the mechanisms generating low pass-through under flexible prices also raise the
attractiveness of local currency pricing relative to producer currency pricing when
prices are fixed. The intuition is that both limited exchange rate pass-through and
LCP allow exporters to limit demand fluctuations by stabilizing local-currency prices.
Demand fluctuations raise profits if demand is sufficiently convex relative to the con-
vexity of costs, but reduce profits if costs are relatively convex and producers commit
to meet demand. This establishes a link between the flexible-price and fixed-price lit-
eratures; when we see little pass-through in the flexible-price literature, we see zero
pass-through in the fixed-price literature.

Not surprisingly, the convexity of demand and cost functions have similar effects
on pass-through also in our setting with pre-set but adjustable prices. Let [I* (s) =
max, I (s, p) denote the current-period profits at the exchange rate s when prices are
flexible, and let L (s, p) = IT* (s) —II (s, p) denote the loss of charging the price p rather
than the profit-maximizing price. Firms will adjust the price after seeing s if L (s, p) is
large relative to the adjustment cost. Bacchetta and van Wincoop (2003) show that!}

Ei [HLCP (st,pz‘_l) —mPer (st’p:—l)] { ; 8 gzgg : B ; %

where p;_; = argmax, Il (s,—1,p). Since the flexible-price profit II* is independent of
the invoicing currency, we get

Ei [LLCP (st,p:—l) — LPCF (Stvp:—l)]
= Ei [HPCP (st,p;‘_l) ! (St»p:—l)] .
We then see that

By [ supi) - 17 umi)] {29 Hifa st

i.e. that the expected loss of not updating the price is lower under LCP than under
PCP if the cost function and/or the demand function is sufficiently convex. In deciding
upon the frequency with which to update prices, a firm trades off the marginal benefit

11 Th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>