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Abstract

The U.S. dollar holds a dominant place in the invoicing of inter-
national trade. Not only are most U.S. exports and imports invoiced
in dollars, the currency plays a signi�cant role for trade �ows that
do not involve the United States. Likewise euros are used on trade
transactions with the european periphery and between those periphery
countries. We analyze how this second dimension of the international
role of a currency, in which it serves as a vehicle currency for inter-
national trade, impacts global interdependence and monetary policy.
Using a simple center-periphery model, we show that the prevalence of
a vehicle currency magni�es the exposure of periphery countries to the
center�s monetary policy, even when direct trade �ows between these
countries and the center are limited. Our results indicate that the
invoicing of intra-periphery trade in a vehicle currency can generate
ine¢ cient and costly �uctuations in relative prices.
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1 Introduction

The prominent role of the U.S. dollar is a major feature of the global
economy. In addition of its central position in international reserve hold-
ings and �nancial markets, the dollar is extensively used in the currency of
invoicing in international trade �ows. Its role as an invoicing currency in
international trade encompasses two dimensions exposited in Goldberg and
Tille (2005). The �rst relates to trade �ows to and from the United States,
which are overwhelmingly invoiced in dollars. The second dimension is the
sizable use of the dollar in trade �ows for which the United States is neither
the origin nor the destination country, known as the vehicle currency role
of the dollar. The euro also plays both of these roles, although mainly with
countries that are directly peripheral to the euro area.
This paper analyzes how these two dimensions of the international role of

a vehicle currency a¤ect the international transmission of shocks and policy.
The literature recognizes the pattern of international trade invoicing to be
a central component of international interdependence, as pricing decisions
made by producers drive the extent to which exchange rate �uctuations are
transmitted to import prices (Corsetti and Pesenti 2005a, Engel and Dev-
ereux 2003, Obstfeld and Rogo¤ 2002). When exporters set their prices in
their own currency, exchange rate movements are fully passed-through to the
prices paid by consumers, leading to expenditure-switching in consumption
between goods produced in various countries. By contrast, if exporters set
their prices in the currency of their customers, exchange rate pass-through to
consumer prices does not occur and consumers do not experience the relative
price movements that would otherwise induce expenditure switching. The
design of optimal monetary policy is substantially a¤ected by the (in)ability
of exchange rate movements to impact consumer prices.
While most contributions to this literature on optimal monetary pol-

icy design assume the degree of exchange rate pass-through is the same for
all trade partners, i.e. symmetric, several contributions have explored an
asymmetric pass-through. Evidence of such asymmetry abounds between
the U.S. and the Euro area countries with their respective trade partners as
documented by Campa and Goldberg (2005), Faruque (2006), and Ihrig et
al (2006). Corsetti and Pesenti (2005a,b) and Devereux, Shi, and Xu (2006)
analyze two-country models where there is full exchange rate pass-through
for exports originating in the home country (the U.S.) and no pass-through
for trade �ows originating in the foreign country (the rest of the world). By
focusing on a two-country environment, the existing results on optimal mon-
etary policy apply to direct macroeconomic interdependence between these
partners, which is the �rst dimension of the international role of a currency.
Optimal monetary policy under asymmetric pricing has been demonstrated
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to di¤er noticeably from under symmetric pricing.
Our theoretical analysis goes beyond the existing contributions on macro-

economic interdependence by focusing on the importance of the second di-
mension of the international role of a currency, namely its use in trade �ows
that do not directly involve the country whose currency is used for invoicing
purposes. We tackle this issue by introducing a general equilibrium three-
country model with a center country, such as the United States, and two
periphery countries. The model is enriched by allowing for home bias in con-
sumption between the center and the periphery: the consumption basket of
agents in the center country is tilted toward goods produced in the center,
while the baskets of agents in either periphery country are tilted towards
goods produced in the collective periphery. Under the extreme case of com-
plete home bias, the center and the periphery are fully disconnected in terms
of direct trade �ows.
The main results of our analysis are that utilizing a vehicle currency in

intra-periphery trade has signi�cant e¤ects that extend beyond its role in
center-periphery trade. First, consumption in the periphery is more sensitive
to monetary policy in the center, both compared to cases of symmetric pass-
through and compared to cases where the international role of the dollar is
limited to invoicing transactions between the center and periphery. Second,
spillovers from the center occur even when the center and the periphery do
not engage in direct trades with each other. Third, vehicle currency use in
intra-periphery trade can lead to sizable welfare losses for periphery countries
by generating ine¢ cient �uctuations in relative prices. We �nd that the gains
from cooperation are largest for the countries with the most volatile shocks.
Our emphasis on the international role of the dollar in intra-periphery

trade is consistent with the insights of Cook and Devereux (2006). They
consider a partial equilibrium model where the center is taken as exogenous,
and apply it to the East Asian crisis of 1997-1998. Their results point to the
role of the dollar in intra-Asia trade as a central feature in accounting for the
magnitude and persistence of the crisis.
The paper is organized as follows. Section 2 presents empirical evidence

on the international role of the dollar and euro in international trade transac-
tions. Section 3 presents a simple center-periphery model. Section 4 expores
the design of optimal monetary policy in a stochastic setup, with a numerical
illustration of the main results. Section 6 concludes.
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2 Evidence on vehicle currency use in inter-
national trade

Our focus on vehicle currency use in international trade is highly rele-
vant given the documented international role of the dollar and the emerging
role of the euro. The extensive international roles of the dollar and euro
are demonstrated in Tables 1 and 2 which present data on invoicing from
Goldberg and Tille (2005) and ECB publications, and on international trade
transactions.
To illustrate the �rst dimension of the international role of the dollar,

focus on columns (1), (2), (4) and (5) of Table 1. Columns (1) and (4) show
the share of country exports and imports, respectively, that are invoiced in
U.S. dollars. Columns (2) and (5) show the share of the country�s trade
that is bilateral with the United States.Looking across countries, the use of
the dollar in invoicing goes well beyond the role of the United States as a
direct trade counterparty. Columns (3) and (6) show the share of �dollar
bloc�countries in bilateral trade transactions. The vehicle currency role of
the dollar is especially striking for Asian countries: more than 80 percent of
the exports of Korea, Malaysia and Thailand are invoiced in dollars, while
the United States accounts for at most one-�fth of these countries exports.
Figure 1 illustrates the prominent role of the dollar by contrasting its use as
an invoicing currency (vertical axis) against the role of the United States as
a trading partner (horizontal axis) for various countries. The �gure clearly
shows that the use of the dollar goes well beyond trade �ows that involve
the United States. The second dimension of the role of the dollar is therefore
strong, with the dollar being used to a sizable extent in the invoicing of
trade �ows that do not involve the United States. Cook and Devereux (2006)
similarly emphasize the role of the dollar in the invoicing of trade between
Asian countries..
Table 2 on the international role of the euro shows strong di¤erences

across regions in currency use. Asian economies seldom use euros for in-
voicing export or import transactions. Country proximity to the euro area
plays a substantial role in explaining the use of euros in international trade
trade transactions, as does whether a country has pending goals of joining the
euro area [Goldberg and Tille (2006), Goldberg (2007), ECB (2006), Kamps
(2006)]. For these countries, trade with the center and other periphery coun-
tries are largely conducted in euros. This point is illustrated in Figure 2,
which show accession country the use of euros in invoicing export or import
transactions plotted against the share of that country�s trade going to the
euro area and other euro-bloc countries. The placement of the points along
the diagonal shows that these periphery countries are mainly using the euro
on trade with the center and trade with the rest of the periphery.
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3 A simple center-periphery model

3.1 Geographical structure and timing

For establishing the role of vehicle currency use in macroeconomic in-
terdependence, we use a three-country variant of the workhorse �new open
economy macroeconomics�model introduced by Obstfeld and Rogo¤ (1995).
As we build on a workhorse setup in the literature, our exposition focuses
on our novel elements and the corresponding intuitive interpretations. A de-
tailed exposition of the technical steps is found in an Appendix available on
request.
The world is comprised of three countries: A, B and C. Country A repre-

sents a "center" country, while countries B and C are "periphery" countries.
In terms of country size, the center country A and the overall periphery rep-
resent half the world, of which the overall size is normalized to unity, and
the two periphery countries B and C are of equal size, each accounting for a
quarter of the world. There is a continuum of di¤erentiated brands available
for consumption, indexed along a unit interval. Firms in country A produce
brands on the 0 � 0:5 interval, �rms in country B produce brands on the
0:5 � 0:75 interval, and �rms in country C produce brands on the 0:75 � 1
interval.
Each country is inhabited by a representative consumer who purchases

all brands available in the world economy. In terms of notation, consumption
levels are indexed with a subscript for the country where consumption takes
place, and a superscript for the country where the good is produced. Specif-
ically, Cji (z) is the consumption in country i of the brand z produced in
country j. Individual brands are aggregated into indexes, as detailed below,
and Cji is the consumption in country i of the index of all brands produced
in country j. The indexes themselves are aggregated further into the overall
consumption, with Ci being the overall consumption index in country i.
The prices of the various goods are indexes along similar lines. P ji (z)

is the price paid by the consumers in country i for each unit of brand z
produced in country j. The prices of the various brands produced in a given
country are aggregated into a country-of-origin price index, with P ji being
the price index charged in country i for the brands produced in country j.
These indexes are in turn aggregated in the overall consumer price index
Pi. Prices are expressed in the currency of the country where the goods are
consumed, namely i.
We consider a one-period stochastic model, with some decisions taken

before shocks are realized and other taken after. The �rms that produce
goods set their prices at the beginning of the period. The various shocks then
occur, and the monetary authorities react to them, leading to movements in
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exchange rate and, possibly, import prices. Consumption and production
take place. The ex-post output is demand-driven, with �rms meeting the
demand they face at their preset prices. While prices are set before the
realization of shocks, this in done through forward-looking optimization with
�rms ex ante knowing the distribution of shocks and the rules followed by
the monetary authorities. While considering this type of static model can
appear restrictive, the functional forms we consider imply a dynamic version
of the model boils down to a succession of one-period models (Corsetti and
Pesenti 2005a).1

3.2 Consumption allocation

While all goods are traded, we allow for home bias in consumption be-
tween the center and periphery goods. Speci�cally, the representative con-
sumer in country A allocates her overall consumption across the various
brands to maximize the following index:

CA = (�)
��
�
1� �
2

��(1��) �
CAA
�� �

CBAC
C
A

� 1��
2 (1)

The elasticity of substitution between goods produced in di¤erent countries
is set at one. The sub-index by country of origin are given by:

CAA =

�
(2)

1
�

Z 0:5

0

�
CAA (z)

���1
� dz

� �
��1

CBA =

�
(4)

1
�

Z 0:75

0:5

�
CBA (z)

���1
� dz

� �
��1

CCA =

�
(4)

1
�

Z 1

0:75

�
CCA (z)

���1
� dz

� �
��1

� > 1 is the elasticity of substitution between brands produced in the same
country. Similarly, the representative consumer in country B and C allocates
her consumption across the various brands to maximize:

Ci = (1� �)�(1��)
��
2

��� �
CAi
�1�� �

CBi C
C
i

��
2 i = B, C (2)

The coe¢ cient � 2 [0:5; 1] in (1)-(2) re�ects the degree of home bias, in
terms of periphery vs. center goods, and allows us to vary the degree of
integration between the center and the periphery. One extreme corresponds

1Our assumption of a unit elasticity of substitution between goods produced in di¤erent
countries, along with a log utility of consumption, always ensures full-risk sharing.
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to a fully integrated world with no home bias (� = 0:5). The other extreme
corresponds to a disconnected world with no trade between the center and
the periphery (� = 1). The home bias is de�ned solely in terms of center vs.
periphery, and there is no corresponding bias between goods produced in the
periphery.
The allocation of consumption is computed following the usual steps and

re�ects the relative prices. For instance, the allocation of purchases by the
consumer in country A is:

CAA (z) = 2�

�
PAA (z)

PAA

��� �
PAA
PA

��1
CA

CjA (z) = 2 (1� �)
"
P jA (z)

P jA

#�� "
P jA
PA

#�1
CA j = B, C

The price indexes represent the minimal expenditure required to purchase
one unit of the corresponding index. In particular, the consumer price index
is:

PA =
�
PAA
�� �

PBA P
C
A

� 1��
2 (3)

The allocation of consumption in country B and C is computed along similar
lines, with the consumer price index in country i = B, C being:

Pi =
�
PAi
�1�� �

PBi P
C
i

��
2 (4)

3.3 Money and e¤ort

The consumer in country i maximizes a simple utility over consumption,
real balances and hours worked:

Ui = E

�
ln (Ci) + � ln

�
Mi

Pi

�
� �Hi

�
i = A, B, C (5)

where E denotes the expectation operator, from the point of view of the be-
ginning of the period. Ci is the aggregate consumption index, Mi=Pi denotes
the real money balances and Hi denotes the hours worked by the consumer.
� and � are scaling parameters. The simple functional form in (5) allows us
to derive our results with the minimal amount of technical complexity. The
budget constraint faced by the consumer in country i is:

PiCi +Mi = �i +WiHi � Ti (6)

where �i denotes the pro�ts of the �rms in country i, which are owned by
the local consumer, Wi is the wage rate, and Ti is a lump-sum tax paid to
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the government of country i.2 The �rst-order conditions with respect to real
balances and hours worked lead to the money demand and labor supply:

Mi = �PiCi Wi = �PiCi =
�

�
Mi (7)

3.4 Structure of pricing

As �rms set their prices before the realization of shocks and the asso-
ciated response by monetary policy, the currency in which prices are set
plays a central role. Prices for sales to foreign countries can be set in dif-
ferent currencies, implying di¤erent sensitivity of the import prices paid by
consumers to exchange rate movements, the so-called exchange rate pass-
through. Our paper focuses on how alternatives pattern of trade invoicing
alters the transmission of monetary policy and its optimal design. Through-
out the paper we take the pattern of invoicing to be set exogenously. While
a growing literature has focused on the determinants of invoicing (Bacchetta
and vanWincoop (2005), Devereux, Engel and Storegaard (2004), Goldberg
and Tille (2005)) the models considered go beyond our simple setup. For
instance, Goldberg and Tille (2005) point to the key role of decreasing re-
turns to scale in generating a concern by �rms for demand volatility. In the
present paper we instead consider a constant return to scale technology to
keep the technical complexity to a minimum. Encompassing endogenous in-
voicing choice in our analysis would require a richer model, a step that we
leave for future research.
Firms set the price for domestic sales in the domestic currency, but prices

for sales abroad can be set in di¤erent currencies. A �rm located in country
j sets a price ~P jj (z) in its own currency for domestic sales. Its exports are
invoiced in a basket of the three available currencies, with the weight of each
being in the [0; 1] interval. The weights are denoted by  with a subscript
indicating the country of destination, as well as superscripts indicating the
country of production and the currency of invoicing. Speci�cally j; cur ki is
the share of currency k in the invoicing of exports from country j to country i.
These exogenous invoicing weights are the same for all �rms in the exporting
country.
The pricing choice for the �rm producing brand z in country j and ex-

porting to country i consists of choosing a price ~P ji (z) such that the price
paid by the importing consumer in her own currency, i, is:

P ji (z) =
~P ji (z)

X
k=A;B;C

�
Sk
Si

�i; cur kj

= ~P ji (z) (Si)
�1 (SB)

i; cur Bi (SC)
i; cur Ci

(8)

2Without loss of generality we assume that initial cash holdings are zero.
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where Si is the exchange rate between currency A and currency i. It is
expressed as the amount of currency A per unit of currency i, so an increase
corresponds to a bilateral depreciation of currency A. The exchange rate
between currency i and currency k, in terms of the amount of currency i per
unit of currency k, is then given by Sk=Si. The case of producer currency
pricing (PCP) corresponds to j; cur ji = 1, while the case of local currency
pricing (LCP) corresponds to j; cur ii = 1. Pricing in a vehicle currency
(VCP) corresponds to j; cur ji = j; cur ii = 0.
For brevity, we focus on �ve corner cases of invoicing, as illustrated by

Figure 3. For each case Figure 3 depicts the trade �ows between the various
countries along with the currency used in the invoicing of the speci�c �ows
(for instance a label C on the arrow from country C to country A indicates
that exports from C to A are invoiced in the currency of country C). Case 1
and Case 2 are fully symmetric invoicing behavior as applied to all trade �ows.
In Case 1, referred to as PCP-SYM, producer currency pricing applies to all
trade �ows, symmetrically across countries. This scenario is characterized
by complete exchange rate pass-through to all import prices. In Case 2,
referred to as LCP-SYM, local currency pricing applies to all trade �ows. In
this scenario there is no exchange rate pass-through and all import prices are
fully insulated from exchange rate movements.
The next three cases constrain all trade transactions involving the center

country A to be invoiced in the center�s currency. In terms of notations, all of
these cases start with DOL-, but di¤er along the dimension of invoicing the
trade �ows that pass between the two periphery countries, B and C. DOL-
means that there is complete pass-through of exchange rate movements to
the consumer prices for goods sold by country A to the periphery, but no
pass-through to consumer prices for imports from the periphery in country
A. In the DOL-PCP case, intra-periphery trade �ows are invoiced in pro-
ducer currency, and there is complete bilateral exchange rate pass-through
within the periphery. In the DOL-LCP case, intra-periphery trade �ows are
invoiced in the currencies of the respective consumers and there is no bi-
lateral exchange rate pass-through. The last case, DOL-DOL, captures the
international role of currency A along the second dimension discussed in the
introduction. In that case all trade �ows worldwide, including intra-periphery
�ows, are invoiced in currency A. In particular, this implies that exchange
rate �uctuations between currency A and either of the periphery currencies
a¤ect the price of intra-periphery imports relative to the local goods in the
periphery.
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3.5 Technology and output

Firms use a simple technology with constant returns to scale over labor
hours worked in production of good z, Hi (z):

Yi (z) = KiHi (z) i = A;B;C (9)

The country-wide productivity terms K�s are subject to random shocks, and
�rms set their prices before the realization of these shocks. The demands
faced by the various �rms are computed by aggregating the allocation of
consumption derived above across the various agents. Using the pricing struc-
ture detailed above, the output of a �rm producing brand z in country A is
equated to demand by consumers in A,B, and C

YA (z) = �
h
~PAA (z)

i�� �
PAA
���1

PACA (10)

+
1� �
2

h
~PAB (z) (SB)

i; cur BB �1 (SC)
A; cur CB

i�� �
PAB
���1

PBCB

+
1� �
2

h
~PAC (z) (SB)

A; cur BC (SC)
i; cur CC �1

i�� �
PAC
���1

PCCC

The demands faced by �rms in country B and C are computed similarly. In
equilibrium all �rms in a given country are identical. We can then drop the
z index and write (10) in terms of per-capita output:

YA = �
PACA
PAA

+
1� �
2

�
PBCB
PAB

+
PCCC
PAC

�
(11)

4 Solution of the model

4.1 Exchange rates

We abstract from government spending and assume that the seigniorage
income from monetary creation is repaid to the domestic households as lump
sum income. As in a strict monetary approach to exchange rate determina-
tion, exchange rates re�ect the ratios of the monetary stances adjusted for
money demand shocks, regardless of the structure of invoicing:

SB =
MA

MB

; SC =
MA

MC

(12)

Equation (12) show that exhcange rates are fully determined by the relative
monetary stances, a feature that is common to the various contributions in
the literature. As a result, the volatility of exchange rate �uctuations that the
model generates is well below the one observed in the data . This shortcom-
ing does not necessarily alter our results however. We could include shocks
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to the money demand to which the central bank cannot react, interpreting
these �uctuations as �nancial market shocks. The exchange rate is then also
a¤ected by these �nancial shocks and can display a much larger volatility.
Still, the optimal monetary response to productivity shocks is not a¤ected
and all our results go through, as long as productivity and �nancial shocks
are uncorrelated.3

4.2 The �exible price allocation

A useful benchmark is given by the situation where goods prices are fully
�exible. If �rms can adjust their prices following the realization of shocks and
the response by monetary authorities, they set them as a constant markup
over marginal cost, which is the wage adjusted for productivity. Using the
labor supply (7) the price set by a �rm in country j for sales to country i is
expressed as follows, in tems of country j currency:

P ji =
��

�� 1
1

�

Mj

Kj

(13)

(13) shows that the law of one price holds, as a given good sells for the same
price in any country. This price re�ects the ratio between the monetary
stance in country i and productivity.
The ability of �rms to reset prices implies that money demand shocks

have no real e¤ects and productivity shocks in a country a¤ect output in
that country one-for-one, with no impact on hours worked. Consumptions
are driven by weighted averages of productivity shocks, with the weights
corresponding to the shares of the various goods in the consumption baskets
(1)-(2). Without loss of generality, we assume that productivity shocks are
log-normal, with mean zero. Abstracting from the direct impact of real
balances on utility, the welfare (5) is the same in all three countries and
re�ects structural parameters:

Ui,�exible prices = E [ln (Ci)� �Hi] = � (14)

where � = ln
�
��1
��

�
� ��1

�
.

4.3 Optimal price setting

When prices have to be set in advance, a �rm in country j sets its prices
in order to maximize the expected discounted value of its pro�ts. As all �rms
are domestically owned, the discount factor is the marginal utility of income

3If the monetary authorities can observe the �nancial shock, the optimal response is
the to fully o¤set them and they do not enter the model.
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in country j. Using the pass-through structure (8), the labor supply (7) and
the solution for the exchange rate (12), the home country price set by a �rm
in country j for sales to country i is written as:

~P ji =
��

�� 1
1

�
E

�
1

Kj

(MA)
j; cur Ai (MB)

j; cur Bi (MC)
j cur Ci

�
(15)

j; cur jj = 1 j; cur k 6=jj = 0

The optimal preset price (15) is similar to the optimal �exible price (13),
with important di¤erences. Prices are again set as a markup over marginal
cost, given by a ratio between monetary stances and productivity in the
country where the goods are made. (15) shows that the markup is over the
expected marginal cost, as opposed to its realized value in (13). In addition,
the marginal cost in (15) re�ects a weighted average of the monetary stances
in all countries, re�ecting their role in the invoicing of trade, while only the
domestic monetary stance matters in (13). The later point of course does not
apply to domestic sales which are fully invoiced in the domestic currency, as
shown in the second row of (15).

4.4 The prominent role of the center

Our �rst step is to compute the impact of monetary policies of each coun-
try on consumption. We compute the consumption levels from the money
demand (7), the consumer price indexes (3)-(4), the pass-through structure
(8) and the solution for the exchange rate (12). The resulting consumption
in country i takes the following form:

Ci = �i (MA)
�iA (MB)

�iB (MC)
�iC (16)

where the �i�s are coe¢ cients that re�ect the pattern of invoicing. The term
�i re�ects the variables that are predetermined at time of the shocks, and is
not a¤ected ex-post by the actual realization of shocks and monetary stances.
It is important to bear in mind that �i is a¤ected by monetary policy in ex-
ante terms, as it includes the preset prices ~P ij , which are a¤ected by the
exact rule followed by the monetary authorities. (16) shows the sensitivity of
consumption to ex-post realizations of the monetary stances and the shocks.
Several points emerge. First, the impact of monetary policy in country i

on consumption in country j (the �i�s) re�ects the extent to which consumer
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prices in country i are invoiced in currency j.4 This implies that the impact
of monetary policy in country A on consumption in the periphery re�ects the
use of currency A in invoicing of international trade. Second, productivity
shocks have no direct ex-post impact on consumption. While they a¤ect the
marginal costs of �rms, the �rms are prevented from adjusting their prices
in response, hence the productivity shocks do not a¤ect real balances and
consumption. This does not mean that they are irrelevant, but that their
impact operates through the levels at which prices ~P ij are set, which enters
the � terms.
A worldwide measure of consumption can be computed as a weighted

average of (16) with the weights re�ecting the size of the various countries:

CW = (CA)
0:5 (CBCC)

0:25

Aggregate measures of �W and MW are constructed along similar lines. In
the symmetric invoicing cases PCP-SYM and LCP-SYM, the impact of the
monetary stance in each country simply re�ects its size: CW = �WMW . By
contrast, the prominence of currency A in trade invoicing in the DOL- cases
leads the monetary stance in the center to have a disproportionate impact
on world consumption. In the DOL-PCP and DOL-LCP cases, we write:

CW = �WMW

�
MA

(MB)
0:5 (MC)

0:5

� 1��
2

A monetary expansion in country A boosts worldwide consumption by a
factor that exceeds the size of the center country in the world economy.
Conversely, the monetary stances in periphery countries have a relatively
small impact. The asymmetry is more pronounced in the DOL-DOL case:

CW = �WMW

�
MA

(MB)
0:5 (MC)

0:5

� 2��
4

The prominent impct of monetary policy in the center is illustrated in
Figure 4 which shows the the impact of a 1 percent increase inMA on world-
wide consumption, CW , in percent, depending on the degree of integration,
�. Under PCP-SYM and LCP-SYM the increase in consumption re�ects

4For instance, we can show that the coe¢ cients for consumption in country B are:

�BA = (1� �) A; cur AB +
�

2
C; cur AB

�BB =
�

2
+ (1� �) A; cur BB +

�

2
C; cur BB

�BC = (1� �) A; cur CB +
�

2
C cur C
B
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the size of country A regardless of the degree of integration. By contrast,
worldwide consumption increases by more in all DOL- cases, especially when
intra-periphery trade �ows are invoiced in currency A (DOL-DOL). In the
later case, monetary policy in the center disproportionately boosts worldwide
consumption even when there are no trade �ows between the center and the
pariphery (� = 1).

5 Optimal monetary policy

5.1 Welfare and the impact of monetary policy

The goal of monetary policy is to maximize some combination of the
welfare of the representative agents in the various countries, given by (5).
We take the standard approach of ignoring the small direct impact of real
balances on welfare and focusing on consumption and hours:

Ui = E ln (Ci)� �EHi (17)

Under our speci�cation, expected hours worked boil down to a simple func-
tion of the structural parameters of the economy, regardless of the structure of
invoicing, a well-known feature of such models (Corsetti and Pesenti 2005a):
�EHi = (�� 1) =�. The welfare (17) can then be assessed by focusing on
the consumption component. The welfare of agent in country i is given by
taking the expected value of the log of (16), and explicitly writing the preset
prices in �i by using the optimal pricing rule (15). The key element is that
the preset prices are a¤ected by the expected monetary stances, as shown by
(15).
The �rst step towards setting the optimal monetary stance is to compute

the marginal impact of monetary policy in a given state of nature s on the
expected log of consumption. The resulting derivatives can be expressed in
terms of log-linear approximations around a steady state where productivity
and velocity are constant. Expressing log deviations by San-Serif variables,
the marginal impact of monetary stance in country A in state s on the ex-
pected log consumption in country A is written as:

@E ln (CA)

�s@MA;s

= �� (mA;s � kA;s)

�1� �
2

B; cur AA

h
B; cur AA mA;s + 

B; cur B
A mB;s + 

B; cur C
A mC;s � kB;s

i
�1� �

2
C; cur AA

h
C; cur AA mA;s + 

C cur B
A mB;s + 

C cur C
A mC;s � kC;s

i
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where �s is the probability of state s being realized. Similar expressions can
be derived for the marginal impact of the monetary stance in any country
on the expected log consumption in any country.
The optimal monetary policy is computed by setting some combination

of these marginal impacts to zero, with di¤erent objectives translating into
di¤erent combinations as detailed below. This gives a log linear relation
between the monetary stance and the various shocks, that we refer to as
a policy rule. Our analysis focuses on the design of optimal rule and we
abstract from the issue of discretionary policy. As the expected shocks are
zero (Eki = 0), the expected log-deviation of the monetary stance is also
zero (Emi = 0).5

Using the forward looking prices (15), the welfare in the various countries
can be written in terms of the variances of the monetary stances and shocks,
as well as the invoicing structure. For instance, the welfare in country A is:

ÛA = ��1
2
V ar [mA � kA]

�1� �
2

1

2
V ar

h
B; cur AA mA + 

B; cur B
A mB + 

B; cur C
A mC � kB

i
(18)

�1� �
2

1

2
V ar

h
C; cur AA mA + 

C cur B
A mB + 

C cur C
A mC � kC

i
where V ar denotes the variance. ÛA is the di¤erence of the welfare from
its value under �exible prices (14), with ÛA = 0 indicating that the welfare
under preset prices corresponds to the level under �exible prices. The �nal
step in assessing the welfare consists of substituting the monetary stances by
using the policy rules.

5.2 Optimal monetary policy in a decentralized setting

5.2.1 Monetary rules

We �rst consider a decentralized Nash equilibrium where each monetary
authority focuses on maximizing the welfare of its own residents only, and
ignores any impact on the welfare of residents in other countries. The policy
stances in state s are then set to satisfy the following �rst-order conditions:

@E ln (CA)

�s@MA;s

=
@E ln (CB)

�s@MB;s

=
@E ln (CC)

�s@MC;s

= 0

This gives a linear system of three equations in three unknows, mi;s for i =
A;B;C and three exogenous productivity shocks.6 For convenience, we de�ne

5This result also follows in a speci�cation that permits exchange rate volatility as arising
from volatile money demand

6If we had money demand shocks that led to exchange rate volatility, the optimal
policy would call for a full o¤set regardless of the invoicing structure: when the monetary
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the following periphery-wide measure of shocks:

kP;s = (kB;s + kC;s) =2

Consider the optimal response to productivity shocks. Under PCP-SYM
the optimal policy fully focused on domestic shocks, as described in Obstfeld
and Rogo¤ (2002):

mi;s = ki;s i = A, B, C (19)

Under LCP-SYM the optimal policy react to a weighted average of shocks,
with the weights re�ecting home bias:

mA;s = �kA;s + (1� �) kP;s (20)

mB;s = mC;s = (1� �) kA;s + �kP;s

If the center and the periphery are fully integrated (� = 1), monetary policy
in each country reacts to the worldwide average of shocks.
Under any of the DOL- cases, the optimal policy in country A reacts to a

weighted average of shocks, exactly as in the LCP-SYM case. Turning to the
periphery countries, the optimal policy is focused on domestic shocks under
both the DOL-PCP and the DOL-DOL cases:

mi;s = ki;s i = B, C (21)

Under DOL-LCP, monetary policy in the periphery reacts only to the average
periphery shock:

mB;s = mC;s = kP;s (22)

Notice that if kB;s = kC;s the DOL- setups are the same, and monetary policy
in the periphery follows the shock in the periphery. This corresponds to a
two-country center-periphery version of the model.
The optimal policy is assymetric in the DOL- cases, as the monetary

stances in the periphery are never a¤ected by shocks in the center, while
the center�s policy reacts to periphery shocks, an aspect that can be found in
Corsetti and Pesenti (2005a,b) and Devereux, Shi, and Xu (2006). Intuitively,
the preset component of exports from country A in a DOL- case is always
insulated from monetary policy in the periphery. From (15) we write:

~PAB = ~PAC / E (MA=KA)

authorities can observe them, as they can simply o¤set the shocks one-for-one. If the money
demand shocks occur once policy has already been set, they would have no implication
for the conduct of policy as long as they are uncorrelated with the observed productivity
shocks, which we assume to be the case. If the two types of shocks were correlated, the
monetary authorities would react to productivity shocks not only for their own sake, but
also due to the fact that they provide information on money demand shocks.
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where / denotes a proportionality. The monetary authorities in country B
then have no leeway on these prices, and focus on shocks on the periphery as
this a¤ects the preset prices of domestic goods and imports from the other
periphery country.
By contrast, in the center country A the monetary stance a¤ects import

prices:
~PBA / E (MA=KB) ~PCA / E (MA=KC)

Policy then reacts to a combination of shocks in the periphery, to lower
import prices, and shocks in the center, to lower the price of domestic goods.

5.2.2 Exchange rate volatility

The optimal monetary policy in the various cases can be concisely il-
lustrated through the volatility of exchange rate. Under PCP-SYM the ex-
change rates move one-for-one with the bilateral productivity shocks:

V ar (si)
Nash
PCP-SYM = V ar [kA � ki] i = B;C

V ar (sB � sC)NashPCP-SYM = V ar [kC � kB]

where the superscripts indicates the case of decentralized policy setting, and
the subcripts denote the invoicing structure. Under LCP-SYM exchange
rates are much less volatile:

V ar (si)
Nash
LCP-SYM = (2�� 1)2 [kA � ki] i = B;C

V ar (sB � sC)NashLCP-SYM = 0

The reduced volatility stems from the fact that the optimal monetary policy
calls for large exchange rate movements when they lead to e¢ cient move-
ments in relative prices, as in the PCP-SYM case. If prices are insulated, as
in the LCP-SYM case, exchange rate movements are not useful.
A similar pattern is observed in the DOL-LCP case:

V ar (si)
Nash
DOL-LCP = �2V ar [kA � kP ] i = B;C

V ar (sB � sC)NashDOL-LCP = 0

While exchange rate movements are smaller than under PCP-SYM, the �uc-
tuations of bilateral exchange rates between the center and either periphery
country are larger than under LCP-SYM (as � < 1) because such �uctuations
lead to an e¢ cient realignment of import prices in the periphery.
In both the DOL-PCP and DOL-DOL the volatility of bilateral exchange

rates between the center and a periphery country is a¤ected by the intra-
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periphery productivity di¤erential (kB � kC):

V ar (sB)
Nash
DOL-PCP/DOL = V ar

�
� (kA � kP )�

1

2
(kB � kC)

�
V ar (sC)

Nash
DOL-PCP/DOL = V ar

�
� (kA � kP ) +

1

2
(kB � kC)

�
V ar (sB � sC)NashDOL-PCP/DOL = V ar [kC � kB]

This pattern re�ects that fact that the periphery monetary policy is fully
inward-looking in this case. As a results, the monetary stance in the pe-
riphery country with the most volatile shocks �uctuates by more, leading to
larger movements in the exchange rate vis-a-vis the center. Assuming that
the shocks in the center and the periphery are not correlated, we write:

V ar (sB)
Nash
DOL-PCP/DOL � V ar (sC)

Nash
DOL-PCP/DOL = � (V ar [kB]� V ar [kC ])

5.2.3 Welfare under productivity shocks

Turning to the role of productivity shocks, in the PCP-SYM case the
welfare in all countries is equal to the �exible price allocation:�

Ûi

�Nash
PCP-SYM

= 0 i = A;B;C (23)

This is the standard result that when exchange rate are fully transmitted
to import prices, inward-looking monetary policies lead to e¢ cient move-
ments in international relative prices and monetary policy can fully bring
the economy around the obstacle of nominal rigidities.
In all other cases of invoicing selection, monetary policy cannot bring

the economy to the �exible price allocation. The welfare levels are driven
by the volatility of the productivity di¤erentials between the center and the
periphery, kA�kP , and between the two periphery countries, kB�kC . Under
LCP-SYM, exchange rate movements cannot lead to e¢ cient movements in
international relative prices and welfare is lowered, especially in the periphery
countries where imports account for a larger share of the consumption basket:�
ÛA

�Nash
LCP-SYM

= �� (1� �)
2

V ar [kA � kP ]�
1� �
8

V ar [kB � kC ] (24)�
Ûi

�Nash
LCP-SYM

= �� (1� �)
2

V ar [kA � kP ]�
�

8
V ar [kB � kC ] i = B;C

Under any DOL- case consumer prices in country A are fully insulated
from exchange rate movements and A�s welfare is identical to the LCP-SYM
case (24). By contrast, the periphery counties are adversely a¤ected by the
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volatility of the center-periphery productivity di¤erential. Even though the
price of center�s goods sold in the periphery varies with the exchange rate,
the �uctuations of the exchange rate do not lead to e¢ cient price movement
because the center�s monetary policy is not geared solely towards domestic
shocks (Devereux, Shi, and Xu 2006). Under DOL-PCP the intra-periphery
di¤erential entails no cost for them as the optimal policy leads to e¢ cient
movements in the relative prices between them:�

Ûi

�Nash
DOL-PCP

= �(1� �)
3

2
V ar [kA � kP ] i = B;C (25)

By contrast, the intra-periphery productivity di¤erential entails a cost under
DOL-LCP as monetary policy cannot induce e¢ cient movements in interna-
tional prices:�

Ûi

�Nash
DOL-LCP

= �(1� �)
3

2
V ar [kA � kP ] i = B;C (26)

��
8
V ar [kB � kC ]

Under DOL-DOL the volatility of the center-periphery productivity di¤er-
ential entails a larger cost. Intuitively, shocks in the center a¤ect monetary
policy in the center. This not only leads to movements in the exchange rates
between the center and the periphery countries that are not fully e¢ cient,
but also generates ine¢ cient �uctuations in the relative prices between the
two periphery countires:

�
ÛB

�Nash
DOL-DOL

= �
"
(1� �)3

2
+
�3

4

#
V ar [kA � kP ] (27)

� �
16
V ar [kB � kC ]�

�2

4
Covar [kA � kP ] [kB � kC ]�

ÛC

�Nash
DOL-DOL

= �
"
(1� �)3

2
+
�3

4

#
V ar [kA � kP ] (28)

� �
16
V ar [kB � kC ] +

�2

4
Covar [kA � kP ] [kB � kC ]

(27)-(28) show that the welfare is not necessarily equalized across the two
periphery countries in the DOL-DOL case, while it was it all the other cases.
Assuming that the shocks in the center and the periphery are not correlated,
the welfare is higher in the periphery country with the most volatile shocks:�

ÛB

�Nash
DOL-DOL

�
�
ÛC

�Nash
DOL-DOL

=
�2

4
(V ar [kB]� V ar [kC ])
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This result is counterintuitive, as we would expect a country with more
volatile shocks to be worse o¤. However this is not the case because mon-
etary policies in the periphery countries are more e¢ cient at o¤setting do-
mestic shocks than foreign ones. Consider the case where productivity is
most volatile in country B. From (15) the price charged for domestic sales
by country B �rms is:

~PBB / E (MB=KB)

where / denotes a proportionality. This price is fully stabilized by the
inward-looking policy chosen in the DOL-DOL case (21). By contrast, the
price charged by �rms of country B for sales in country C is:

~PBC / E (MA=KB)

which is not a¤ected by the monetary stance in either periphery country.
As a result, a periphery country can o¤set the impact of its own shocks on
domestic prices, but the other periphery country bears the full weigths of
these shocks. By contrast, the impact would be lessened in the DOL-PCP
and DOL-LCP as prices would be at least partially stabilized by monetary
policy in the periphery.
Our analysis highlights the contrast between the center-periphery dimen-

sion highlighted by other researchers and the intra-periphery dimensions that
we have added in this modelling exercise. For instance, the welfare impact of
similar policies can be di¤erent depending on the invoicing structure. Con-
sider for simplicity the case where shocks in the periphery countries are per-
fectly correlated (V ar [kB � kC ] = 0). In this situation the monetary policy
rules are the same in all three DOL- cases. The welfare for periphery coun-
tries is however smaller in the DOL-DOL case than in either the DOL-PCP or
DOL-LCP cases, because �uctuations in the bilateral exchange rate between
the center and either periphery country now entail ine¢ cient movements in
the prices of trade between the two periphery countries.
Another illustration of the contrast stems from the comparison of welfare

in the center and the periphery, considering again that V ar [kB � kC ] = 0 for
simplicity. From (25)-(26) and (24), periphery countries have a higher welfare
level than the center under DOL-PCP and DOL-LCP. Intuitively, �uctua-
tions in the center-periphery exchange leads to movements in import prices
in the periphery that are partially e¢ cient, while import prices in the center
are fully set. This bene�t along the center-periphery dimension is associated
with a cost along the intra-periphery dimension under the DOL-DOL case,
as the exchange rate movements then lead to ine¢ cient �uctuations in the
relative price of periphery goods. From (27) and (24) the welfare is lower
in the periphery than in the center when center-periphery trade �ows are
limited (� < 0:71), as the situation is then dominated by the intra-periphery
cost.
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5.3 Optimal monetary policy in a cooperative setting

5.3.1 Monetary rules

We now turn to the gains from cooperation in the conduct of monetary
policy. Cooperation limited to the periphery countries presents a �rst case.
In this situation, the monetary authorities in the periphery set their rules by
taking into account the impact on all periphery consumers. By contrast the
monetary authorities in the center focus only on their domestic welfare. This
limited cooperation leads to the exact same policy rules than the decentral-
ized setup considered above and entails no welfare gain.7

Consider instead a global cooperation setup in which monetary authorities
in any country choose their rule to maximize the weighted average of the
welfare of various consumers:

0 =
@E ln (CA) +

1
2
@E [ln (CB) + ln (CC)]

@Mi;s

i = A, B, C

As in the decentralized setup, this gives a linear system of three equations
in three unknows, mi;s for i = A;B;C and six exogenous productivity and
money demand shocks. We focus on the response to productivity shocks, as
policy either fully o¤sets money demand shocks or ignore them, both in the
decentralized and cooperative cases.
Cooperation entails no gains in the PCP-SYM case, as the decentralized

policy already fully o¤sets the ine¢ ciency due to nominal rigidities. A similar
result holds for the LCP-SYM case, is because the monetary stance in a
given country does not a¤ect the preset level of prices abroad. Cooperation
therefore leads to no gain in the symmetric cases, as shown by Corsetti and
Pesenti (2005a).8

We therefore focus on the DOL- cases which represent important scenarios
when there are strong center countries with vehicle currencies. Our �rst
result is that monetary policy in the periphery countries is the same as in
the decentralized outcome (21)-(22). This re�ects two aspects. First, prices
in the center are only a¤ected by the monetary policy rule in the center, as
can be seen from (15), setting j = A and i; cur AA = 1. The policy rule in the
periphery is then not a¤ected by taking welfare in the center into account,
as it does not a¤ect it. Second, while prices in the periphery are a¤ected by
monetary policy in both periphery countries in general, the impact is similar
to a two-country situation with symmetric invoicing. The same logic applies
as in the PCP-SYM and LCP-SYM cases and the policy rules are the same
in a cooperative as in a decentralized situation.

7Cooperation could possibly be bene�cial if a given trade �ow is invoiced in a basket
of di¤erent currencies, a case that we leave to future research.

8Cooperation can still be bene�cial in the case of partial exchange rate pass-through.
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By contrast, cooperation matters for the optimal policy rule in the center,
re�ecting the fact that the center�s monetary stance has a substantial impact
on the periphery countries that is not taken into account in a decentralized
setting. Under both DOL-PCP and DOL-LCP we get:

mA;s =
1

2� �kA;s +
�
1� 1

2� �

�
kP;s (29)

Comparing (29) to the policy under the decentralized setting (20) shows
that the monetary authorities in the center are more inward looking under
the cooperative setting, with their own shocks receiving a larger weight in
the policy rule:

1

2� � > �

Intuitively, a monetary expansion in the center following a positive shock
there leads to a depreciation of the center�s currency against both periphery
currencies. As there is full exchange pass-through from the center to the
periphery, this lowers import prices in the periphery. This constitutes an
e¢ cient response to the productivity gain which is ignored by the center
monetary authorities in the decentralized setting.
Under the DOL-DOL case the cooperative monetary policy of the center

is:

mA;s =
2

4� �kA;s +
�
1� 2

4� �

�
kP;s (30)

Comparing (29)-(30) shows that under a cooperative setting monetary policy
in the center reacts less to its own shocks in the DOL-DOL case:

2

4� � <
1

2� �

Intuitively, movements in the exchange rate between the center and the pe-
riphery countries now a¤ect the price paid by consumer in country B for
country C goods, and conversely. A monetary expansion in the center follow-
ing a productivity gain there then makes intra-periphery imports cheaper,
which is an ine¢ cient response as productivity in the periphery has not
changed. Contrasting the cooperative policy in the DOL-DOL case (30)
with the policy under the decentralized setting (20) shows that the cooper-
ative calls for a larger reaction to center shocks only when the center and
periphery are closely integrated, as the bene�t of exchange rate �uctuations
along the center-periphery dimension then dominates the costs along the
intra-periphery dimension:

2

4� � > �, � < 0:59
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5.3.2 Welfare

Across all DOL- cases the welfare of periphery countries is higher under
the cooperative setting, at the expense of the center country. For brevity,
we contrast the welfare under the cooperative setting with that under the
decentralized policy setting. In both the DOL-PCP and DOL-LCP cases we
write:�

ÛA

�Gain
DOL-PCP/LCP

= �(1� �)
4

2

�
1

2� �

�2
V ar [kA � kP ] < 0 (31)

�
Ûi

�Gain
DOL-PCP/LCP

=
(1� �)3

2

"
1�

�
1

2� �

�2#
V ar [kA � kP ] > 0(32)

i = B;C

where the gain superscript denotes the welfare di¤erence between the coop-
erative and decentralized settings, with a positive value indicating that the
country is better o¤ when monetary policy is conducted under cooperation.
Two main points emerge from (31)-(32). First, only the volatility of the
center-periphery productivity di¤erential matters. Intuitively, a cooperative
setting only a¤ects the optimal rule in the center country. As intra-periphery
trade �ows are invoiced in one of the periphery currencies, the intra-periphery
dimension is not a¤ected by monetary policy in the center, hence does not
enter (31)-(32). Secoond, the gain from cooperation is equalized across the
two periphery countries, even if one of these countries faces more volatile
shocks.
Turning to the DOL-DOL case we write:�

ÛA

�Gain
DOL-DOL

= �
"

�
2

�
2��
4��
�2
+ 1��

2

�
2

4��
�2

��(1��)
2

#
V ar [kA � kP ] (33)

�
ÛB

�Gain
DOL-DOL

=

24 1��
2

h
(1� �)2 �

�
2��
4��
�2i

+�
4

h
�2 �

�
2

4��
�2i

35V ar [kA � kP ] (34)

�
�
�

2

1

4� � �
�2

4

�
Covar [kA � kP ] [kB � kC ]

�
ÛC

�Gain
DOL-DOL

=

24 1��
2

h
(1� �)2 �

�
2��
4��
�2i

+�
4

h
�2 �

�
2

4��
�2i

35V ar [kA � kP ] (35)

+

�
�

2

1

4� � �
�2

4

�
Covar [kA � kP ] [kB � kC ]

The bracket terms that multiply V ar [kA � kP ] in (33)-(35) are positive for
any value of �, implying that cooperation boosts the welfare of the periphery
countries, at the expense of the center.
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(34)-(35) show that in general the welfare is not equalized between the
two periphery countries The bracket in the second terms in (34)-(35) can
be positive or negative, depending on �, implying that the relative gain
between the two periphery countries is driven by the relative volatility of
their own shocks as well as the degree of integration between the center and
the periphery. If shocks in the center and the periphery are uncorrelated,
(34)-(35) imply:�

ÛB

�Gain
DOL-DOL

�
�
ÛC

�Gain
DOL-DOL

=

�
�

2

1

4� � �
�2

4

�
(V ar [kB]� V ar [kC ])

The term in bracket is positive only when the center and the periphery are
closely integrated (� < 0:59). When the integration is less than this thresh-
old, the gain from cooperation is larger for the periphery country with the
least volatile productivity shocks. Recall that the prices of goods shipped
between the two periphery countries are:

~PBC / E (MA=KB) ~PCB / E (MA=KC)

where / denotes a proportionality. Focus on a case where the center and
periphery are loosely integrated (� is large), and consider that shocks are
more volatile in countryB. Under a decentralized policy, the center monetary
stance responds little to shocks in either periphery country. This is ine¢ cient
as the marginal cost then �uctuates, leading to higher preset prices. The
problem is more acute for country C has the import price it pays is driven by
the volatility ofMA=KB which is high. By contrast the issue is less important
for country B asMA=KC �uctuates by less. When policy is undertaken under
a cooperative setting, the center monetary authorities take their impact on
the intra-periphery dimension into account and their stance reacts more to
periphery shocks. Consequently, the volatility of MA=KB and MA=KC is
reduced, thereby lowering prices in the periphery and imporving welfare.
The gain is moderate for country B, as MA=KC was not too volatile to start
with, but more substantial for country C which bore the cost of the high
volaitility inMA=KB. As a result, the gain from cooperation is larger for the
country with the least volatile shocks.
This aspect is related to our �nding that in the DOL-DOL case the welfare

under a decentralized policy setting is highest in the periphery country with
the most volatile shocks, because its own policy can o¤set its own shocks while
the other periphery country cannot use their policy to o¤set the shocks. This
implies that the periphery country with the most volatile shocks can "take
care of itself" by reacting to its volatile shocks, while the other periphery
country cannot and needs monetary policy in the center to address the issue.
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5.4 A numerical illustration

Our results are illustrated by means of a simple example, focusing on
the impact of the degree of center-periphery integration � which is the
central parameter in our analysis. We �rst focus on the role of produc-
tivity di¤erentials between the center and the periphery by assuming that
productivity shocks in country B and country C are perfectly correlated
(V ar [kB � kC ] = 0), but are independent from shocks in the center. We set
the standard deviation of productivity shocks at 5% for all countries, leading
to a standard deviation for the center-periphery productivity di¤erential of
7% (V ar [kA � kP ] = (0:07)^2).
The welfare levels under a decentralized policy are presented in Figure 5,

recalling that they are always zero under PCP-SYM. The welfare in the center
country A is the same under LCP-SYM and any DOL- case (dotted line).
This also corresponds to the welfare in either periphery country in the LCP-
SYM case, as the situation is symmetric for all countries. The �rst dimension
of the international role of the center currency is bene�cial to the periphery,
as it allows for partially e¢ cient movement in relative prices along the center-
periphery dimension. The welfare in either periphery country (dashed line)
is then higher than in the center in either the DOL-PCP or the DOL-LCP
case. The second dimension of the international role is however costly for
the periphery as it leads to ine¢ cient movements in relative prices along the
intra-periphery dimension. This has a substantial impact on welfare in either
periphery country (thick line), especially when the center and the periphery
are not tightly connected as the bene�t along the center-periphery dimension
is then secondary.
Figure 6 shows the gains and losses from following a cooperative monetary

policy, relative to the decentralized policy. Recall that cooperation leads to
di¤erent rules only in the DOL- cases. Panel A shows that cooperation is
costly to the center country A, especially under the DOL-DOL case when
the center and the periphery are not closely connected. This situation is
symmetric for the periphery countries (panel B), with large gains in the
DOL-DOL case when monetary policy in the center takes its impact on the
intra-periphery prices into account.
Figure 6 shows that the relation between integration and the gains from

cooperation depends on the exact structure of invoicing. In the DOL-PCP
and DOL-LCP cases, the externality of the center monetary policy is limited
to the center-periphery dimension, and cooperation matters most when the
center and the periphery are closely connected. Cooperation then calls for
more exchange rate volatility (a stronger reaction of the center�s policy to
its own shocks) as this leads to e¢ cient movements in import prices in the
periphery.
By contrast, another externality emerges along the intra-periphery dimen-
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sion in the DOL-DOL case. Cooperation along this dimension calls for less
exchange rate volatility as it leads to ine¢ cient movements in intra-periphery
import prices. Overall the policy under cooperation balances the two exter-
nalites. If the center and the periphery are closely connected, the two aspects
cancel each other out and the gain from cooperation is limited (thick line).
When the connection is looser, the intra-periphery aspect dominates and
cooperation leads to substantial gains.
We next assess the impact of assymetric shocks in the periphery. We still

assume that shock in the periphery countries are perfectly correlated, but we
take them to be twice as volatile in country B as in country C. Speci�cally,
we set the standard deviation of shocks in country B and C at 6:6% and 3:3%
respectively. With the standard deviation of shocks in the center kept at 5%,
this ensures that the standard deviation of the center-periphery productivity
di¤erential remains at 7%, and the standard deviation of the intra-periphery
productivity di¤erential, kB � kC , is equal to 3:3%.
The welfare under a decentralized monetary policy is shown in Figure 7.

Panel A presents the LCP-SYM and DOL-PCP and DOL-LCP cases. The
pattern in the LCP-SYM case is similar as in Figure 5, with welfare being
somewhat lower in both periphery countries. The �rst dimension of the
international role of the center currency is again bene�cial to both periphery
countries, especially when there is full pass-through at the intra-periphery
level (DOL-PCP). The DOL-DOL case is presented in Panel B. The welfare in
the center country A (dotted line) is similar to Figure 5. Similarly, welfare in
either periphery country is low when the integration between the center and
the periphery is limited. The main di¤erence from Figure 5 is the presence
of a substantial gap between the two periphery countries, with welfare being
lower in the country where shocks are the least volatile (country C) as bears
the burden of highly volatile shocks in the other periphery country.
The gains from cooperation are presented in Figure 8. As our parame-

trization keeps the standard deviation for the center-periphery productivity
di¤erential unchanged, the gains in the DOL-PCP and DOL-LCP cases are
the same as in Figure 6, and so is the loss for country A in the DOL-DOL
case. Figure 8 then focuses on the gains for the periphery countries in the
DOL-DOL case. While the pattern is similar to Figure 6, cooperation is
especially bene�cial to the country with the least volatile shocks, as long as
the center and the periphery are not tightly connected.9

9The average gain between the two periphery countries correspond to the one in Figure
6.
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6 Conclusion

In this paper, we analyze the impact of the international role of the dol-
lar on macroeconomic interdependence using a simple open economy model
consisting of a center, such as the United States or the euro area, and two
periphery countries. We distinguish between two dimensions of the interna-
tional role of a currency, namely its use in transaction involving the center
as issuer and its use in transactions between periphery countries. The lat-
ter aspect has received little attention in the literature, despite its empirical
relevance. We �rst show that monetary policy in the center country has a
substantial impact on the periphery countries when intra-periphery trade is
invoiced in the center currency. Speci�cally, a monetary expansion in the
center depreciates its currency and makes imported goods cheaper in both
periphery countries, boosting trade �ows between these two countries. This
channel operates independently of trade �ows between the center and the
periphery.
We then show that the second dimension of the international role of the

center currency can have sizable implications for the design of monetary pol-
icy. In a decentralized setup monetary policy in the center country reacts
to productivity shocks without taking account of the fact that the ensuing
movements in exchange rates a¤ect the relative price of intra-periphery im-
ports. In the center-periphery model of the paper the policy rule is then
suboptimal from a global perspective and can lead to sizable welfare losses
for the periphery countries. Consequently a cooperative monetary policy
would lead to a substantial improvement in welfare. Our analysis also shows
that the gains from cooperation are largest for the periphery country with
the least volatile shocks.
Our setup can be extended in several directions. An interesting avenue

of research will be to endogeneize the choice of the invoicing currency, and
assess how the degree of exchange rate pass-through interacts with the design
of monetary policy.
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Table 1: Dimensions of the International Role of the Dollar 

    Country Exports Country Imports 

  Year of 
Invoicing 
Observation 
and Trade 
Shares 

Share 
Invoiced 
in 
Dollars 
 
 
        (1) 

Share 
Sold 
to the 
US 
 
 
      (2) 

Share sold 
to "Dollar 
Bloc" 
Countriesb 

 

 

           (3) 

Share 
Invoiced 
in 
Dollars 
 
 
       (4) 

Share 
Bought 
from 
the US 
 
 
     (5) 

Share 
Bought 
from 
"Dollar 
Bloc" 
Countriesb 

            (6) 
Asia         
Japan  2001 52.8% 30.4% 21.1 70.0 18.3% 33.5
Korea  2001 84.9 20.8 28.2 82.2 15.9 29.6
Malaysia  1996 66.0 18.2 13.4 66.0 15.5 6.7
Thailand  1996 83.9 17.8 17.5 83.9 12.3 14.5
Australia  2002 67.9 9.6 20.0 50.1 18.3 18.5
European Union        
Belgiuma 2002 31.9 20.1 13.4 33.5 16.4 13.5
Francea 2002 34.2 15.4 11.8 43.3 15.6 14.1
Germanya 2002 31.6 17.9 10.8 34.5 13.1 12.4
Greecea 2002 71.1 7.5 11.2 62.0 8.7 19.4
Italy  2002 20.5 9.8 7.5 30.8 4.9 7.4
Luxembourga 2002 35.7 10.4 7.4 38.0 15.3 4.3
Portugala 2002 33.4 17.4 5.2 34.5 7.2 12.1
Spaina 2002 32.8 11.0 8.7 39.5 8.5 16.0
United Kingdom  2002 26.0 15.5 6.7 37.0 11.9 9.4
EU-Accession        
Bulgaria  2002 44.3 4.8 3.3 37.1 2.2 6.8
Cyprus  2002 44.7 2.3 19.5 34.9 4.9 12.3
Czech 2002 14.7 2.9 3.1 19.5 3.3 8.3
Estonia  2003 8.5 2.3 5.4 22.0 2.9 10.4
Hungary  2002 12.2 3.5 2.7 18.5 3.7 9.5
Latvia  2002 32.1 4.3 3.1 32.1 1.6 3.0
Poland  2002 29.9 2.7 4.9 28.6 3.3 6.7
Slovakia  2002 11.6 1.4 2.1 21.2 2.1 4.4
Slovenia  2002 9.6 2.8 2.4 13.3 2.9 3.3

aInvoicing data and trade data refer only to “extra euro-area” trade.   
bDollar bloc countries are: Afghanistan, Antigua & Barbuda, Azerbaijan, the Bahamas, Bahrain, 
Bangladesh, Barbados, Belize, Bermuda, China, Djibouti, Dominica, Ecuador, El Salvador, Ethiopia, 
Grenada, Guinea, Guyana, Hong Kong, India, Iraq, Jordan, Kazakhstan, Kenya, Kuwait, Lebanon, 
Malaysia, Maldives, Mongolia, Mozambique, Netherlands Antilles, Oman, Pakistan, Panama, Qatar, St 
Vincent & the Grenadines, Sao Tome & Principe, Saudi Arabia, St Kitts & Nevis, St Lucia, Sudan, 
Suriname, Syrian Arab Republic, Trinidad & Tobago, Ukraine, United Arab Emirates, Vietnam, Yemen, 
and Zimbabwe. In the case that trade data to one of these countries is not available, reported trade shares do 
not include trade with that country in the numerator. 



Table 2: Dimensions of the International Role of the Euro 

    Country Exports Country Imports 

  Year of 
Invoicing 
Observation 
and Trade 
Shares 

Share 
Invoiced 
in Euros 
 
 
 
      (1) 

Share 
Sold 
to the 
Euro 
Area 
 
    (2) 

Share sold 
to "Euro 
Bloc" 
Countriesb 

 

 

            (3)

Share 
Invoiced 
in Euros 
 
 
 
        (4) 

Share 
Purchased 
from the 
Euro 
Area 
 
           (5) 

Share 
purchased 
from 
"Euro 
Bloc" 
Countriesb 
           (6) 

Asia         
Japan  2001 8.0% 12.5 0.9 3.0 9.8 1.0
Korea  2001 1.3 10.4 1.8 1.1 8.3 1.0
Malaysia  1996 2.8 8.8 0.7 6.8 10.2 0.7
Thailand  1996 0.5 10.5 1.6 3.5 10.2 2.3
Australia  2002 1.4 6.6 0.6 8.7 15.7 1.2
European Union        
Belgiuma 2002 54.2 NA 11.7 54.2 NA 9.0
Francea 2002 55.8 NA 13.2 48.6 NA 11.2
Germanya 2002 49.0 NA 21.6 48.0 NA 24.0
Greecea 2002 24.1 NA 42.3 30.7 NA 14.8
Italya 2002 54.1 NA 20.2 44.2 NA 16.7
Luxembourga 2002 49.1 NA 14.6 37.4 NA 8.2
Portugala 2002 48.1 NA 11.4 57.8  NA 13.1
Spaina 2002 58.1 NA 14.6 54.7 NA 10.3
United Kingdom  2002 21.0 52.5 5.1 27.0 46.8 5.0
EU-Accession        
Bulgaria  2002 52.5 47.3 22.9 60.1 44.6 14.0
Cyprus  2002 21.8 22.1 6.7 45.5 42.4 2.7
Czech 2002 68.8 61.1 19.5 67.6 56.1 13.9
Estonia  2003 70.4 39.1 18.2 61.7 40.1 14.0
Hungary  2002 83.1 65.5 13.1 73.1 51.5 10.5
Latvia  2002 47.7 29.1 23.0 47.7 40.8 28.6
Poland  2002 60.2 57.6 16.5 59.6 53.4 11.2
Slovakia  2002 73.9 56.6 31.5 60.1 46.4 23.7
Slovenia  2002 86.9 55.1 28.6 82.8 64.0 16.0

aInvoicing data and “euro bloc” trade data refer only to “extra euro-area” trade. 
bEuro bloc countries are: Albania, Benin, Bosnia & Herzegovina, Bulgaria, Burkina Faso, Cameroon, Cape 
Verde, Central African Republic, Chad, Comoros, Republic of Congo, Cote D'Ivoire, Croatia, Cyprus, 
Czech Republic, Denmark, Equatorial Guinea, Estonia, Gabon, Guinea-Bissau, Hungary, Latvia, Lithuania, 
Macedonia, Mali, Malta, Niger, Poland, Reunion (Thailand trade statistics only), Romania, San Marino, 
Senegal, Serbia, Slovakia, Slovenia, Togo, Turkey. In the case that trade data to one of these countries is 
not available, reported trade shares do not include trade with that country in the numerator. 
NA: Not Applicable 



Figure 1: Use of the U.S. Dollar in International Export Transactions
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Figure 2: Use of Euro in Periphery Transactions
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Figure 3: Five cases of invoicing

The letters denote the currency used for the invoicing of the corresponding trade flows
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Figure 5: Welfare under decentralized monetary policy
Shocks are equally volatile in country B and C
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Figure 4: World consumption change following
a unit expansion of monetary policy in country A
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Figure 6: Gain from cooperation
Welfare under cooperative policy - welfare under decentralized policy

Shocks are equally volatile on country B and C
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Figure 7: Welfare under decentralized monetary policy
Shocks are twice as volatile in country B as in country C
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Figure 8: Gain from cooperation, DOL-DOL case
Shocks are twice as volatile in country B as in country C
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