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a b s t r a c t
This paper develops an information-based theory of international currency based on search frictions, private
trading histories, and imperfect recognizability of assets. Using an open-economy search model with multiple
competing currencies, the value of each currency is determined without requiring agents to use a particular currency to purchase a country's goods. Strategic complementarities in portfolio choices and information acquisition
decisions generate multiple equilibria with different types of payment arrangements. While some inﬂation can
beneﬁt the country issuing an international currency, the threat of losing international status puts an inﬂation
discipline on the issuing country. When monetary authorities interact in a simple policy game, the temptation
to inﬂate can lead optimal policy to deviate from the Friedman rule. The calibrated model can produce a welfare
cost of losing international status for the issuing country larger than previous ﬁndings, though estimates depend
critically on inﬂation rates and information costs.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
The U.S. dollar plays a central role in the international monetary system. The 2006 Treasury reports that nearly 60% of dollar banknotes are
held abroad. Over the last half century, the dollar has also been the main
currency used for trade invoicing, denominating international debt, and
foreign exchange trades.1 Although this current arrangement is the joint
outcome of choices made by private citizens and regulations by ofﬁcial
bodies, much of the international macroeconomic literature treats
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1
In addition to an international currency's role as a store of value and medium of exchange in cross-border goods transactions, which is the main focus of this paper, it can also
serve to invoice imports and exports, anchor the exchange rate, effectuate cross-border
payments, denominate international assets and liabilities, and facilitate interbank transactions. Many of these uses are reinforcing, and the currencies used for pricing also tend to
serve as means of payment. Goldberg (2011) ﬁnds that the U.S. dollar maintains a dominant role in all key functions.
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payment arrangements as given by restricting agents to only using a
particular currency. While this assumption prevents the exchange rate
from being indeterminate, as in Kareken and Wallace (1981), such an
approach is especially unsatisfactory for understanding the conditions
under which a currency can achieve international status, or how
it might lose that status. Moreover, what are the implications of
endogenous acceptance decisions for the choice of inﬂation in an open
economy? And what are the welfare gains to having an international
currency?
The objective of this paper is to provide a general equilibrium framework to be able to answer these questions. For that purpose, I develop a
simple open-economy search model with multiple currencies to analyze three central issues in international monetary economics: (i) the
conditions that allow for the emergence of an international medium of
exchange, (ii) the choice of inﬂation by monetary authorities when currency acceptability is endogenous, and (iii) the welfare beneﬁts of having an international currency for both the issuing country and the rest of
the world. Search-theoretic models are particularly useful at addressing
international currency use since they explicitly formalize the essential
role of money, rather than assuming it exogenously.2 In this spirit, this
paper differs from much of the international macroeconomic literature

2
Earlier search models of international currency include contributions by Matsuyama
et al. (1993), Wright and Trejos (2001), Head and Shi (2003), Li and Matsui (2009), and
Liu and Shi (2010), among others. As further discussed in Section 1.1, making progress
on the substantive issues highlighted above requires extensions of these previous studies
as none can generate the full class of results in this paper.
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by letting private citizens choose which currencies to accept as means of
payment, and not ﬁxing its role by assumption. By integrating recent advances in monetary search theory with international monetary economics, this paper attempts to further our understanding of currency
competition by providing microfoundations for the internationalization
of currencies.
The model features two key ingredients that capture the fact that international monetary arrangements are the dual outcomes of choices
made by private citizens and regulations by ofﬁcial bodies. First, payment patterns are pinned down by letting private citizens choose
which currencies to accept. The basic idea is quite general, dating back
to Jevons (1875) and Menger (1892), and has to do with the fact that
an object that is widely recognizable, such as dollars in the U.S., is better
at facilitating trade than alternatives such as foreign currency.3 For example, the fact that sellers in the U.S. are not as familiar with pesos—
they might be worried that they are counterfeits—makes them reluctant
to accept it as payment unless some costly information is acquired, as in
Kim (1996) and Lester et al. (2012).4 Second, government transaction
policies are introduced in order to account for the fact that payment outcomes also reﬂect choices made by ofﬁcial bodies. Historically, a currency will not become international unless there is a centralized institution
that favors its use. This is often achieved in practice by announcing legal
tender status or only accepting domestic money for tax payments.5 The
basic idea is that by simply accepting a particular currency in its own
trades, governments may induce private agents to do the same.
In the two-country, two-currency model, agents interact ﬁrst in
decentralized international trade markets and then in a Walrasian currency exchange market. The frictions in this environment are search
frictions, private trading histories, and imperfect recognizability of assets. Each country issues one currency and is deﬁned by two features:
citizens in each country receive transfers of domestic currency and
meet each other more frequently than they meet foreigners. Trade entails exchanging local goods for a portfolio of currencies, with no restrictions on which monies can be used between private citizens. Since what
sellers accept depend on what buyers hold, and vice versa, complementarities in the trading environment lead to multiple equilibria where
zero, one, or two international monies can emerge. For instance, when
information costs are sufﬁciently high, an equilibrium with two national
currencies arises endogenously, a result that is difﬁcult to achieve in
previous dual-currency search models.6 Network externalities can lead
to coordination failures, with no guarantee that the world will end up
with a socially efﬁcient monetary system.
By formalizing the role of currency in payments, the model provides
a channel through which monetary policy can affect prices, trade, and
welfare. For instance, currency substitution occurs as an endogenous response to local inﬂation: as it becomes more costly to hold local money,
agents start substituting with foreign currency such as dollars. This
3
A vast literature that explores the link between recognizability, information, and liquidity includes Brunner and Meltzer (1971), Alchian (1977), Williamson and Wright
(1994), Banerjee and Maskin (1996), Berentsen and Rocheteau (2008), Lester et al.
(2012), and Li et al. (2012).
4
For instance, the rise of the U.S. dollar prior to World War I was partially due to the increasingly dubious nature of the quality of foreign bonds (see e.g. Eichengreen (2010)).
More generally, history is rife with instances where means of payment have been subject
to deceitful intent. The clipping of gold and silver coins in medieval Europe and rampant
production of fake banknotes in the 19th century U.S. are notable examples, as documented in Mihm (2007) and recently formalized in Lester et al. (2012) and Li et al. (2012).
5
The idea that what government accepts as payment affects what private agents do
dates back to Smith (1963) and Lerner (1947). For example, Lerner (1947) argued that
“the modern state can make anything it chooses generally acceptable as money… It is true
that a simple declaration that such and such is money will not do… but if the state is willing to accept the proposed money in payment of taxes and other obligations to itself the
trick is done.” Aiyagari and Wallace (1997) and Li and Wright (1998) provide the ﬁrst formalizations of this insight.
6
For instance in Head and Shi (2003) and Wright and Trejos (2001), there are no equilibria where a currency circulates only locally as sellers tend to accept all currencies. Without technical assumptions such as indivisible money and take-it-or-leave-it offers by
buyers, all currencies tend to circulate as international currencies.
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captures the phenomenon of dollarization common in many Latin
American and Eastern European economies. The theory also emphasizes
an important inﬂuence on the choice of money as an international medium of exchange. Fundamentals, as well as expectations regarding
other agents' behavior, jointly determine this decision and thereby determine the circulation patterns that arise. Due to inertia, it is difﬁcult
to dislodge an incumbent currency from its international role, whose
use is associated with low information costs. At the same time, a temporary disruption—such as a change in inﬂation—can permanently shift
payment patterns. International currency use therefore reﬂects both
fundamentals and history, consistent with what we observe in practice.
This paper also explicitly models the strategic interaction among
monetary authorities to obtain insights on the choice of inﬂation in interdependent economies. The dynamic policy game captures the
tradeoffs faced by policymakers and generates an inﬂation Laffer
curve. While some inﬂation can beneﬁt the issuing country through increased seigniorage from foreigners, too much inﬂation lowers the purchasing power of money and hence trade between countries. At the
same time, the threat of losing international status puts an inﬂation discipline on the issuing country, a ﬁnding that ﬁrst appeared in Li and
Matsui's (2009) model with indivisible monies. When monetary authorities interact in a simple policy game, the issuing country must
therefore trade off the temptation to inﬂate with the threat of losing international status to set an inﬂation rate that will generally deviate from
the Friedman rule, a result that is new and difﬁcult to obtain in previous
studies.
To illustrate these theoretical ﬁndings and quantify the welfare effects across countries, the model is calibrated to match international
trade data. According to the theory, a country's welfare consists of seigniorage transfers across countries and the surplus due to liquidity provision to citizens net of any information costs incurred. Depending on
inﬂation rates and the calibration strategy for the model's information
costs, the welfare beneﬁt to the U.S. of having the dollar as the sole international currency ranges from 0.4% to 1% of GDP per year, of which approximately 0.1–0.2% of GDP is due to seigniorage. These estimates thus
serve as upper and lower bounds, respectively, on the welfare gains
from international currency use. This can also be compared with 0.4%
of GDP from Portes and Rey (2002), which only include seigniorage
gains and the savings due to reduced transaction costs. This suggests
that alternative studies may be underestimating the beneﬁt of international liquidity provision since previous models do not account for the
general equilibrium effects an international currency has at expanding
trade opportunities abroad.
This paper proceeds as follows. Section 1.1 reviews the related literature. Section 2 describes the environment, and Section 3 deﬁnes equilibrium. Currency regimes are characterized in Section 4, which also
discusses how monetary policies affect prices, allocations, and welfare.
Section 5 considers a simple policy game to determine the choice inﬂation by monetary authorities in an open economy. Section 6 calibrates
the generalized model using international trade data, and Section 7
calculates the welfare beneﬁts of an international currency. Finally
Section 8 concludes.

1.1. Related literature
Theories of international currency date back a long way, and this
paper provides microfoundations for insights ﬁrst articulated by
Menger (1892), Kindleberger (1967), Swoboda (1969), and Krugman
(1984). More recently, Rey (2001), Lyons and Moore (2009), and
Devereux and Shi (2013) provide theories of vehicle currency use in foreign exchange markets, while Bacchetta and Van Wincoop (2005) and
Goldberg and Tille (2008) develop theories of invoice currencies. In contrast, this paper emphasizes the role of international currencies in facilitating cross-border goods transactions and derives this role using
search theory.
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The study of international currency with search theory also follows a
rich tradition, starting with the pioneering work of Matsuyama et al.
(1993). Subsequent two-country, two-currency search models include
contributions by Zhou (1997), Wright and Trejos (2001), Trejos
(2003), Head and Shi (2003), Camera and Winkler (2003), Li and
Matsui (2009), and Liu and Shi (2010).7 However, these previous studies either place restrictions on asset divisibility or cannot generate the
full class of acceptance patterns in this paper as equilibrium outcomes.
Regarding policy, a particularly related work is Li and Matsui (2009),
who also study currency competition among welfare-maximizing monetary authorities, but must proxy for inﬂation in a model with indivisible currencies. Changes in the money supply will imply different
distributions of money holdings, which make their policy implications
not robust. In addition, terms of trade cannot adjust with the “inﬂation
tax”, which is a key channel for the transmission of monetary policy
highlighted in this paper. For instance, the present paper shows how
the emergence of an international currency, through changes in inﬂation, affects the terms of trade by expanding the set of trading opportunities. This generates important welfare gains from international
currency use, which may not be fully captured in previous models
with indivisible money.
A key contribution of this paper is to render the nominal exchange
rate determinate in a setting where multiple currencies can coexist at potentially different rates of return. This is accomplished through assumptions on the economy's information frictions—namely anonymity and
imperfect recognizability of currencies. Formally, this paper generalizes
the model of asset liquidity by Lester et al. (2012) to an open-economy
setting. While the authors discuss dollarization and exchange rates, having a multi-country model yields several additional contributions. When
interactions between countries are explicitly modeled, it becomes possible to link how structural differences and heterogeneities across countries affect the circulation patterns that arise. Incorporating these
heterogeneities also brings the model closer to more mainstream openeconomy macro models, while still being explicit about the frictions
that make money essential. Moreover, policymakers face tradeoffs in an
open economy that do not appear in a closed economy. For instance,
this paper shows that inﬂation can have redistributive effects across
countries and that some inﬂation can be welfare-improving. Consequently, the policy implications of the present paper differs from that of Lester
et al. (2012), where the Friedman rule is the unique optimal policy, so
long as domestic currency is perfectly recognizable.
Liu and Shi (2010) also consider optimal monetary policy but focus
on two symmetric currency areas. Further, agents in their model can
hold either one of the two currencies, but not both. This restriction
rules out equilibria where a subset of agents accepts both domestic
and foreign currencies, a key focus of this paper. Moreover, since currency acceptability is not endogenous as in the present paper, inﬂation is
not disciplined by the potential loss of international currency status.
Finally, while this paper assumes that sellers always reject assets
they do not recognize, thereby simplifying the bargaining problem,
an alternative formalization by Li et al. (2012) can provide
stronger microfoundations for the information cost in this paper. This
paper admittedly abstracts from informational asymmetries in the
bargaining problem in order to focus on the international monetary
issues highlighted above.
2. Environment
Time is discrete and continues forever. There are two countries, 1
and 2, populated with a continuum of 2 and 2n agents, respectively,
where n∈(0,1) denotes relative country size. Each period consists of
7

There are also one-country models that study currency substitution, such as Chang
(1994), Uribe (1997), Engineer (2000), Ravikumar and Wallace (2002), Curtis and Waller
(2000), Camera et al. (2004), and Martin (2006), among many others. See also Craig and
Waller (2000) for a survey on dual-currency search models.

Fig. 1. Timing of representative period.

two sub-periods: the ﬁrst for decentralized trade in local and foreign
goods and the second for settlement and currency exchange.
At the beginning of each period, agents ﬁrst trade in decentralized
markets (DM) of each country. Agents from each country are evenly divided between buyers and sellers: sellers from s = {1,2} can produce
output, qs, but do not want to consume, while buyers want to consume
but cannot produce. Sellers have immobile factors of production and
cannot produce the other country's good. In the second sub-period, all
trade occurs in a frictionless competitive market (CM). All agents can
consume a numéraire good, x, which is produced according to a linear
production function in labor. The supply of hours in the CM is h,
which implies the real wage rate is equal to one. Fig. 1 summarizes
the market structure and timing of events.
For tractability, instantaneous utilities for buyers and sellers are
additively separable and quasi-linear in hours:
B

U ¼ uðqs Þ þ U ðxÞ−h;
S
U ¼ −cðqs Þ þ U ðxÞ−h:
To ease presentation, functional forms for utilities and cost functions
are assumed to be the same across countries, though this assumption
is relaxed in Appendix B. Further, u(⋅) and c(⋅) are assumed to be C2
with u′ N 0, u″ b 0, c′ N 0, c″ N 0, u(0) = c(0) = c′(0) = 0, and U′(0) =
u′(0) = ∞. Also, let q∗ ≡ {q : u′(q∗) = c′(q∗)} and x∗∈(0,∞) solve
U′(x∗) = 1. All goods are perishable, and agents discount the future between periods with a discount factor β∈(0,1). Since agents lack commitment and individual histories are private information in the DM,
unsecured credit cannot be used, which makes a medium of exchange
essential for trade.
Each country issues its own ﬁat currency, i = {1,2}, both perfectly divisible and storable. Currency mi∈ℝ+ is valued at ϕi, the price of money
in terms of the numéraire. The nominal exchange rate is deﬁned here as
the price of currency 2 in terms of currency 1: e ≡ ϕϕ . Since market clearing in the CM implies that the law of one price holds, agents can trade
currencies at the market clearing exchange rate. Hence, the CM also
functions as a foreign exchange market. Money supplies, Mi, grow or
shrink each period at a constant rate (γi − 1), where γ i ≡ MM . Variables
with a prime denote next period's parameters or choices. Changes in
the money supply are implemented through lump-sum monetary
transfers or taxes of domestic currency in the CM to that country's
buyers.8
2
1

0
i
i

8
When γi b 1, governments are assumed to have enough coercive power to collect taxes in the CM, but have no coercive power in the DM. Hu et al. (2009) and Andolfatto
(2013) consider alternative formalizations where the buyers can choose not to participate
the CM in order to avoid paying taxes. In the present model, this would generate a lower
bound on the deﬂation rate that makes the Friedman rule infeasible.
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Agents meet pairwise and at random in the DM where search and
information frictions make international trade more difﬁcult than
local trade. Buyers are mobile while sellers are immobile. With probability α∈½12; 1, a buyer stays in his country of origin and with probability
1 − α, visits the foreign country. The number of trade matches in the


DM of country j is given by the matching function M j ≡ M B j ; S j ¼

Table 1
Buyer's meeting probabilities.

B jS j
,
Bj þ Sj

of government sellers in each country, g 1∈[0,1] and g 2∈[0,1], can
be interpreted as government size or the degree of centralized
control.

where B j and S j denote the measures of buyers and sellers in

the DM of country j. In country 1, B1 = α + n(1 − α), S 1 ¼ 1, and
conditional on being in country 1, a buyer meets a seller with probability a1 ≡

M1
B1

¼

1
while in country 2, B2 = αn + 1 − α, S 2
1 þ α þ nð1−α Þ

¼ n,

and conditional on being in country 2, a buyer meets a seller with probability a2 ≡

M2
B2

¼

1
1þα

meets any buyer is

Mj
Sj

1−α
þ
n

. Similarly, the probability a seller from j

B
Sj

¼ a j j, and the probability a seller from country
B
Sj

j meets a buyer from i is λij ¼ μ ij j, where μij represents the probability
9

a buyer from i meets a seller from j given by the entries in Table 1.
National and international trade frictions are controlled by the
parameters n and α. Since n∈(0,1), international meeting probabilities
differ across countries. α can be interpreted as the degree of economic
integration: as α→12, countries become more integrated and meeting a
foreigner is more likely, while α → 1 corresponds to a closed economy
where only locals trade.
Sellers in the model are further split between private sellers, who
can choose which currencies to accept, and government sellers, who
follow exogenous acceptance policies. While domestic currency is
perfectly recognizable, it is difﬁcult for private sellers to verify the
quality of foreign currency. In particular, they must incur a ﬁxed
ﬂow cost, ψs ≥ 0, in order to recognize and hence accept payment
in foreign money. For example, ﬁrms must invest in a veriﬁcation
device in order to authenticate genuine foreign notes from counterfeits.10 The ﬁxed cost is homogenous across sellers within a country
but can differ across countries. It is common knowledge in a match
whether the seller has invested, and sellers do not accept currencies
they do not recognize. For example, sellers will reject payment if it is
costless to produce worthless counterfeits: if sellers accepted unrecognizable currencies, buyers would just hand over counterfeits in
each exchange. This assumption simpliﬁes the pricing mechanism,
as emphasized in Rocheteau (2008). Hence trade occurs under full
information, and both currencies are accepted if and only if ψ s is
incurred.
Government sellers consume and produce just like private
sellers and are subject to the same constraints and matching
technology, but have exogenous policies regarding what they
accept as payment. Governments that only accept its domestic
currency is considered the baseline policy, τ. Government behavior is
modeled this way since the purpose is to make precise how the
size and inﬂuence of government affect realms of circulation and
the set of equilibria. Given τ, terms of trade are determined through
the same pricing mechanism as with interactions with private
sellers.
Table 2 summarizes the sizes and composition of the world
economy. Agents are equally split between buyers and sellers,
each of size 1 and n in countries 1 and 2, respectively. The fraction

9
The matching function satisﬁes the technical properties found in Berentsen et al.
(2007) which speciﬁes a general version of this matching function. Appendix A provides
additional details for calculating the meeting probabilities for buyers and sellers.
10
More broadly, there are a myriad of costs associated with adopting multiple means of
payment, such as installing new technologies, dealing with foreign exchange traders, and
learning how to use foreign currency. See also Chang (1994), Engineer (2000), and Martin
(2006) for related formalizations. In a similar vein, Okawa and van Wincoop (2012) assume
that due to differences in language and regulatory systems or easier access to local information, domestic agents are more informed than foreigners about domestic equity claims.

Buyer from 1
Buyer from 2

Seller from 1

Seller from 2

αa1
(1 − α)a1

(1 − α)a2
αa2

3. Equilibrium
This section describes the equilibrium of the two-country, twocurrency model. The focus is on a stationary equilibrium where aggregate real balances in each country are constant over time. Therefore,
the rate of return of currency i in each country is constant and will
¼ ϕϕ .
equal γ −1
i
0
i
i

3.1. Centralized market (CM) value functions
In the centralized market, a representative buyer of each country
chooses consumption of the numéraire good x, labor h, and real balances to bring forward next period. Portfolios are expressed in real
terms: let z ≡ (z1,z2) ≡ (ϕ1m1,ϕ2m2)∈ℝ2+ represent a buyer from 1's

^ 1 ; ϕ2 m
^ 2 Þ∈ℝ2þ denote a
portfolio of assets, and let ^
z ≡ ð^z1 ; ^z2 Þ ≡ ϕ1 m
zÞ and V B2 ð^zÞ) debuyer from 2's portfolio. Also let WB1(z) and VB1(z) (W B2 ð^
note value functions for buyers from 1 (2) in the CM and DM,
respectively.
In the beginning of the CM, a buyer from country 1 faces the following maximization problem:
B

W 1 ðzÞ ¼ max

x;h;z0 ∈ℝ2þ

n
o
B 0
U ðxÞ−h þ βV 1 z

0

0

ð1Þ

s:t: x þ ϕ1 m1 þ ϕ2 m2 ¼ h þ z1 þ z2 þ T 1

ð2Þ

T 1 ≡ ðγ1 −1Þϕ1 M1 :

ð3Þ

The portfolio taken into the next DM is z′ = (z1′,z2′) = (ϕ1′m1′,ϕ2′m2′),
while T1 is the lump-sum transfer of domestic currency from the
z0
government (expressed in numéraire goods). Substituting m0c ¼ c0 for
ϕc
currency c = {1,2} into the budget constraint and then eliminating h
yields
n
o
  
B
0
0
B 0
W 1 ðzÞ ¼ U x −x þ z1 þ z2 þ T 1 þ max −γ 1 z1 −γ2 z2 þ βV 1 z :
z0 ∈ℝ2þ

ð4Þ
A buyer from 1's lifetime utility at the beginning of the CM is the
sum of his net consumption in the CM, real balances in domestic and
foreign currency, the lump-sum transfer from the local government,
and the continuation value at the beginning of the next DM minus

Table 2
Measures of agents in economy.

Buyer
Private seller
Government
Total

Country 1

Country 2

1
1 − g1
g1
2

n
n(1 − g2)
ng2
2n
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the investment in real balances. The value function for a buyer from 2
will be similar.
A few results from the CM value function are worth highlighting. First,
WB1(z) is linear in total wealth z ¼ z1 þ z2 : W 01 ðzÞ ¼ 1. Second, there are
no wealth effects since z′ is independent of z, which follows from the
quasi-linearity of the utility function. So long as holding money is costly,
γc ≥ β, sellers have no strict incentive to carry real balances in the DM,
and they will leave the CM with no asset holdings. Consequently,
their CM value function can be written as WSi (z) = U(x∗) − x∗ + zi +
zj + βVSi (0), which is also linear in total wealth.
Provided that DM value functions are strictly concave, there will
generally be a unique portfolio where all buyers in a country demand
the same real balances. A caveat is when the two currencies are perfect
substitutes; in that case, buyers can hold different portfolios but they
will have the same total value. I next specify the pricing mechanism in
the DM, which will guarantee the strict concavity of the DM value
functions.

where

3.2. Terms of trade

pðqs Þ ≡ θcðqs Þ þ ð1−θÞuðqs Þ:

Terms of trade in the DM are determined according to Kalai's (1977)
proportional bargaining rule. This pricing mechanism permits sellers to
extract a constant fraction of the match surplus in order to recover some
of their ex-ante investment.11 Under proportional bargaining, a buyer
acquires output in exchange for payment to the seller and receives a
θ
, of the seller's surplus, where θ∈(0,1] measures
constant share,
1−θ
the buyer's bargaining power, and threat points are given by continuation values.12 Let qs, ds (Qs,Ds) denote output and payment in private
(government) meetings.
Given the model speciﬁcation, terms of trade will depend on buyers'
portfolios, private sellers' acceptance strategy, and governments' transaction policy. To apply the pricing mechanism, notice that the surplus of
a buyer who gets qs for payment ds to a private seller is uðqs Þ þ W Bi
ðz−ds Þ−W Bi ðzÞ ¼ uðqs Þ−ds, by the linearity of WBi . Similarly, the seller's
surplus is ds − c(qs).
Consider ﬁrst a meeting between a buyer from 1 and a seller
from s who only accepts domestic currency. Under proportional
bargaining, quantity traded and payment to the seller, (q s ,d s )
solves
max ½uðqs Þ−ds 
qs ;ds

ð5Þ

The bargaining problem maximizes the buyer's surplus, subject to
each party receiving a constant share of the match surplus, and a
feasibility constraint (Eq. 7) that says the buyer cannot transfer more
real balances than he current holds, which is just real balances in the
seller's domestic currency, zs. Consequently, the bargaining problem
must satisfy
qs ∈arg max θ ½uðqs Þ−cðqs Þ
s:t: ds ¼ ð1−θÞuðqs Þ þ θcðqs Þ≤ zs :
The transfer of wealth from buyers to sellers is therefore given by the
non-linear function p(qs) ≡ θc(qs) + (1 − θ)u(qs). As a result, output qs
solves
   
pðqs Þ ¼ min p q ; zs

ð8Þ

ð9Þ

The bargaining solution simply says that when z s ≥ p(q ∗), the
buyer has enough wealth to ﬁnance purchase of the ﬁrst-best q ∗ ,
and payment to the seller will be p(q∗ ) = θc(q ∗ ) + (1 − θ)u(q ∗).
When zs b p(q∗), the buyer just gives the seller his cash on hand, zs,
and gets in return qs b q∗.
When instead the seller accepts both currencies by incurring
the ﬁxed cost to recognize foreign money, terms of trade will satisfy
a similar problem as Eqs. (5)–(6), but with the feasibility constraint
dbs ≤ z1 + z2 since the buyer can now pay with both currencies. In
what follows, the superscript b is used to distinguish variables when
sellers accept both currencies. Consequently, output qbs solves
 
  

b
p qs ¼ min p q ; z1 þ z2

ð10Þ

where
 
 
 
b
b
b
p qs ≡ θc qs þ ð1−θÞu qs :

ð11Þ

Since terms of trade with government sellers follow the same
bargaining protocol as with private sellers, output in government
meetings, Qs(τ), will satisfy similar expressions:
   
pðQ s ðτ ÞÞ ¼ min p Q ; zs

θ
s:t: uðqs Þ−ds ¼
½d −cðqs Þ
1−θ s

ð6Þ

ð12Þ

where
pðQ s ðτ ÞÞ ≡ θcðQ s ðτ ÞÞ þ ð1−θÞuðQ s ðτÞÞ:

ds ≤zs :

ð13Þ

ð7Þ
3.3. Foreign currency acceptance decision

11
Proportional bargaining ensures that trade is pairwise Pareto efﬁcient and has several
desirable features that cannot be guaranteed with Nash bargaining, as discussed in Aruoba
et al. (2007). First, it guarantees the concavity of agents' value functions. Second, the proportional solution is monotonic and hence does not suffer from a shortcoming of Nash
bargaining that an agent can end up with a lower individual surplus even if the size of
the total surplus increases. Note that if the buyer makes a take-it-or-leave-it offer, sellers
will have no incentive to incur the ﬁxed cost to accept currencies since they do not receive
any surplus from trade. There are also strategic foundations for the proportional
bargaining solution. For instance in Dutta (2012), Kalai's (1977) solution emerges as a
unique steady-state equilibrium outcome in a limiting case of a Nash demand game.
12
Appendix B allows bargaining power to differ across countries and shows how differences in market structure affect the internationalization of currencies. For instance, as the
bargaining power of a seller from s falls, equilibria where the seller's domestic currency is
international become more likely while equilibria where the other country's currency is
international become less so. See also Appendix B for a discussion on the importance of
the economy's market structure or pricing mechanism on the type of equilibria that
emerge.

Before matches are formed in the DM, private sellers can acquire at
some cost the information, or technology, in order to accept payment
in foreign currency. Since the decision to acquire information about a
currency determines its acceptability in trade, this breaks the indeterminacy that results when multiple assets can be used as means of
payment.13

13
Without this decision, the model would predict that the two currencies are perfect
substitutes that circulate at the same rate of return. Consequently, the composition of port-

folios and the nominal exchange rate, e ¼

ϕ2
, is indeterminate, as in Kareken and
ϕ1

Wallace

(1981). This indeterminacy however is sensitive to the pricing mechanism. An alternative
approach such as the Zhu and Wallace (2007) solution that treats domestic and foreign
currencies asymmetrically can determine the exchange rate, as shown in Nosal and
Rocheteau (2011).

Author's personal copy
C. Zhang / Journal of International Economics 93 (2014) 286–301

Sellers' strategies are given by σs∈[0,1], where σs = 0 if a private
seller from s = {1,2} rejects payment in foreign currency and σs = 1 if
foreign currency is accepted. When σ s ∈(0,1), both currencies
are accepted in a fraction of trades. Due to the presence of government sellers that always accept local currency, there will be
residual demand for both currencies. Without government sellers,
there may also be a strategy where private sellers only accept
foreign currency or reject payment altogether. Government transaction policies thus set a natural anchor for the acceptability of
local money.
Given the bargaining solution, a private seller's expected payoff if he
rejects payment in foreign currency is
^s Þ−cðq
^s Þg
Πs ≡ ð1−θÞfλ1s ½uðqs Þ−cðqs Þ þ λ2s ½uðq
where λ is denotes the probability that a seller from s = {1,2}
meets a buyer from i = {1,2}, (1 − θ) is the seller's share in the
^s is the DM output in meetings with country
trade surplus, and q
2 buyers.
If instead a private seller incurs the ﬁxed cost to accept foreign
money, his expected payoff is
n h    i
h 
 io
b
b
b
^bs Þ−c q
^bs
Πs ≡ −ψs þ ð1−θÞ λ1s u qs −c qs þ λ2s u q
:
A private seller's expected gain from accepting both currencies is
therefore

where S(⋅) ≡ u(⋅) − c(⋅) deﬁnes total surplus in DM trades.
Consequently, the seller will choose to invest if Δs N 0 and not
invest if Δ s b 0. When Δ s = 0, sellers are indifferent and invest
with an arbitrary probability. Optimal strategies σ = (σ1,σ2) must
therefore satisfy
8
1
<N
σ s ¼ ∈ ½0; 1 if Δs ¼ 0:
:
:
b
0

ϕ

currency c be 1 þ ic ¼ 0 c , the buyer's optimal choice of real balances
ϕc β
solves
 
n
h
i
o
b
þ αa1 ð1−g 1 Þθ σ 1 S q1 þ ð1−σ 1 ÞSðq1 Þ þ g1 θSðQ 1 ðτ ÞÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
;
cost of holding money
buyer s surplus in domestic meetings
n
h
i
o
 
b
þ ð1−α Þa2 ð1−g 2 Þθ σ 2 S q2 þ ð1−σ 2 ÞSðq2 Þ þ ð1−g 2 ÞθSðQ 2 ðτ ÞÞ :
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

max f −i1 z1 −i2 z2
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
z∈ℝ2þ

;
buyer s surplus in foreign meetings:

ð15Þ
Here ic ¼

ϕc
−1
ϕ0c β

is the cost of holding currency c. The objective

function simply says that a buyer chooses a portfolio to maximize his
expected surplus in domestic and foreign meetings, net of the cost of
holding currency. Since Eq. (15) is continuous and maximizes over a
compact set, a solution to the buyer's problem exists. Appendix A
veriﬁes the strict concavity of the buyer's problem and derives the
corresponding ﬁrst-order necessary (and sufﬁcient) conditions.
Deﬁnition 1. Given τ, a stationary monetary equilibrium is a list of
n
 
^ ðτ ÞÞg, sellers' strategies σs,
^s ; q
^bs ; Q
quantities traded qs ; qbs ; Q s ðτÞ ; q
s
z ≡ ð^z1 ; ^z2 Þg∀s ¼ f1; 2g such that
and real balances fz ≡ ðz1 ; z2 Þ; ^
n
 
b ^
b
^s ; q
^s ; Q s ðτÞÞg∈ℝ3þ  ℝ3þ solves the bargaining
1.
qs ; qs ; Q s ðτÞ ; q
problem;
2. σs ∈ [0, 1] solves sellers' currency acceptance decision;


3. ðz1 ; z2 Þ; ^z1 ; ^z2 Þg∈ℝ2þ  ℝ2þ solves buyers' portfolio problem;
4. Money markets clear.
In a monetary equilibrium where both currencies are valued, z1 N 0
and z2 N 0, DM output must satisfy

b

Δs ≡ Πs −Πs
n h  
i
h 
io
b
^bs Þ−Sðq
^s Þ ;
¼ −ψs þ ð1−θÞ λ1s S qs −Sðqs Þ þ λ2s S q

8
<

291

ð14Þ

n
h
i
o
 
b
i1 ¼ αa1 ð1−g 1 Þ σ 1 L q1 þ ð1−σ 1 ÞLðq1 Þ þ g 1 LðQ 1 ðτ ÞÞ
h
 i
b
þ ð1−α Þa2 ð1−g 2 Þ σ 2 L q2

ð16Þ

h
 i
b
i2 ¼ αa1 ð1−g 1 Þ σ 1 L q1
n
h
i
o
 
b
þ ð1−α Þa2 ð1−g 2 Þ σ 2 L q2 þ ð1−σ 2 ÞLðq2 Þ þ g 2 LðQ 2 ðτÞÞ ð17Þ
where

3.4. Decentralized markets (DM) value function
Given the bargaining solution, the DM value functions simplify
greatly. Since the terms of trade do not depend on sellers' portfolios,
the DM value function can be written solely in terms of the buyer's
problem.
Consider a representative buyer from country 1. Using the linearity
of WB1(z) and the bargaining solution, the DM value function simpliﬁes
to:
 
n
h
i
o
B
b
V 1 ðzÞ ¼ αa1 ð1−g1 Þθ σ 1 S q1 þ ð1−σ 1 ÞSðq1 Þ þ g 1 θSðQ 1 ðτ ÞÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
;
buyer s surplus in domestic meetings
 
n
h
i
o
b
þ ð1−α Þa2 ð1−g 2 Þθ σ 2 S q2 þ ð1−σ 2 ÞSðq2 Þ þ g 2 θSðQ 2 ðτ ÞÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
;
buyer s surplus in foreign meetings

B

þ z1 þ z2 þ W 1 ð0Þ:

The last three terms result from the linearity of WB1(z) and is the
value of proceeding to the CM with one's portfolio intact. A country 2
buyer's value function can be obtained by reversing the subscripts,
^.
replacing z with ^z, and replacing q with q
Next, lead the DM value function forward by one period and substitute into the CM value function to yield the buyer's objective function.
Letting the interest rate on an illiquid nominal bond denominated in

LðÞ ≡

θ u0 ðÞ−c0 ðÞ
:
θc ðÞ þ ð1−θÞu0 ðÞ
0

Buyers wish to bring currencies into the DM since these objects
facilitate trade across different meeting types, but doing so is costly as
captured by the terms i1 and i2 on the left sides of Eqs. (16) and (17).
The function L(⋅) is the liquidity premium and represents the marginal
payoff an agent gets from his liquid wealth that can be used to acquire
more output in the DM instead of carrying it over to the subsequent
CM. There are analogous equations for buyers in country 2: for ^z1 N0
and ^z2 N0, DM output must satisfy
h
i
 
n

o
^ ðτ Þ
^1 Þ þ g 1 L Q
^b1 þ ð1−σ 1 ÞLðq
i1 ¼ ð1−α Þa1 ð1−g 1 Þ σ 1 L q
1
h
 i
^b2 ;
þ αa2 ð1−g 2 Þ σ 2 L q
h
 i
 
n
h
i
^b1 þ αa2 ð1−g 2 Þ σ 2 L q
^b2 þ ð1−σ 2 ÞLðq
^2 Þ
i2 ¼ ð1−α Þa1 ð1−g 1 Þ σ 1 L q

o
^ ðτ Þ :
þ g2 L Q
2

Intuitively, the equilibrium conditions equate the marginal beneﬁt of
liquidity to its cost. As a result, a currency demands a liquidity premium
only if it is accepted in trade, as determined by σs and τ. When no sellers
accept a currency, it will not be valued. Also notice that L(⋅) is strictly
decreasing in DM output over the relevant range: that is, L′(⋅) b 0 for
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Table 3
Equilibrium currency regimes.
Regime

σ

Circulation pattern

N
I1
I2
U

(0,0)
(0,σ2)
(σ1,0)
(1,1)

Two national currencies
Currency 1 is international and currency 2 is national
Currency 2 is international and currency 1 is national
Two international currencies

∗

q∈[0,q ]. In what follows, the focus is on equilibria where γi ≥ β, since
there is no solution otherwise.
The following lemma summarizes some basic properties of optimal
portfolio holdings.
Lemma 1. Consider any stationary monetary equilibrium where i1 ≠ i2
(currencies are not perfect substitutes).
1. All buyers from the same country hold the same portfolios.
2. Buyers from different countries will generally hold different portfolios.
3. When there are no asymmetries in meeting arrangements—i.e., when
the economy is perfectly integrated (α ¼ 12 ) and both countries and
governments are of equal sizes (n = 1, g1 = g2)—then all buyers,
irrespective of country origin, will hold the same portfolios.
The intuition of Lemma 1 is that buyers from different countries
hold different portfolios due to the asymmetry in the matching
process: since the probability of meeting a foreigner depends on
one's nationality, buyers allocate portfolio weights accordingly.
Without any asymmetry in meeting arrangements, then buyers'
nationalities cease to matter and will all hold the same portfolios.
Given the model speciﬁcation, this requires that n = 1, g 1 = g 2 ,
and α ¼ 12, which implies that it is equally likely to meet compatriots as foreigners.
Finally to close the model, market clearing implies that for each
currency, aggregate supply must equal aggregate demand. By
Lemma 1, all buyers from the same country hold the same portfolio
when currencies are not perfect substitutes. Total demand for
^ 1 and for money 2 is m2 þ nm
^ 2 . Market clearing
money 1 is m1 þ nm
then implies

Mexico.14 This coincides with a common assumption in many international macroeconomic models, though arises as an equilibrium outcome
in this model.
Under τ, output for country 1 buyers must satisfy
i1 ¼ αa1 Lðq1 Þ

ð20Þ

i2 ¼ ð1−α Þa2 Lðq2 Þ

ð21Þ

since output in government meetings will be the same as in private
meetings (output for country 2 buyers will satisfy similar equations). Eqs. (20) and (21) relate the demand by agents for the two
currencies to the cost of holding them. Since DM quantities in
each meeting type can be obtained independently from one another,
monetary policies are independent across countries. Real balances
can then be obtained from the bargaining solution: ϕ 1m1 = p(q1)
^1 Þ and ϕ2 m
^2 Þ
^ 1 ¼ pðq
^ 2 ¼ pðq
and ϕ2m2 = p(q2) in country 1 and ϕ1 m
in country 2. Necessary conditions for the two currencies to admit
interior solutions are i1 b i1 ≡ αa1

θ
and i2 b i2
1−θ

≡ ð1−α Þa2

θ
. Alterna1−θ

tively, buyers must receive enough of the gains from trade in order
for currencies to be valued. Hence even with the presence of government sellers that always accept local currency, there may be a nonmonetary equilibrium where neither currencies are valued if i1 Ni1

^ 1 ¼ M1 ;
m1 þ nm

ð18Þ

or i2 Ni2 .
So long as i1 Ni1 or i2 Ni2 , buyers hold positive balances of both
monies since each has exchange roles in the issuing country. 15
Both currencies can be valued since each is essential for some
meetings, even if one is being issued at a higher rate and thus has
a lower rate of return. Hence low-return currencies can circulate
in equilibrium despite the existence of a competing, higher-return
currency. Since sellers only accept their local money, only national
currencies change hands. Equilibrium money holdings can then be
^ 1 ¼ M1
obtained through the market-clearing conditions, m1 þ nm
^ 2 ¼ M2 .
and m2 þ nm
Turning to existence, this regime will constitute an equilibrium so
long as private sellers have no incentive to incur the cost to recognize
the foreign currency. This is true if ∏s N ∏bs , or Δs b 0∀s = {1,2},
which is satisﬁed when ψ1 and ψ2 are large enough:

^ 2 ¼ M2 :
m2 þ n m

ð19Þ

n h  
i
h  
io
b
^1 Þ ;
^b1 −Sðq
ψ1 N ψ1 ≡ ð1−θÞ λ11 S q1 −Sðq1 Þ þ λ21 S q
n h  
i
h  
io
b
^b2 −Sðq
^2 Þ ;
ψ2 N ψ2 ≡ ð1−θÞ λ12 S q2 −Sðq2 Þ þ λ22 S q

4. Currency regimes
Having deﬁned monetary equilibrium, I now examine the types of
currency regimes that arise in the dual-currency economy. Given
government transaction policies under τ, a currency regime is deﬁned
as a pair of strategies for private sellers, σ ≡ (σ1,σ2), that satisﬁes their
currency acceptance decision. The focus is on the most representative
monetary regimes: local circulation of currencies and international
circulation of one or both currencies. Table 3 summarizes the currency
regimes discussed in the text. In the following, the implications and
existence of these types of equilibria are discussed. Finally it is implicit
that all endogenous variables in a particular equilibrium are indexed
with the regime under consideration.
4.1. Regime N: two national currencies
Consider ﬁrst a regime where sellers only accept their domestic
currency; that is, σ = (0,0). Suppose that country 1 is the U.S. and
country 2 is Mexico. Given the government transaction policy τ, this
gives rise to the emergence of two national currencies: dollars are
only accepted in the United States and pesos are only accepted in

where λis is the probability a seller from s meets a country i buyer.
Consequently, an equilibrium with
will exist so
 national currencies

long as both currencies are valued i1 bi1 and i2 bi2 and private sellers
only accept domestic currency (ψ1 Nψ1 and ψ2 Nψ2 ).
Since in this equilibrium, private sellers and government sellers have
the same acceptance strategy, all matches with a given country's buyer
are identical. This is reﬂected in the equilibrium conditions (20) and
(21) which are independent of g1 and g2. Consequently, governments
that only accept domestic currency are neither a necessary nor a
14
A national currencies equilibrium is difﬁcult to obtain in earlier dual-currency search
models, as pointed out by Yiting Li. That a national currencies equilibrium arises endogenously is a novel contribution of this paper, an outcome made possible due to the imperfect recognizability friction.
15
A buyer from the U.S. holds both monies since they may meet a Mexican that only accepts pesos, which generates a precautionary demand for foreign currency. Since this allows trade to occur between agents from different countries—though only the seller's
domestic currency changes hands—this differs from the “autarky” regime discussed in
Matsuyama et al. (1993). In the present model, only in a closed economy (α = 1) will
there be no international trade and hence no precautionary demand for foreign currency.
Appendix B considers an alternative formalization of the model where buyers know with
whom they will be matched with before making portfolio decisions. In that case, there is
no longer a precautionary demand for foreign currency. Moreover, the set of equilibria
from the baseline model is preserved in this alternative speciﬁcation.
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Fig. 2. Inﬂation and government policy.

Fig. 3. Sellers' strategies and multiplicity.

sufﬁcient condition for the existence of a national currency equilibrium.
So long as both currencies are valued and private sellers ﬁnd it optimal to reject foreign money, a national currency equilibrium will
exist.

more costly so that citizens instead adopt a less inﬂationary asset such
as the U.S. dollar.16
Fig. 2 illustrates the effect of inﬂation on transaction patterns.
Consider a Mexican seller's decision to accept both currencies
rather than just pesos. When peso inﬂation is low, the beneﬁt of
adopting an additional medium of exchange is also low. As monetary policy approaches the Friedman rule i 2 → 0, output approaches q∗, the expected beneﬁt of acquiring information Δ2 gets
small, and there is an equilibrium where sellers do not accept foreign money so that economy ends up in regime N. As inﬂation increases however, it becomes more costly to use local money,
which decreases ϕ 2 and increases the value of the alternative
asset, ϕ1. This raises the incentive to acquire information and can
generate multiple circulation patterns. As a result, currency substitution may arise as a purely expectational phenomenon. Historical
episodes of dollarization in response to high inﬂation support this
idea.17
Fig. 2 also shows how the government transaction policy
variable, g2, affects circulation patterns. Only in the limiting case
where g 2 = 1 does the equilibrium where currency 1 is international cease to exist. For g 2 b 1, legal tender laws are therefore
insufﬁcient to rule out circulation of foreign currency. The nonmonetary equilibrium when i2 Ni2 therefore exists even when enforcement is at its maximum, g 2 = 1. Fig. 2 also illustrates the
possibility that a local currency may survive and coexist with an
international medium of exchange even without government
restrictions (g2 = 0), as in Matsuyama et al. (1993). More generally, changes in government size may have direct effects on
currency values, thereby inﬂuencing the monetary equilibrium
attained.
Notice however that the government size of the issuing country does
not affect the circulation of its currency nor the circulation of the com-

4.2. Regime I1 and I2: one international currency and one national currency
This class of equilibria corresponds to the emergence of an international currency that is accepted both locally and abroad.
Within this class, there will be an equilibrium in pure strategies
where all the U.S. sellers reject pesos while Mexican private sellers
accept both dollars and pesos: (σ1,σ2) = (0,1), as well as a mixed
strategy equilibrium where Mexican private sellers randomize:
(σ1,σ2) = (0,Φ2), where Φ2∈(0,1). Another equilibrium, (σ1,σ2) =
{(1,0),(Φ1,0)} has symmetric properties as this regime, so discussion
is omitted.
Under τ, output for country 1 buyers must satisfy
 
b
i1 ¼ αa1 Lðq1 Þ þ ð1−α Þa2 ð1−g 2 Þσ 2 L q2 ;
 
n
h
i
o
b
i2 ¼ ð1−α Þa2 ð1−g 2 Þ σ 2 L q2 þ ð1−σ 2 ÞLðq2 Þ þ g 2 LðQ 2 Þ :
Buyers hold positive balances of the two monies: p(q1) = ϕ1m1,
p(qb2) = ϕ1m1 + ϕ2m2, p(q2) = p(Q2) = ϕ2m2. Since the dollar is
accepted by sellers from both countries, it emerges as an international
medium of exchange. Symmetric conditions can be obtained for country
2 buyers.
The following table summarizes the effects of inﬂation and
monetary policy in the two countries. Calculations are provided in
Appendix A.
∂ϕ1
∂i1
∂ϕ1
∂i2

b0

∂ϕ2
∂i1

N0

∂ϕ2
∂i2

N0

∂e
∂i1

b0

∂e
∂i2

N0

∂ϕ1
∂g 1

b0

∂ϕ1
∂g 2

¼0

∂ϕ2
∂g1

b0

∂ϕ2
N0
∂g2

¼0

If γ2 increases, the peso inﬂates, which decreases its value, ϕ2 .
This also raises the value of dollars, ϕ 1 . The exchange rate e ¼

ϕ2
ϕ1

falls and dollars appreciate due to increased foreign demand. Intuitively,
as domestic inﬂation increases, locals in Mexico economize on peso
holdings, which reduces its price ϕ2. Since there's less demand for
pesos, agents substitute into dollars, which raises its price ϕ1. Now
that the dollar is more valuable, sellers have more incentive to accept
it. As a result, the economy dollarizes. This is due to the model's general
equilibrium effects that make currency substitution an endogenous
response to local inﬂation. This situation arises precisely in dollarized
economies where high inﬂation makes transacting in the local currency

peting currency. That is,

∂ϕ1
∂g 1

¼ 0 and

∂ϕ2
∂g1

¼ 0 in this equilibrium. Since

in country 1, private sellers follow the same acceptance strategies as
government sellers, changes in g1 cannot be used as a policy to affect
the circulation of currency 1.
In this model, an international currency emerges due to sellers'
acceptance decisions and becomes valued when a subset of sellers
gets informed about both currencies. An equilibrium where currency

16
Endogenous currency substitution also appears in Lester et al. (2012) with a ﬁxed onetime cost in a closed-economy setting, as well as in other frameworks such as Chang
(1994) and Martin's (2006) overlapping generation models, Uribe's (1997) cash-inadvance model, and Engineer's (2000) turnpike model.
17
Currency substitution typically arises under high inﬂation, where the use of foreign
currency persists after it has been accepted. For example, dollarization in many Latin
American and Asian countries continues even after inﬂation stabilization, consistent with
the model's predictions.
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1 becomes international requires Π1 N Πb1 and Π2 ≤ Πb2, which implies
that the ﬁxed cost is large enough in country 1 while low enough in
country 2:
n h  
i
h  
io
b
^b1 −Sðq
^1 Þ ;
ψ1 Nψ1 ≡ ð1−θÞ λ11 S q1 −Sðq1 Þ þ λ21 S q
n h  
i
h  
io
e ≡ ð1−θÞ λ S qb −Sðq Þ þ λ S q
^b2 −Sðq
^2 Þ :
ψ2 ≤ ψ
2
2
12
2
22

For both currencies to be accepted, the ﬂow cost for country 2
sellers must be less than the increase in their expected surplus
associated with accepting both currencies. Fig. 3 depicts the
strategy of a country 2 seller as a function of the ﬁxed cost, ψ 2 ,
and the measure of country 2 sellers that accept both currencies,
σ 2 . Since the two horizontal lines overlap for intermediate
values of ψ 2 , there can be multiple equilibria where regimes N
and I 1 coexist.

Fig. 4. Money growth rates: existence of equilibria in (γ1,γ2)-space.

4.3. Regime U: two international currencies

currencies exists if Πbs N Πs ∀s = {1,2}, which implies that the ﬁxed
cost in both countries must be sufﬁciently low:

Now consider an equilibrium where all sellers accept both
currencies, σ = (1,1), leading to the emergence of two international
currencies.18
The equilibrium condition is

n h  
i
h  
io
e
e ≡ ð1−θÞ λ S qb −Sðq Þ þ λ S q
^1 Þ ;
^b1 −Sðq
ψ1 b ψ
1
11
1
21
1
n h  
i
h  
io
e
b
e
^b
^
ψ2 b ψ
:
2 ≡ ð1−θÞ λ12 S q2 −Sðq2 Þ þ λ22 S q2 −Sðq2 Þ

 
 
b
b
i1 ¼ αa1 L q1 þ ð1−α Þa2 ð1−g 2 ÞL q2 þ αa1 g 1 LðQ 1 Þ
 
 
b
b
i2 ¼ αa1 L q1 þ ð1−α Þa2 ð1−g 2 ÞL q2 þ ð1−α Þa2 g 2 LðQ 2 Þ:

While the ﬁrst-best level of output qb = q* is achieved under the
Friedman Rule, this is not socially efﬁcient since all sellers must incur
a real cost ψ1 N 0 and ψ2 N 0.

In contrast with Lester et al. (2012), there can be endogenous liquidity differentials when all sellers accept both currencies due to heterogeneities across countries. That is, i1 = i2 is no longer a necessary condition
for this type of equilibrium if countries are imperfectly integrated ðα≠12Þ,
have different sizes (n ≠ 1), or have governments of different sizes
(g1 ≠ g2).
If instead there is no government (g1 = g2 = 0), for both monies to
be valued, it must be that
i1 ¼ i2 :
Hence the two currencies are equally liquid and are valued only if
they have the same rate of return. Agents may hold different portfolios,
but they will have the same
total value: p(qb) = ϕ1m1 + ϕ2m2 for

^ b Þ ¼ ϕ1 m
^ 1 þ ϕ2 m
^ 2 for country 2 buyers.
country 1 buyers and p q
^b is uniquely pinned down, money holdings
While output qb and q
^ 1; m
^ 2 Þ must satisfy the market-clearing conditions m1 þ
(m1,m2) and ðm
^ 2 ¼ M 2 . With more unknowns than equations,
^ 1 ¼ M 1 and m2 þ nm
nm
this makes the exchange rate indeterminate as in Kareken and
Wallace (1981).
While in Kareken and Wallace (1981) the nominal exchange rate is
everywhere indeterminate, this is not the case in this model. In particular, the ﬁxed costs of recognizing foreign currency constrain the indeterminacy.19 If ψ1 and ψ2 are large enough so that no sellers accept both,
there is no longer an equilibrium where the two currencies circulate
at par. Conversely, an equilibrium where all private sellers accept both

18
There is also an equilibrium where sellers in both countries randomize, σ = (Φ1,Φ2),
where Φs denotes the fraction of sellers in country s = {1,2} that accept both currencies.
In this case, equilibrium conditions will be given by Eqs. (16) and (17), with σ1 = Φ1
and σ2 = Φ2. In general, the two monies need not be perfect substitutes.
19
In addition, the presence of government sellers that only accept local currency also
constrains exchange rate indeterminacy since there can still be liquidity differentials
across currencies if governments are of different sizes (g1 ≠ g2). An early analog of this
idea is formalized in King et al. (1992), a two-currency overlapping generation model
where a subset of agents is constrained to only accept a particular currency while the rest
are free to demand payment in either currency or a combination of both.

4.4. Multiple equilibria
The model generates multiple equilibria where the share of transactions requiring different currencies is not uniquely determined by
fundamentals. This multiplicity is illustrated in Fig. 4, which depicts
the existence of equilibria as a function of the two country's money
growth rates, (γ1,γ2), assuming that information costs are neither
sufﬁciently high nor low so that Regimes N, I1 , I2 , and U are all
possible.
An equilibrium with national currencies (regime N) exists so long as
neither currency is too costly to hold: γ 1 b γ1 and γ2 b γ 2. An equilibrium
where currency 1 is international while currency 2 is only locally
e 1 —the rate of return on curaccepted (regime I1) exists so long as γ1 b γ
rency 1 is high enough in order to give sellers from 2 enough incentive
to accept currency 1. Symmetrically for regime I2, an equilibrium where
sellers accept both currencies (regime U) exists as a knife-edge case on
the 45-degree line where there is rate of return equality. Finally, there
can be a unique non-monetary equilibrium where either one or both
currencies are not valued if monies are too costly to hold, which occurs
when γ1 bγ 1 or γ 2 bγ 2 .
The intuition for multiplicity operates through the general
equilibrium interaction between buyers and sellers: what sellers accept depend on what buyers carry, and what buyers carry depend on
what sellers accept. When more sellers accept a currency, it becomes
more liquid and thus more valuable in exchange. This makes buyers
want to hold more, increasing its value further and increasing the
incentives for sellers to accept it. Due to this complementarity,
multiple equilibria can arise. Consequently, the regime that the
economy ends up in will depend on both fundamentals and expectations regarding what other agents do.
4.5. Welfare
This section concludes with a discussion of the model's welfare
properties. Due to the presence of multiple equilibria, countries
may prefer one type of payment regime to another. Welfare in
country i∈{1,2} is deﬁned as the steady-state sum of buyers' and
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sellers' utilities in country i, weighted by their respective measures
in the DM, Bi and S i :
B

S

W i ¼ Bi ð1−βÞV i þ S i ð1−βÞV i ;
where net consumption in the CM, U(x ∗ ) − x ∗ , is normalized to
zero. Appendix A shows that welfare can be written as
 
n
h
i
o
b
W i ¼ Bi T i þ αMi ð1−gi Þ σ i S qi þ ð1−σ i ÞSðqi Þ þ gi SðQ i ðτ ÞÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
htotal surplus
  in domestic meetings
 i
n

o
b
þð1−α ÞM j θ 1−g j σ j S q j þ 1−σ j S q j þ g j S Q j ðτÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
;
buyer i s surplus in foreign meetings
 
n
h
i
o
b
þð1−α ÞMi ð1−θÞ ð1−gi Þ σ i S qi þ ð1−σ i ÞSðqi Þ þ gi SðQ i ðτ ÞÞ
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
−

ð1−gi ÞS i σ i ψi
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

;
seller i s surplus in foreign meetings

;

;
private seller i s information cost

where
T1≡

 0

^1
^ 1 −m
nϕ1 m
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

−

;
country 1 s seigniorage revenue from country 2

 0

ϕ2 m2 −m2
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

;

;
country 1 s seigniorage transfer to country 2

295

behave non-cooperatively and choose a money growth rate for its country to maximize the welfare of its citizens, taking as given the other
country's money growth rate. In turn, each monetary authority is able
to affect the rate of return of its currency and hence impact welfare
both at home and abroad. Since the economy is open and policymakers
behave strategically, the choice of inﬂation in one country depends not
only on domestic transaction patterns, but also on choices made by the
foreign policymaker and foreign citizens. As a result, policymakers may
generate an externality for the other country that leads policy to deviate
from the Friedman rule.
5.1. Social planner problem
As a benchmark to assess the efﬁciency properties of the policy
game, consider the social planner's problem of choosing money growth
rates for the two countries, (γ1,γ2), by maximizing total welfare for the
world, W ¼ W 1 þ W 2 , subject to the frictions and resource constraints
in the world economy.
Proposition 1. The social planner's choice of money growth rates achieves
the ﬁrst-best level of output in all matches, q∗, and is attained by the joint
Friedman rule in both countries, (γ1,γ2) = (β,β). In that case, both currencies are valued and become uniﬁed as one money.

ð22Þ
5.2. Non-cooperative policy
T2≡




0
ϕ2 m2 −m2

|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

;
country 2 s seigniorage revenue from country 1

−




^1
^ 01 −m
nϕ1 m

|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

:

;
country 2 s seigniorage transfer to country 1

ð23Þ
As a result, welfare can be decomposed into two components: (i) net
seigniorage revenues or transfers given by T i , and (ii) surplus in
DM trades net of information costs. In all equilibria where both
currencies are valued, T 1 ≠0 and T 2 ≠0, with T 1 þ T 2 ¼ 0 due to
market-clearing.
According to the theory, there are two distinct sources of the welfare
beneﬁts of having an international currency. First is the increase in
welfare due to increased seigniorage that arises from increased demand
for real balances by foreigners. Second is the change in welfare due to increased trade. When a currency becomes international, it is more widely
used in facilitating transactions abroad, which expands international trade.
Consequently, the model implies that welfare is unambiguously
higher for a country that successfully has its currency accepted abroad
than under a national currency regime. This gain comes from two
sources: seigniorage gains from foreigners and an expansion of trade
opportunities. However whether the other country also beneﬁts from
foreign currency circulation is ambiguous and depends on the beneﬁt
from increased trade, the cost of lost seigniorage, and the cost of
accepting foreign money. These tradeoffs will be especially important
in the next section which considers a simple policy game to determine
the choice of inﬂation in the dual-currency economy.
5. A simple monetary policy game
This section analyzes the strategic choices of monetary authorities
by modeling their objective functions and specifying the rules of their
strategic interaction.20 In the baseline analysis, monetary authorities
20
Policy games in two-country, two-currency search models with indivisible money include Trejos and Wright (1996), Trejos (2003), and Li and Matsui (2009). While some of
the tradeoffs faced by monetary authorities highlighted here also appear in Li and Matsui
(2009), the transmission of monetary policy in the present paper occurs through terms of
trade and welfare, which is notably absent in Li and Matsui (2009). Liu and Shi (2010) also
consider optimal monetary policy but focuses on the deviations from the law of one price.
There is also an extensive literature on optimal monetary policy in open economies with
nominal rigidities. Some recent contributions include Obstfeld and Rogoff (2000), Devereux and Engel (2003), Corsetti and Pesenti (2005), and the references therein.

This section starts by representing the strategic choices of monetary
authorities as a one-shot non-cooperative game with perfect information. The analysis abstracts from repeated interactions among the monetary authorities since allowing for trigger strategies would substantially
enlarge the set of equilibria.
There are three sets of players: citizens and the monetary authorities
in countries 1 and 2. The game is divided into two stages. In the ﬁrst
stage, the monetary authority from each country i = {1,2} chooses a
money growth rate γi∈[β,∞) to maximize the welfare of its citizens,
taking as given the money growth rate chosen by the other country,
j = {1,2} ≠ i, and optimal choices by citizens. Monetary authorities
commit to their policy and choose their policies simultaneously
and once-and-for-all. In the second stage, citizens observe the
actions of monetary authorities, make their currency acceptance
decision, settle terms of trade, and select portfolio holdings.
Throughout this section, it is assumed that government sellers only
accept domestic currency. The focus is on ﬁnding subgame perfect
equilibria of the policy game.
Deﬁnition 2. A subgame perfect equilibrium consists of money growth
rates for monetary authorities, (γ∗1,γ∗2), and best response functions for
agents, Θ∗(γ1,γ2), such that
1. For any given action taken by monetary authorities, agents'
n
 
 

^ ðτ Þ ; zi ; z j ;
^s ; q
^bs ; Q
optimal choices, Θ ðγ 1 ; γ 2 Þ ≡ qs ; qbs ; Q s ðτÞ ; q
s

^zi ; ^z j Þ; σ s g satisfy Deﬁnition 1 for all i,j,s∈{1,2}, i ≠ j.
2. Monetary authority i∈{1,2} chooses a money growth rate, γ∗i ∈[β,∞), that
maximizes welfare for its citizens, W i , taking as given γ∗j for j∈{1,2} ≠ i
and Θ∗(γ1,γ2):




 
γ1 ∈ arg max W 1 γ 1 ; γ 2 ; Θ γ 1 ; γ2 ;




γ2 ∈ arg max W 2 γ 1 ; γ 2 ; Θ γ 1 ; γ2 :

The game is solved using backwards induction, starting with the
choices made by citizens. Section 4 solved for these optimal choices by
characterizing the currency regimes that emerge, which forms the
Nash equilibria of the ﬁnal subgame.
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Fig. 7. Case 1: welfare in country 1.
Fig. 5. Equilibrium selection: ζ∈[0,0.5).

5.2.1. Monetary authorities' choice of (γ∗1,γ∗2)
In the ﬁrst stage of the policy game, each monetary authority selects
a money growth rate to maximize welfare for its country, anticipating
that citizens respond optimally with Θ∗(γ1,γ2).
First, I show that monetary authorities can increase welfare by
deviating from the Friedman rule, which is the typical optimal policy
in single-currency economies without entry externalities. Next I
establish existence of subgame perfect money growth rates for a given
equilibrium selection mechanism that places some continuity on
agents' beliefs in parameter regions with multiplicity. Finally, I construct
numerical examples to illustrate the main tradeoffs at hand.
Proposition 2. Suppose country j ﬁxes its money growth rate at the
Friedman rule, γ j = β. Country i ≠ j can beneﬁt by setting its
money growth rate above the Friedman rule, γ i N β, so long as the
economy is open (α b 1) and there is foreign demand for currency i.
dW i
That is,
γi ¼β N0.
dγi

In an open economy, both countries have an incentive to inﬂate
above the Friedman rule if the other country follows the Friedman
rule. Since a country can export inﬂation abroad when foreigners hold
its currency, seigniorage becomes a motive for money issue. This temptation to inﬂate is all the more striking since the monetary authority can
resort to lump-sum taxes and does not have any expenditures of its
own.
Further, the Friedman rule will only be chosen if T i ¼ 0. This would
be the case in a closed-economy with α = 1 and all sellers only
accept domestic currency. Since there is only demand for local currency,
buyers no longer hold foreign money and hence neither country
receives seigniorage payments from the other country. This results
in T i ¼ 0 and

dW i
!
dγi γi ¼β

¼ 0. In that case, inﬂating will just reduce

Proposition 2 implies that when monetary authorities cannot cooperate and governments always accept domestic currency, the Friedman
rule is not the optimal policy. However, determining equilibrium money
growth rates requires examining the best response of one country's
money growth rate to any arbitrarily given growth rate of the other
country, not just the best response to the Friedman rule. When the
other country does not follow the Friedman rule, the policymaker
must trade off the positive effect of inﬂation with the negative effect
that inﬂation has on reducing the purchasing power of currency.
Moreover, establishing the existence of subgame perfect money
growth rates requires taking a stand on which equilibrium the economy
converges to in regions where multiple regimes coexist. For that purpose, I introduce an equilibrium selection mechanism that places
some continuity on agents' beliefs. I then show existence for the given
equilibrium selection mechanism described.
e 2 , where ζ∈[0,1] is exogenous. The
e ≡ ζγ
e 1 þ ð1−ζ Þγ
Deﬁnition. Let γ
e , regime Ω1 = {N,I1}
equilibrium selection mechanism, G, says if γ 1 b γ
e , then regime Ω2 = {N, I2} prevails.
prevails, and if γ1 N γ
e , that is a
The mechanism G simply introduces an arbitrary rule, γ
e 1 and γ
e 2 . Figs. 5 and 6
weighted average of the two curves in Fig. 4, γ
e for different values of ζ. For example, one speciﬁcation
plot the rule γ
is that agents believe foreign currency is never accepted for all
regions of the parameter space, in which case Ω1 = {N} and Ω2 =
{N}. Another speciﬁcation is that agents believe currency 1 is intere¼γ
e 1 while they believe foreign currency is
national for all γ 1 bγ
e 1 , in which case ζ = 1, Ω1 = {I1 }, and
never accepted when γ1 N γ
Ω2 = {N}. The purpose of introducing this mechanism is to place
some discipline and monotonicity on agents' beliefs and is not
meant to provide ad-hoc microfoundations for how beliefs are
actually formed.

the purchasing power of currency for its residents, which is the
typical distortion in single-currency economies.

Fig. 6. Equilibrium selection: ζ∈(0.5,1].

Fig. 8. Case 1: choice of money growth rates.
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Proposition 3. Given G, there exists subgame perfect Nash equilibria and
for α b 1, it is such that γ∗1 N β and γ∗2 N β. For α = 1, optimal policy is
the Friedman rule, γ∗1 = β and γ∗2 = β.
I now turn to numerical examples to illustrate the motives of
monetary authorities under different scenarios in the last subgame.
Case 1. Foreign currency is never accepted
Consider ﬁrst the case where agents reject payment in foreign currency for all values of (γ1,γ2). That is, Ω1 = {N} and Ω2 = {N}. Since
agents always adopt the trading strategy (σ1,σ2) = (0,0), the welfare
function in each country is well-behaved, continuous, and concave. As
an example, Fig. 7 plots welfare in country 1 as a function of its policy
instrument γ1, for a given γ2. In what follows, it is implicitly understood
that all endogenous variables are indexed with the regime under
consideration. Given country i's welfare when foreign currency is
never accepted, monetary authorities choose money growth rates,
(γ1,γ2),that solves the two country's ﬁrst-order conditions,
and

∂W 2 jN
∂γ 2

∂W 1 jN
∂γ1

¼0

∂W 1 jN
∂γ1

¼0

¼ 0.

Country 1's best response function is obtained by solving
for their policy instrument, γ1:
γ 1 ¼ BR1 ðγ1 Þ;
^z1
^1 Þ
p0 ðq

where BR1 ðγ1 Þ ≡ 1−

implicitly depends on its own money

growth rate, γ1, but is independent of country 2's policy instrument,
γ2. This is because when only local currency is accepted, the amount
of output traded in one country is determined independently of the
amount traded in the other country. Similarly, country 2's best
response function is
γ 2 ¼ BR2 ðγ2 Þ;
where

Fig. 10. Case 2: choice of money growth rates.

to set an optimal money growth rate that can deviate from the Friedman
rule.
Case 2. Currency 1 is international
Next consider the equilibrium where sellers from country 2 accept
e 1 and never accept foreign currency otherwise.
currency 1 when γ 1 b γ
That is, ζ = 1, Ω1 = {I1} and Ω2 = {N}. In this case, both regimes N
and I1 are possible. Although each country's welfare function is
continuous within a regime, it is discontinuous at the transition from
one regime to another. This is illustrated in Fig. 9, which plots country
1's welfare as a function of its policy instrument, γ1, for a given γ2.
Consider the choice of policies when regime I1 exists. In that case,
currency 1 is the sole international currency and within Regime I1,
policymakers' best response functions are obtained by solving the
∂W jI

∂W jI

ﬁrst-order conditions 1 1 ¼ 0 and 2 1 ¼ 0, subject to the constraint
∂γ1
∂γ2

e 1 Þ. Country 1's best-response function is
that γ 1 ∈ β; γ
γ1 ¼ BR1 ðγ1 ; γ2 Þ;

z
BR2 ðγ 2 Þ ≡ 1− 0 2
p ðq2 Þ

is also independent of γ1.

Fig. 8 depicts the two country's best response functions when only
local currencies are accepted. In this case, monetary policies are
independent and there is a dichotomy between the two currencies.
The intersection of BR1(γ1) and BR2(γ2) at (γ∗1,γ∗2) gives equilibrium
money growth rates, which are both strictly above the Friedman rule,
(β,β). Since buyers hold both home and foreign currencies (due to
their precautionary demand for the latter), the policymaker in each
country inﬂates in order to extract seigniorage from foreigners. This
generates an externality for the other country that neither policymaker
takes into account. In equilibrium, monetary authorities trade off the
gain from inﬂating with the cost of distorting allocations for its citizens

Fig. 9. Case 2: welfare in country 1.

where BR1 ðγ1 ; γ 2 Þ ≡ 1−

^z1
ðγ −1Þp0 ðq2 Þ þ z2
þ 2
^1 Þ
^1 Þ
z0 ðp
np0 ðq

depends on its own

policy instrument γ1 implicitly as well as the other country's, γ2. Consequently, there is no longer a dichotomy between monetary policies
when foreigners accept currency 1 for trade. Similarly, country 2's
best-response function is
γ2 ¼ BR2 ðγ1 ; γ2 Þ;
where BR2 ðγ 1 ; γ 2 Þ ≡ 1−

0
^1 Þ þ ^z1
z2
nðγ 1 −1Þp ðq
þ
depends on both
p0 ðq2 Þ
p0 ðq2 Þ

γ1 and γ2.
Fig. 10 shows an example of the choice of inﬂation when currency
1 is internationally accepted in region I1 and locally accepted otherwise, assuming α = 0.8. Country 1's best response function is given
by BR1(γ1,γ2) and is always in region I1 since country 1 has strictly
higher welfare by having an international currency than by having
local currencies. Moreover, BR1 (γ1 ,γ2 ) is increasing in γ 2 since a
higher γ2 implies a higher demand for currency 1, which increases
country 1's seigniorage revenue and hence incentive to inﬂate. Foreign demand leads to seigniorage from abroad, which becomes a
motive for money issue. Fig. 9 plots country 1's welfare as a function
of γ1 given γ∗2 and shows a Laffer Curve effect: as inﬂation rises
beyond γ∗1, the quantity of money demanded falls and the tax base
reduced. As a result, there will be an interior money growth rate
that maximizes the gain from inﬂating with the cost of distorting
allocations.
Country 2 on the other hand, does not have its currency accepted
abroad but also inﬂates. When γ2 is in Regime N, its best response
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function is horizontal since monetary policies are independent when
only local currencies are accepted. In Regime I1 however, BR2(γ1,γ2)
depends positively on γ 1 for the same reason as described above.
Equilibrium money growth rates are at the intersection of the two
country's best response functions at (γ∗1,γ∗2), which are both above
the Friedman rule, and lie within the shaded region where currency
1 is international.
5.3. Cooperative policy
I now consider the case where the two monetary authorities cooperate by jointly choosing (γ1,γ2) to maximize total welfare for the world.
Joint welfare is measured as the sum of the two countries' welfare functions: W ¼ W 1 þ W 2 . Proposition 4 shows that the actions of monetary
authorities under cooperation lead to the same equilibrium allocation as
the social planner's problem.
Proposition 4. When monetary authorities cooperate at jointly choosing
(γ1,γ2) to maximize total welfare for the world, W, the unique optimal
policy is the Friedman rule, γ∗1 = γ∗2 = β, in which case citizens trade the
ﬁrst-best level of output, q∗, in all matches. As a result, agents never accept
foreign currency and hold perfectly diversiﬁed portfolios of the two
currencies. Equilibrium is socially efﬁcient since no resources are spent on
information costs.
There can be gains from cooperating that are not realized when each
country is pursuing its own best interest. When policymakers can coordinate, there are no longer gains from redistributive policies and hence
no more temptation to inﬂate. In this case, the unique equilibrium is the
Friedman rule for both countries. Consequently, private citizens only accept their local currency and society saves on information costs.
6. Quantitative analysis
The preceding sections presented a simple two-country, twocurrency search model that is amenable to policy analysis. To quantify
the welfare cost of losing international status (or the gain of achieving
it), the framework is generalized to an arbitrary number of countries
and currencies and calibrated to match international trade data. Since
much of the set-up and analysis carries over from the baseline model,
the N-country, N-currency model is in Appendix A. The model is then
used to calculate the welfare beneﬁts of having an international currency for both the issuing country and the rest of the world.
6.1. Calibration
To calibrate the model, the global economy is split into three
trading blocs, or regions: the United States, the Eurozone, and
China. After discussing parameters that can be easily estimated or
ﬁxed independently to their empirical counterparts, I describe the
calibration procedure for the remaining parameters. This procedure
uses the model's equations and the parameters calibrated independently in order to ﬁnd parameter values that match moments in
the data. All data used are in annual terms from 1999 to 2005 unless
otherwise speciﬁed.
Following Lagos and Wright (2005), functional forms for utility and
cost functions are U(x) = Bln(x), u(q) = ln(q + b) − ln(b), and c(q) = q.
The parameter b is set to b = 0.0001 which ensures a solution to the
bargaining problem. The discount factor is set to β = 0.966, consistent
with an annual real interest rate of 3.5 %. Since the model implies that
gross money growth rates are also gross inﬂation rates in a stationary
equilibrium, γus, γeu, and γch are set to average annual inﬂation rates
for the period 1999 to 2005, which is about 2.92 % for the U.S., 1.97 %
for the Eurozone, and 5.04 % for China, using data from the World
Bank. Different inﬂation scenarios are also considered in the quantitative exercise.

The bargaining power parameter is set to θ = 0.5 for all regions,
consistent with an egalitarian bargaining rule, though I consider the
sensitivity of results for different values of θ in Appendix C. Notice
that when buyers have all the bargaining power (θ = 1), sellers have
no incentive to accept foreign money since they get zero surplus in
trade. In that case, there will only be a national currency equilibrium
and no welfare gains of having an international currency. As the buyer's
bargaining power decreases from unity, it becomes possible for an international money to exist, in which case the welfare gains of having
an international currency start becoming positive.
The government size parameters are set to match the fraction of
state-owned enterprises in a particular country. The share of stateowned enterprises averaged to less than 5% in the U.S., 22% in Europe,
and 37% in China (Szamosszegi and Kyle (2011)). The utility parameter
B and relative country sizes are jointly calibrated to match the ratio of
each country's GDP over world GDP from Source OECD, which results
in B = 2.03, nus = 0.36, neu = 0.37, and nch = 0.27.
The next set of parameters are the model's meeting parameters for
each country pair, μis. The six international meeting parameters μis are
calibrated with bilateral trade data for the period 1999 to 2005 from
the European Commission Bilateral Affairs. Due to an accounting constraint that the total measure of meetings between agents from country
i with agents from country s has to be the same as the total measure of
meetings between agents from country s with agents from country i,
three of the meeting probabilities will not precisely match its targeted
value. These values are then backed out using calibrated values for ni,
subject to the accounting constraint.
The ﬁnal set of parameters is the costs of recognizing foreign
currency, which are key for the theory and welfare estimates. To discipline values for information costs, I use data on the extensive margin of foreign currency holdings—whether or not a country holds a
particular foreign currency—and how much of a country's trade is
denominated in a particular currency. Information on the extensive
margin corresponds to private sellers' acceptance decision σs =
eu ch
3
(σus
s ,a s ,σ s ) ∈{0,1} , while international trade invoicing data will
partially determine a country's trade composition in different currencies. This approach is consistent with empirical evidence from
Friberg and Wilander (2008) that the currency used in trade invoicing
is also the one used in actual payment.
In the U.S., only dollars circulate, so that σus = (1,0,0). In the
Eurozone and China, dollars are used in international trade invoicing,
as reported in Goldberg and Tille (2008). In addition, the Bank for International Settlements reports that U.S. dollars represent most of China's
settlement of international trade while the use of euros in China comprises a much smaller share. This results in σeu = (1,1,0) and σch =
(1,1,1).
Next I use data on international trade invoicing to pin down the costs
of accepting dollars in Europe and China. Goldberg and Tille (2008) report that the share of dollar-denominated trade in Europe for 2002
ranges from 20.5% in Italy to 71.0% in Greece. I use the reported
European average of 32.4% of dollar-invoiced trade to generate the fraction of trades using dollars in the Eurozone. Similarly in Asia, estimates
of dollar-denominated trade range from 52.4% to 84.9%. I use the lower
bound of 52.4% to determine the fraction of trades using dollars in
China. Friberg and Wilander (2008) report an Asia-wide average of 8%
of trade denominated in euros.
6.2. Parameter estimates
Tables 4 and 5 summarize the baseline calibration results for the
three region model. With this calibration, the model can endogenously
generate currency portfolios and quantities traded for a given circulation pattern. With the parameter values from Tables 4 and 5, the
model yields two possible types of payment patterns: (i) national currency circulation, and (ii) one international currency (the dollar). As
the U.S. inﬂation increases however, the euro may also emerge as an
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Table 4
Parameter values for 3-region model: U.S., Eurozone, and China.

b
B
β
γus
γeu
γch
θ
gus
geu
gch
ψ$eu
ψ$ch
ψech

Interpretation

Value

Target

–
Output in CM
Discount factor
Gross inﬂation (U.S.)
Gross inﬂation (Eurozone)
Gross inﬂation (China)
Bargaining power
Government size (U.S.)
Government size (Eurozone)
Government size (China)
Cost of accepting dollars in E.U.
Cost of accepting dollars in China
Cost of accepting euros in China

0.0001
2.03
0.966
1.03
1.02
1.05
0.5
0.05
0.22
0.37
0.024
0.011
0.079

Ensures solution to bargaining problem
World GDP
Annual real interest rate = 3.5%
Average inﬂation rate (U.S.) = 3%
Average inﬂation rate (Eurozone) = 2%
Average inﬂation rate (China) = 5%
Egalitarian bargaining solution
Fraction state-owned enterprises (U.S.) = 0.05
Fraction state-owned enterprises (Eurozone) = 0.22
Fraction state-owned enterprises (China) = 0.37
E.U. trades invoiced in dollars = 32%
China trades invoiced in dollars = 52%
China trades invoiced in euros = 8%

international currency alongside the dollar, as discussed in more detail
in Appendix C.
7. Welfare beneﬁts of international currency
There are normative consequences of a switch from one type of monetary regime to another, as ﬁrst discussed in Section 4.5, and these
changes will generate real gains and losses for all countries in terms of
economic welfare. To study the welfare effects of potential shifts in payment patterns, I follow the approach of Lucas (1987) and ask how much
consumption citizens demand or are willing to give up as compensation
to move from regime Ω∈{N,Ius,Ieu} to another regime Ω′ ≠ Ω, where regime N denotes an equilibrium with only national currencies, regime Ius
is an equilibrium where only the dollar is international, and regime Ieu is
an equilibrium where only the euro is international.
Under a given regime Ω, steady-state welfare in each region i,j,‘∈{us,
eu,ch} is measured as the steady-state sum of buyers' and sellers'
surpluses, weighted by their respective sizes in the DM. Welfare for
region i in regime Ω is
(
)

X k  k
   
W i ðΩÞ ¼ U x Ω −x þ Bi T i þ α ii Mi ð1−g i Þ
σ i S qii ðΩÞ þ g i SðQ i iðΩÞÞ
k
(
)





X
k
k
þ α ij M j θ 1−g j
σ j S qij ðΩÞ þ g j S Q ij ðΩÞ
k
(
)



X k  k
þ α ji Mi ð1−θÞ ð1−g i Þ
σ i S qji ðΩÞ þ g i S Q ji ðΩÞ
k
(
)

X k  k
þ α i‘ M‘ θ ð1−g ‘ Þ
σ ‘ S qi‘ ðΩÞ þ g ‘ SðQ i‘ ðΩÞÞ
k
(
)

X k  k
σ i S q‘i ðΩÞ þ gi SðQ ‘i ðΩÞÞ
þ α ‘i Mi ð1−θÞ ð1−g i Þ

−ð1−gi ÞS i

X

k
k

k

σ i ψi ;

k

where S(qk(Ω)) ≡ u(qk(Ω)) − c(qk(Ω)) is the total trade surplus given
that private sellers recognize currencies k in regime Ω. A derivation of

Table 5
Calibrated meeting parameters: U.S., Eurozone, and China.
Parameter

Estimate

Target moment

Model

Data

nus
neu
nch
μus,eu
μus,ch
μeu,us
μeu,ch
μch,us
μch,eu

0.36
0.37
0.27
0.238
0.108
0.186
0.241
0.227
0.268

GDP share (U.S.)
GDP share (Eurozone)
GDP share (China)
Share of U.S. trade with E.U.
Share of U.S. trade with China
Share of E.U. trade with U.S.
Share of E.U. trade with China
Share of China trade with U.S.
Share of China trade with E.U.

19.3%
19.7%
13.9%
11.7%
10.3%
14.0%
15.4%
13.8%
17.0%

19.1%
19.8%
14.3%
17.8%
14.9%
13.8%
13.3%
13.6%
17.0%

this welfare function is in Appendix A. Welfare depends on three components: (i) net consumption in the CM, (ii) net seigniorage revenue
given by Bi T i , and (iii) surplus from trading in the decentralized markets net of any information costs.
Suppose the economy moves from Ω to a different equilibrium Ω′,
but also adjusts consumption of all goods in the CM and DM by a common factor, Δi. The amount 1 − Δi then measures the percentage gain,
or loss if 1 − Δi b 0, of consumption faced by agents in country i per
year. The compensating variation value 1 − Δi that solves Wi(Ω′) =
Wi(Ω) is then the welfare beneﬁt or cost of moving from regime Ω to Ω′.
Table 6 summarizes the annual consumption equivalent welfare
changes for transitions across various steady-state equilibria. For the
U.S., the welfare beneﬁt of having the dollar as the sole international
currency ranges from 0.7% to 1% of consumption per year depending
on the U.S. inﬂation rates. This gain derives from two sources. The ﬁrst
source is from increased seigniorage revenues abroad. In practice,
foreigners hold much of the U.S. currency stock: Porter and Judson
(1996) report that approximately 60% of dollar banknotes are held
abroad. In turn, the model implies that the ﬂow of international
seigniorage to the U.S. is approximately 0.1–0.2% of GDP, in line with estimates from Portes and Rey (2002) and Goldberg (2011). The second
source however comes from the model's general equilibrium effects of
increased international exchange: due to increased acceptability of the
dollar, there is now more surplus from international transactions. As
more people use the dollar, its value goes up, which increases the
amount of goods that can be purchased for a given unit.
Table 6 also highlights the distributional effects of inﬂation across
countries. For the issuing country, some inﬂation can be beneﬁcial due
to increased seigniorage. However this harms foreigners who have to
incur a higher inﬂation tax. Monetary policy can therefore have
distributional effects across countries by redistributing wealth from foreigners to domestic agents.
In Appendix C, I consider an alternative calibration procedure for parameterizing the model's information costs that use data on the shares
of dollars and euros in outstanding international debt securities
(World Bank (2011), ECB (2011)). This data is used to discipline values
for the model's information costs so that the model-implied shares of
dollars and euros match the data.
Under this alternative calibration, total welfare gains to the U.S. of
having the dollar as the sole international currency are lower, ranging
from 0.4 to 0.7% of GDP per year. The main reason is due to the relatively
Table 6
Welfare changes in consumption equivalent terms (% of GDP per year).

1 − ΔUS
1 − ΔEU
1 − ΔCH

γUS = 1.03

γUS = 1.05

γUS = 1.06

N to IUS

N to IUS

IUS to IEU

γUS = 1.10
IUS to IEU

0.73
0.21
0.22

1.02
0.18
0.19

−0.93
1.22
0.24

−1.10
1.36
0.20
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larger role played by the euro in denominating global debt versus its
role in trade invoicing. Less residents holding dollars and more holding
euros produces a larger (smaller) calibrated cost of accepting dollars
(euros) than under the baseline calibration. This translates to a direct reduction in welfare for the fraction of sellers who invest to accept dollars
and moreover, an indirect reduction in welfare for buyers in the rest of
the world as now less sellers accept dollars and hence the beneﬁt from
holding dollars is also less.
That welfare estimates are sensitive to the quantities used to calibrate the model's information costs is an interesting ﬁnding since
these parameters are likely to have decreased over time and may well
be expected to decrease further in the future. The quantitative analysis
illustrates that a reduction in information cost can lead to a welfare improvement for the issuing country that may even be higher than the
welfare gain from seigniorage revenue (typically, 0.1–0.2% of annual
consumption). As well, the rest of the world may also beneﬁt both directly through lower information costs and indirectly through more
trading opportunities.
While the exact quantitative results presented here may be sensitive
to the assumed pricing mechanism or calibration strategy, the model
illustrates how having microfoundations for international payments
can have quantitatively important implications for welfare. For brevity
however, further investigation of the model's quantitative implications
is delegated to future research.

8. Conclusion
This paper provides an information-based theory of international
currency by generalizing the model of asset liquidity by Lester et al.
(2012) to an open-economy setting. I investigate some classic issues
in international monetary economics, such as the emergence of an international currency, the choice of inﬂation when currency acceptability
is endogenous, and the welfare beneﬁts of international currency use.
Instead of assuming the payments used in each country, the model
allows private citizens to choose which currencies to accept. Further,
government transaction policies are introduced to examine how certain
policies—namely ones which favor the use of a country's national
money—affect private agents' acceptance decisions and hence the set
of equilibria. Fairly innocuous policies of the kind considered ended up
implying the connections observed in practice between currencies and
countries.
This paper also explicitly modeled the strategic interaction among
money issuers in a dynamic policy game. An inﬂation Laffer curve
emerges and captures the main tradeoffs faced by the issuing country.
While some inﬂation can be welfare-improving by increasing the
amount of seigniorage extracted from foreigners, too much inﬂation
lowers the purchasing power of money. Since sovereign policymakers
are only responsible for welfare of their own citizens, they are not penalized for any negative effects that their policies may have abroad. If
however externalities can be internalized in a cooperative agreement,
then all countries may beneﬁt.
Quantitatively, the welfare cost of losing international status is not
inconsequential for the issuing country. For the U.S., this amounts to
about 0.4% to 1.1% of consumption each year, depending on the
calibration strategy. This paper thus provides a ﬁrst step in examining
the effects of transitioning across different types of payment regimes
using a microfounded model where credit is imperfect and accepting
foreign currency is costly.
Consistent with evidence from Eichengreen (2010), this paper
questions the conventional wisdom that competition for international currency status is a winner-take-all game. Just as history
shows that several international currencies have often shared this
role in the past, the theory implies that a likely situation for the future monetary system is one where several international currencies
compete and coexist.

Appendix A. Supplementary data
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jinteco.2014.04.005.
References
Aiyagari, Rao, Wallace, Neil, 1997. Government transaction policy, the medium of
exchange, and welfare. J. Econ. Theory 74.
Alchian, Armen, 1977. Why money? J. Money, Credit, Bank. 2 (9), 133–140.
Andolfatto, David, 2013. Incentive-feasible deﬂation. J. Monet. Econ. 60 (4), 383–390.
Aruoba, Boragan, Rocheteau, Guillaume, Waller, Christopher, 2007. Bargaining and the
value of money. J. Monet. Econ. 54 (8), 2636–2655.
Bacchetta, Philippe, Van Wincoop, Eric, 2005. A Theory of the currency denomination of
international trade. J. Int. Econ. 67 (2), 295–319.
Banerjee, Abhijit, Maskin, Eric, 1996. A Walrasian theory of barter and exchange. Q. J.
Econ. 111 (4), 955–1005.
Berentsen, Aleksander, Rocheteau, Guillaume, 2008. Money and information. Rev. Econ.
Stud. 71, 915–944.
Berentsen, Aleksander, Rocheteau, Guillaume, Shi, Shouyong, 2007. Friedman meets
Hosios: efﬁciency in search models of money. Econ. J. 117 (516), 174–195 (Royal
Economic Society).
Brunner, Karl, Meltzer, Allan, 1971. The uses of money: money in the theory of an
exchange economy. Am. Econ. Rev. 61, 5.
Camera, Gabriele, Winkler, Johannes, 2003. International monetary trade and the law of
one price. J. Monet. Econ. 50 (7), 1531–1553.
Camera, Gabriele, Craig, Ben, Waller, Christopher, 2004. Currency competition in a fundamental model of money. J. Int. Econ. 62 (2), 521–544.
Chang, Roberto, 1994. Endogenous currency substitution, inﬂationary ﬁnance, and
welfare. J. Money, Credit, Bank. 903–916.
Corsetti, Giancarlo, Pesenti, Paolo, 2005. International dimensions of optimal monetary
policy. J. Monet. Econ. 52 (2), 281–305.
Craig, Ben, Waller, Christopher, 2000. Dual-currency economies as multiple-payment systems. Fed. Reserv. Bank Cleve. Econ. Rev. 36, 2–13.
Curtis, Elisabeth, Waller, Christopher, 2000. A search-theoretic model of legal and illegal
currency. J. Monet. Econ. 45, 155–184.
Devereux, Michael, Engel, Charles, 2003. Monetary policy in the open economy revisited:
price setting and exchange-rate ﬂexibility. Rev. Econ. Stud. 70 (4), 765–783.
Devereux, Michael, Shi, Shoyoung, 2013. Vehicle currency. Int. Econ. Rev. 54, 97–133.
Dutta, Rohan, 2012. Bargaining with revoking costs. Games Econ. Behav. 74 (1),
144–153.
Eichengreen, Barry, 2010. Exorbitant Privilege: The Rise and Fall of the Dollar and the
Future of the International Monetary System. Oxford University Press.
Engineer, Merwin, 2000. Currency transaction costs and competing currencies. J. Int. Econ.
52, 113–136.
European Central Bank, 2011. The international role of the euro. ECB working paper.
Friberg, Richard, Wilander, Fredrik, 2008. The currency denomination of exports: a questionnaire study. J. Int. Econ. 75 (1), 54–69.
Goldberg, Linda, 2011. The international role of the dollar: does it matter if this changes?
Staff Reports 522. Federal Reserve Bank of New York.
Goldberg, Linda, Tille, Cedric, 2008. Vehicle currency use in international trade. J. Int. Econ.
76 (2), 177–192.
Head, Allen, Shi, Shouyong, 2003. A fundamental theory of exchange rates and direct
currency trades. J. Monet. Econ. 50, 1555–1591.
Hu, Tai-Wei, Kennan, John, Wallace, Neil, 2009. Coalition-proof trade and the Friedman
rule in the Lagos–Wright model. J. Polit. Econ. 117, 116–137.
Jevons, Stanley, 1875. Money as a Mechanism of Exchange. Kegan Paul, Trench, and Co,
London (1883).
Kalai, Ehud, 1977. Proportional solutions to bargaining situations: interpersonal utility
comparisons. Econometrica 45, 1623–1630.
Kareken, John, Wallace, Neil, 1981. On the indeterminacy of equilibrium exchange rates.
Q. J. Econ. 96 (2), 207–222.
Kim, Y.S., 1996. Money, barter, and costly information acquisition. J. Monet. Econ. 37,
119–142.
Kindleberger, Charles, 1967. The politics of international money and world language.
Essays in International FinancePrinceton University Press, Princeton.
King, Robert, Wallace, Neil, Weber, Warren E., 1992. Non-fundamental uncertainty and
exchange rates. J. Int. Econ. 32, 83–108.
Krugman, Paul, 1984. The international role of the dollar: theory and prospect. Exchange
Rate Theory and PracticeUniversity of Chicago Press.
Lagos, Ricardo, Wright, Randall, 2005. A uniﬁed framework for monetary theory and
policy analysis. J. Polit. Econ. 113 (3), 463–484.
Lerner, Abba, 1947. Money as creature of the state. Am. Econ. Rev. 83, 312–317.
Lester, Ben, Postlewaite, Andrew, Wright, Randall, 2012. Liquidity, asset pricing, and
monetary policy. Rev. Econ. Stud. 79 (3), 1209–1238.
Li, Yiting, Matsui, Akihiko, 2009. A theory of international currency: competition and
discipline. J. Jpn. Int. Econ. 23, 407–426.
Li, Yiting, Wright, Randall, 1998. Government transaction policy, media of exchange and
prices. J. Econ. Theory 81, 290–313.
Li, Yiting, Rocheteau, Guillaume, Weill, Pierre-Olivier, 2012. Liquidity and the threat of
fraudulent assets. J. Polit. Econ. 120, 815–846.
Liu, Qing, Shi, Shouyong, 2010. Currency areas and monetary coordination. Int. Econ. Rev.
51 (3), 813–836.
Lucas, Robert E., 1987. Models of Business Cycles, vol. 26. Basil Blackwell, Oxford.

Author's personal copy
C. Zhang / Journal of International Economics 93 (2014) 286–301
Lyons, Richard, Moore, Michael, 2009. An information approach to international currencies. J. Int. Econ. 79 (2), 211–222.
Martin, Antoine, 2006. Endogenous multiple currencies. J. Money, Credit, Bank. 38,
245–262.
Matsuyama, Kiminori, Kiyotaki, Nobuhiro, Matsui, Akihiko, 1993. Toward a theory of
international currency. Rev. Econ. Stud. 60, 283–307.
Menger, Karl, 1892. On the origin of money. Econ. J. 2 (6), 239–255.
Mihm, Stephen, 2007. A Nation of Counterfeiters: Capitalists, Con Men, and the Making of
the United States. Harvard University Press, Cambridge.
Nosal, Ed, Rocheteau, Guillaume, 2011. Money, Payments, and Liquidity. MIT Press.
Obstfeld, Maurice, Rogoff, Kenneth, 2000. New directions for stochastic open economy
models. J. Int. Econ. 50 (1), 117–153.
Okawa, Yohei, van Wincoop, Eric, 2012. Gravity in international ﬁnance. J. Int. Econ. 87
(2), 205–215.
Porter, Richard, Judson, Ruth, 1996. The location of U.S. currency: how much is abroad?
Fed. Reserv. Bull. 884–903.
Portes, Richard, Rey, Helene, 2002. Euro vs. dollar: will the euro replace the dollar as the
world currency? Econ. Policy 13, 26.
Ravikumar, Ben, Wallace, Neil, 2002. A beneﬁt of uniform currency. MPRA Paper No. 22951.
Rey, Helene, 2001. International trade and currency exchange. Rev. Econ. Stud. 68,
443–464.
Rocheteau, Guillaume, 2008. Information and liquidity: a discussion. Working Paper.

301

Smith, Adam, 1963. The Wealth of Nations. Richard D. Irwin Inc., Homewood.
Swoboda, Alexander, 1969. Vehicle currencies and the foreign exchange market: the case
of the dollar. The International Market for Foreign Exchange. Frederick A. Praeger
Publishers, (New York).
Szamosszegi, Andrew, Kyle, Cole, 2011. An Analysis of State-Owned Enterprises and State
Capitalism in China. U.S.–China Economic and Security Review Commission.
Trejos, Alberto, 2003. International currencies and dollarization. Evolution and Procedures
in Central Banking p. 147.
Trejos, Alberto, Wright, Randall, 1996. Search-theoretic models of international currency.
Fed. Reserv. Bank St. Louis Rev. 78, 117–132.
Uribe, Martin, 1997. Hysteresis in a simple model of currency substitution. J. Monet. Econ.
40, 185–202.
World Bank, 2011. Multipolarity: the new global economy. Global Development
Horizons.
Williamson, Stephen, Wright, Randall, 1994. Barter and monetary exchange under private
information. Am. Econ. Rev. 84 (1), 104–123.
Wright, Randall, Trejos, Alberto, 2001. International currency. Adv. Macroecon. 1 (3).
Zhou, Ruilin, 1997. Currency exchange in a random search model. Rev. Econ. Stud. 84,
289–310.
Zhu, Tao, Wallace, Neil, 2007. Pairwise trades and coexistence of money and higher return
assets. J. Econ. Theory 524–535.

