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multiple currencies to deal with uncertainty in their optimal consumption bundles. We argue that
this equilibrium is Pareto dominated by a monetary union, in which there is a single currency and
a strong central bank that optimally chooses zero inflation. As suggested by the European
Commission’s 1990 report, monetary union reduces the inefficiencies created by multiple currencies

and leads to price stability. Finally, we argue this Pareto superior outcome cannot be achieved
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1 Introduction

This paper explores the gains to monetary union. While the adoption of a
common currency will soon be a reality for much of Western Europe, under-
standing the motivation for a monetary union and designing optimal mone-
tary and fiscal arrangments within such a union remains an open challenge
to economists.

The relatively informal debate on monetary union has identified a number
of potential gains. Following the European Commission’s 1990 report on a
common currency in Europe (Emerson et al. [1992]) it is convenient to focus
on two types of benefits: efficiency and stability.

Within the first category, the European Commission, as well as numerous
other economists, emphasize the savings of transactions costs under a com-
mon currency system.! The Commission’s report estimates these gains at
nearly 0.5% of European Community GDP. Apart from these direct savings,
it is also argued that there are further gains from a more efficient price mech-
anism, increased competition and larger, more integrated markets. Included
in the second category is the stability of prices and output. In particular,
the aims of reducing the levels of both inflation and unemployment as well
as their variability are identified in the report.

One of the goals of this paper is to evaluate these arguments in favor
of a monetary union within a dynamic general equilibrium structure rather
than the traditional model of currency areas.? As noted by Wyplosz [1997],
from the perspective of the traditional Mundell-McKinnon-Kenen model of
optimum currency areas, ”... the case for Europe as an optimal currency area
is lukewarm at best.” Our mode] departs from the traditional approach by
allowing private agents and their governments to act optimally. Further, we
study an overlapping generations model in which all markets clear as prices
are fully flexible. Despite this discipline, we do find that there are some

1Gee, for example, the discussion in Feldstein {1997].

2 As emphasized in Krugman [1995], while the issue of optimal currency areas is central
to international monetary economics, we suffer from ”.. almost total ignorance about the
crucial microeconomics trade-offs involved in the formation of monetary areas.”



welfare gains to monetary union which, given the structure of our model, we
are able to completely characterize.

The model we study in this paper indicates two key gains to monetary
union which parallel the informal arguments advanced by the European Com-
mission. First, as suggested by the commission, the adoption of a single
currency reduces the frictions associated with the flow of goods across coun-
tries. In our abstract formulation, these gains arise from the inability of
agents to costlessly respond to specific changes in their tastes for goods in a
multi-currency world (studied in Section II of the paper). The adoption of a
common currency thus facilitates the response of agents to these individual
shocks and, in equilibrium, leads to a more efficient allocation of goods. We
view this result as representing the welfare gains associated with reducing
trade frictions created by the presence of multiple currencies.’

Second, our model highlights the price stability benefit of monetary union
from the centralization of monetary policy. In a world with multiple in-
dependent currencies and local currency cash-in-advance constraints, gov-
ernments maximize national welfare by creating excessive inflation. While
distortionary, inflation is desired as it taxes the money holdings of foreign
agents and thus benefits home citizens.* In contrast, a central bank under a
monetary union will internalize the interdependence between countries and
optimally choose a lower inflation rate. \

While this argument is cast here through an abstract seignorage game
between governments, there is a very general and powerful point underlying
the analysis: the gains to centralization arise from the internalization of
the external effects of national policies. This theme appears often in the
literatures on fiscal federalism and trade policies as well.® With reference to
monetary policy, the European Commission report (Emerson et al. [1992,
pg. 114]) notes, ".. the adoption of a common monetary policy handled by

3 As discussed in more detail below, our model does not have explicit transactions costs.
Instead the inefficiencies appear as an ex post misallocation of consumption goods.

4This point has already been made by Canzoneri [1989] in a slightly different model.
The inflation tax model is used here as a metaphor for a host. of policies which a government
can use to influence a country's terms of trade. See also the discussion in Aizenman
[1992]. In Section IV we argue that these policies {requiring local currency for exchange
and inflating) arise in the equilibrium of a policy game between governments.

5Inman and Rubenfield [1997] provide a recent discussion of these issues. Dixit [1987]
discusses this point in the context of trade policies as devices for profit shifting.



EuroFed will remove the possibility of beggar-thy-neighbour monetary and
exchange rate policies.”

Overall, monetary union eliminates both allocative inefliciencies and dis-
tortions from inflation. Because governments are unable to influence terms
of trade through their control of the stock of local currency, agents are no
longer taxed by the inflation policy of other governments. Furthermore,
agents can meet their random liquidity needs out of their holdings of the
single currency. Thus, as in the European Commission’s report, monetary
union increases efficiency by eliminating distortionary inflation and providing
a market structure which supports the ex post efficient allocation of goods.

We are then naturally led to the second theme of this paper. Having
identified gains to monetary union within our model, establishing a monetary
union should be a relatively easy matter. However, we show that it is actually
impossible for countries to reap the gains to monetary union without entering
into a cooperative agreement for the construction of a monetary union.

To develop this theme, Section IV of the paper studies a game in which
government choose both their monetary institutions (whether or not to im-
pose local currency requirements) and their inflation rates. We first argue
that the allocation under a monetary union is identical to that achieved in a
world economy with local currencies as long as governments do not impose
a local currency requirement and do not inflate. However, we show that,
acting independently, governments will choose to deviate from the monetary
union outcome by imposing local currency requirements and inflating. That
is, the monetary union allocation is not a Nash equilibrium of our game.

We provide conditions such that the Nash equilibrium entails the im-
position of local currency requirements and positive inflation. In this way,
the paper also contributes to the theoretical international mMacroeconomics
literature by providing an explanation for local currency cash-in-advance
constraints.

In fact, the game between governments is one of a prisoners dilemma.
with the monetary union outcome arising from the ”cooperation” of both
countries. From this perspective, monetary union is viewed as a cooperative
outcome requiring joint action for its construction and its stability.



2 World Economy with Local Currencies

We consider an overlapping generations structure in which all agents live
for two periods.® The horizon is infinite with time indexed by ¢ = 1,2,.....
Further, there are two islands, "home” and ”foreign”, which are identical.
There is trade across these islands {explained in detail below) but labor is
immobile. Each island’s government issues its local currency and imposes
that local good is traded through the use of this currency. This corresponds
to the imposition by each government of a local currency cash-in-advance
constraint.

Before proceeding, it is useful to relate the key components of our model
to the underlying discussion of the gains to monetary union. While the
model could certainly be extended to capture production using imported
inputs, nominal assets other than fiat money and so forth, as it currently
stands the model does include the main ingredients needed for an analysis of
monetary union. In particular, the model emphasizes: (i) trade and financial
interdependence between countries, (ii) the existence of nominal assets and
(iii) the presence of trading frictions that could be alleviated through the
creation of a common currency.

The analysis will first focus on the optimization problem of a representa-
tive agent on the home island. The next subsection looks at market clearing.
We then characterize the monetary steady state. The main proposition of
this section shows that equilibrium inflation rates are positive.

2.1 Basic Model
2.1.1 Optimization

The optimization problem of a representative, generation ¢ home agent is

given by:

max By (01n(c}y) + (1= 6) In(cl1a)) — g(ne) 1)

m:‘ ,m{,me[(),l]

subject to:

by = m:‘+etm{

8 Multi-country CIA models are quite prominent in the open economy macroeconomics
literature. See, for example, the presentation in Obstfeld-Rogoff [1997] and the references
therein. Sargent [1987, Chpt.5 | also outlines such a model in detail.
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c:‘_,,l = (m?+7t+1)/pt+1 (2)

S I
Cy1 = My /P;+1-

In (1), the superscript h refers to the home country and f to the foreign
country. Old age utility from consumption is a sum of two terms, (6§ In(c},;)+
(1-6)In(c],,)),where c,,is the consumption of good j = h, f in period t+1.
The level of work, given by ny, is between zero and one as each agent has
a unit endowment of time. The disutility of work is represented by g(m:)
which is assumed to be increasing, convex and continuously differentiable.
For simplicity, we assume that output is equal to input so that the agent
produces n; units of goods from this same level of labor input. The variables
py and p} are the prices of goods h and f, denominated in Home currency
and Foreign currency, respectively.

The random variable @ represents a shock to the tastes of the agent with
high values of @ increasing the utility flow from the consumption of the home
good. We assume that @ € (0,1) and all agents on both islands draw from the

same distribution given by H(6). Let 8 be the mean value of this random
variable. Realizations of this shock are independent across agents and
islands. Hence this is a purely idiosyncratic taste shock.

The first constraint implies that the agent takes the money earned in
youth and allocates it to the holdings of domestic currency (m?) and foreign
currency (m] ). Here e, is the period t exchange rate: the amount of domestic
currency per unit of foreign currency.

The second and third constraints imply that old agents take their money
holdings and spend them on home and foreign goods. These constraints
reflect two important aspects of our environment. First, within a period,
exchange markets open after goods markets. Hence old agents cannot adjust
their portfolio holdings before going to goods markets: this is a basic friction
in our model.” Second, agents are required to make purchases using local
currency. This is an assumption of our model at this point, though in Section
IV we show that this type of constraint will arise endogenously in the game
between governments. Given these constraints, old agents have no choice:
they will optimally spend all of their money holdings.

7This is & broader view of market frictions than simply imposing a trading cost. Adding
such a cost to our model would modify our analysis since some agents would, ex post, elect
to pay this cost to modify their portfolio of currencies. In effect, this is similar to reducing
the variability of the taste shock in our present formulation.



The process of money creation is reflected in the evolution of domestic
money holdings. In particular, each young agent in generation t, regardless
of his money holdings, receives a transfer of 7;4) at the start of old age.
This transfer is perfectly anticipated. Note that an agent does not receive
transfers of foreign currency: this is the basis of the inflation tax on foreign
currency holders which, as we shall see, redistributes real wealth to domestic
citizens.

It is critical that @ is realized after the choices of employment and cur-
rency holdings. If, for example, # was known in youth, then the portfolio
choice of the young agents would reflect this variable and there would be no
ex post misallocations. In our model, in contrast, because of the local cur-
rency in advance constraints, ex post consumption profiles must be financed
out of ex ante portfolio choices. Given the nature of the preferences we have
assumed, it is clear that agents will generally want to adjust their expendi-
tures after the realization of the taste shock but are prevented from doing so
by the local currency constraints and the assumed timing of the markets.

The first order conditions for the agent’s optimization problem is sum-
marized by two conditions:

(1 - 6)?*‘« !
E{~—— - =
ST = ()
(3)
P — my E(1-6) _
Ef{———L} = ——==7Z.
B{TTL? + Te1 E@

The first of these conditions relates the marginal disutility of work to
the marginal utility from the consumption of the foreign good. The sec-
ond condition is essentially the expenditure share condition that emerges
in optimization problems with Cobb-Douglas preferences, though here the
expectation of § rather than the realization of this variable determines ex-
penditure shares since portfolio decisions are made ex ante. Note that given
the specification of utility, the future price of foreign goods is not present in
these conditions. That is, labor supply and the budget shares depend on the
current return to work as well as the transfer but not period ¢ + 1 prices.

There is of course a complementary set of first order conditions from the
perspective of a representative generation t agent on the foreign island. The
foreign representative agent solves the following optimization problem:



, max B (9In(cify) + (1 - ) In(ch)) — g(ni)

m,” . m; ,n‘ se[0,1}
subject to:
ping = my’ +m;* /e,

Ct+1 (mtf + Ti1)/Pen

«h __ «h
Cipp =Ty /Pe1

where Ct-{l is the consumption of the foreign good by fore1g;ners and ¢}t is
their consumption of the home produced good. Likewise, mit represents the
money demand by foreign agents of foreign (their home) currency, m A is the
money demand by foreign agents of home currency, 73,, is the transfer to
foreign agents and n; is their labor supply.

The first order conditions are given by:

By g

ping — mtf
(4)
% *f
Py — My E(l "‘9)
E ittt ——1 = —— =7
a{mzf +'r;+1} Ef

Note too that in (4), the random variable # impacts directly on home con-
sumption, in a manner symmetric with (3). As we shall see, the magnitude
of 8 is an important factor in the gains to monetary union.

2.1.2 Market Clearing

In each period, there are five markets that must clear: the two goods mar-
kets, the two money markets and the exchange market. The goods markets
open at the start of the period. Here old agents from both islands use their
local currency to purchase the goods produced by young agents. Each na-
tional money market is the flip side of these transaction: young agents sell
their goods to acquire the local currency held by the old. Finally, in the ex-
change market, currencies are exchanged as young agents optimally set their
portfolios.



On the home island, money market clearing is given by:

M, =pmn . (5)

The left side of this expression is the exogenously given stock of fiat money in
per capita (per home citizen) and the right side is the money value of output
per home producer in period ¢.

The evolution of the stock of home money is given by

Mt+1 = Mt(l + 0)

where ¢ is the fixed growth rate of money in the home economy. In the
equilibrium analysis, this growth rate will be chosen by the government: for
now it is taken as given. Since the money supply increases through lump-sum
transfers, as in (2),

Ti+1 = Mf,CT- (6)

The condition for exchange market equilibrium is:

mh = e;mi. (7)
The left side of this condition is the per capita money holdings of home cur-
rency by foreigners. The right side is the value, in terms of home island
units of account, of the foreign money holdings of home agents. This con-
dition guarantees that the portfolio adjustment at the end of youth (after
goods market exchange) balance so that the home currency given up by the
home agents is exactly equal to the holdings of home currency by the foreign
agents.
A final form of money market clearing is to check that the exogenous
stocks of domestic and foreign currencies are held by someone after the close
of the exchange markets. These two conditions are given by

— h *h
M, =m; +m;
and

M; =m;’ +mi.



2.2 Equilibrium with Local Currency Constraints

Given the conditions for optimization by the representative agent in each
country and the market clearing conditions, the goal is to characterize the
steady state equilibrium with valued fiat money in both economies given
the two exogenous rates of money growth, ¢ and ¢*.* We then turn to the
determination of the equilibrium rates of inflation.

2.2.1 Steady States Given Rates of Money Creation

To characterize the equilibrium, we conjecture that agents on the home (for-
eign) island hold a fraction ¢ (¢*) of their local currency earnings in youth
in domestic currency and the remainder is used to purchase foreign currency.
Thus,

m? = ¢pyn; and etm{ = (1 — @)pne

for generation t agents in the home economy. There is an analogous specifi-
cation for foreign agents.

Let n and n* represent the steady state employment levels on the two
islands. Then a steady state monetary equilibrium is given by (¢,n,¢%,n*)
and a price system (py, P}, )52, such that the conditions for individual opti-
mization and market clearing are met.

Our approach to characterizing the steady state is to use the market
clearing conditions to substitute for the relative prices in (3) and (4). This
will leave us with a set of first order conditions in terms of portfolio shares and
employment levels, (¢,n,¢*,n*). The result is summarized in the following
proposition, using Z= (1 — 8/6).

Proposition 1 : A steady state equilibrium is characterized by the following
conditions:

l—Zo
$ = 17z
1 7
T o = ng'(n) (8)

8 As is customary in overlapping generations models there will also be non-monetary
equilibria as well as non-stationary equilibria.
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1-Zo*
1+ 2

= n*g'(n*).

¢* =
1
1+ o0t

Proof. : Here we focus on the conditions for the home country. Those
for the foreign country are completely analogous. We use the conjectured
portfolio shares along with the condition relating transfers to the stock of
money, (6), to find:

pg—my = (1—¢)M; (9)
mg + T = (¢+0)M, (10)

Substituting this into the second of the first-order conditions for the home
country implies:

(1-9¢)

¢+o

which yields the first of the steady state conditions after some manipulation.
Using the home market clearing condition as well as (9) in the first of the
first-order conditions gives:

(1_6) _ !
a=¢ ="

Substituting for ¢ and using the definition of Z yields the second of the
steady state conditions for the home country. B

In terms of characterizing the existence of a steady state, we focus on
equilibria in which fiat money is valued in both economies. That is, we look
for equilibria in which citizens of both countries hold both currencies. We
term these interior monetary equilibria and find:

Proposition 2 For every (0 € (-1,1/Z), 0* € (—=1,1/Z)), there exists an
interior monetary steady state.

Proof. : Note that both portfolio shares, ¢ and ¢*, are given directly from

the home and foreign conditions which relate these portfolio shares to Z and
the rate of domestic money creation. The bounds on these rates of money

11



creation guarantee that both ¢ and ¢* lie in the interval (0,1), which is
necessary for an interior monetary equilibrium.

Given the rates of domestic money creation, the labor supply choices,
n and n*, are immediately determined. Note that ng’(n) is monotonically
increasing in n since g(-) is convex. W

There are some interesting properties of the steady state. First, domestic
output and employment depend on the rate of domestic money creation. In
the usual manner, inflation brought about by lump-sum transfers creates
& tax on domestic productive activity. Hence an increase in the rate of
domestic inflation reduces employment and output. In a closed economy,
domestic inflation would thus be welfare reducing.

Second, domestic output and employment do not depend on the foreign
rate of money creation. In the same way, portfolio shares do not depend
on foreign rates of money creation. These simplifications, of course, reflect
the assumption of Cobb-Douglas preferences with the resulting implications
for constant budget shares. However, as we shall see, this specification of
preferences allows us to explicitly characterize the inflation game between
countries as well as the gains to monetary union.

2.2.2 Determination of Equilibrium Inflation Rates

Using the equilibrium from Proposition 2, let V(o,0*) and V*(0*, 0) be the
lifetime expected welfare of an agent in the home and foreign islands respec-
tively. Formally,

V(o,0%) = B (81n(c") + (1 - 6) In(e’)) — g(n(0))

V*(a*,0) = By (f1n(c) + (1 - 6)In(c™)) = g(n*(c*))

where the functions n(o) and n*(c*) are determined in the equilibrium es-
tablished in Proposition 2. Since g(n) is assumed to be continuously dif-
ferentiable, n(o) and n*(c*) are continuously differentiable functions of the
money growth rates.

The consumption levels in these expressions come from the conditions for
the steady state equilibrium:

h _ ((}5+0’) (0) cf ( ¢) ( )

T Ut T+o)"
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Again, there are analogous expressions for the foreign consumption levels.
Note that the rate of money creation in foreign countries does effect the
utility level of home agents through their equilibrium consumption levels of
foreign goods. Further, in equilibrium, domestic money creation has three
apparent influences: directly on the level of employment, through the transfer
(the numerator of c*) and through the rate of price inflation (the denominator
of c*).

The gains and losses from inflation are evident from these conditions.
Given the employment levels, n and n*, home inflation increases the state
contingent consumption of home agents while foreign inflation reduces it.
From the definition of ¢*, in order for home consumption to increase with o,
¢ must be less than one: i.e. not all of the domestic money supply is held by
domestic citizens. In this model, this comes about because agents hold the
currency of the other country in order to finance their consumption in old
age. Thus, to emphasize an important point, the local currency requirement
creates a demand for local currency by foreign agents and thus a basis for the
inflation tax.® This can be seen directly from the characterization of ¢*: if
¢ = 1, then the only effect of o would be to distort the labor supply decision.

Of course, the cost of inflation arises from the fact that it faxes the
money holdings of all agents, domestic and foreign. This is a distortionary
tax. Higher home inflation reduces the incentive for home agents to produce
which ultimately reduces c® and thus lifetime utility. Still, starting at zero
inflation, there is an incentive for countries to increase their money supplies.
This observation leads to:

Proposition 3 The symmeiric equilibrium of the game between government
entails positive money growth rates: ¢ = ¢* = Z.

Proof. : Using the conditions for steady state equilibrium given above,

(1—¢")n*(
(1+0*)

V(o,0*) = Eg{61n(1/(14+2))+8 In{n(c))+(1-0) In( o) }}—g(n(o)).

The home government maximizes this with respect to o, taking o* as given.
This derivative equals zero when

ng'(n) = 6.

%Stated differently, each country also has an incentive to inflate in order to reduce their
own output and thus influence terms of trade.

13



Using the condition characterizing n in the steady state (8) along with the
definition of Z implies ¢ = Z. A symmetric argument holds for the foreign
country. W

In fact, the equilibrium with positive inflation is a dominant strategy
equilibrium. Even though the foreign rate of inflation has a (negative) effect
on the welfare of home agents, it has no influence on the optimal level of
domestic inflation. This simplification is again a consequence of the assumed
preference structure.

3 Monetary Union

The equilibrium in which countries impose cash-in-advance constraints and,
as shown in Proposition 3, create positive inflation is inefficient along two
dimensions. First, ex post consumption profiles do not sufficiently reflect the
taste of individual agents. From the solution of (1)-(2), consumption levels
are not state contingent since monetary holdings are determined prior to the
taste shock.

Second, there is positive inflation which, as we show in this section, is an
undesirable outcome of the interaction between governments each attempting
to reap positive gains for its citizens by money creation. While inflation is
individually rational, in equilibrium, these policies lead to a welfare loss.

The point of this section is to argue that the creation of monetary union
in which there is a single currency and a single central bank will lead to a
welfare increase for all agents. These welfare gains come from the increased
liquidity created by a single currency and by the elimination of the incentive
for unilateral inflation.

3.1 Basic Model of a Monetary Union

Under a monetary union, there is a single currency and a single price system.
Let MMU represent the stock of common currency in period t, oMUV the
growth rate of this stock, gf the period £ money price of home goods and ¢f
the period t money price of foreign goods.

The optimization problem of a representation agent of generation ¢ in the
home country is given by:

14



max Eo{01n(c},,(6)) + (1 — ) In(c,1 ()} —g(ne) (1)

c:x+1 (a)lc{+1(8)1"te[0)1]

subject to:

C£'+1(9)Q?+1 + c{+1(9)q{+1 = ‘I?nt + Tﬂl{ = I for all 6 (12)

In contrast to the problem specified in the previous section, (1)-(2), this
problem has a single budget constraint for each value of # since in period
t + 1 the agent will take money earned in youth plus a transfer of Tﬁt{
and purchase both home and foreign goods after observing the taste shock.
For this preference structure, the optimal consumption profile is easy to

characterize. Ex post, agents will respond to variations in tastes so that:

Cth1 = 01:/g;,, and c{+l =(1- a)It/q{+1'

This is the usual optimality result for this preference structure. Given this
allocation of income, agents choose labor supply to solve (11). This leads to
a steady state labor supply of:

1

T oM = ng'(n). (13)

Similar equations hold for the representative consumer in foreign country.

3.2 Equilibrium and Seignorage with Monetary Union

While there are two distinct goods in this economy, the islands are com-
pletely symmetric and agents are ex ante identical. We assume that newly
created currency is distributed equally across all agents.!® Thus, we focus
on characterizing a symmetric steady state equilibrium. Denote by nMU the
steady state level of employment by an agent on either of the islands, ¢; the
period ¢ money price of goods and cMVU the steady state level of consumption
of either of the two goods.

10Clearly then an interesting extension is to study political power with regards to the
creation and distribution of newly created money. See for example Casella and Feinstein
[1991] ,Chang [1995]

15



Let nMY(gMY) denote the steady state value of employment for both
home and, by symmetry, foreign agents. Using this, the steady state level of
utility in a monetary union can be expressed as

VMU(GMU) = Ep{f1n(gn™Y (™)) + (1 - 0) In((1 — O)nMU(cM7))}
—g(nM7(a™)).

The optimal monetary policy for a bank that chooses the rate of money
growth to maximize the utility of a representative agent is characterized by:

Proposition 4 : The optimal monetary policy in a monetary union is oMU =

0.

Proof. : The monetary authority solves mazgymu VMY (oM U). This leads to:
1=ng'(n)

Using (13), this condition is met with ¢™Y =0. .

So, the central bank governing the growth of the money supply will opti-
mally choose zero inflation and the single currency implies that agents can,
ex post, optimally respond to their taste shocks. This is not a surprising
result given that there are no gains to inflation in the common currency
environment.

3.3 Measuring the Gains to Monetary Union

Using Proposition 3, let VZ€ be the expected utility of an agent in the equi-
librium of the world economy with local currencies given that both countries
inflate at rate Z. This is given by:

VE = Ep{6In(1/(1 + Z)) +1In(n(2)) + (1 - 6)In(Z/(1 + Z))} — 9(n(Z2))

where n(Z) is the steady state equilibrium level of employment given that
the rate of money creation is Z.

In a similar manner, Proposition 4 implies that the lifetime utility in a
monetary union (VMY) is given by:

VMU = Eg{01n(8) + In(r(0)) + (1 — 6) In(1 — )} — g(n(0))
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where n (0) is the steady state level of employment at zero inflation.
Using these expressions, let A(Z) be the utility gain from monetary union:

A(Z) = VMY -VEC(Z,2) = (14)

Eg{em(%) +(1- 0)111%-:—;;-} + (15)

[in(n (0)) - g(r (0))] — [In(n(2)) — 9(n(2))].

There are two positive terms in this expression which correspond to the two
types of gains from monetary union highlighted by the European Commis-
sion: increased efficiency and price stability.

The first represents the gains associated with achieving an ex post effi-
cient allocation of goods, given the uncertainty in tastes. If there was no
uncertainty, so that # = 8, then the first terms in A(Z) would be zero. Using
a second-order Taylor series expansion, one can show that the first line in
A(Z) can be written as:

B + 1 -0l =Dy = Loar () (3 + — ] 16)
: 1=9) "2 3t a9

Thus partial gains to monetary union are proportional to the variance in
the taste shocks. This is quite intuitive since the change in regime to &
single currency allows agents to respond to taste shocks. This gain should
be positively related to the variability of tastes which, for the Cobb-Douglas
preference structure, reduces to (16).

Note that the European Commission’s calculation of the gains to mon-
etary union from a reduction in trading costs looked solely at the product
of trade volume and the costs associated with a variety of trading fees and
exchange margins. In our abstract model, the trading frictions associated
with multiple currencies are reflected in differences in ex post marginal rates
of substitution between agents. If, as noted earlier, we allowed agents to
adjust their portfolios ex post, then the model would produce two measures
of frictions. The first would be the direct transactions costs paid by agents
whose taste shocks were extreme enough to induce them to alter their port-
folios. The second would arise from agents who did not pay these costs
and thus retained their ex ante portfolio. In this model, the trading frictions
would include both the explicit transactions costs paid by the first group and
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the unexploited gains to trade of the second group. Clearly, the European
Commission calculation captures only the first measure of inefficiency.

The second term in A(Z) represents the gains to monetary union associ-
ated with the reduction in the rate of inflation from Z to 0. Since inflation
is distortionary, the gain is related to the responsiveness of the labor supply
decision to the rate of inflation and the magnitude of Z. A second-order
Taylor series expansion of the second term in (14) implies

(in( (0)) — g(n (0))] — [In(n(2)) — g(n(Z))] (17)
1 [n(Z) = n(0)]* . | ¢"(n(0})n(0)
2[ ) ](“ 7))

The first term on the right measures the gap between the level of employ-
ment in the local currency regime and that arising under monetary union
due to inflation. The second term on the right reflects the curvature in the
disutility of work function: the larger the curvature the larger is the loss in
utility due to a given level of inflation.

For example, if we assume that g(n)} = n/k, where k is a constant, then
n(Z) = k/(1 + Z). This leads to the following simplification of the second
term in A(Z):

[in( (0)) — g(r (0))] — [In(n(2)) — g(n(2))] = K*(1 - 8) — In(6).

So, if the economy was closed, implying 0 = 1, then this term would be zero
because the level of inflation would be 0. As 8 falls from 1, this term increases
reflecting the difference between n (0) and n(Z).

4 Establishing A Monetary Union

The first goal of this paper was to provide an explicit model of the gains
to monetary union. From the perspective of price stability, an important
implication of Proposition 4 is that the rate of inflation in a monetary union
is less than that arising in an equilibrium with multiple currencies. From
Proposition 3, the inflation rate in a world economy with multiple currencies
will have an inflation rateof Z = 11—;2) which can be quite large in an economy
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that is reasonably open. For example, if average budget shares for imported
goods is .2, then Z = 25%.1!

Further, monetary union has the advantage of allowing agents to respond
to variations in tastes. To emphasize an important point, having a single
currency implies that agents can arrange their consumption bundle after
realization of their individual 6.

Given these gains, we turn to a discussion of establishing a monetary
union. Despite these gains highlighted in our analysis and more generally in
the report of the European Commission, the creation of a monetary union
between sovereign countries apparently requires a very strong international
commitment. The difficulties of achieving a union are clearly exemplified
by the lengthy and painful negotiations leading to the European Monetary
Union. A natural question is whether it is possible to reap these gains from
monetary union through a less demanding route. In other words, is cooper-
ative action (i.e. by means of a treaty as in the European case) necessary in
order to form a monetary union?

We study this question by constructing a game between governments in
which the monetary regime emerges endogenously. Within this model, our
answer to this question is clear: reaping the gains from monetary union does
indeed require cooperation. While it is true that the allocation supported
by monetary union is feasible in other, less centralized monetary systems in
which countries do not impose local cash-in-advance constraints, these are not
equilibrium allocations. Individual governments, representing the interests
of their citizens, have an incentive to impose these constraints. So, while
there are mutual gains to monetary union, individual governments have an
incentive to deviate from a monetary union to pursue their own objectives.

Note that this result serves two purposes. First, it explains why monetary
union requires a cooperative effort among member countries. Second, it
provides an explanation of the cash-in-advance constraints that were taken
as given in Section II of the paper and used extensively in the international
macroeconomics literature.

To see this point formally, we consider a multi-stage game, which we
term a “monetary policy game”. In the first stage, governments choose their
monetary regime, either imposing a local currency cash-in-advance constraint

110f course, not all trades generate money demand as assumed in our model. However,
there are also numerous investment flows across countries that generate money demands
that are not included here. Further, countries often issue nominally denominated debt
that is eventually held by foreigners. This could create another basis for the inflation tax.
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(CIA) or not. If they choose not to impose a CIA, then any currency can be
used for making purchases in that economy. In the second stage, governments
simultaneously choose a rate of inflation for their money supply. Finally, we
look at the steady state of the world economy given these policy choices.

The interaction between governments can be succinctly represented by the
following normal form structure. Here the governments each choose whether
to impose a CIA or not. The payoffs in each cell are then determined by the
subsequent inflation policies of the government and the consequent steady
state equilibrium. The discussion below develops the payoffs for each of
these cells.

Foreign

CIA no CIA
Home| CIA | VIC,VIC | L€ oNC
6 CIA | oFIC IC | YNIC yNIT

Note that the structure of our game assumes that governments can com-
mit to a monetary regime. Besides simplifying the analysis, this allows us
to distinguish our results from those that rest on internal commitment prob-
lems.!? In our economy, if a government could choose the monetary transfer
each period after agents chose their labor supply, then each government
would have an incentive to inflate the money supply beyond the level calcu-
lated in Section II. Alternatively, if the government could commit to a money
creation rate prior to the labor supply choice of agents, then it would choose
the inflation rate of Z as characterized in Proposition 3.

In the next section we argue that in a two-currency world, if: (i) neither
country imposes & CIA and (ii) neither country inflates, then the allocation
is the same as that obtained under monetary union. From the perspective
of our model, the merit of monetary union is not the existence of a single
central bank per se but rather the elimination of both liquidity problems
and inflation; just as if there were multiple currencies in all local economies
acceptable for trade and the commitment of monetary authorities to zero
inflation.

120nce again, our economy -is structured so that if it was closed, there would be no
incentive for inflation. Hence, the basis for inflation comes from the demand for money by
foreign agents. This generates an incentive to inflate as well as a potential commitment
problem vis-a-vis foreign agents.
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The subsequent section argues that a configuration in which neither coun-
try imposes a CIA is not a Nash equilibrium. To make this argument, we
characterize an equilibrium for the configuration in which the home country
imposes a CIA but the foreign government does not: ie. (vE€,vV€) in
the above matrix. Here the outcome is a form of ”dollarization” in which
the currency of the country that imposes the CIA circulates while the other
currency does not. Given this equilibrium, we show that the regime in which
neither country imposes a CIA is not a Nash equilibrium. Consequently, the
allocation obtained through monetary union is not an equilibrium of this
game.

The final subsection investigates the conditions under which both coun-
tries imposing a CIA is an equilibrium. If the variability of tastes, repre-
sented by the variance of 6, is sufficiently small, then the equilibrium entails
both countries imposing CIAs. Thus the normal form game has a prison-
ers’ dilemma structure: imposing a CIA is a dominant strategy though the
outcome in which neither country imposes a CIA and neither inflates is the
cooperative solution.

4.1 Relationship between Monetary Union and Laissez
Faire

We begin our analysis of this game by relating the choice of monetary regime
(CIA or no CIA) to a monetary union. Following Kareken and Wallace [1981],
we term the regime in which neither country imposes a CIA, a "laissez faire”
regime. The following proposition demonstrates that the outcome obtained
in a monetary union is a feasible outcome of the game outlined above.

Proposition 5 If neither country imposes a CIA and ¢ = 0® = 0, then the
resulting allocation is equivalent to that obtained under monetary union.

Proof. See appendix 1 ®

Since there are no local currency constraints, consideration of this econ-
omy requires modification of the basic model presented in Section II. Con-
sequently, the characterization of this economy and the proof of this result
appear in the appendix.

However, the intuition for this result is relatively straightforward. We
focus on an equilibrium in which both currencies are held. In such an equi-
librium rates of return must be equal. Using this indifference, we construct
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an equilibrium in domestic (foreign) agents only hold their own currencies.
Since neither country imposes a CIA, agents are fully able to respond to
their realized taste shocks even though they could have a single currency in
their portfolio. Given that neither country inflates by assumption, the labor
supply decisions for both home and foreign agents are efficient as in the proof
of Proposition 4. From this, we see immediately that the resulting allocation
is the same as that obtained under monetary union.

To be clear, the point of this proposition is only that the monetary union
allocation is a possible outcome of the interaction between countries. In
this way, studying the outcome of the monetary regime game sheds light
on monetary union. The proposition does not state that if neither country
imposes a local CIA, then the monetary union outcome obtains. This would
be a much stronger result.

4.2 Defection from a Monetary Union

The main result of this section is to show that the configuration of actions
in which neither country imposes a local CIA is not an equilibrium. This
result is important for two reasons. First, it indicates that monetary union
will not be a equilibrium of the monetary regime game since countries have
unilateral incentives to impose CIA constraints. Second, this result justifies
the imposition of local CIA by governments interested in maximizing the
expected utility of their own agents. While this constraint was imposed in
the economy we considered in Section II, the following proposition shows how
this type of constraint could arise as an equilibrium of a larger game played
between governments.!®
Formally, we find:

Proposition 6 A regime in which neither country imposes a CIA is notl a
subgame perfect Nash equilibrium.

Proof. Consider the configuration in which neither country imposes a CIA
requirement and then each chooses their inflation rate. The payoff from this
cannot exceed that obtained under monetary union, VMY since the outcome
under monetary union selected the inflation rate that was jointly optimal.
Further, from Proposition 5, we know that if neither country imposes a local

13This result is in the same spirit as the Bryant and Wallace {1984] argument about
legal restrictions providing a basis for price discrimination by & government.
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CIA requirement and each sets the rate of money creation to zero, this is the
same outcome as that obtained under monetary union.

Suppose then that the home country defects from this proposed equilib-
rium and establishes a CIA. In this case, we consider a steady state equi-
librium associated with the (CIA, no CIA) cell of the regime choice game.
By following an equilibrium path resulting from the defection of the home
government, we are able to argue that the conjectured equilibrium in which
neither country imposes a CIA is not subgame perfect.

In the (CIA, no CIA) cell of regime game, we focus on the steady state
equilibrium in which the home currency is the only one in circulation. Given
this, the payoffs to a representative home agent can be written as:

VIC(o) = E4{81n(c"(8,0)) + (1 — 6) In{c’(8,0)) — g(n(o))

where
n _ fn(o)(¢ + o)
0,9 = {1 0)
o (0,0) = (1—-8)n*(¢+0)

 (1+o)(1-¢)

Here ¢ is again the share of the total money held by home agents and is given
by:

_90+(1—§)

o= or2(1=b)

Further, n(o) solves the representative agent’s first order condition in the
steady state equilibrium,

¢
+0o

ng'(n) =2
Finally,
n'g'(n*)=1
implying that the foreign agents are optimally choosing employment as well.
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Notice that these consumption levels are state contingent since agents’
consumption can respond to taste shocks. This is clearly one of the gains to
having a single currency.

Note that this is the same payoff level as that obtained under monetary
union if the rate of home money creation was zero: ie., VIC(0) = VMU,
However, the optimal rate of money creation is not 0: the derivative of V¢
with respect to o evaluated at o = 0 is given by

1-8 1_n’(0)

This expression is positive since n/(0) < 0, g'(n*(0))n"(0) = 1 and 8 € (0,1).
Hence V€ > VMU In fact, the optimal inflation rate when a single country
imposes a local currency requirement is positive if VZ¢(o) is a globally con-
cave function. So, the proposed outcome in which neither country imposes
a CIA is not an equilibrium: the best response to the other country not
imposing a CIA is to impose one. W

In the proof of this argument, we consider the defection of the home
country so that it imposes a local CIA while the foreign country does not.
Given this defection, what is the resulting steady state equilibrium? In the
proof of the proposition we focused on a steady state equilibrium in which
only the currency of the single country that imposes the CIA has value. Given
this selection of an equilibrium, we show that defection from a monetary
union is desirable. Hence the {no CIA, no CIA) regime is not a subgame
perfect Nash equilibrium.

This selection of an equilibrium following the defection of the home gov-
ernment seems to be a reasonable one since the currency of the country
imposing the CIA can be used in both countries while the currency of the
country not imposing the CIA can only be used in its own country. Further,
this selection seems compatible with the "intuitive criterion” in that a gov-
ernment would never defect from monetary union unless it thought that the
natural outcome would be the equilibrium in which its currency had value.
So, observing this defection, the equilibrium in which the currency of the
country imposing the CIA is the one valued would be focal.

There are, however, other equilibria in the event that only one country
imposes a CIA. In one of them, only the currency of the country not imposing
the CIA has value.}* Clearly, this equilibrium is one of autarky for home

14 Another possible nonstationary equilibrium entails both currencies having value. In
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agents since it is impossible to purchase the goods produced in the country
imposing the CIA since that currency has no value. Thus home agents have
no income. If this was the equilibrium selected in the event the home country
defected from a monetary union, then clearly that defection would not be
desirable and monetary union would indeed be an equilibrium. Thus our
result clearly requires the selection of a particular equilibrium but one which
seems quite natural.

Proposition 6 implies that the monetary union is not an equilibrium. Indi-
vidually governments have an incentive to create a demand for local currency
by imposing local CIA constraints. The resulting demand for home currency
creates a basis for the inflation tax and the fact that the other government
does not impose a CIA constraint implies that home citizens do not lose
liquidity. Thus the monetary union is destroyed and, from Proposition 6,
the resulting equilibrium entails the imposition of local CIA by at least one
country.

4.3 Nash Equilibrium

The remaining issue is determining the equilibrium of the game between
governments. Proposition 6 implies that at least one of the governments
will impose a CIA. However, it leaves open the issue of whether both gov-
ernments will impose these restrictions. While requiring local currency for
purchases does create a base for an inflation tax, it also reduces the liquidity
of home agents. This was not an issue in considering the defection from a
configuration in which neither country imposed a CIA but, starting from a
configuration in which both countries impose a CIA, there are some liquidity
gains for domestic citizens from not requiring local currency.

These liquidity gains increase with uncertainty in tastes. So if there are
no taste shocks, then a country should prefer to use its own currency as a
shield against the inflation of another country.”® Formally, this leads to:

Proposition 7 If the variance of taste shocks is sufficiently small, then if
one country imposes a local CIA, the other will too. Consequently, the equi-

this case, the holders of the foreign currency would have to be compensated for the loss
of liquidity associated with holding that currency.

15This is essentially the point made by Fischer [1982] concerning the gains to a national
currency.
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librium of the game will entail both countries imposing local CIA constraints
and setting o = Z.

Proof. Assume that the variance of taste shocks is zero. The fact that
both countries will inflate at & = Z when both impose local CIA constraints
comes directly from Proposition 3. The foreign country gets a payoff of
VIC+(Z Z) in this equilibrium. To see why each country has an incentive
to impose a local CIA, consider the defection of the foreign country from
a conjectured equilibrium in which both countries impose constraints and
inflate at rate Z. Let VNIC*(Z) denote the payoff of the foreign country
given that the home country continues to inflate at rate Z. From Proposition
3, VI€*(Z,Z) > VLC*(0, Z) since the foreign government has an incentive to
inflate at rate Z. Further, V¥¥C*(Z) = VLC*(0, Z) given that there are no
gains to having a local currency if there are no taste shocks and no inflation
taxes to collect. Hence, VNZC*(Z) < VIC4(Z, Z) so that the both countries
imposing local CIA and inflating at rate Z is an equilibrium. By continuity, if
the variability of taste shocks is sufficiently small, then local CIA constraints
will be imposed and inflation rates will be optimally set at Z. W

Thus, given propositions 6 and 7, the monetary regime game has the
structure of a prisoners’ dilemma game: there is a cooperative outcome which
is jointly optimal but is not an equilibrium. As in that extensive literature,
the gains from monetary union are only enjoyed if countries cooperate in the
creation and enforcement of monetary union.

5 Conclusions

The goal of this paper was to provide a basic framework for analyzing the
gains, both potential and effective, to monetary union. To do so required
two steps.

The first was the construction of a model to assess the gains to the creation
of a common currency. The main hurdle in the theoretical analysis was
to generate money demand. This is accomplished here by the optimal
imposition of cash-in-advance constraints by both countries. Given these
constraints, households who face taste shocks are frequently stuck with the
»wrong portfolio” of consumption goods. Further, these households face an
inflation tax imposed by foreign governments. By eliminating control over
their money supplies through the creation of a monetary union, countries can
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jointly increase the welfare of citizens. Thus, as suggested by the European
Commission’s report on monetary union, the gains arise from more efficient
allocations and price stability.

The second piece of the analysis was understanding how countries could
reap these gains. In this regard, our main finding is that monetary union is
a monetary regime unlikely to be established by non-cooperating countries
since each, acting independently, could prefer to impose a local currency
requirement (assuming that taste shocks are not too variable) and inflate.
Put in other terms, monetary union can be obtained only through the joining
of sovereign countries to a cooperative scheme involving commitment.

There are a number of natural extensions of our analysis. First, extending
the analysis to a multi-country world seems feasible and desirable. This case
would allow a more interesting analysis of the game in which countries choose
to join a monetary union or not since, in contrast to the two country case,
the defection of one country does not destroy the union.

Second, in characterizing these (perhaps modest) gains to monetary union,
this paper has avoided some potential costs of this institution.'® Returning to
the analysis of Mundell, our model clearly lacks various sources of aggregate
uncertainty that may give rise to the use of monetary policy as a stabilization
device. Extending our paper will allow us to assess the magnitude of this
loss of a stabilization tool relative to the gains from monetary union already
identified in our analysis.

Third, our model of monetary union assumes a very strong centralized
monetary authority. It is of interest to consider the implications of a weak
central bank whose policy can be influenced by the fiscal policy choices of
constituent governments. This is also a topic for our future work.!

Finally, the model can be extended to study dollarization: a regime in
which only a single country imposes a CIA. Proposition 7 argued that this was
not an equilibrium if taste shocks were not highly volatile. However, if tastes
are variable enough, then the equilibrium entail a form of dollarization in
which only a single country imposes a CIA. In this case, the normal form game
has a Battle of the Sexes structure. Further, this result may also arise if there
is an asymmetry in the size and/or openness of countries. Understanding
dollarization merits further work.

16 Of course, we do not claim that there are no other gains to monetary union. However,
the gains we have identified do coincide with those stressed by the European Commission
in its assessment of the EMU.

17See Sibert [1992] and Chari-Kehoe [1997] for results in this direction.
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A Appendix 1

In this appendix, we characterize the steady equilibrium of a world economy
with two currencies in which: (i) neither government imposes a CIA and
(ii) money creation rates are zero in both countries. After describing the
economy, we turn to a proof of Proposition 5. In principle, goods in each of
the countries can be purchased using either currency. Hence, period t prices
are given by (p® p*,pf,p;’) where p} is the price of home goods in home
currency, pi" is the price of home goods i 1n foreign currency, p! is the price
of foreign goods in home currency and pi¥ is the price of foreign goods in
foreign currency.

The optimization problem

For the representative agent in home country, the optimization problem

is:
max Eq [6 Inct;+{1—6)In c{+1] — g(n) (18)
ch ,r:t,
a8,y
n¢€[0,1]
subject to:
apfnt = /BC?+1P?+1 + ’YC{+1P{+1 (19)
(1-a) pttny = (1-p) C¢+1Pt+1 +(1-") Ct+1Pt+1 (20)

where « is the share of his sales of his production of good k realized with

home currency, hence of his holding of home currency, 3 is the share of

his consumption (when old) of good h realized with home currency, v is the

share of his consumption (when old) of good f realized with home currency.
The first order conditions imply:

0 .
5 = )\,BP?H + 4 (1 - .B) pt-’{‘-l (21)
Ci+1
1 - 9 *
— = Mpl -1k (22)
G+
g () = depl +p(1—a)pi* (23)
Apt = ppt (24)
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the last condition corresponding to the choice of a. A and  are the multipliers
associated with (19) and (20).
From these conditions, we get:

g’ (ne) = Apt (25)
0 o\ PE
ci‘_+; =g ("t) ‘;?1 (26)
1-96 ol
& =g () ﬁhl’ (27)

Given equation (24), the consolidated budget constraint can be written
as:

Phach + Placli = Peme (28)
which, combined with (26) and (27) implies:
Y, Phacti +plach
1 =g (n) o
?

At steady state with no inflation, this implies that:

1=¢'(n)n (29)
A similar reasoning implies that:

1= ()’ (30)

Hence, from these two optimality conditions, it is clear that the levels of
outputs in such an economy are equal to those obtained in a monetary union
with optimal policy. It remains to be seen that the consumption levels are
the same. From the money market conditions with constant money supplies,
we get:

M= [api‘ +(1— a)p{] n= [api‘ﬂ +(1— a)p{H] n
which along with (24) implies that:
p:' = p?ﬂ
Replacing this equality in the conditions for consumption levels, we get:
F=n=ct S=Q1-0n=c"

which gives the same consumption patterns as in monetary union with opti-
mal policy. This completes the proof.
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