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ABSTRACT

When countries of different sizes participate in a cooperative agreement, the
potential gain from deviation determines the minimum power that each country re-
quires in the common decision-making.

This paper studies the problem in the context of a monetary union - multiple
countries sharing a common currency - whose very existence requires coordination
of monetary policies. 1In the presence of externalities in the decentralized equi-
librium with national currencies, it is shown that a small economy will in general
require, and obtain, more than proportional power in the agreement. With a common
currency, this is equivalent to a transfer of seignorage revenues in its favor.
With national currencies such transfer would not obtain, and the small country
would be even more demanding. Without additional unconstrained fiscal instruments
it would be impossible to sustain coordination with fixed exchange rates. When
the number of potential countries in the union is large, it is not generally pos-
sible to prevent deviations from individual countries or from coalitions. The
currency union might emerge as a mixed strategy equilibrium, but the probability
of deviation rises sharply with the number of countries and of possible coali-

tions.
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Western European countries discussing prospects for monetary integration share
a fundamental concern about the inevitable constraints on national sutonomy. The
problem arises, of course, because countries generally differ in their economic
policy needs, while a common currency requires the deferral of all monetary policy
decisions to an international Central Bank (Casella and Feinstein 1989). The
debate has usually focussed on the possibility (or impossibility) of maintaining
the necessary independence through fiscal policy (see for example Eichengreen 1989
and Cohen and Wyplosz 1988), but it has ignored the study of the institutional
features of this international monetary agency.

The main goal of this paper is to stress the importance and the urgency of
this approach, and to provide an initial example. More precisely, the paper ad-
dresses the problem of the distribution of power within the common Central Bank.
Whether or not the Central Bank is independent from national governments, it will
need to define the monetary policy of the union, taking into consideration, and
veighing, the demands of the different countries. The ranges of admissible
weights and the parameters that determine them are the focus of this work.

These questions were introduced in Casella and Feinstein (1989). The model
discussed there, however, was not appropriate to capture differences in countries’
sizes, and thus the problem of different countries’ influence in the intermational
Central Bank could not be addressed satisfactorily.

It is interesting to see hov member countries share control of common deci-
sions in the current institutional framework of the Eurcpean Economic Community.
The final power in the Community rests with the EEC Council of Ministers, formed
by representatives of the twelve countries. Since the enactment of the Single

European Act in July 1987, most provision can be passed vith the approval of a
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qualified majority - replacing the previous unanimity requirement - and each coun-
try has been assigned a given number of votes on the basis of its economic size
and population (see Table 1). Even though the switch to majority rule has ob-
viously reduced the power of the smaller countries, it is still true that the in-
fluence they can exert is more than proportional to their size. This is indeed a
notable feature of Table 1: for example, there are several coalitions of small
countries that could organize a blocking minority while controlling only approxi-
mately 10% of the Community’s GDP and less than 15% of its population. The orga-
nization of a common Central Bank is a more restricted problem and our analysis
highly stylized, but we do reach the same conclusion: if participation is
voluntary, a cooperative agreement that successfully constrains the actions of its
members must give more than proportional representation to the weaker partners.

The paper starts from two observations. First, if each country is free to
abandon the monetary union, the potential gain from deviation should determine the
minimum power required in the common decision-making. Second, while it is true
that all monetary interventions must be coordinated (i.e. decided together by all
members), a common currency per ge does not imply that monetary policy cannot ad-
dress different national needs.

This second point is important, and has been typically neglected - or denied -
in the current debate. The main cause has been the misleading identification of a
common currency with a regime of fixed exchange rates. Fixed exchange rates re-
quire consistent monetary policies in all countries and, it is argued, since a
common currency must be equivalent to permanently fixed rates the same conclusion
necessarily holds. The argument is not correct: with a unique currency, the ex-
change rate is fixed by convention and imposes no constraints on money supplies in
different parts of the union (exactly as in the case of perfectly substitutable

currsncies (Kareken and Wallace 1981)).



TABLE 1

Division of power in the EEC Council of Ministers since July 1987
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Monetary injections can thus in principle differ in different economies. But
since inflation is common to all countries in the union, this is equivalent to a
transfer of seignorage revenues: monetary policy becomes an instrument of interna-
tional wealth redistribution. The degree to which a country is able to target
monetary interventions to its needs is linked to the share of seignorage revenues
it succeeds in controlling, and depends on its influence on the union.

As is clear from these observations, a model studying these issues requires a
few fundamental assumptions: (1) Monetary policy must be an important policy
tool. (2) Countries must have different policy needs. (3) They must be able to
abandon the union (or refuse to Join {t). (4) Since monetary decisions are cen-
tralized, countries are renouncing, at least in part, monetary control. They must
have a reason to do so: it must be that the decentralized equilibrium with nation-
al currencies is sub-optimal.

-The simple set-up built in this paper is designed to capture these aspects.

In each country, consumers’' utility depends on the consumption of a private and a
public good. The private good, in different varieties, is supplied by domestic
and foreign firms, while the public good is provided by the domestic government,
and financed with lump-sum taxes and monetary issues. Governments decide the
amount of public good supplied and its financing so as to maximize their citizens’
utility. Finally, countries differ in their endowments, and this leads them to
differ in the desired levels of the public good. Notice that without coordination
esach country provides an excessive amount of the public good, as it ignores the
effect on the foreigners of withdrawing resources from private production. The
model is a wodified version of Casella and Feinstein (1989), with the added as-
sumption of differentiated private goods (Dixit and Stiglitz 1977, Krugman 1981).
As in Canzoneri and Rogers (1989), the question of the optimal monetary regime is

studied from a public finance perspective.
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When countries belong to a monetary union, the amount of common money injected
in each economy and financing the public good is decided by a common Central Bank
maximizing a weighted sum of the utilities of each country's citizens (there is no
equilibrium with decentralized policies). The minimum weight each country. demands
is determined by the welfare it can achieve in a Nash equilibrium with national
currencies and non-coordinated policies.

We reach three main conclusions. First, if countries do not have access to
alternative and unconstrained sources of financing, they will in general require
different monetary interventions. In particular, a small country will demand, and
obtain, more than proportional representation in the union, and thus larger per-
capita money injections and a transfer of seignorage revenues in its favor. The
union is really a vehicle for solving the public goods externality, but the small
country must play a larger role than is warranted by its size if it i{s to benefit
from the cooperation more than it loses in autonomy.

However, and this is the second point, the union is not equivalent to coopera-
tion under national currencies. In this model, cooperation under fixed exchange
rates would not be feasible, since it would not allow differences in monetary in-
jections. In addition, since monetary policy cannot generate transfers of wealth
when there are national currencies and no rigidities, under flexible exchange
rates the small country would demand even larger influence on the common decision-
making.

Finally, supporting the currency union becomes increasingly difficult as the
number of countries rises. Each single economy is then small with respect to the
total, and demands additional influence on the common policy. In the aggregate,
this is in general unfeasible. The union ni;ht emerge as an equilibrium in mixed
strategies, but for each economy the probability of deviation increases sharply

vith the nuaber of countries and of possible coalitions.
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The paper proceeds as follows. Section 2 presents the model and the solution
of the private sector’'s decision problem. The following sections derive optimal
policies under national currencies (Section 3) and a common money (Section 4).
Section 5 studies the allocation of power in a currency union with two countries,
. 4
and Section 6 extends the analysis to a larger number of countries. Section 7

concludes.

2. The Model

To formalize the probiem, ve need a simple framework where differences in eco-
nomic size can be easily repr;sented. Standard models of {imperfect competition
when consumers "love vnfietyﬂa(nixit and Stiglitz, 1977) are appropriate to this
goal, since the size of—;bciﬁ§tty translates immediately in the number of goods
produced domestically, ;1th‘ﬂo counterbalancing effect on the terms of trade.
Thus, we will follow closel;ﬂxrugnan (1981), modifying his set-up to include op-
timal provision and financinécof a public good.

The world is composed of ;vo countries, Red (R) and Blue (B). Total popula-
tion is normalized to 2, vith?(z-a) consumers living in R and o in B. Individuals
like variety in consumption ;f private goods and need a public good provided by
the domestic government. Their utility functions are:

Up = (L-p)In( E &) + glor, o

n
U = (1-g)In( £ )V + glnr,

vhere n is the total mumber of varieties of private goods available, ¢; is the
t
consumption of variety i and I' is the public good. The parameter g (<l) represent

[ |
the relative need for the public good, and 1/(1-#) (>1l) is the elasticity of sub-



stitution between different varieties of the private good (and the elasticity of
demand, if the number of varieties is large). Two observations are in order: (1)
Constraining g to be equal in the two countries will make the analytical results
more transparent, and is a reasonable initial assumption. When relevant, the im-
plications of a more general set-up will be discussed. (2) As will be clear, §
is the crucial parameter in this formulation. When it approaches 1, the two
economies approach perfect competition and no trade: the monetary regime and the
opportunity for international cooperation become irrelevant.

All varieties of the private good, both in R and in B, share the same technol-

ogYy:
1, = a + Bx; i=1,..,n (2)

where 1, is labor employed in the production of the ith variety and x; is the
quantity produced. There is a fixed cost a which guarantees that each firm will
specialize in the production of one variety.
Entry in the market is free, and in equilibrium each firm makes zero profits.
The government produces the public good with a simple constant returns to

scale technology:
T, = 1 J=R,B 3

vhere 1 is domestic labor employed in the production of the public good. To f1-

rj
nance its labor costs, the government prints money and collects lump-sum taxes

from its citizens:
v}lr} - H} + T} 4)

where w is the nominal wage, M are issues of money and T are nominal taxes.

All transactions are assumed to require monetary exchanges.
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The economy evolves as follows. Consumers live two periods. In the first pe-
riod they work either for private firms or for the government and receive their
salaries. In the second period they pay taxes and consume their disposable in-
come. Money is the only asset in the economy, and therefore real income is
reduced by inflation. Private firms pay their workers with current revenues,
vwhile the government finances its labor costs with taxes collected from the older
consumers and with new issues of fiat money. Firms set prices to maximize prof-
its; consumers decide which varieties of the private good to consume and in what
amount so as to maximize their utility; governments choose taxes and money supply
to maximize the discounted welfare of present and future generations of their

citizens.

The problem faced by the private sector is identical to the one discussed by
Krugman. Its solution, adapted to the present setting, is reproduced below.
Since technology is identical, we can focus on the symmetrical equilibrium

where all varieties produced in the same country will be sold at the same price
P; = (B/8)w; J=R,B ()
The zero-profit condition determines the scale of production:
PjXyy = 'jlu - vj(a + ﬁx”) (6)

or, substituting (5) in (6),

Xyj = -e-nen -x (7)
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The utility function is such that consumers will spend the same amount on each
variety of the private good available in the market, whether it is produced in

country R or B.

€PsXis = Pa¥ir (®)

where e is the exchange rate (defined as units of Red currency for one unit of

Blue). Given (5) and (7) this yields

ewy = w, (€D)]

As long as technology is the same in the two countries and there are zero profits
everywhere, wages (and prices) will be equalized, independently of mobility and
size of the labor force.
Price and wage flexibility insures full employment
ngly, = ng(a + px) = (2-0) - 1.,
(10)
ngly = ny(a + fx) =0 - 1,
where n, (ny) is the number of varieties of the private good produced in the Red
(Blue) country. Substituting (3) and (7) in (10) and ignoring integer con-
straints, we derive:
ny = (2-0-F.)(1-l)/c
(11)
ng = (0-Tg)(1-0)/a
Since all varieties have the same price, consumers will spend their disposable
income equally on all. Per capita consumption of each differentiated product is

then

Cg = (mememmmemecnanns )/(ng + ng)
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for a Red consumer, and ‘ ' (12)

for a Blue consumer.

Finally, we must insure that markets are in equilibrium, or that the produc-

tion of each variety equals its total demand
X = (2-a)cR + ocy

Using (7), (11) and (12), we can rewrite this as:
R-1 -1
2-mp-mg = (2-0) (-n-ve- )+ o(nnes ) (13)

Once the monetary regime is specified, this last equation will determine in-
flation rates in the two countries, as function of government policies. It will
then be possible to express c, and ¢, in terms of taxes and money supplies, and to
derive the indirect utility functions U.(nl, my, t, t‘) and U.(m', mg, Tq, t')
(where m; and t; are real money injections and real taxes in country j, deflated

by domestic wages). The governments’ problem is then:

( “t’: : ‘_}g 8% Uy (my,, my,, tye, Cyy)
b TR T
( ";’: : e 8" Upy(mye, myy, y, tyy)
b TO 1

where § is the discount factor.
This is an =-horizon repeated game, and as usual multiple equilibria will be
sustainable with appropriate punishment schemes. We will concentrate on the

simplest sub-game perfect equilibrium, where the two govermments repeat each peri-
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od their optimal one-shot strategy, taking foreign policy decisions as given. 1In
other words, each government will, every period, decide taxes and money supply so
as to maximize the utility of the current generation of domestic consumers. We
will study the Nash equilibrium that follows from such strategy.

In all that follows, the policy makers’ objective function will be the welfare
of a representative domestic consumer, and the parameter representing a country's
population will be interpreted as endowment, or generally as economic size. It
should be clear that all conclusions would be exactly identical were the analysis

in aggregate rather than per capita terms.’

at e

1f domestic transactions in the two countries take place in two different na-
tional currencies, international trade requires a market for foreign exchange.
Assuming that goods produced in one country must be purchased with that country’s
national currency, the equilibrium condition on the foreign exchange market is

given by:

oPyyCy = (2-0)epygnycy (14)

Total expenditure on Red products by Blue consumers must equal total expenditure
on Blue products by Red consumers. Equation (14) determines the nominal exchange
rate, if flexible, or the relationship between the two countries’' monetary
policies, if the exchange rate is fixed.

Substituting (11) and (12) and recalling p,=ep,, equation (14) can be written
as:

vy - Ty/0 ' vgy - Tp/(2-0)
0(2-0-Tp) (==-------=-- ) = (2-0)(0-Tg){---c---vmmmmnnn- ) (1%)
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Together with (13), this implies

T e s R LTI (16)

where mj-Mj/wj,z
In each country, inflation depends on the percentage of domestic labor force
whose salary is paid with new issues of money. The exchange rate insures that to-
tal national purchasing power cannot be increased by issuing fiat money.
Substituting (16) and (11) in (12), we can write per capita consumption of

each variety of the private good by Red and Blue consumers as

B(1-6)(2-0)(2-Ty-Ty)

an
af (-Ty)

B(1-8)a(2-Ty-Ty)

Since consumption levels are equal for all varieties, the utility function of the

current generation simplifies to:

Uy = (1-g)1n[(ny#ny) ' 1V? + glnr,

Uy = (1-g)In[(ng#ng) ¢y’ 1" + glnr,
and can be expressed as

Up = Ky + [(1-8)(1-0)/#]1n(2-Ty-Ty) + (1-g)In(2-0-T,) + glnl, .
(18)
Uy = Ky + [(1-8)(1-8)/8]1n(2-Ty-Ty) + (1-g)ln(e-T,) + glnl,

where
Ky = [(1-8)(1-8)/8]1n[(1-#)/a] + (1-g)1n[8/8(2-0)]

Kg = [(1-g)(1-8)/0]1n[(1-8)/a] + (1-8)1n(#/Bo)
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We can immediately observe:

1. The choice between lump sum taxes and money printing is irrelevant. Only
their total affects utility. Government policies enter utility through three
channels: supply of the public good, impact on the number of varieties of the pri-
vate good produced in the world and effect on personal disposable income. The
first two clearly depend only on total resources devoted to public good produc-
tion, whether financed by money or taxes. The last effect depends on the monetary
regime: with different national currencies, taxes and money injections cause an
identical one-to-one reduction in disposable income. Therefore, they are exactly
equivnlenc.3

2. Since there are no rigidities and sufficient policy tools, fixed exchange
rates lead to the same allocation and the same welfare obtaining under flexible
rates. (This is a version of Helpman’'s (1981) result on the neutrality of
monetary regimes).

When the exchange rate is fixed, inflation rates - or, equivalently, per-
capita money injections - must be equal in the two countries. However, since wel-
fare only depends on total government expenditure, it is not affected by this con-
straint on monetary printing. Each government will set taxes optimally and will
replicate exactly the allocation under flexible exchange rates, even though with
possibly different inflation. Notice, in passing, that the difficult question of
the sharing of the burden of adjustment always implied by fixed exchange rates is
here irrelevant. Whether one country dominates the agreement, or both share the
responsibility of maintaining coherent their monetary policles has no impact on
welfare.

3. 1In this model, uncoordinated policies under different national currencies

yield inefficient allocations, as long as ¢ is less than 1.
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There are two reasons for this result, both evident in the first term of the
indirect utility functions (18). The first follows directly from the externality
that public goods provision creates between the two countries. Each government
supplies more of the public good than is socially optimal, since it ignores the
negative effects on the foreigners of withdrawing resources from private produc-
tion. This inefficiency would be solved by cooperation.

The second problem stems from the difference in size between the two
economies. Suppose, for simplicity, that public goods enter utility in per-capita
terms (with log utility, this does not alter the marginal conditions). Then it
becomes clear that, since utility functions are identical, {s optimal to have each
consumer in either country consume the same amount of private and public goods,
and this can only happen if each country devotes to public good production the
same share of its resources. Indeed, this will be the case if ¢ equals 1. But {f
o (and #) differ from 1, concern for the availability of a sufficient number of
varieties of the private good must lead the larger country to collect for public
good production a smaller fraction of its endowment (and viceversa for the small
country). The allocation of resources between private and public goods is dis-
torted. This problem would be solved by an optimal transfer between the two coun-
tries.* It requires more than cooperation with the policy tools we have allowed so
far, since with different national currencies such tools cannot affect interna-
tional distribution. 1In fact, as shown by equations (11) and (17), total real
consumption is determined only by each country’s labor endowment and does not

depend on policy variables. In labor units:

(2-0)(n.+n.)c. + P. = 2-0 a(n.+n')c' + r, -g

Notice that a transfer from the large to the small country can raise welfare

in both economies. The small country would directly benefit from the transfer;
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the large one would benefit from the increased production for private consumption
that would take place in the smaller economy.

As mentioned, both distortions follow from # different from 1. # is thus an
index not only of imperfect competition and gains from trade (as in Krugman), but
also of the imperfections arising from the presence of public goods, and therefore
of the countries’ willingness to consider an alternative international arrange-
ment.

Even in its very simple form, the governments' game does not have a simple
closed form solution. Numerical simulations were run for a variety of parameters
values, and provide the background for the welfare comparisons that follow. Table
1A in the Appendix presents the simulations’ results for the representative case g

«-0.1, a=8=0.1, § = 0.2, for different distributions of world endowment.

4, Common Currency

When the two countries share a common currency, we can set e = 1 in every pe-
riod. As with fixed exchange rates, this will imply equality of the two inflation
rates. However, the constraint on the foreign exchange market is now meaningless,
and the monetary regime does not impose discipline on each country’s economic
policy. From a policy peraspective, this is the fundamental difference between a
common currency and fixed exchange rates. The crucial point is that the same cur-
rency is now used for all transactions, both outside and inside the country. Of
course, all agents are still individually bound by their budget constraints, but
the concept of a balance of payments, as an account measuring international
monetary transactions that need to be balanced, has lost its significance.

Given the common inflation rate, goods market equilibrium (equation (13))
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e o mmeeeaaaa 1)

Inflation now depends on total money injections, relative to world resources.’

Per capita consumption of each varlety of the private good is then given by:

8 2-mpem g a
R e L Y v
8 2 2-0 (1-8)(2-Ty-Ty)
(22)
[ 2-mp-mg ty a
€g ™ 7= (eosmmecee o cee) eiemmeeo oo
B 2 o (1-8)(2-T,-Ty)

and each generation’'s utility is:

Uy =K' + [(1-8)(1-0)/0])1n(2-Ty-Ty) + (1-g)In[(2-my-mg)/2 - t,/(2-0)] + glnl}
(23)
Uy = K’ + [(1-5)(1-0)/0]111(2-1".-1".) + (l-g)ln[(2-m.-m.)/2 - t./a] + glnly
where t - 'l‘j/wj and

Ky' =Ky + (1-g)1ln(2-0)
K' =K+ (1-g)ln o

Not very surprisingly, in this regime no equilibrium exists when monetary
policies are not coordinated. For given level of total expenditure, each govern-
ment would give unbounded subsidies to its citizens, financing itself completely
through money creation (for given Fj, U; is decreasing in tj), and generating in-
finite inflation. The intuition is straightforward. Disposable income is af-
fected differently by taxes and money supplies: while taxes translate into one-
for-one changes in disposable income, money creation has a smaller sffect, since
the loss of purchasing power now depends on the increase in total world money

supply relative to world endowment. Thus, for given money supply abroad, dis-
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posable income at home can be raised by subsidies financed through money printing.
(Of course, this reduces disposable income abroad). This type of inflationary
bias has been often noticed in the literature (see, among others, Buiter and Eaton
(1983), Casella and Feinstein (1989), and Aizenman(1989)).

The important conclusion is that coordination is essential to the very exis-
tence of a monetary union. The presence of a common currency creates an ex-
ternality between the two countries that results in unbounded *"beggar-thy-
neighbour” policies. This holds whether or not other externalities are present
between the two economies.

Suppose now that an international Central Bank is created, responsible for
monetary decisions in the two countries. The Central Bank decides money injec-
tions in R and B so as to maximize a weighted sum of utilities:

max  (2-7)Up(my, my, ty, tg) + TUp(mg, my, €, Typ)
LN
where utilities are given by equations (23). The two national governments retain
control over their tax policies. There is now an additional game being played be-
tween the two governments and the {nternational Central Bank, and again we will
restrict attention to the static one-shot equilibrium.

In this model, the problem is not well defined. It {s trivial to show that
with a common currency welfare depends on three variables only: total government
spending in the two economies (I, and I,) and the difference in per capita real
money stocks (my/(2-0) - mg/0) (or, equivalently, the difference in per capita
taxes). National governments and the Central Bank have different targets for to-
tal public spending - a disagreement caused by the public good externality - and
their reaction functions are therefore parallel. No Nash equilibrium exists for
the game described above. To analyze this regime, we have to decide vhich agency

is ultimately responsible for determining the amount of resources devoted to pro-
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duction of the public good.

Two opposite scenarios are of special interest. In the first one, the Central
Bank targets relative money injections in the two countries, but sets their ab-
solute values infinitesimally close to zero (not exactly at zero if ¢ differs freom
1, since, as will be clear, the Central Bank tries to use monetary policy to af-
fect international distribution). The supply of the public good is decided by the
two national governments and is (almost) entirely financed by lump-sum taxes.

Such supply is excessive from the point of view of the Central Bank, but since
money issues cannot be negative, it has no means of reducing it. This equilibrium
tends in the limit to the allocation generated by decentralized policies with
flexible exchange rates.

Alternatively, we may assume that financing of the public good is controlled
by money supplies. This would be the case, for example, if participation in the
union required some institutional commitment from the two countries, and in line
with current policy discussions such commitment took the form of a constraint on
public spending. For simplicity, assume that taxes are set to zero. This equi-
librium, while admittedly extreme, has for our purposes two important advantages:
it focuses all attention on monetary policy, and thus on the monetary regime, and
it does so in a very simple fashion. In the rest of the paper we will concentrate
on this case.®

With zero taxes, equations (23) simplify to:

Uy =K' - (1-8)In2 + [(1-8)/0]1n(2-my-ny) + glrm,
U, =K' - (1-g)In2 + [(1-8)/#]1n(2-my-my) + glrmy

(24)

and the first order conditions for the Bank’s problem yield:

1-(1-0)g
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(25)
1-(1-8)g

Table 1A in the Appendix presents realized values for money supplies ana the
other relevant variables in the case g=0.1, a=g=0.1, §=0.2, y=1, as functions of
the distribution of endowments. Figure 1 compares a country's welfare under this
regime (for the two cases y=1 and y=0) to utility under flexible exchange rates.

The parameter y represent the relative power of the two countries in influenc-
ing the policy of the Central Bank. If y equals 1, the two countries are given
equal weight, independently of their size, and the same supply of the public good
is financed everywhere. More generally, relative money injections equal the rela-
tive power of the two economies:

oy v

21
This is important, because the crucial characteristic of this equilibrium is the
potential for international wealth redistribution. Total consumption in each
economy is now affected by money printing, and the country with higher per capita
money injections is effectively increasing its share of vérld resources. Using

equations (11) and (22), and setting taxes to zero:

(2-0)(!\.-01\')(:. + Ty = (2-0) + {(a/2)my - ((2.,)/2)"]
o(ngtngdey + Ty = 0 - [(9/2)my - ((2-0)/2)my]

With a common currency, issues of money generate inflation everyvhere, inde-
pendently of where they are spent. However, money spent domestically provides
public good production, partly compensating for the reduction in disposable in-

come. If monetary injections are equal in per capita terms, the positive public
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good effect exactly compensates the negative effect on private consumption
originating from inflation. From a different point of view, when per-capita
monetary injections are larger in one country than abroad, such country consumes
more than its own resources, and runs a trade deficit financed by seignorage
revenues. It is indeed trivial to show that in this regime imbalances in the
trade account must occur whenever per-capita monetary issues differ between the
two countries (substitute equations (11) and (22) in (14)).

Since money injections in the two economies are determined by their relative
influence on the Central Bank, we reach the conclusion that unless the power of
each country is equal to its share of world endowment (y=¢), any decision of

monetary policy in the union will involve a transfer between member countries.

In this section, we assume that each country is free to decide whether to join
the common currency agreement or maintain control of its economic policy. If the
currency union is to be implemented, therefore, both countries must individually
gain from belonging to the agreement. In other words, the existence of the union
depends on the existence of a set of weights y such that welfare is everywhere not
inferior to welfare under national currencies.

The small country might have problems accepting a small y, since it implies a
low supply of the public good, possibly much lover than the one enjoyed under
decentralized policy decisions. The large country might object to giving more
than proportional power to the small country, and especlally so since this entails
a transfer from its citizens to foreignmers.

Given the Central Bank decision rule (equation 25), it is trivial to calculate

utilities as a function of 1.7 Given velfare under national currencies, we can
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then solve for each country's minimum required weight, for different endowments.
For the case a=f=0.1, §=0.2, g=0.1, the results are presented in Figure 2a. The
minimum required weight (in percentage terms) is plotted against the country's
economic size (again, as a percentage of world resources).

When the country is relatively small - less than 37% of the world in this ex-
ample - it demands more than proportional power to participate in the union. If
this were not the case, the control exercised by the larger economy would result,
from the point of view of the small country, in a very partial solution of the ex-
ternality problem, together with hard discipline on its own supply of the public
good. In other words, if the power of the large country is not mitigated, the
small country ends up facing the costs of the coordination without reaping enough
of the benefits. On the other hand, the large country is indeed willing to take
part in the union even when it is given less power than its shAre of world
resources. This is of course the other side of the same issue: up to a certain
point, the large country can reduce its influence and still gain from the dis-
cipline imposed on its partner more than it loses in control of domestic policies.
In any acceptable distribution of power, the amount of resources devoted to public
good production in the small economy is less than it would be under flexible ex-
change rates. As more workers are employed in the private sector, more varieties
of the private good are produced, and this benefits consumers everywhere. It is
this feature that naiel the union viable at all.

It is interesting to compare the minimum power required to participate in the
monetary union to the power the two countries would dennﬁd to agree on coordinated
policies under flexible exchange rates. The comparison is in Figure 2b. With a
common currency a larger than proportional y implies, as an added bonus, a trans-
fer of seignorage rev;nues, and this acts to mitigate the demands of the small

country. Not so with different national currencies. Here, monetary policies per
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§e cannot cause international transfers, and a country’'s weight in the aggregate
welfare function does not influence the distribution of resources in the world.
It follows that in any acceptable distribution of power the bias in favor of the
small country (in relative terms) must be even stronger than the one characteriz-
ing a currency union.

If the distribution of power were exactly proportional to size, coordination
of monetary policies with national currencies would lead to equal per-capita money
injections, equal inflations, and fixed exchange rates. But such arrangement is,
as we showed, unacceptable, and the more than proportional weight required by the
small country translates in higher inflation, and a depreciating exchange rate.

We can conclude that if differences in economic size are at all relevant, in the
presence of a constraint on fiscal policies coordinated monetary policies with
fixed exchange rates are ot a viable option. This ceases to be true if the two
currencies are perceived as perfect substitutes, and used indifferently for both
foreign and domestic transactions. But in this case of course they amount to a
unique currency.

The real question then is whether a currency union can be supported, i.e.
whether it is at all possible to satisfy simultaneously the requirements of the
two countries. In Figure 3, the negatively sloped line gives the possible dis-
tributions of endowments. The curve at the top of the figure is the sum of the
minimum weights required by the two countries at the corresponding distribution to
be willing to take part in the monetary uniom If such curve went sbove 2, the
agreement would not be sustainable., The curve has a minimum at o=1, because the
gain from cooperation is maximum when the two economies have equal size. As is
clear from the diagram, with 2 countries and the parameters values assumed in
these calculations, the union can be supported. Indeed, the distance between the

curve and the horizontal line at 2 indicates that there are some degrees of free-
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dom in the allocation of power. The whole gap could be arbitrarily divided be-
twveen the two countries in any fashion without compromising the existence of the
agreement. In other words, such distance is a measure of the Pareto superiority of

the common currency regime.®

tiv I

The parameters of the production technology, a and 8, do not enter any deci-
sion rule. They appear in the constant term in utility, and exactly in the same
vay under flexible rates or a common currency. Thus, they have no effect on the
conclusions.

The parameter § is the index of the severity of distortions under decentral-
ized policy decisions and national currencies. At larger 4, the gain from
cooperation is smaller, and smaller is the potential role for a transfer. Any ac-
ceptable allocation will be closer to the equilibrium with uncoordinated policies
and national currencies. As less varieties need to be produced, the large country
can devote an Increasing share of its resources to the public good, and money
printing tends to become exactly proportional to size as § goes to 1. The end
result is that the curve in Figure 2a tilts and loses curvature at higher §, ap-
proaching the 45° line as # approaches 1, and the allocation becomes identical to
flexible exchange rates. Figure 4a depicts the results of simulations with §=0.2,
0.4, 0.8 (and usual values for the other parameters). As long as 4 is different
from 1, it continues to be true that the division of power required to support the
union will attribute a more than proportional weight to the small country.

Changes in the parameter g have a similar, but much less pronounced effect on
Figure 2a. As we said, with flexible éxchlnge rates and decentralized policiles,

distortions are caused by the public good externality and by the difference in
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size between the two economies. This second problem arises from the tension be-
tween the effect of monetary injections on domestic inflation and on the total
number of varieties produced in the world, and is independent of g (the relative
utilicy weight of the two terms - the first and second in equations (18) - is al-
ways 1). However, at higher g private consumption is less important, and so is
the excess in the resources devoted to public goods production in the two coun-
tries: the public good externality leads to less inefficiency. In summary, at
higher g the attractiveness of a currency union is reduced, but only very slight-
ly. Again, the curve in Figure 2a tends to flatten towards the 45° line, and
again it continues to be true that the small country must enjoy more than propor-
tional weight in the management of the union. However, the effect is extremely
small. Figure 4b shows the results of simulations for g=0.1 and g=0.4. The pa-
rameter § is set equal to .2, but the effect of changing g is almost identical at
any other # value.

Finally, g could differ between the two countries. In this case the Central

Bank policy is given by:

(26)
2-(1-8)[(2-7)r + 9b]

where r and b are the utility weights of the public good in the Red and Blue coun-
try respectively.

WVhen 7 equals 1, nonetnry" injections still differ, as the Central Bank takes
into account the specific relative needs for the public good. How much of this
different need is accommodated depends on the parameter #. As ¢ goes to 1, and

the importance of diversified production disappears, the difference is reflected
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exactly in money supplies, and a union with proportional weights (y=o) once again
replicates the flexible exchange rates equilibrium. When on the contrary ¢ is
low, the Central Bank will not be ready to satisfy the larger public good demand
in one of the two countries, since this would be too costly in terms of private
production. We expect that in this case the economy most dependent on the publie
good will require a larger weight to participate in the union. This intuition is
confirmed by numerical simulations. If diversification is important and it Is the
small country that has a higher relative need for the public good, all the pre-
vious conclusions are reinforced. If instead the relative dependence on the pub-
lic good is higher in the large country, then, at low #, the large country will be
the one demanding more than proportional representation in the Central Bank. As ¢
rises, both effects tend to reverse themselves. 9

In synthesis, if it is assumed that the relative need for public v/s private
goods is equal in the two countries, independently of their size, then a currency
union is sustainable and, in this model, Pareto superior to decentralized policies
under flexible exchange rates (for #<l). If there are iarge differences in eco-
nomic size, the small country will be given more power in the union than is war-
ranted by its economic importance. This result is robust to changes in the param-
eters of the model.

1f the relative need for public goods is larger in the small country, the con-
clusion above continues to hold and is reinforced, as long as # is low, Again, it
is robust to changes in the other parameters. 1f, however, there are differences
in the two countries’ need for the public good, but either # is ﬁigh or the iarge
country is the one most dependent on public goods, the results are modified in im-
portant ways.

In the rest of the analysis, it will be assumed that the parameter g is the

same in all countries, and this last altermative scenario will be ignored. Since
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the very significance of the model depends on the assumption that # is low, and
since no empirical basis suggests a systematically larger relative dependence on
public goods for richer countries, we feel justified in doing so. These

qualifications however will continue to hold.

tion i{n U; ount

The results obtained so far provide all the tools needed to investigate
whether a currency union is sustainable in a world with more than two countries.

The extension is not trivial. From the point of view of a single country, the
temptation to deviate unilaterally becomes stronger: if the other countries are
committed to a common currency, the outsider benefits from the discipline that the
Central Bank imposes on its trading partners without deferring control of its own
policy decisions. 1In addition, countries can form coalitions and gather in par-
tial unions, where the number of partners and their economic size are chosen op-
timally. Even if the global union were a Nash equilibrium, it could still be
defeated by coordinated deviations of subgroups of countries.

Ve define the game as following: the number of countries, the distribution of
endowments and the relative power of each country are given exogenously. Coun-
tries can communicate but not make binding commitments, and their strategies are
the decisions to take part or not in a currency union involving any of the other
countries. More formally, each country independently names its partners, if any.
Currency unions are then formed between the countries in agreement. As before, we
concentrate on the repetition of the static game and ask the questions: (1) Under
what conditions on the distribution of endowments and of power {s a global cur-
rency union involving n countries a Nash equilibrium? (2) If the union is a Nash

aquilibrium, is it also robust to concerted deviations by coalitions of countries?
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We restrict attention to "self-enforcing” deviations, i.e. deviations that are
themselves robust to further deviations by a subset of members of the original
coalition. 1In other words, we require the currency union to be coalition-proof in
the sense of Bernheim, Peleg and Whinston 1987).1

By focussing on the sustainability of the global union, both questi~as address
one aspect of the more general problem: If the model is extended to n contries
with possibly different endowments, which monetary arrangements can emerge in
equilibrium? A discussion of the fraﬁework needed to study this point concludes
this section.

The intuition providing the answer to the first question is very simple.
Since policy decisions are centralized, any group of countries linked by a common
currency and having flexible exchange rates with respect to the rest of the world
behaves exactly like a unique larger country. The problems of distr’bution exist-

! Figure 2a therefore describes gen-

ing within the union are irrelevant outside.'
erally the minimum power required by any subgroup of countries with respect to its
complement, as a function of the relative share of world resources. Thus it also
describes the minimum power required by one country to take part in a union with
any number of partners as a function of its endowment relative to the total size
of all countries in the agreement. When the number of countries is larger, each
single economy tends to be smaller with respect to the whole, and therefore to re-
quire more power relative to its size. The end result is that, in the static
game, the union might be impossible to sustain. This captures the strong tempta-
tion to unilateral deviation mentioned before. Belonging to the union without
substanctially influencing its policy is not desirable. With a large mmber of
countries, each one tends to be pushed in this position, therefore demanding "ex-

tra® power and contributing to requests of control that become in the aggregate

unfeasible.
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However, increasing the number of countries should also have an effect in the
opposite direction. With more independent policy makers, the cost of the ex-
ternality when countries issue national moneys and decisions are not coordinated
is more severe. We expect that if other countries deviate, a partial union might
be preferable to reverting to flexible rates. This suggests that it might be pos-
sible to support a global union as a Nash equilibrium in mixed strategies, even
when it cannot be supported by pure strategles.

To verify these intuitions, we have analyzed several 3-country examples. With
three countries, the model and its solution are straightforward extensions of the
equations discussed before. The details and the simulations’ results are in the
Appendix. Figure 5 presents welfare comparisons under different regimes, as a
function of a country’s endowment, when total world resources are normalized to 3.
As expected, when policies are not coordinated the public good externality is made
more severe. In fact, {f the only alternative to the currency union were un-
coordinated policies everywhere, in this model there would always exist a distrib-
ution of power (a set of weights) that supports the union as a Nash equilibrium in
pure strategies, and the agreement would be easier to reach than in the two-
country case (i.e. countries of all sizes would demand less relative power in the
international Central Bank) (see Figure 6). In addition, welfare in each country
depends now not only on its own economic size, but also on the distribution of
endowments between its trading partners. Since large countries cause less distor-
tion, proportionately, than smaller countries, uncoordinated flexible exchange
rates are more desirable when the rest of the world is more asymmetrical.

Figure 2a shows that a distribution of power that will keep all three coun-
tries in the union might fail to exist. Even though each country’s requests can
be satisfied vis g vig the rest of the world, taken as a whole, this latter fic-

tional economy is in fact composed of two countries, each demanding the relative
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power depicted in Figure 2a. As shown by Figure 7, for certain distributions of
endowments, the currency union is not a Nash equilibrium in pure strategies. In
general, the agreement {s easier to support the more asymmetrical i{s the distribu-
tion. The reason is once more the willingness of the large country to give trans-
fers to smaller economies as a price to sustain the union. As the countries be-
come more symmetrical, the advantage from the union decreases, and the temptarion
to deviate rises.

However, it is still possible to support the union as a Nash equilibrium in
mixed strategies. The simplest example is the case of complete symmetry, when the
three countries have the same size. With the usual parameters values, even though
each of them has 338 of world endowment, each requires 35% of total power to par-
ticipate in the union, an obviously impossible ;rrangement. Still, since each
country prefers the discipline of a partial union to complete lack of cocrdina-
tion, there i{s an equilibrium where each period each economy randomizes between
staying in the union and deviating. The requirement that expected utility be
equal under the two courses of action determines the probability. For example.
given the usual parameters values, a symmetrical equilibrium with equal probabil-
ities for all countries will have each staying in the union with probability .86
and issuing a national currency with probability .14 every pericd. The union will
have an expected life of 1.75 periods. Clearly this is not the only equilibrium
- in this simple example, a 2-country union with no randomization is alsgo
sustainsble - but it is the only one that allows for the existence of a global
union.

In genersl, vhich equilibria can be supported is determined by the distribu-
tion of endowments, and the weight that each country is given both in the larger
and the smaller union. We have analyzed in detail two additional examples where

the 3-country union is not a pure-strategy equilibrium. The goal was to investi-
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gate which conditions are required on the distribution of power between countries
of different sizes if the global agreement is to be at all possible, even in a
probabilistic sense. For simplicity, two additional assumptions were made: (1)
1f two countries agree on a limited union, while one deviates, they maintain v/s
one another the relative power they had in the previous global Central Bank. (2)
I1f two countries have the same size they are given equal power and they deviate
with equal probability (symmetrical equilibrium). The results are reported in
Table 2.

In these examples, the Red and Blue countries have equal size and are treated
symmetrically, while the third country (Green) differs. When the Green country's
relative power (y;) is too low, maintaining the common currency is a dominant
strategy for Red and Blue. This leads to a unique equilibrium with Red and Blue
belonging to a limited union, and Green issuing a national money. When v, is
high, staying in the union becomes the dominant strategy for Green. This leads
Red and Blue to deviate (together, since communication is possible). However, if
T {s between these two extremes, a mixed strategy equilibrium can exist. Near
the lower bound of the interval, Green’s temptation to deviate unilaterally is
very strong, but it still prefers a limited union to uncoordinated flexible rates.
The Green country is willing to randomize (instead than deviating) only if there
is a nonnegligeable probability that Red (or Blue) might also deviate. At higher
/Y Green's temptation to deviate is smaller, and randomization can be supported
by lower probabilities of Red (or Blue) deviating. Exactly the same argument
holds from the point of view of the Red or Blue country: for any division of power
within the interval we can derive the probability of Green staying in the union
that is necessary to support randomization by Red and Blue. Such probability is
higher at higher v, (lower 7v;).

Notice that in the interval where a mixed strategy equilibrium exists, the



TABLE 2

Three Countries.
Equilibria of the Static Game. Dependence on Power Allocation.
Two Examples
g=0.1, a=8=0.1, 6§=0.2

Case 1
Endowments G R B
5 1.25 1.25

Equilibrium If v, < .665, G deviates, R and B form a partial union
If v, ¢ [.665, .69], there exists a mixed-strategy equilibrium.
In this interval, the probability that R or B remain in the union
rises from .9 to .99, while the probability that G remains falls
from .99 to .9. B
If v, > .69, R and B deviate together

Case 2

Endowments G R B
1.5 .75 75

Equilibrium If v < 1.13, G deviates, R and B form a partial union

If y¢ ¢ [1.13, 1.29), there exists a mixed-strategy equilibrium.
In this interval, the probability that R or B remain in the union
rises from .13 to .99, while the probability that G remains falls
from .99 to .7.

If y4 > 1.29, R and B deviate together
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smaller economies are again given more than proportional power.

Once identified when the currency union is a Nash equilibrium, it is possible
to verify that in such cases it is also coalition-proof. The principle behind
this result is simple: When a country deviates as part of a coalition, it is
bound by the discipline of the agreement, while the third country can indulge in
public good production and hurt the coalition through this externality. It Is
preferable to deviate alone, and especially so if the country is small and cannot
exert controlling influence on either the global or the limited union. In other
words, in this model preventing every single country from abandoning the commen
currency agreement is a sufficient condition for preventing coalitions.

Once again, this conclusion can be seen clearly in Figure 2a. Since the slope
of the curve representing the minimum required weight is less than one, and since
a coalition of countries is equivalent to a larger economy, it is always easier teo
prevent deviation by a coalition than by all the single countries, taken individu-
ally, that compose it. In the case of mixed strategies, it could be profitable
for two countries to jointly decide to remain in the union with probability one,
but this agreement is not a Nash equilibrium for the individual economies (each
one will then prefer to abandon the union), and thus it is not self-enforcing.12

In conclusion, the analysis of a 3-country currency union has led to two ob-
servations. (1) A 3-country agreement can be sustained as a pure strategy equi-
librium of the static game only when there is large asymmetry in the distributien
of endowments. In these cases, it remains true that small countries must be given
more than proportional weight in the international Central Bank. (2) When endow-
ments are distributed more symmetrically, the 3-country union can only arise as
the equilibrium of mixed strategies, where each country randomizes between remain-
ing faithful to the agreement and deviating. The cases examined suggest that un-

der reasonable assumptions the mixed strategy equilibrium might exist only when,
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again, the smaller countries are given more than proportional power.

It is not difficult to see what these results imply for larger n: (1) Sup-
porting the union as an equilibrium in pure strategies becomes increasingly dif-
ficult as the number of countries rises. The asymmetry in endowments required for
the outcome - with at least one country commanding a very substantial share of to-
tal resources - is more and more unprobable. (2) Supporting the union with mixed
strategies also becomes harder. This happens not only, trivially, as the result
of increasing the number of independent players, but because the probabilities of
deviation become themselves higher, reflecting the larger potential gain. For ex-
ample, in a 4-country symmetrical world with the usual parameter values, a mixed
strategy equilibrium supporting the union will have each country remaining in the
agreement with probability of only 0.24 each period.

These conclusions hold even though the distortions arising from lack of coor-
dination are made more severe. While of course the specific numbers derived in
the examples depend on the assumed values for the parameters, the qualitative
results should hold generally, if the fundamental features of the model are ac-
cepted.

The discussion has been in terms of the currency union, and it is interesting
to see how the results change when addressing the feasibility of policy coordina-
tion under flexible exchange rates. Since the difference between the two cases is
given by the seignorage transfer typically characterizing the common currency
regime, we can deduce the following regularities: (1) 1f the countries are equal
and are given equal power, the two cases are identical. What has been said about
the currency union applies exactly to the more general problem of sustaining coor-
dination. (2) However, if the countries are not equal, equilibria with a common
currency involve a transfer, and thus the analysis differs from a pure coordina-

tion problem. It has been shown before that with national currencies small coun-



33
tries demand more influence in the agreement than under a unique money. Since,
with large n, more countries are small with respect to the total and it is the im-
possibility to prevent their deviation that eventually undermines the currency
union, we expect this to be even more true with coordination under flexible ex-
change rates. That is, we expect the distributions of endowments consistent with
coordin#cion to be less frequent than the scenarios supporting the union. This
intuition has been confirmed i{n a number of examples, but not verified in gener-
al.®

In either case, however, the focus on a global agreement is only one aspect of
a wider problem: With n countries, what arrangements can emerge endogenously and
be coalition-proof? Can they be ranked in terms of welfare? Extending the analy-
sis in this direction is conceptually straightforward but for large number of
countries with different endowments extremely cumbersome, since it raquires study -
ing all possible coalitions.

Formally, the problem is the following. The world, of total size n, consists
of n countries, divided in z currency unions with k,,...,k, members respectively
(Zk; = n). A country with endowment J, belonging to a union of size k; will be

characterized by the following one-period indirect utility function:
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Equilibria will specify public and private goods production, inflation rates,
welfare and, most interestingly, the number of different subunions, their sizes,
and the boundaries on the power of the individual countries taking part in the

agreements.

7. Ceonclusions

While the simple model studied in the paper has proven powerful and rich, two
important limitations qualify the results.

First, even if the fundamental assumptions are accepted, the focus on the
static game might be misleading. Implicitly, it requires that each country be al-
lowed to abandon the union at any time with no punishment, issue a national cur-
rency and enforce its use in all purchases of national goods. In reality, even
neglecting the feasibility of this option, if the punishment from deviation is
anything more than a lump-sum penalty, it should be modelled explicitly, and the
dynamic character of the game recognized. Policy-makers are undoubtedly aware of
this aspect: if smaller countries are easier targets for punishments, their re-
quest for power should be more modest, and the likelihood of sustaining the union
higher. The union itself would be a more complex, multidimensional agreement.

Second, while the paper has stressed the unique character of a common currency
regime and its differences with respect to monetary policy coordination with na-
tional currencies, it has not derived endogenously the need for a unique money.

If the underlying motivation is more than transaction costs, it will substantially
affect the very problem we are studying, i.e. the division of power in the
determination of the common policy. For example, if the important distinction
were between tougher and softer countries, with the latter affected by a

credibility problem in the conduct of their monetary policy, the very reason of
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existence for the union would demand that the softer countries renounce their in-
fluence. But then, of course, there could be no concern over the loss of national
autonomy.

These caveats notwithstanding, the analysis has shed light on several issues.
First, it has clarified the theoretical implications of a unique currency, stress-
ing the possibility of active monetary policies and the inherent transfer of seig-
norage revenues. These observations should hold in general, for a wide range of
models. In addition, it has emphasized the scarce attractiveness of belonging to
a multi-country agreement without substantially affecting common decisions. Ei-
ther directly or in a more complex fashion, the policies of a successful union

must reflect the priorities of its weaker members.



Footnotes

1. The maximization problem faced by the domestic government is identical in the
two cases, up to a constant scale parameter. When analyzing the equilibrium with
coordinated policles, we will assume an international Central Bank maximizing a
weighted sum of per-capita utilities, and ask whether the weights could be given
by the two countries’ populations. Whether per-capita or aggregate utilities are
compared is irrelevant.

2. As noticed by Peter Kenen, inflation rates can be derived directly from the
two money markets. Since all monetary transactions inside the country take place
in domestic currency, owy = oWy, + My, or wy/wg.y = 0/(0-mg) (and similarly for
Red).

3. Note that in this model the inflation tax is not distortionary since it cannot
affect any decision: labor supply is given, and money is the only asset in the
economy.

4. In this model, the need for direct transfers between countries of unequal size
occurs even when utility functions are not strictly identical and countries have
different relative needs for the public good. Of course, there are parameter
values such that the optimal transfer is zero, but so far we have not character-
ized the condition that must hold in general for this to be true.

5. Again, inflation can be derived directly from the monetary equilibrium, taking
into account that domestic and international transactions take place in the same
currency: 2w = 2w, + My + My, or w/w, = 2/(2-m‘-m‘).

6. If taxes were decided optimally by a central authority, in this model they
would clearly not be zero (fiscal transfers should be used to equalize resources
between the twn countries). The assumption is only made for simplicity. Alterna-
tively, this equilibrium might emerge if we assume that taxes are less readily
modifiable than money supplies. In this case, financing of the public good would
be ultimately controlled by the Central Bank. If the Central Bank refused to sup-
port direct subsidies to the workers (t<0), the national governments would indeed
set taxes to zero.

7. When the parameter g is equal in the two countries, the following simple rela-
tionships hold for different «¥: Uj(1j) - Uj(1--1) + gln(vy;) and nj(1~) -
1-n~(1j-1), where 7 is the relative weight of country J in the velfare function

of Ehe union.

8. If the equivalent of Figure 3 is drawn for the case of cooperation under na-
tional currencies, it becomes apparent that such cooperation is easier to achieve
than participation in the currency union (the sum of the ainimum required weights
is lower, for any distribution of endowments, as can be deduced from Figure 2b).
However, for any distribution of endowments, there exists an acceptable division
of power under the currency union such that welfare is in both countries superior
to the welfare they can achieve in any acceptable coordination under national cur-
rencies (with the exception of o=l, when the two regimes are equivalent). Both
results gstem from the transfer inherent in the currency union (once y¥o), together
with the distortion caused by the difference in size between the two countries,
and they would not hold if a direct transfer were part of the policy package dis-



cussed under cooperation with national currencies (But note that this would re-
quire the explicit consideration of an additional policy tool).

9. More precisely, the discussion in the text is correct for # lower than a
threshold value § , where 6" depends on the difference between r and b. When 4 is
large and there is a wide discrepancy between r and b, the union might not be
sustainable: an example is r=0.4, b=0.1, §=0.8.

10. Three points should be noticed: (1) The game described in the text (and
coherent with the previous sections of the paper) is designed to investigate the
feasibility of the union, for any possible division of power. A different game
would model the division of power as the outcome of a bargaining process. (2) aAn
alternative to the concept of "coalition-proof" equilibrium is the Strong Nash
equilibrium. A Strong Nash equilibrium must be robust to any deviation by sub-
coalitions, whether or not such deviation is self-enforcing. In practice, it
seldom exists. While coalition-proof equilibria are also problematic, the re-
quirements for their existence are less severe, and therefore they have been
proved to exist in many games with no Strong Nash equilibrium (see the discussion
in Bernheim, Peleg and Whinston 1987, and the examples in Bernheim and Whinston,
1987). (3) Coalition-proof equilibria are not properly defined in =-repeated
games. In general, the players could reach a Pareto-superior point by sustaining
cooperation through a punishment scheme. But once the deviation has occurred, the
punishment is contrary to the interest of the group (the widest coalition), and
thus will not be enforced, making impossible the cooperation and leading to an in-
efficient equilibrium, itself violating group rationality (again, sex the discus-
sion in Bernheim, Peleg and Whinston). The decision to focus on the repetition of
the coalition-proof equilibrium of the static game seems reasonable, but cannot be
rigorously defended.

11. The same point, in a slightly different context, was made by Canzoneri and
Henderson (1985).

12. Notice that if the distribution of power is given exogenously, the Nash equi-
1ibria in pure strategies supporting the union are also Strong Nash, i.e. are
robust to deviations by any coalition. However, the mixed strategy equilibria are
not Strong: the group (the coalition of the whole) should agree to stay in the
union with probability one, since this would yield higher welfare for each member.
But of course this is not an equilibrium, and thus no Strong Nash equilibrium ex-
ists for the game.

13. With national currencies, a group of countries of different sizes tied by a

cooperative agreement is not squivalent to a unique larger country. Not only the
distribution of nev money among its members, but total money printing depends on

the distribution of endowments and of power. Figure 2b therefore does not extend
imnediately to n>2.
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Table 1A

Two Countries. Numerical Results
g=0.1, a=p=0.1, §=0.2, R+B=2

Red endowment

exible Exchange Rates -----c-s--cmeocmmmomomcomaenom oo m s e m s
-oordinated policies | 10.027 | 10.071 | 10.093 | 10.108 | 10.122 | 10.137 | 10.158

2xible Exchange Rates
>rdinated policies | 10.057 | 10.095 | 10.113 | 10.123 | 10.132 | 10.140 | 10.152

1al Welghts ~  smmeeeeseeemeeeeeemeocoeeoooiseelcn oo

mmon Currency
1tral Bank | 10.123 | 10.123 | 10.123 | 10.123 | 10.123 | 10.123 | 10.123 |

1al Welghts - eeeeee e seeeeecmeemecmaccelcscicoooeoooooo e

exible Exchange Rates ---------ceecmcrmmcnnnarocccecnoonrccotec aroonnmomeoomroonemen s
.oordinated policies | 0.017 | 0.027 | 0.032 | 0.036 | 0.038 | 0.040 | 0.042 |
exible Exchange Rates

ordinated policies [ 0.013 | 0.018 | 0.020 | 0.022 | 0.023 | 0.023 | 0.024 |
ual welghts = —--eecmemcie---inseaciecoccccionceiermmoome e

mmon Currency
ntral Bank | 0.022 | 0.022 | 0.022 | 0.022 | 0.022 | 0.022 | 0.022
ual welghts = c--esseces-aimsiccecoooo-oconon-esammmsecseecnoonono o




Table 1A cont.

Red endowment

Flexible Exchange RateS --ccc-ccrccrecmeeeceonnereteoreeccmcar et
Uncoordinated policies | 7.51 | s5.61 | 4.47 | 3.70 | 3.16 | 2.76 | 2.4
Flexible Exchange Rates

Coordinated policies | s.e6 | 3.74 | 2.79 | 2,22 | 1.8 } 1.58 | 1.3
Equal weights = = s--e-eceicoeieeieieeeee e

Common Currency
Central Bank | 2.22 | 2.22 | 2.22 | 2.22 | 2.22 | 2.22 | 2.2
Equal weights = = = cecccecccmanncacacirerrctcnrtr ettt ettt e

Varieties of private goods produced in the Red country

Flexible Exchange Rates ---s-ccrcccoocom o m ettt acesaame e n e
Uncoordinated policies | 1.86 | 3.79 | 5.74 | 7.7 | 9.69 | 11.68 | 13.
Flexible Exchange Rates

Coordinated policies |] 1.89 | 3.86 | 5.84 | 7.83 | 9.82 | 11.81 | 13.
Equal weights = = cccccccceiiiiiie ittt ittt c ittt

Common Currency :
Central Bank | 1.83 | 3.83 | 5.83 | 7.83 | 9.83 | 11.83 | 13,
Equal weights = = cececiciiaiiiicieeeceie it ieee ittt

Nota Bene: (1) Money injections and inflation rates under flexible exchange rates
been calculated assuming all government expenditure financed by money.

(2) In the two cases of coordinated policies, the results reported in t
tables assume that the two countries are given equal weights in the aggregate welfar
function, independently of their size. However in neither case is this arrangement
ceptable when there is large asymmetry between the two economies. As reported in fo
note 9, when there is a common currency the results are easily generalized by notici
UJ(7J) - UJ(7J-1) + Eln<7J) and o, = TJﬂJ(7J-1).
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The world is now composed of three countries: Red, Blue and Green. Total popula-
tion {s normalized to 3, and R, B, and G represent the number of consumers living
in each country. Utility functions and technologies are the same everyvwhere, as
given by equations (1), (2), and (3). Governments can print money and collect
lump-sum taxes. The firm’s problem is exactly as before, and as before the scale
of production is constant and given by equation (7). This {mplies that wages will
be equal in the three countries. The full-employment condition gives the number
of varieties produced in each country (n, = (J-FJ)(I-J)/Q), and each consumer di-
vides his disposable income equally among all varieties.

Goods market equilibrium requires:

x = Rep + Bc. + Geg (ALl)
which can be written as:

Yp.4 Wy L

L] 8-1 G-1
3-mg-mg-mg = R(------ ) + B(------ )+ G(en-ees ) (A2)

Elexible Exchange Rates

The equilibrium conditions for Blue and Green currencies are:

Bey (Prlg + ecPely) = eyPyny (Geg + Rey) 3
(A
Geg (Pafy + eyPyTy) = epeny (Bey + Rey)

where e, (e;) is the rate of exchange of Red currency into Blue (Green). Togeth-
er, they imply equilibrium in the Red money market.
With equation (A2), they yield:

e m oemeeae- J =R, B, G (As)

Indirect utility can then be written:

U, = K, + {(1-g)(1-8)/8]1n(3-Ty-Ty-Ty) + (1-g)In(I-T,) + glnr,
(AS)

wvhere K; = [(1-g)(1-#)/¢]1n[(1-#)/a] + (1-g)1n[#/(AJ)]

Comnon Currency

Since ey = e, = 1, inflation is the same everywhere, and equation (A2) then im-
plies:



e ememaaan (a6)

Indirect utility is then:

U, = K’ + [(1-8)(1-8)/8]1n(3-Ty-Ty-Tg) + (1-g)In[ (3-my-my-mg) /3 - t;/J] + glnT,
(A7)
where K, =K, + (1-g)1nJ.

If taxes are set to zero, an international Central Bank maximizing a weighted sum
of one-period utilities (where v, is the weight given to country J and 27J-3) will
choose:

gs
my = ¥y ~c------
1-(1-6)g

Lipited Currency Uniop

Suppose now that R and B share a common currency, while G does not belong to the
union. The exchange rate between Green money and the currency of the union is
perfectly flexible. 1In this regime e,=1,

while e, clears the Green currency market:

Geg (Pary + Pyfy) = egPeng (Bey + Rey)

This implies:
v G w B+R
et e and (m==) = ememeeaaaen (A8)
Vgy  Gomg Vs MR- (mgimy)

Indirect utility functions are then:

Uy = K, + [(1-g)(1-#)/0]1n(3-Ty-Ty-Tg) + (1-g)1n(G-Tg) + glnlg
(A9)
U, = K+ [(1-8)(1-8)/8]1n(3-Ty-Ty-Tg) + (1-g)In[(R+B-my-my)/(R+B) . t,/J] +
glnl,

uhere J=R,B
If taxes are set to zero in the Red and Blue countries, and policy decisions are
deferred to a common Central Bank, the one-shot Nash equilibrium will be charac-

terized by:

[(1-g)(1-8)/8] m; (G-mg)

(A10)



[(1-8)(1-6)/6] (mg+my) (R+B-my-my)
8(R+B) - (mp+my)
ng = (7./7|) L

where v, (7.) is the weight of the Red (Blue) country in the limited currency
union.



Table 2A

Three Countries. Numerical Results
g=0.1, a=f=0.1, 8=0.2, R+B+G=3

Common currency. Central Bank. Equal power.

Utility in each country: 11.583

Limited Union
Green issues green money, Red and Blue share a common currency.

Green endowment

Blue and red utility. Equal power




Flexible Exchange Rates
Green endowment

R = 1.50
B = 1.25[ 11.447
R=1.75
B - 1.00| 11.449
R - 2.00
B = .75 | 11.454
R = 2.25
B = .50 | 11.462
R = 2.50
B = .25 [ 11.475
R = 1.25
B = 1.25 11.499
R = 1.50
B = 1.00 | 11.s01
R =1.75
B = .75 11.505
R = 2.00
B = .50 11.512
- 2.25
B = .25 11.524
R = 1.25
B = 1.00 11.527
R =1.50
B = .75 11.530
R=1.75
B = .50 11.537
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