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MONETARY UNION WITH VOLUNTARY PARTICIPATION
by William Fuchs* and Francesco Lippi**

Abstract

A Monetary Union is modeled as a technology that makes a surprise policy deviation
impossible but requires voluntarily participating countries to follow the same monetary policy.
Within a fully dynamic context, we identify conditions under which such arrangement may
dominate a coordinated system with independent national currencies. Two new results
are delivered by the voluntary participation assumption. First, optimal policy is shown to
respond to the agents’ incentives to leave the union by tilting both current and future policy
in their favor. This contrasts with the static nature of optimal policy when participation
is exogenously assumed and implies that policy in the union is not exclusively guided by
area-wide developments but does occasionally take account of member countries’ national
developments. Second we show that there might exist states of the world in which the union
breaks apart, as occurred in some historical episodes. The paper thus provides a first formal
analysis of the incentives behind the formation, sustainability and disruption of a Monetary
Union.
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1. Introduction’

International macroeconomic interdependence raises the possibility, first formalized in
the seminal work of Hamada (1974, 1976), that non-cooperative decisions by the policy
makers of different countries produce inefficient outcomes. A large body of literature has

used this insight to analyze international institutions and policy cooperation.?

In the field of monetary economics the idea has provided a rationale for monetary unions
(MU), an institutional arrangement in which countries relinquish autonomous control over
national currencies to adopt a common one. Economic history offers several instances of
countries that have deliberately given up monetary independence, jointly or unilaterally, to
follow a common policy (Cohen, 1993). The European monetary union is the best known
recent example, but the establishment of an MU is also being examined by the six states of
the Gulf Cooperation Council, nine nations in South East Asia and a large group of African
countries.® As argued by Persson and Tabellini (2000, Chapter 18), this phenomenon can be
rationalized as a second-best institution-design problem when the cooperative first-best policy
is not feasible. In this context, the MU may allow policy makers to alleviate the coordination

problem at the expense of a reduced ability to stabilize idiosyncratic shocks.

The trade-off between coordination versus flexibility that emerges in the choice of the
monetary regime has proved fruitful for the analysis of fixed exchange rate arrangements and
monetary unions, e.g. Alesina and Grilli (1992), Canzoneri and Henderson (1991) and Persson
and Tabellini (1995). These papers provide a useful foundation to understand the incentives to

form a monetary union, but they suffer from two limitations that this paper tries to overcome.

First, the benefits of the MU are usually discussed in comparison to the welfare
achievable under the repetition of the static Nash equilibrium, given the premise that the first-

best coordination of policy is “not feasible”. This is not fully satisfactory. The restrictive

1 The authors thank Simon Board, Peter DeMarzo, Narayana Kocherlokota, Paul Romer, Alfonso Rosolia,

Tom Sargent, Gabriele Semeraro, Andy Skrzypacz and seminar participants at Stanford, New York University,
the Bank of Italy and the European Central Bank for helpful comments and suggestions. The views are personal
and do not involve the institutions with which we are affiliated.

2 For an encompassing survey of applications in the field of fiscal and monetary policy during the last
two decades see Persson and Tabellini (1995). Canzoneri and Henderson (1991) use similar ideas to study
international monetary arrangements.

3 See IMF (2003) and Currency News (2003).



context of one-shot games should be abandoned, to account for the fact that the underlying
strategic environment is a repeated game. Dynamic provision of incentives should be properly
analyzed to see what outcomes are sustainable by means of reputation. In practice, some
degree of coordination is usually observed outside monetary unions, as one would expect if
policy makers do not fully discount the future.* Ideally, one would like to understand why a
second-best arrangement, in which countries deliberately give up policy independence, may

dominate some other form of coordination which does not involve the loss of flexibility.

A second shortcoming of previous contributions concerns how the MU can be sustained.
The traditional approach is to assume that countries entering the MU are not allowed to
quit it, what we label “enforced participation”. In other words, countries contemplating the
formation of a union face a take-it-or-leave-it offer at time zero and are given no further choices

afterwards. This is unsatisfactory on both theoretical and empirical grounds.®

We abandon the assumption of enforced participation to shed light into how joint policy-
making may make the union sustainable even in the absence of an exogenous enforcement
technology. The extensions we explore deliver new insights into the sources of the welfare
benefits of a monetary union and the way optimal policy should respond to shocks given the

countries’ option to leave the union.

By modeling the union as a technology that makes a surprise policy deviation impossible
(e.g. an unexpected exchange rate devaluation), we show that an MU may be superior to
policy coordination, despite the fact that it gives rise to a loss of flexibility. This occurs since
the payoff of a deviation from the “coordinated policy” delivers a smaller payoff when it
is anticipated than when it comes as a surprise to rival agents. As deviations become less
tempting under the MU, better outcomes can be sustained along the equilibrium path on
average. When there are no flexibility costs associated with the MU policy (as is the case

with symmetric shocks), it immediately follows that reducing the payoff associated with a

4 In Europe, for instance, full monetary integration between the members of the Euro area was preceded by

various cooperation arrangements (e.g. the European Monetary System).

5 Persson and Tabellini (2000, page 467) recognize the necessity to complete this analysis: “It is not enough
to demonstrate that the policy outcome under cooperative policy making is superior, though, as individual coun-
tries generally have incentives to deviate from cooperative policy. The argument is therefore incomplete unless
coupled with an argument as to how the suggested solution might be enforced.”



deviation allows a superior equilibrium to be sustained. With asymmetric shocks, there is a

tradeoff between this benefit and the flexibility foregone by the common policy.

The optimal MU arrangement that emerges with voluntary participation differs markedly
from the one under enforced participation. In the latter case, once the union is formed, policy
is decided according to time-invariant ‘“Pareto weights™ and there are no changes in the way the
benefits of belonging to the union are allocated to its members over time. In our case, instead,
policy responds to the agents’ incentives to leave the union by tilting both current and future
policy in their favor. This finding implies that the monetary policy rule in the MU without
enforcement is not guided solely by a MU-wide “averages” but, in some instances, does take
account of the member countries’ local conditions. This point is of interest for the ongoing
debate on the role that national developments play in the conduct of monetary policy in the

euro area (e.g. Heinemann and Hiifner, 2002; Aksoy et Al. 2002).

Finally, depending on the distribution of the shocks and discount factors, our model
shows that the MU might be permanent or temporary. For the latter, there are some “fatal”
states of the world in which the MU breaks apart along the equilibrium path and countries
revert to national monetary policy. Intuitively, this occurs because a large asymmetric shock
makes it very costly to follow a common policy in those states, even though this implies giving
up the future benefits of the MU. The possibility that a break-up occurs along the equilibrium

path highlights the importance of not assuming an “enforcement technology”.

This result is empirically relevant. Economic historians and political scientists have
given serious consideration to the “sustainability” of currency unions.® Bordo and Jonung
(1997) and Cohen (1993) examine the historical record of several monetary regimes, including
various forms of currency unions, some of which successfully lasted for as long as they could
(the Belgium-Luxembourg monetary union, founded in 1922, was absorbed into EMU) and
others which collapsed fairly quickly (the East African Community collapsed in 1977 after
about a decade from its foundation). It emerges that major fiscal shocks, often linked to wars,
seem to be fatal for monetary unions. The causes of a MU breakup, which remain largely

untouched by formal economic analysis, are analyzed in this paper.

6 A related view was recently offered by Milton Friedman: “[...] I think that within the next 10 to 15 years

the eurozone will split apart” (Financial Times, June 7 / June 8, 2003).



10

Recent contributions have revived interest on monetary unions. Alesina and Barro
(2002) and Cooley and Quadrini (2003) present general equilibrium models of a currency
union which allow welfare analysis to be based on the representative agent utility function.
The analysis of our paper complements these studies by providing insights on the interplay of
dynamic incentives that make a monetary union sustainable in the absence of an enforcement
technology. In doing this, however, we abstracted from explicit microfoundations, as the basic

ideas transcend a specific setting. The integration of the two approaches is a natural next step.

From a methodological point of view, our analysis relies on results from the literature
on “limited commitment”, pioneered by Thomas and Worrall (1988) and Kocherlakota (1996)
and originally applied to a risk-sharing environment.” One important technical difference in
comparison to those studies is that ours has an additional constraint requiring both agents
to follow the same action as long as the remain in the MU. The loss of a policy instrument
introduces a tradeoft that in certain circumstances may lead to a break-up of the MU contract
along the equilibrium path. This increases the complexity of the problem significantly.
Fortunately, we are able to prove that under the optimal policy, the set of states in which
the union breaks apart is independent of the history and of the countries’ bargaining power at
the union formation stage. This allows the problem to be analyzed in a relatively simple way.

Other potential applications of this result are discussed in the concluding section.

The paper is organized as follows. The economic environment and the two monetary
regimes considered are described in the next section. Section 3 demonstrates that a monetary
union may be superior to coordinated independent monetary policy. After presenting the
definition of a sustainable equilibrium, Section 4 shows that the monetary union problem can
be given a recursive formulation. This result, which is mainly technical, is used in Section
5 to derive a convenient characterization of optimal policy in the voluntary MU. Section 6
illustrates the key features of our model using an example economy. The main findings and

conclusions are summarized in Section 7.

7 This literature has recently found fruitful applications in the international trade literature, e.g. Bond and
Park (2002).
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2. The economic environment

We consider a symmetric set-up with two infinitely lived ex-ante identical countries,
named Home and Foreign, each controlling a policy instrument w, 7% & |:7T, 7?} (asterisks

denote foreign variables).®

The state of the world s in period ¢ is determined by the realization of a discrete and i.i.d.
random variable with support S = {s1, s, ..., S5} with corresponding probabilities denoted by
ps. The state s affects the utility functions for each country in potentially different ways.” We

assume that the distribution of these effects over individual countries is symmetrical.'’

Let U (m,7*,s) and U* (7*, 7, s) be the per-period utility of, respectively, Home and
Foreign in state s when the policy pair (7, 7*) is chosen. The functions U (7, 7*,s) and
U* (m*,m, s) are assumed to be bounded, jointly differentiable with respect to 7 and 7*, and to
have a negative semi-definite Hessian. For there to be a coordination issue we also require some
spillover between the agents’ actions, i.e.U;, Uy # 0. Each country maximizes the expected
value of the intertemporal utility function E, Y ;> 8'U(), where § € (0,1) is the discount

factor.

Given this general environment different games can be played depending on the
monetary regime chosen. Two regimes are considered: Independent National Monetary Policy
(INMP) or formation of a Monetary Union (MU). Under the former each country has its
own money printing machine and decides monetary policy unilaterally. Under the MU the
individual country moneyprints are replaced by a commonly managed print, which is used
to produce the MU single currency. The loss of a policy instrument (money print) inherent
in the MU generates costs and benefits. The cost is that countries in the MU are forced
to use the same policy, which may be inefficient when countries are hit by asymmetrical
shocks. On the other hand, the benefit arises from the fact that the single moneyprint makes

unilateral “surprise” devaluations (deviations from an agreed policy) impossible. We assume

8  This assumption is for technical purposes. We will consider bounds that are so large that this constraint

does not affect policy.

9 We can think of each state s as defined by a pair of country-specific variables, as in the example of Section

10 This assumption can easily be relaxed. Its purpose is simply to reduce notation by keeping the environment

symmetrical.
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that a country’s decision to abandon the union (re-installing its own money print and currency)
does not come as a surprise to the other country. This is a realistic assumption, justified by
noting that the decision to leave the MU takes more time and is more easily observed by the
other parties than the decision to devaluate under INMP. Since deviations no longer come
as a surprise in the MU, they become less attractive. This facilitates cooperation. In the
next subsections we will describe in greater detail the implications associated with these two

monetary arrangements.

2.1 Independent national monetary policy

When countries retain control over their monetary instrument we have the following
timing of events. At the beginning of each period s is observed, then Home and Foreign
simultaneously choose the monetary instrument 7 (h;) and 7* (h;) , respectively, where h;, =

(51, -y ;14 ooy 13 T, ..., Ty ) denotes the history at time ¢.

A policy plan II is a stochastic vector process which determines 7 for each history. II €

P, where:

Definition 1 A subgame perfect policy pair 4 = (II,II*) € P x P is a policy plan
(strategy) for each country such that at every history h; each country chooses a best

response to the other player’s strategy.

Proposition 1 A policy pair (I, IT*) is subgame perfect under INMP if and only if the
following holds:

(1) U*(n2,mr, 8:) + O0F; Zéi_lU* (7rj+i,7rT+i, ST+i) > U*(wjd, Ty Sr) + 0w
i=1

(2) U(rr, 7k, s:) + 0E; Z(SFIU (Mris Ty Sepi) | > Ul mk,s,) + 6w
i=1

Where 7¢ and 77¢ stand for the optimal deviations and w is the lowest value attainable

with a subgame perfect policy pair.
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Proof: Appendix A.

We will denote the set of subgame perfect policy pairs 4 with T,

Lemma 1 The set of subgame perfect policy pairs, I, is compact and convex.

Proof: Appendix A.

Let w (), w* (7) be the discounted expected utility from a pair of subgame perfect
policy sequences for Home and Foreign, respectively, and denote by W the set of all such

pairs. We will refer to W as the set of subgame perfect pay-offs.

Lemma2 The set of subgame perfect pay-offs, W, is compact.

Proof: Appendix A.

Given a specific utility function and parameter values, we can use the methods developed
by Abreu, Pearce and Stacchetti (1990) to find the set . We will do this for the example
economy analyzed in Section 6. We can show that in this set-up Folk Theorem type results
hold. That is, as 6 — 1 the policies corresponding to what a benevolent central planner could
achieve would be sustainable. Therefore, the interesting cases for our analysis are those in
which ¢ is sufficiently small, but greater than zero so that better-than-Nash outcomes can be

sustained.

2.2 Monetary Union

As an alternative to independent monetary policies, countries can choose to form a
Monetary Union. When forming an MU, local currencies are replaced by a common currency
and monetary policy is jointly determined. To describe the monetary policy decision-making
process in the MU we assume that the decision-making body (e.g. a governing council)
i1s composed of national representatives who make policy announcements (during a council

meeting). Implementation of any given announcement requires unanimity. Failure to find a
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unanimous agreement over an announcement (different announcements) leads to a break-up

of the union. Each country would then print its own currency and set its own policy.

Therefore, forming a union changes the game in the following two important aspects.
The first is the condition that a common policy m = m* must be chosen if the union is to
be maintained. Second, the timing of the game is changed in the following way: as before,
countries first observe the state s but then, instead of each setting policy independently, they
make simultaneous announcements, 7 (h), 7, (hy) € |7, 7| about the inflation level they
wish to implement. If the announcements coincide, the unanimously proposed policy is
implemented and the union is continued into the future. Otherwise, the union is dissolved
and countries revert to “autarky”. In autarky, each country is assumed to follow the Nash
equilibria of the INMP stage game.!! The key aspect of the new timing is that there is no
way a country can surprise another on its policy choice since, in order to have an independent

policy, it first needs to break out of the union and print its own currency.

Policies corresponding to the Nash equilibrium of the stage game will be denoted by
N (s) and 7y (s). Un (s) and Uy (s) will be used for the pay-offs associated with these
policies conditional on a given state s. The expected value of welfare under this Nash

Es(Un
1-6

equilibrium is: Vyy = . (s)) (identical for both countries).

In general the value of belonging to the union could be higher if we allowed for a
reunification after a break-up'? or if, instead of assuming that governments revert to autarky,
we assumed reversion to some other point in the set of sustainable pay-offs.'> The assumptions
we make actually decrease the potential value of the union. Since one of our goals is to provide

a rationale for the existence of a union, this strengthens our argument.

11 If there is more than one Nash equilibrium of the Stage Game we will consider the worst of them.

12 Since the union is assumed to be optimal in expectation, unless we impose as an assumption that they
remain apart, the two countries would have incentives to set up a new union immediately. This assumption could
be explained by assuming high fixed costs of forming a union after it has broken down. In practice, long and
costly debates do precede an international arrangement of this sort. Simple extensions of the model can allow for
reunification after a given number of periods or after incurring a fixed cost.

13 The particular continuation point in the set of sustainable pay-offs (see Section 4 for a rigorous definition)
could be history dependent and hence used to provide incentives even when the countries belong to the union.
We will abstract from this issue.
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3. Rationalizing the formation of a Monetary Union.

As mentioned earlier, changing the timing of the game eliminates the ability of the
countries to cheat on the agreed path of play.!* This is an advantage of the Union over
the independent national monetary policy arrangement. However, this advantage must be
compared with the costs of losing a policy instrument and the cost of reverting to autarky
if the union collapses. We now provide two propositions that show that there exist parameter

settings for which forming a Union is preferable.

Proposition 2  If the shocks affect countries identically, the symmetrical first-best policies

are sustainable under the union for all 6 € (0,1).

Proof: If countries face the same shocks the first-best policies, in which each country
is equally weighted, require both countries to choose the same inflation rate. The key is
to note that these policies are sustainable under the union since there are no profitable
deviations for any of the countries. Formally, the necessary conditions for the first best

to be sustainable under the MU are (for all s € S and 7 =10,1,2,...):

o0

261 1U< 7{2—7,’ iﬁ—z’ST‘H) 2 UN(S’T) +5VN

i=1

(3) U(rlb, 7l s.) + 6E,

Z sU (W{ii, Wfljﬂ, 87—+Z) > Un(s;)+6Vy

i=1

4 U (nl’ 7l s.) + 6,

where /% stands for the symmetrical first-best inflation rates. Note that with perfectly
correlated shocks, the first term on the left hand side of (3) and (4) is always greater
than the first term on the right hand side. Therefore, the left hand side is greater than
the right hand side for all §. Hence, since the Union achieves first best it must weakly

dominate the best symmetrical equilibrium under the INMP arrangement.

Proposition 2 states that if the shocks faced by the countries are identical, the best
sustainable symmetrical equilibrium under the union weakly dominates the best reputational
symmetrical equilibrium obtained under INMP for all 6. The incentive constraints (3) and (4)
indicate the origin of the welfare gain of the MU. As discussed in Section 2, a deviation from

the MU common policy does not come as a surprise to the other country, but instead involves

14 For example by setting a surprisingly high inflation level.
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reversion to the Nash equilibrium. This is captured by the value of the deviation equal to
Un(s;) , which cannot be greater than U (7%, /%, s.), the first-best period pay-off delivered

by the union.

Furthermore, the next proposition shows that the welfare gain delivered by the MU is

weakly increasing in 6 when the shocks are symmetrical.

Proposition 3 If the shocks affect countries identically, there exists a 6 > 0, such that
for all § < & the symmetrical first-best policies are not sustainable with INMP. Further

more, as 6 — 0 the only sustainable equilibrium becomes the repeated static Nash.

Proof: Appendix A.

It is intuitive that when it is costless to loose a policy instrument (because shocks are
symmetrical) the MU is superior. Furthermore, the lower 6 the greater the benefits of forming
an MU. In general, we pay close attention to cases in which the shocks are not perfectly
correlated. The previous propositions required the shocks to be identical but we can depart
from this assumption in a continuous way. Hence, in general, there will exist parameter
combinations with imperfectly correlated shocks for which the best symmetric equilibrium

under the union will dominate that achievable with independent national monetary policies.

We will revisit these issues in greater detail in our analysis of the example economy in
Section 6. Before formally addressing them, we must first characterize the equilibrium in the

Monetary Union game.

4. Sustainable policies and the efficient frontier

This section defines the equilibrium notion used to analyze the MU game and establishes
a recursive representation of the problem that is useful to characterize its properties. To
simplify the notation, we introduce the indicator variable I;, which equals 1 if the union is

active at the beginning of period .

4.1 Sustainable policies

Let us adopt the following:

Definition 2 A sustainable equilibrium is a strategy for each country such that:
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(1) At every history h, with I; = 1, each country chooses an action that is a

best response to the other country’s strategy.

(73) At every history h; with I, = 0, each country chooses a history independent

inflation policy that is a best response to the other country’s strategy.

This definition is very close to the subgame perfect definition but we are constraining

the set of equilibria by requiring strategies to be history independent outside of the union.!®

Sustainable policies are those consistent with the implementation of the strategies
described above. Let us denote a sustainable policy sequence pair by v = (II, I1*) and the

set of all sustainable policies by I'.

Proposition 4 A policy sequence pair is sustainable if and only if it satisfies the following

conditions for all s € S and 7 =0,1,2,...:

C1: For all hy with I, =1 and 71, = 7. :

U (mr, 7, 87) + OFE; Z(Si_lU* (75 sy Torgiy Sr4d) | = Un(sr) + 6V
i=1

U (ﬂ-ﬂ Tr, 87’) + 6ET Z 67;71U (7TT+Z'7 7T;k—+ia 37’+i) > UN (S’T> + 6VN
i=1

C2: For all h, with I, =1 and 7, # 7. :

Proof: Appendix A.

15 This is consistent with our assumption that countries revert to the repeated static Nash when they abandon
the MU.
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Lemma 3 The set of sustainable policies, I, is compact and convex.

Proof: Appendix A.

Let w (IT, IT*) , w* (II, IT*) be the expected utility from a pair of policy sequences for
Home and Foreign, respectively, and let W be the set of all pairs (w (IL, IT*) , w* (II, IT*)) such
that (II, IT*) € I". We will refer to 1 as the set of sustainable pay-offs.

Lemma 4 The set of sustainable pay-offs, W, is compact.

Proof: Appendix A.

Corollary 1 The value associated with the static Nash equilibrium, Vy, is the lower

bound of the set W.

Proof: follows directly from Proposition 4.

4.2 Efficient frontier

To characterize the set of efficient policies we need the following:

Definition 3 A policy pair (II,IT*) € T is efficient if there exists no other element in I'

that Pareto dominates it.

We define V.« to be the maximal level of utility available to one of the countries from

a policy sequence in I'. We define Vi, as follows:'6

Viin = maxw
w
subject to
(w,w*) € W
Wt = Vmax

16 By the symmetry of the set-up these values are identical for Home and Foreign. The asterisk is thus

suppressed.
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Proposition 5 For all pairs (w,w*) € W with w* > Vi, there exists an efficient

allocation in I which delivers the pay-off vector (w,w*), where w is defined as follows:

W = maxw
w,w*
subject to
(0w, w*) € W
wt > wt

Proof: Appendix A.

The key to this proposition is not the existence of a solution to the maximization
problem!7 but rather that in the solution the second constraint must be binding (@0* = w™).

This implies that the efficient frontier of the set W is decreasing in the range [Vinin, Vinax| -

We can characterize the Pareto frontier as follows. Let V' (wy) denote the expected utility
delivered by a social planner to Home conditional on having promised an expected utility level

wo to Foreign, V' [Vinin, Vinax] — [Vinin, Vinax| - Then:

5 V(wp) = max E 87U (my, 7t s
(5) (o) = s o |3 <ttt>]
subject to:
(6) (L) e T
(7) Eo |> 87U (7}, m,8) | = wo

t=1

Constraint (6) imposes that policy pairs are sustainable, (7) is the “promise keeping” constraint,

1.e. it requires the plan to deliver an expected utility level of at least w, to Foreign.

The function V is decreasing, strictly concave and continuous.!®  Furthermore,

monotonicity implies it is differentiable almost everywhere. Unfortunately, the previous

17" This follows from the compactness of V.

18 Decreasing follows from Proposition 5. Concavity follows since we assumed the period utility function
to be strictly concave in 7, and the constraint set to be convex. Continuity is implied by the Theorem of the
Maximun.
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definition of V' is not very useful to figure out the properties of the optimal policy. The next
proposition establishes a recursive formulation of the sequential problem that is helpful to

characterize the equilibrium.

Proposition 6 The function V satisfies the functional equation:

(8)  V(wp) = ( maXH) ps (U (s, ms,8) + 6V (ws)] + Z ps [Un(8) + 6Vi]
s, Ws, seH s€eHC

subject to:

)] Wo

IN

D p U (7a, ey 8) + 6w + Y pa [Un(s) + 6V
s€H scHC

(10) Un(s) 4+ 6Vn U* (ms, s, 8) + 0w all s € H
(11) Un (s) +6Vy

(12) ws

IN

IN

U(ms,ms,8) + 6V (wy) all s € H

m

[Vmina Vmax]
Where H denotes the set of states where the union is sustained (H¢ is its complement).

Proof: Appendix A.

Constraint (9) is the promise keeping constraint, constraints (10) and (11) are the
sustainability (participation) constraints for Foreign and Home, respectively, so that they do
not leave the union. Condition (12) imposes that promised continuation values have to be in

w.

5. A characterization of the equilibrium in the Monetary Union

This section establishes some results to characterize the MU equilibrium. First we
derive an important result regarding the sustainability of the MU and second we study policy

dynamics inside the union.

5.1 Sustainability of the Monetary Union

The following is one of our main results and is a key to simplifying the problem.

Proposition 7 There exists an optimal set of states (I:I ) where the union is sustained

that is independent of the promised value wg for wg € [Vinin, Vinax) -
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Proof: Suppose that for two different promised values w,w € [Viin, Vinax] the
optimal solution has two different sets H # H on which the union holds. Consider
any state s € H,s ¢ H. Since s € H, 3 (ms,ws) such that the participation constraints
hold. Hence, if we included s in H , the participation constraint for Foreign would imply
that its promise keeping constraint must be relaxed. Moreover, Home’s participation
constraint being satisfied would imply that Home must be weakly better off. The same
argument holds for any s € H,3 ¢ H. Therefore, H U H is optimal for both initial

promised values.

This Proposition implies that, regardless of the initial bargaining power of the two
countries in the initial institution-design phase of the union, they would both agree in which
states of the world to sustain the union and in which not. This property is quite appealing, the
players will remain in the union as long as they find it mutually profitable in expectation.'”
However, as we will show later, their individual values of being part of the union will change
as time goes on. From a technical standpoint the proposition facilitates the analysis of the

Pareto frontier, since we need only find one optimal set of states in which the union holds.

Proposition 7 allows us to divide the problem into two sub-problems. The first one
consists in finding the optimal set H over which the union can be sustained. The second is to

determine the optimal policy and continuation values (75, ws) given this set.

5.2 Optimal policy and dynamics in the MU

Let us take H as given and solve for the optimal policy inside the union. Consider the

problem:

(13)  V(w) = (max)z P [U (7, s, 8) + 6V (we)] + > pa [Un(s) + Vi)

Ts,Ws — —
s€EH s€HC

19" This is not strictly optimal since better outcomes could be achieved if we allowed for transfers . Having

transfers would allow one country to convince the other to stay in the Union not only by offering a higher
continuation value but also by offering a transfer in the current period. Since continuation values are subject to
incentive constraints but transfers are not, more could be achieved by having transfers. Furthermore, if utilities
were quasi-linear on the transfers, then continuation values would not be used at all and as long as the sum of
both countries’ utilities were greater in the union, no break-up would occur. Hence, it would be useful for the MU
to have a system of transfers linked to monetary policy decisions. The European Union has transfers between its
member states but these are independent of monetary policy.
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subject to:

(14) Wy S Zps 7T87 TsyS _'_ 6ws Z Ds UN + 6VN]
s€H s€HC

(15) Ux(s)+6Vy < U*(ms,7s, S) + dws forall s € H

(16) Uy (s)+ 6V < U (ms,ms,8) + 6V (wy) foralls e H

(17) Ws € [Vmina Vmax]

For any feasible allocation that promises a value of w to Foreign, we can divide the state

space in the following way:
S, = states in which neither (15) nor (16) is binding

Sa

states in which (15) is binding but not (16)
S5 = states in which (16) is binding but not (15)
S, = states in which the union cannot be sustained.

The states in .S4 are such that either both countries mutually prefer to break the union or
the country that prefers to remain in the union is unable (or unwilling) to provide the necessary
incentives to prevent the other country from abandoning it.2’ Those states correspond exactly
to the ones that belong to H. As we have shown in Proposition 7, this set is independent of

wyp. Instead, the sets S, S5, S3 are indexed by the initial value wy.

A useful characterization of the equilibrium properties of this problem is obtained
from the Lagrangian representation of the functional equation that appeared above. Before
doing so we must first address one last technical point. So far, we have shown that V' is
differentiable almost everywhere but, for the analysis that follows, we actually need it to be
differentiable everywhere. Koeppl (2003) shows how things can go wrong in the environment
of Kocherlakota (1996) if V' is not differentiable everywhere. He also provides sufficient

conditions to guarantee differentiability of V. We will consider parameter settings such that

20 By construction in Kocherlakota’s (1996) model it is never the case that both participation constraints

bind at the same time. Hence S; = @ in his set-up. Instead, we impose the additional constraint that countries
must choose the same policy while in the MU. This creates the possibility that some INMP outcomes cannot be
replicated by the MU.
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these conditions are met. Let us write the Lagrangian:

(18) L = Wmaprs (U (7, sy 8) + 6V (ws)] + > pa [Un(s) + Vi)
e SEH SEHC
(19) +A Zps (U* (ms, s, 8) + dws) — wp
scH
(20) + D [U” (74, 74y 8) + 6w — U (s) — 6Viy]
s€H
(21) +Zys U (7s, s, 8) + 6V (ws) — Un (s) — 6Vn]
s€H

The first order conditions with respect to w, give:

(22) (s +vs) V' (ws) + Aps + 1, = 0 if ws € (Vinin, Vinax)
Z 0 Zf Ws = Vmax

< 0 Zf Ws = Vmin
The one with respect to 7, yields:

(23) (ps +vs) Ur + (Aps + 1) Uy =0

Note that at an internal solution (22) and (23) imply:

Ur
U*

e

(24) Vi(w,) =

an efficiency condition equating the agents’ marginal rate of substitution to the technical rate
of transformation (the slope of the efficient frontier, V). Let us study the implications of the

first order conditions in the different regions of the state space:?!

Region S;: Neither participation constraint binds, hence p, = v, = 0, which implies
V' (ws) = —A < 0. Note, moreover, that the envelope condition (Benveniste-Scheinkman)

yields V'’ (wy) = — A, which gives:

(25) V' (wg) = V' (ws) .

21 The analytical derivation of the equilibrium properties in regions S7, So and S3 is analogous to the analysis

developed by Kocherlakota (1996) for a risk-sharing problem.
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It follows from the strict concavity of V' that wy = w,. Hence, when neither participation
constraint binds, the expected utility promised to each country in the union is the same with
which the country entered the period, i.e. the promised value is kept constant at wy for Foreign
and at V' (wy) for Home. Moreover, equations (24) and (25) show that current policy () in
the states of this region is such that a constant ratio between the marginal utilities of Home
and Foreign is maintained. Note how this last result is isomorphic to the one that emerges as
the internal optimum of a planner’s problem in which each country’s utility function is given

a time-invariant Pareto weight.
Region S,: The participation constraint of Foreign binds, i.e. p, > 0,vs = 0. This
yields:

(26) V' (wy) = V" (w) — L2

Ps

which implies that wg > wy (by the concavity of V). Hence in states of the world belonging
to S2 the promised utility to Foreign increases (the expected utility of Home decreases). It
follows from equation (24) that the current policy choice is also closer to Foreign’s preferred
policy. This contrasts with the constant weighting observed in the presence of an enforcement

technology (i.e. problem without participation constraints).
Region S3: This yields symmetrical opposite results to those in Region 5.2

These results illustrate the nature of optimal policy in a monetary union with voluntary
participation. Policy obeys a state contingent rule which only gets revised when one of the
countries has the incentive to leave the union (i.e. the participation constraint binds). When
no such incentives arise, the rule is analogous to the efficient one produced by a planner who
maximizes the utility of the two countries assigning each of them a Pareto weight. If one
country has the incentive to leave the union, then the new policy rule for the current and
future periods is closer to that country’s unilateral optimal choice. The new rule increases the

country’s weighting in the current policy decision and the expected continuation value from

22 Participation constraint of Home binds, i.e. 1, = 0, v, > 0.

V! (w,) = ppﬁv' (wo)
S S

which implies ws < wy (by the concavity of V and recalling V' < 0). Therefore, in states of the world belonging
to S3 both the current and promised utility delivered to Foreign decrease.
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remaining in the union, making the country indifferent between remaining or leaving. This
rule remains in place until the next “renegotiation”, i.e. until a state is again reached where

one participant has an incentive to leave.

Depending on the primitive features of the problem, these dynamics may continue
forever, may eventually reach a state where the union collapses, or may converge to a region
where participation constraints never bind and “renegotiations” cease to occur. This last case

is explored in the next subsection.

5.3 When is participation not a problem?

Given the previous characterization of optimal policy we can explore the consequences
for the dynamics of a country’s (ex-ante) time-t value of being in the union, conditional on the

MU not breaking up.

Let w be the lowest value w € W such that for all s € S the participation constraint for

Unrs
Uzs

Foreign does not bind when w, =w (therefore is constant). Now, if Home’s participation
constraint does not bind for V' (w), it means that once Foreign is assigned a promised value in

the range [w,V (w)], then the participation constraint will never bind again. This leads us to:

Proposition 8 Suppose that the interval [w,V (w)] is non-empty then:
i) If wo € [w,V(w)], wy = wp for all ¢.

ii) If wg < w then w; converges monotonically to w. If instead, wy > V(w) then

w; converges monotonically to V(w).

Proof: Appendix A.

Intuitively what is going on is that the agent with wy > V(w) is so well off that his
constraint does not bind regardless of the state s. On the other hand, the other agent’s constraint
for sure binds in at least one state of the world. Hence, given the previous characterization of

the optimal policy and conditional on not hitting any state in .Sy, we know that the continuation
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value must increase for the agent that was not very well off to start with and vice-versa for the

other agent.

If the premise of this proposition holds true, then eventually policy in the MU would just
become a constant weighting between the countries’ preferred policies. This result identifies
the conditions under which the results by Canzoneri and Henderson (2000, chapter 2), in which
monetary policy in the union obeys a constant Pareto weighting of the players’ preferred policy,

are justified in the absence of an enforcement technology.

6. An example economy

This section utilizes a stylized two-country economy to illustrate, by means of simple
algebra and numerical computations, some of the results that are discussed above in a more

general context.

Let Home’s objectives be described by the intertemporal objective function V' =

32,6 U;. The period utility function Uy is given by:?

(m — Et)z

(27) U (ﬂ't, ﬂ-:7 St) = |— 9

+a(m—m;)| (1—20)

where 7, and 7 denote the policy instruments set, respectively, by Home and Foreign, and ¢;
is a desired target for Home’s instrument in period ¢ (an analogous utility expression holds for
Foreign). The linear term 7, —} posits that, irrespective of the desired target £;, Home benefits
from setting the instrument “above” the level chosen by Foreign. For concreteness we can
think of 7; as denoting Home’s inflation, over which policy-makers have perfect control. This
abstraction provides a stylized way to describe a country’s motive to surprise its neighbour
by means of an unanticipated monetary expansion. This simple mechanism gives rise to a

coordination problem.

The random variable ¢, in (27) captures, in a convenient way, the time-varying priorities

of the monetary policy authority with regard to inflation. There are .S states in the world, each

23 Since the objective of this section is mainly to illustrate the previous theory, we chose not to do a formal

derivation of this particular objective function.
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characterized by the pair s = (g,,¢%). It is assumed that the random variables ¢ and ¢* have

the following properties:

with covariance cov (g5, £¥) . We will focus on an ex-ante symmetrical case, so that even though

the realizations of 5 and ¢} may differ, their joint distribution is symmetrical.

We will next consider the equilibria which emerge from this set-up under alternative

equilibrium notions and assumptions about the enforcement technology.

6.1 Symmetric first-best (Ramsey)

It is useful as a benchmark to note that the symmetrical first-best strategies that maximize
the welfare of Home and Foreign prescribe that, in each period, countries set their policy
according to: (m; = &, m; = €f). The expected value delivered by adherence to this strategy
(identical for both Home and Foreign) is: Vjesr = Xsa(er — €7 )ps = 0. Without a commitment
technology, however, countries may have an incentive to deviate from the proposed strategy,

as shown next.

6.2 Equilibrium of the one-shot game (Nash)

In the Nash equilibrium each country sets its policy instrument (7, 7;) after the shock
(es,€%) is realized, taking the other country’s instrument as given. This yields the following

strategies for the players:

Ty = &+«

T, = € +a



28

which imply the period pay-off:

Ut =[S +at-e]a-o)

Uit = |- —ate-| -9

2

Expected utility under Nash is U5, = —<- (1 — 6), hence the expected utility enjoyed by each

country under the Nash equilibrium is:

_ Uy &
W=iT5= "9

It is immediately noticeable that the presence of the spillover effect (o« # 0) causes welfare

under the Nash equilibrium to be lower than is achievable with the first best.

6.3 Subgame perfect equilibria in the repeated game (INMP)

The repeated nature of the game allows countries to sustain reputational equilibria that
dominate the Nash equilibrium in terms of welfare. We seek to characterize these equilibria to
describe the instance in which countries coordinate their independent national monetary policy

(INMP) and improve upon the Nash outcomes.

Equations (1) and (2) in Proposition 1 characterize sustainable strategies in this repeated
game. They state that it must be in each country’s interest to stick to the proposed policy in all
periods and for all states of the world. The right side of these equations states that a deviation
from the optimal plan is punished in the future with the reversion to a “bad equilibrium”, which

has an expected value of w.?*

The credibility of this threat requires that the pair of strategies that yields w itself be
a subgame perfect equilibrium satisfying equations (1) and (2). Computing the value of the
“bad equilibrium” w is thus crucial in characterizing sustainable equilibria. Focusing on the
symmetrical equilibria of our example economy, the worst (symmetrical) subgame perfect

equilibrium that can be used as a threat to sustain efficient outcomes satisfies the following

24 The root of this idea is in the “stick and carrot” strategy first proposed by Abreu.
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conditions:

(28) w = min X, [U(7", 7, ) + dws] ps

* *
T, wk

subject to

U*(r*,m,s) + dws U*(r*, 7, ) + dw forall s

A%

U(r,7*,s) +6V(w,) > U(n?, n*,s)+ éw forall s

ws, € W

where W is the set of sustainable pay-offs, V(ws) is the maximum value attainable by
Home conditional on the promised value w, to Foreign and 7¢ (7*%) denotes the optimal
deviation from the policy plan for Home (Foreign).?> The two incentive constraints impose
the SPE requirement that both countries have an incentive to stick with the optimal plan. The
recursive formulation is achieved by expressing the continuation strategy by means of its value,

following Abreu, Pearce and Stacchetti (1990).

A deviation from the strategy prescribed by the “worst equilibrium” is punished with the
future reversion to the same equilibrium. As is known from the work of Abreu, Pearce and
Stacchetti, such punishments can be harsher than the reversion to the static Nash equilibrium

and thus allow a “good” equilibrium to be sustained. The best (symmetrical) sustainable

25 The computation of the worst value w thus utilizes the value function V (w,), which traces the frontier

of the maximal utility attainable by Home provided the utility delivered to Foreign is w,. Formally, the value
function V' (wy) is defined as follows:

V(w,) = max X, [U(m, 7", s) + 6V (ws)] ps

subject to :
Wo = X [U*(m, 7%, 8) 4+ dws] ps
U*(7*, 7, 8) + 6wy > U™ (%4, 7, 8) + dw forall s
U(m,m*,8) 4+ 6V (ws) > U(r?, 7%, s) + dw forall s

We, W, W, €W
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equilibrium satisfies:

(29) @ = max Y [U(m, 7™, s) + 6w ps
subject to |
U*(r*,m,8) + 6w > U*(x* m, s)+ éw forall s
Ulr,7*,s) + 6w > U(n? %, s)+ éw for all s

w Y [U(m, 7%, s) + 6w] ps

where the last constraint imposes the symmetry requirement. The “best” equilibrium is “self
rewarding”, i.e. adherence to the prescribed strategy is rewarded with the continuation of the

same strategy tomorrow.

With reputation, the first best can be sustained provided the discount factor is sufficiently
large. In the example economy, it is easy to show that for a given “punishment value” w , the
first best is sustainable if § > ﬁ For instance, if the Nash equilibrium was chosen as a
punishment for deviations (Vy = — %2), the first best can be sustained with reputation provided
o > % Even if the discount is smaller than this value, however, the first best might still be
supported if a credible (i.e. SPE) punishment more severe than reversion to Nash exists. In
general, finding the “best” (possibly smaller than the first-best) and the “worst” sustainable

values from the solution of problems (28) and (29) can be done numerically for a given model

parametrization. A few examples are discussed in Section (6.5).

6.4 Monetary Union with an enforcement technology

Let us next define the Monetary Union as an arrangement in which both countries
abandon sovereignty over their own instruments and adopt a common instrument so that
m, = m; forever (i.e. no possibility of reverting to autarky is admitted). In this setting the

period utility each country derives from the union is given by:

(m — Et)2

(30) U(?Tt,ﬂ't,S> = —T (1 — (S)
%\ 2

31) U* (4,71, 8) = —@ (1-6)
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Simple algebra shows that if membership in the union is externally enforced there may
exist ex-ante welfare gains from participating in it. This amounts to solving the following
Pareto problem (with enforcement, the dynamic problem breaks down into a sequence of static
problems):

max Es [kU (15,71, ) + (1 — )U™ (7, T, 8)]

Ts

subject to m; = 7% where k is the Pareto weight. Straightforward algebra reveals that the

optimal policy takes the form:
(32) s = kes + (1 — K)el

Note that the Pareto weight x determines the degree to which the rule is tilted towards the
welfare of Home versus Foreign. It is easy to compute expected welfare from joining the MU,

naturally a function of « :

(33) Viw (k) = —(1—k)? [0 — cov (e,,€7)]
V]\*/[U (k) = —(k)? [02 — cov (&g, 5:)]
Note how the expected welfare in the union is increasing in %, the linear

correlation coefficient between the shocks hitting the two countries.

A comparison of the expected welfare under the Nash equilibrium with expected welfare
in the “union with-enforcement” reveals that the union dominates autarky in welfare terms
provided « is sufficiently high (i.e. the coordination problem is relevant) or ‘m(%ﬁ—) is
sufficiently large (i.e. shocks are similar across countries and hence the flexibility costs of
the union are low). This comparison provides a rationale for a monetary union. But it may be
criticized for being biased because the “alternative” option considered (Nash) can be improved

upon if countries can sustain a reputational equilibrium.

Interestingly, as shown in the numerical examples of Section 6.5, an MU may turn out to
be welfare improving even in comparison with the best sustainable reputational equilibrium.
This point, which was illustrated analytically for the case of symmetrical shocks in Section
3, provides a more robust rationale for a monetary union than the one obtained under the

restriction that Nash is the only alternative to the MU.
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Table 1. Sustainable Values
« w Vnash VMU w
0.31]-0.12 -0.05 -0.06 -0.001
1 -1.4 -0.50 -0.06 -0.014
-12.7 -45 -0.06 -0.12
5 |-354 -12.,5 -0.06 -0.33

6.5 Numerical examples

Assume the state s = (g,¢*) is i.i.d. and that there are three possible states of the
world: s = (e,¢*) € {(0,0),(0,1),(1,0)}. Let the probability mass of each state be
respectively p, = {3, %, %} and the intertemporal discount be § = 0.2. The rows of Table
1 report the welfare values of alternative subgame perfect symmetrical equilibria. Each row
is computed for a different value of the externality « (first column). Greater values of this
parameter imply that the externality problem is more relevant, as reflected in the worsening
of the Nash equilibrium value (third column). Note that the discount factor was chosen to be
sufficiently low so that the first best could not be sustained by reputation. However, the first
two rows in the Table show that when the externality is sufficiently small the value of the best
reputational equilibrium (last column) is very close to the value of the first best (zero) and,
more importantly, that it is greater than the value delivered by a symmetrical monetary union
(VMU</£> with Kk = %) Note, however, that as the externality gets sufficiently large (third row),

welfare under the MU dominates the value of the best (symmetrical) reputational equilibrium.

Figure 1 depicts the efficient welfare frontier under the reputational equilibria (INMP)
and under the MU (dotted line) for the case in which @ = 3. The Nash value is depicted
in the bottom-left corner of the figure. It appears that welfare for Home and Foreign
improves substantially under both the INMP and the MU regime in comparison with the Nash
equilibrium. Moreover, note that the set of values that is sustainable under the Monetary
Union Pareto dominates the corresponding values attained with the INMP. This point, as we

mentioned, provides a rationale for a monetary union even when “reputation” is feasible.
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Efficient INMP and MU frontier when alpha=3

< Nash Value
- MU Frontier
—— INMP Frontier

Figure 1

6.6 Monetary Union without enforcement technology

The results of Section 6.4 were derived under the assumption that countries did not have
an option to leave the MU. Relaxing that assumption is important to gain further insights into

the mechanism that allows the MU to be sustained.

Without the “enforcement technology”, the following participation constraints need to

be satisfied for countries to remain in the Union (in each period and for each state):

(34) U*(m,m,s) +ows > Up(s)+6Vn
(35) U(m,m,8) + 6V (ws) > Un(s)+6Vy

where wy and V (wy) are, respectively, the promised values for Foreign and Home.

Proposition 9 Policy in the example economy is a convex combination of the policies

preferred by Home (e;) and Foreign (¢%):
(36) Ts = ks€s + (1 — Ks)eg

where the weight k, is given by:

(1) k= _14%)\ when neither participation constraint binds (Region Sy)
(i) kI = sy, When Foreign’s participation constraint binds (Region S»)
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PstVs
Ds (1+>\)+Vs

(i) kH = when Home’s participation constraint binds (Region S3).

Proof: Follows from the first order condition (23) and equation (30) by noting that
the Lagrange multiplier p, and v, are zero when their respective constraint does not

bind.

V(w)

-0.02

-0.04

-0.06

-0.08

-0.1

— — MU frontier w.o. enforcement
—— MU frontier w. enforcement

Figure 2: Utility frontier

When no participation constraint binds policy obeys a time-invariant weighting of the
policies preferred by Home (¢5) and Foreign (¢¥), with weights « and (1—k), respectively. This
obviously resembles the outcomes obtained when participation is not an issue (Section 6.4).
More interestingly, the proposition indicates that if a state is reached where the participation

constraints of a country binds, then the optimal policy rule (36) prescribes that this country

F
s

is given a greater weight in decision process (note that < > x and that kI’ < k). As was
discussed for the general case in Section 5.2, when a country’s participation constraint binds
the optimal rule provides incentives to remain in the union by increasing both the future value
of belonging to the union (the country is promised a greater “expected utility”) and the current
return. In the example, the latter mechanism takes a simple linear form. Optimal policy
without enforcement thus resembles the solution of a planning problem with time-varying
Pareto weights. After hitting a state where its participation constraint binds, Home is assigned

a greater importance in today’s decision and is promised a correspondingly greater weight in

future. From this period onwards, until another state is reached in which the participation



35

constraint of Home or Foreign binds, policy in the union is conducted according to these new

“weights”.

The workings of optimal policy can be illustrated by means of a numerical example.26
The efficient utility frontier under the MU with and without enforcement for this example are
shown in Figure 2. Under the chosen parameterization, no portion of the efficient frontier
is sustainable, as indicated by the fact that the latter frontier lies below the efficient one.
This indicates that participation constraints bind, at least in some states. Note that while the
countries agree on the policy to be followed in state s; (in which they share the same inflation
objective) they have different views on policy in s, and s3.2 The optimal incentive scheme
reported in Table 1 shows how such diverging views are balanced in a voluntary MU. When
a country’s participation constraint binds the incentive to remain in the union is provided by
increasing both the current return and the future value of belonging to the union, i.e. the
country is promised a greater continuation value (expected utility). For example, suppose
Foreign entered the MU with a relatively low expected utility level (w,), equal to -0.08 (the
first line of Table 1). Foreign is stuck with this value as long as the economy remains in s;.
If state ss is reached, the scheme prescribes that Foreign expected utility from participating
in the union is raised to -0.06 (in expected terms). A comparison of the first and third line of
Table 1 shows that this corresponds to assigning Foreign a greater weight on current policy
decisions in s3, as inflation in that state gets closer to Foreign desired value (i.e. 73 is reduced
from 0.8 to 0.6). This policy remains in place until the economy eventually reaches s3 the
state where Home participation constraint binds. At this point current policy is shifted towards
Home preferred policy (Foreign weight on current policy in s3 decreases from 0.4 to 0.3) and
Home continuation utility is raised (Foreign expected utility is reduced from -0.06 to -0.07).
In the parametrization of this example such swings continue forever. Other examples may be
constructed in which the MU eventually collapses or, alternatively, reaches a point on the MU

efficient frontier (and remains there forever).

26 As in the examples considered above, we assume that there are three possible states of the world s =

(e,e*) € {s1 = (0,0), s2 = (0,1), s3 = (1,0)}. The results reported in Table 1 are obtained under the
assumption that the probability mass of each state is, respectively, ps = {%, i, i}, the intertemporal discount
6 = 0.8 and the externality o = 0.6.

2T The preferred policy profile {71, w2, 73} for Home is {0, 0, 1}, for Foreign {0, 1,0} .
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Table 1. Policy in a voluntary MU

Initial promise | F’s promised values H'’s promised values Current Policy
W, wq Wo wy | V(wy) V(wg) V(ws)| m 7w 73

-0.08 -0.08 -0.06 -0.08 | -0.02 -0.04 -0.02 [0.0 0.6 0.8
-0.07 -0.07 -0.06 -0.07 | -0.03 -0.04 -0.02 | 0.0 0.6 0.7
-0.06 -0.06 -0.06 -0.07 | -0.03 -0.04 -0.03 | 0.0 0.6 0.6
-0.05 -0.05 -0.05 -0.06 | -0.06 -0.05 -0.04 | 0.0 0.7 04
-0.04 -0.04 -0.04 -0.06 | -0.08 -0.08 -0.04 | 0.0 09 04

The results highlight an important feature of optimal policy in a voluntary MU, namely
that MU members may occasionally be given “special consideration” to preserve the value of

the union to all participants.

7. Concluding remarks

History offers several examples of countries participating in international agreements
that constrain unilateral policy actions, such as exchange rate interventions, therefore removing
one adjustment mechanism otherwise available to policy makers. This paper explored the
motives behind a country’s choice to voluntarily adopt such a constraint, as it occurs in a

monetary union.

We model the MU as a technology which precludes policy surprises (e.g. an unexpected
exchange rate realignment) at the cost of foregoing a policy instrument. It is shown that this
technology may dominate a coordinated system with independent national currencies, hence

providing a rationale for the formation of an MU.

Departing from the previous literature on international monetary arrangements we
abandon the assumption that countries are exogenously bound to the monetary union and
explicitly model their incentives to remain within the union or to leave it. This leads to two

novel results.

First, while optimal policy when participation is exogenously assumed obeys a
time-invariant weighted average of both countries’ preferred policies, optimal policy in a
“voluntary” MU responds to a country’s incentive to abandon the union by tilting current

and future policy in its favor.2® This enriches policy dynamics significantly and may provide

28 Hence, optimal policy is history dependent in this setting and only in the long run, for some special

cases, we can replicate the result, obtained when participation is exogenously assumed, that policy obeys a time-
invariant weighted average of both countries’ preferred policy (see Proposition 8).
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insights into the workings of decision making within supra-national institutions, such as
the European central bank, where “national interests” are compounded in the choice of
the common policy. Our result suggests that policy, besides depending on MU “average”
economic conditions, should occasionally respond to the conditions of the member country
for whom adherence to the common policy is costly. This is consistent with the findings of
Heinemann and Hiifner (2002) who report descriptive and econometric evidence that national

divergence from euro area averages matters for the decisions of the ECB Governing Council.

The second new result is that our model may deliver a break-up of the union along the
equilibrium path. Given the second best nature of the policy choices available in the MU, this
result stems from the fact that, even when the union is desirable ex-ante, there may be some
states of the world in which a country’s incentive to abandon the common policy and its future
benefits are irresistible ex-post. The paper shows that the introduction of this new feature,
which at first appears as a potentially serious complication of the problem considered, does
not impair the tractability of the problem. This result is important because, as mentioned in
the introduction, history provides us with examples of supra-national monetary arrangements,
including currency unions, that eventually broke apart (see Cohen, 1993). Our framework
provides a first formal analysis of a country’s incentives to voluntarily participate in a monetary

union.

The distinguishing aspect of what we called a “union” is that, while the agents belong
to it, they must choose the same action. Therefore, even though belonging to the union might
be preferred in expectations, the lack of flexibility introduced by this constraint introduces ex-
post incentives to leave the union. In some instances, a compromise regarding the common
action to be taken will be reached but in others the union will be dissolved. While we focussed
in this paper on monetary policy (and occasionally mentioned exchange rate policy), the key
features of our analysis also appear in other settings where coordination on a single action
matters, such as fiscal policies in a MU (consider e.g. the choice of the excessive deficit in
the Stability and Growth Pact), political parties in a coalition or firms in a joint venture. Our

results may find fruitful application in those fields. We leave this task for future research.



Appendix A: Proofs

Proof of Proposition 1:Consider a policy pair that satisfies (1) and (2) for all histories;
then since there are no profitable deviations at any history it implies that players are playing
a best response to each other. Conversely given that the players are playing a best response
to each other, it must be the case that they cannot find any profitable deviation at any given

history hence (1) and (2) must be satisfied.
Proof of Lemma 1:

[ is compact since it is a closed subset of P x P which is compact. Convexity follows

from the concavity of U (.).
Proof of Lemma 2:

W is bounded since the per period utility is bounded and § € (0, 1) to prove compactness
we therefore need only prove that it is closed. Consider a sequence of discounted utility vectors
(wp, w?) that converges to (w, w*) for each n, let (II,,, IT* ) be the associated policies with these

payoffs. Since I is compact there is a convergent subsequence (an, H;ﬁbk) , let (1:1, fI*) denote

*
ng

its limit. The subsequence (wnk,w ) must also converge to (w,w*) . By the continuity of
U over policies the payoff from <f[, f[*) is given by (w,w*), hence by definition it is an

element of 1.
Proof of Proposition 3:

For the first best policies to be sustainable under INMP the following must hold for all
seSandT=0,1,2,...:

(37)  U*(xf xlb s.) 4+ OE, Z §Ur (W{L, . 8T+i) > U 7w s.) + bw
i=1

[e.9]

i—1 b b
Z U (W£+i’ 7r£+i> Sr+i)

=1

(38) U(nlb 7% s.) 4 6E,

T T

> U(nd, 7 s.) + dw

where 7w/ stands for the symmetric first best inflation level, 7, 7*¢ stand for the optimal

deviations and w is the lowest value in W.
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The first term on the right hand side of 37 (38) is always greater than the corresponding
first term on the left hand side (by the assumption that the first best is not the Nash equilibrium
of the stage game). Furthermore, w is a weakly increasing function of ¢. Hence, as 6 — 0
the constraints become binding and will eventually be violated for all 7w, # mx (s) and
7t # 7y (s). Therefore, clearly the advantage of the Union over the INMP will increase
as 6 decreases. In the extreme case of 6 = 0 only V}y is subgame perfect under INMP but first

best is attainable with the MU.
Proof of Proposition 4:

Consider a policy pair (II, IT*) that satisfies (C1), (C2) & (C3). We see immediately
that part (ii) of Definition 2 is satisfied iff (C3) is satisfied. If (C1) & (C2) hold then
it follows that players are playing a best response to each other. Given that Home proposes
7+, Foreign would only propose 7> = 7, if it is weakly better than autarky (where Nash

equilibrium strategies 7y are played).

Conversely given that the players are playing a best response to each other, there are two
cases. Either they announce the same 7, and remain in the union, in which case the expected
utility must be higher than autarky (as from C'1). Or, announcements differ and Nash best

responses 7y ($), 7 (s) are played from then on.
Proof of Lemma 3:

I is compact since it is a closed subset of P x P which is compact. Convexity follows

from the concavity of U (.).
Proof of Lemma 4:

W is bounded since the per period utility is bounded and ¢ € (0, 1) to prove compactness
we therefore need only prove that it is closed. Consider a sequence of discounted utility vectors
(wp, w?) that converges to (w, w*) for each n, let (11,,, IT* ) be the policies associated with these
payoffs. Since I is compact there is a convergent subsequence (an, H;‘lk) , let <f[, f[*) denote
its limit. The subsequence (wnk, w;’;k) must also converge to (w,w*). By the continuity of
U over policies, the payoff from (f[, f[*) is given by (w,w*), hence by definition it is an

element of W.
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Proof of Proposition 5:

Suppose that the constraint was not binding. This implies that there is at least one state

where the participation constraint is slack:

[e.9]

U7y 7ry S2) + O Zéi_lU* (W:H, Trtis sT+i) > Un(s:) + 6V
i=1
Now let 77, denote the optimal level of inflation that Home would choose if it could unilaterally
set a given 7 for both countries. First note that if 7, = 7, , the value to Home can be increased
by bringing policy closer to 7,, hence decreasing the value to Foreign until the constraint

binds.

If 7, = 7, and w* > w* , future policy can be tilted towards Home’s preferred policy,
until the second term becomes 6V/,,;;,. The proof is completed by noting that it is not possible to
have w* > w* > Vi, and that for all s, for which U (7, 77, ;) + 6 Vinax > Un(s,) +6Vy the

following holds:
U*(ﬁ-Tv ﬁ-’ﬁ 87’) + 6Vmin > UJt/v(ST) + 6VN

By definition V.« 1s the upper bound in W . Since the proposed policy and continuation
values (7, Vimax) cannot be improved upon, they must deliver V... By the definition of V,,

this implies that w* = V,;;;, ,which delivers the contradiction.
Proof of Proposition 6:

Given Propositions 4 and 5 and our sequential formulation of the problem this result

follows directly.
Proof of Proposition 8:

i) Follows directly from the definition of w and the policy characterization for states in

S

ii) Consider any infinite sequence of shock realizations. With probability one any such
sequence must include infinite realizations of every shock. We show that if wy < w then

w — w. The other case follows by symmetry.
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For wy < w Home participation constraint does not bind for any state s. But there
is at least one state, say s, in which the participation constraint binds for Foreign. In this
state then wy > wp must hold. If wy < w , we start over with our argument. Note, from
Home’s problem, that w; > w cannot be a solution because of an efficiency argument: w
is all that Home needs to promise Foreign to keep it in the union; since Home continuation
value is decreasing in this promise, there is never an incentive to assign Foreign a value greater
than w. Therefore, promised values for Foreign are a (stochastically) increasing and bounded

sequence, converging to w with probability 1.



References

Abreu, Dilip, 1988. “On the Theory if infinitely Repeated Games with Discounting”,
Econometrica, Vol. 56(2), pp.383-396.

Abreu, Dilip, David Pearce and Ennio Stacchetti, 1990. “Toward a Theory of Discounted
Repeated Games with Imperfect Monitoring”, Econometrica, Vol. 58(5), pp.1041-1063.

Aksoy, Yunus, Paul De Grauwe and Hans Dewachter, 2002. “Do asymmetries matter for
European monetary policy?”, European Economic Review, 46:443-469.

Alesina, Alberto and Robert J. Barro, 2002. “Currency Unions”, Quarterly Journal of
Economics, 117: 409-36.

Alesina, Alberto and Vittorio Grilli, 1992. “The European central bank: reshaping monetary
policy in Europe”. In Establishing a Central Bank: Issues in Europe and Lessons from
the United States, M. Canzoneri, V. Grilli and P. Masson, 49-77. Cambridge University
Press and CEPR.

Bond, Eric W. and Jee-Hyeong Park, 2002. “Gradualism in Trade Agreemnents with
Asymmetric Countries”, Review of Economic Studies, 69:379-406.

Bordo, Michael D. and Lars Jonung, 1997. “The history of monetary regimes — Some lessons
for Sweden and the EMU”, Swedish Economic Policy Review, 4:285-358.

Canzoneri Mattew and Dale Henderson, 1991. Monetary Policy in Interdependent Economies
(MIT Press, Cambridge, MA).

Cohen, Benjamin J., 1993. “Beyond EMU: The problem of sustainability”, Economics and
Politics, 5(2):187-203.

Cooley, Thomas F. and Vincenzo Quadrini, 2003. “Common Currencies versus Monetary
Independence”, Review of Economic Studies, forthcoming.

Currency News, 2003. “Single currency floated for Africa”. August, Vol.1, No.8.

Hamada, K., 1974. “Alternative exchange rate systems and the interdependence of monetary
policy”, in R. Aliber (Ed.) National Monetary Policies and the International Financial
System (University of Chicago Press, Chicago).

Hamada, K., 1976. “A strategic analysis of monetary interdependence”, Journal of Political
Economy, 84:677-700.

Heinemann, Friedrich and Felix P. Hiifner, 2002. “Is the view from the Eurotower purely
European? - National divergence and ECB interest rate policy”, Centre for European
Economic Research, Discussion Paper No. 02-69, Mannheim.

IMF, 2003. “Gulf Cooperation Council: Challenges on the Road to a Monetary Union”. World
Economic Outlook, September 2003, 48-49.



43

Kocherlakota, Narayana R., 1996. “Implications of Efficient Risk Sharing without
Commitment”, Review of Economic Studies, 63:595-609.

Koeppl, Thorsten, 2003. “Difterentiability of the Efficient Frontier when Commitment to Risk
Sharing is Limited”, mimeo, European Central Bank.

Persson, Torsten and Guido Tabellini, 1995. “Double edged incentives. institutions and
policy coordination”, in G. Grossman and K. Rogoft (Eds.) Handbook of International
Economics, Volume III (North-Holland Amsterdam), 1973-2030.

Persson, Torsten and Guido Tabellini, 1999. “Political economics and macroeconomic policy”,
in J.B. Taylor and M. Woodford, Handbook of Macroeconomics, Volume 1 (North-
Holland Amsterdam), 1397-1481.

Persson, Torsten and Guido Tabellini, 2000. Political Economics (MIT Press, Cambridge,
MA).

Thomas, Jonatan and Tim Worrall, 1988. “Self-Enforcing Wage Contracts”, Review of
Economic Studies, 55: 541-54.



N. 486

N. 487

N. 488

N. 489

N. 490

N. 491

N. 492

N. 493

N. 494
N. 495

N. 496

N. 497

N. 498
N. 499

N. 500

N. 501

N. 502
N. 503

N. 504

N. 505
N. 506
N. 507

N. 508

N. 509

N. 510
N. 511

RECENTLY PUBLISHED “TEMI” (*)

Bank capital and lending behaviour: empirical evidence for Italy, by
L. GamBacorTa and P. E. MisTrRULLI (September 2003).

A polarization of polarization? The distribution of inequality 1970-1996, by
C. Biancortt (March 2004).

Pitfalls of monetary policy under incomplete information: imprecise indicators and
real indeterminacy, by E. Gaiorti (March 2004).

Information technology and productivity changes in the banking industry, by
L. Casoraro and G. Gossr (March 2004).

La bilancia dei pagamenti di parte corrente Nord-Sud (1998-2000), by L. CANNARI
and S. CHirr (March 2004).

Investire in Italia? Risultati di una recente indagine empirica, by M. COMMITTERI
(March 2004).

Centralization of wage bargaining and the unemployment rate: revisiting the
hump-shape hypothesis, by L. Forn1 (June 2004).

Endogenous monetary policy with unobserved potential output, by A. CUKIERMAN
and F. Lipp1 (June 2004).

1l credito commerciale: problemi e teorie, by M. OmiccioLl (June 2004).

Condizioni di credito commerciale e differenziazione della clientela,byL.. CANNARI,
S. CHiri anp M. OmiccioLl (June 2004).

1l debito commerciale in Italia: quanto contano le motivazioni finanziarie?, by
P. FinaLpr Russo and L. LEva (June 2004).

Funzionamento della giustizia civile e struttura finanziaria delle imprese: il ruolo
del credito commerciale, by A. CARMIGNANI (June 2004).

Does trade credit substitute for bank credit?, by G. DE BLasio (June 2004).

Monetary policy and the transition to rational expectations, by G. FERRERO (June
2004).

Turning-point indicators from business surveys: real-time detection for the euro
area and its major member countries, by A. BAFFiGI and A. BASSANETTI (June
2004).

La ricchezza delle famiglie italiane e americane, by 1. FAIELLA and A. NErI (June
2004).

Optimal duplication of effort in advocacy systems, by G. PALumBO (June 2004).

1l pilastro privato del sistema previdenziale. Il caso del Regno Unito, by
F. SpapaForA (June 2004).

Firm size distribution and employment protection legislation in Italy, by
F. Schivarpr and R. Torrint (June 2004).

Social mobility and endogenous cycles in redistribution, by F. ZoLLino (July 2004).
Estimating expectations of shocks using option prices, by A. D1 CEsarg (July 2004).

Estimating state price densities by Hermite polynomials: theory and application to
the Italian derivatives market, by P. Guasoni (July 2004).

The interaction between face-to-face and electronic delivery: the case of the Italian
banking industry, by E. BoNnaccorsi b1 PaTTi, G. Gossl and P. E. MistruLLl (July
2004).

Bad loans and entry into local credit markets, by M. Boronpl and G. Gossr (July
2004).

Does wealth affect consumption? Evidence for Italy, by M. PaieLLa (July 2004).

Information variables for monetary policy in a small structural model of the euro
area, by F. Lipp1 and S. NEr1 (July 2004).

(*) Requests for copies should be sent to:
Banca d’Italia — Servizio Studi — Divisione Biblioteca e pubblicazioni — Via Nazionale, 91 — 00184 Rome
(fax 0039 06 47922059). They area available on the Internet www.bancaditalia.it.



"TEMI" LATER PUBLISHED ELSEWHERE

1999

L. Guiso and G. PARIGI, Investment and demand uncertainty, Quarterly Journal of Economics, Vol. 114
(1), pp. 185-228, TD No. 289 (November 1996).

A. F. PozzoLro, Gli effetti della liberalizzazione valutaria sulle transazioni finanziarie dell’ltalia con
’estero, Rivista di Politica Economica, Vol. 89 (3), pp. 45-76, TD No. 296 (February 1997).

A. CUKIERMAN and F. Lipp1, Central bank independence, centralization of wage bargaining, inflation and
unemployment: theory and evidence, European Economic Review, Vol. 43 (7), pp. 1395-1434, TD
No. 332 (April 1998).

P. CASELLI and R. RINALDI, La politica fiscale nei paesi dell’Unione europea negli anni novanta, Studi e
note di economia, (1), pp. 71-109, TD No. 334 (July 1998).

A. BRANDOLINI, The distribution of personal income in post-war Italy: Source description, data quality,
and the time pattern of income inequality, Giornale degli economisti e Annali di economia, Vol. 58
(2), pp. 183-239, TD No. 350 (April 1999).

L. Guiso, A. K. KASHYAP, F. PANETTA and D. TERLIZZESE, Will a common European monetary policy
have asymmetric effects?, Economic Perspectives, Federal Reserve Bank of Chicago, Vol. 23 (4),
pp. 56-75, TD No. 384 (October 2000).

2000

P. ANGELINL, Are banks risk-averse? Timing of the operations in the interbank market, Journal of Money,
Credit and Banking, Vol. 32 (1), pp. 54-73, TD No. 266 (April 1996).

F. DRUDI and R: GIORDANO, Default Risk and optimal debt management, Journal of Banking and Finance,
Vol. 24 (6), pp. 861-892, TD No. 278 (September 1996).

F. DrRuDI and R. GIORDANO, Wage indexation, employment and inflation, Scandinavian Journal of
Economics, Vol. 102 (4), pp. 645-668, TD No. 292 (December 1996).

F. DRUDI and A. PRATI, Signaling fiscal regime sustainability, European Economic Review, Vol. 44 (10),
pp. 1897-1930, TD No. 335 (September 1998).

F. FORNARI and R. VIOLI, The probability density function of interest rates implied in the price of options,
in: R. Violi, (ed.) , Mercati dei derivati, controllo monetario e stabilita finanziaria, 11 Mulino,
Bologna, TD No. 339 (October 1998).

D. J. MARCHETTI and G. PARIGI, Energy consumption, survey data and the prediction of industrial
production in Italy, Journal of Forecasting, Vol. 19 (5), pp. 419-440, TD No. 342 (December
1998).

A. BAFFIGI, M. PAGNINI and F. QUINTILIANI, Localismo bancario e distretti industriali: assetto dei mercati
del credito e finanziamento degli investimenti, in: L.F. Signorini (ed.), Lo sviluppo locale:
un'indagine della Banca d'Italia sui distretti industriali, Donzelli, TD No. 347 (March 1999).

A. SCALIA and V. VACCA, Does market transparency matter? A case study, in: Market Liquidity: Research
Findings and Selected Policy Implications, Basel, Bank for International Settlements, TD No. 359
(October 1999).

F. SCHIVARDI, Rigidita nel mercato del lavoro, disoccupazione e crescita, Giornale degli economisti e
Annali di economia, Vol. 59 (1), pp. 117-143, TD No. 364 (December 1999).

G. BopO, R. GOLINELLI and G. PARIGI, Forecasting industrial production in the euro area, Empirical
Economics, Vol. 25 (4), pp. 541-561, TD No. 370 (March 2000).

F. ALTISSIMO, D. J. MARCHETTI and G. P. ONETO, The Italian business cycle: Coincident and leading
indicators and some stylized facts, Giornale degli economisti € Annali di economia, Vol. 60 (2), pp.
147-220, TD No. 377 (October 2000).

C. MICHELACCI and P. ZAFFARONI, (Fractional) Beta convergence, Journal of Monetary Economics, Vol.
45, pp. 129-153, TD No. 383 (October 2000).



R. DE BONIS and A. FERRANDO, The Italian banking structure in the nineties: testing the multimarket
contact hypothesis, Economic Notes, Vol. 29 (2), pp. 215-241, TD No. 387 (October 2000).

2001

M. CARUSO, Stock prices and money velocity: A multi-country analysis, Empirical Economics, Vol. 26
(4), pp. 651-72, TD No. 264 (February 1996).

P. CIPOLLONE and D. J. MARCHETTI, Bottlenecks and limits to growth: A multisectoral analysis of Italian
industry, Journal of Policy Modeling, Vol. 23 (6), pp. 601-620, TD No. 314 (August 1997).

P. CASELLI, Fiscal consolidations under fixed exchange rates, European Economic Review, Vol. 45 (3),
pp. 425-450, TD No. 336 (October 1998).

F. ALTISSIMO and G. L. VIOLANTE, Nonlinear VAR: Some theory and an application to US GNP and
unemployment, Journal of Applied Econometrics, Vol. 16 (4), pp. 461-486, TD No. 338 (October
1998).

F. Nucct and A. F. POzzOL0, Investment and the exchange rate, European Economic Review, Vol. 45 (2),
pp- 259-283, TD No. 344 (December 1998).

L. GAMBACORTA, On the institutional design of the European monetary union: Conservatism, stability
pact and economic shocks, Economic Notes, Vol. 30 (1), pp. 109-143, TD No. 356 (June 1999).

P. FINALDI RUSSO and P. ROSSI, Credit costraints in italian industrial districts, Applied Economics, Vol.
33 (11), pp. 1469-1477, TD No. 360 (December 1999).

A. CUKIERMAN and F. LIPP1, Labor markets and monetary union: A strategic analysis, Economic Journal,
Vol. 111 (473), pp. 541-565, TD No. 365 (February 2000).

G. PARIGI and S. SIVIERO, An investment-function-based measure of capacity utilisation, potential output
and utilised capacity in the Bank of Italy’s quarterly model, Economic Modelling, Vol. 18 (4), pp.
525-550, TD No. 367 (February 2000).

F. BALASSONE and D. MONACELLI, Emu fiscal rules: Is there a gap?, in: M. Bordignon and D. Da Empoli
(eds.), Politica fiscale, flessibilita dei mercati e crescita, Milano, Franco Angeli, TD No. 375 (July
2000).

A. B. ATKINSON and A. BRANDOLINI, Promise and pitfalls in the use of “secondary"” data-sets: Income
inequality in OECD countries, Journal of Economic Literature, Vol. 39 (3), pp. 771-799, TD No.
379 (October 2000).

D. FOCARELLI and A. F. POZZOLO, The determinants of cross-border bank shareholdings: An analysis with
bank-level data from OECD countries, Journal of Banking and Finance, Vol. 25 (12), pp. 2305-
2337, TD No. 381 (October 2000).

M. SBRACIA and A. ZAGHINIL, Expectations and information in second generation currency crises models,
Economic Modelling, Vol. 18 (2), pp. 203-222, TD No. 391 (December 2000).

F. FORNARI and A. MELE, Recovering the probability density function of asset prices using GARCH as
diffusion approximations, Journal of Empirical Finance, Vol. 8 (1), pp. 83-110, TD No. 396
(February 2001).

P. CIPOLLONE, La convergenza dei salari manifatturieri in Europa, Politica economica, Vol. 17 (1), pp.
97-125, TD No. 398 (February 2001).

E. BONACCORSI DI PATTI and G. GOBBI, The changing structure of local credit markets: Are small
businesses special?, Journal of Banking and Finance, Vol. 25 (12), pp. 2209-2237, TD No. 404
(June 2001).

G. MESSINA, Decentramento fiscale e perequazione regionale. Efficienza e redistribuzione nel nuovo
sistema di finanziamento delle regioni a statuto ordinario, Studi economici, Vol. 56 (73), pp. 131-
148, TD No. 416 (August 2001).



2002

R. CESARI and F. PANETTA, Style, fees and performance of Italian equity funds, Journal of Banking and
Finance, Vol. 26 (1), TD No. 325 (January 1998).

L. GAMBACORTA, Asymmetric bank lending channels and ECB monetary policy, Economic Modelling,
Vol. 20 (1), pp. 25-46, TD No. 340 (October 1998).

C. GIANNINI, “Enemy of none but a common friend of all’? An international perspective on the lender-of-
last-resort function, Essay in International Finance, Vol. 214, Princeton, N. J., Princeton University
Press, TD No. 341 (December 1998).

A. ZAGHINIL, Fiscal adjustments and economic performing: A comparative study, Applied Economics, Vol.
33 (5), pp. 613-624, TD No. 355 (June 1999).

F. ALTISSIMO, S. SIVIERO and D. TERLIZZESE, How deep are the deep parameters?, Annales d’Economie et
de Statistique,.(67/68), pp. 207-226, TD No. 354 (June 1999).

F. FORNARI, C. MONTICELLI, M. PERICOLI and M. TIVEGNA, The impact of news on the exchange rate of
the lira and long-term interest rates, Economic Modelling, Vol. 19 (4), pp. 611-639, TD No. 358
(October 1999).

D. FOCARELLI, F. PANETTA and C. SALLEO, Why do banks merge?, Journal of Money, Credit and Banking,
Vol. 34 (4), pp. 1047-1066, TD No. 361 (December 1999).

D. J. MARCHETTI, Markup and the business cycle: Evidence from Italian manufacturing branches, Open
Economies Review, Vol. 13 (1), pp. 87-103, TD No. 362 (December 1999).

F. BUSETTI, Testing for stochastic trends in series with structural breaks, Journal of Forecasting, Vol. 21
(2), pp. 81-105, TD No. 385 (October 2000).

F. LIppI, Revisiting the Case for a Populist Central Banker, European Economic Review, Vol. 46 (3), pp.
601-612, TD No. 386 (October 2000).

F. PANETTA, The stability of the relation between the stock market and macroeconomic forces, Economic
Notes, Vol. 31 (3), TD No. 393 (February 2001).

G. GRANDE and L. VENTURA, Labor income and risky assets under market incompleteness: Evidence from
Italian data, Journal of Banking and Finance, Vol. 26 (2-3), pp. 597-620, TD Neo. 399 (March
2001).

A. BRANDOLINI, P. CIPOLLONE and P. SESTITO, Earnings dispersion, low pay and household poverty in
Italy, 1977-1998, in D. Cohen, T. Piketty and G. Saint-Paul (eds.), The Economics of Rising
Inequalities, pp. 225-264, Oxford, Oxford University Press, TD No. 427 (November 2001).

L. CANNARI and G. D’ ALESSIO, La distribuzione del reddito e della ricchezza nelle regioni italiane, Rivista
Economica del Mezzogiorno (Trimestrale della SVIMEZ), Vol. XVI(4), pp. 809-847, 11 Mulino,
TD No. 482 (June 2003).

2003

F. SCHIVARDI, Reallocation and learning over the business cycle, European Economic Review, , Vol. 47
(1), pp. 95-111, TD No. 345 (December 1998).

P. CASELLI, P. PAGANO and F. SCHIVARDI, Uncertainty and slowdown of capital accumulation in Europe,
Applied Economics, Vol. 35 (1), pp. 79-89, TD No. 372 (March 2000).

P. PAGANO and G. FERRAGUTO, Endogenous growth with intertemporally dependent preferences,
Contribution to Macroeconomics, Vol. 3 (1), pp. 1-38, TD No. 382 (October 2000).

P. PAGANO and F. SCHIVARDL, Firm size distribution and growth, Scandinavian Journal of Economics, Vol.
105(2), pp. 255-274, TD No. 394 (February 2001).

M. PERICOLI and M. SBRACIA, 4 Primer on Financial Contagion, Journal of Economic Surveys, TD No.
407 (June 2001).

M. SBRACIA and A. ZAGHINI, The role of the banking system in the international transmission of shocks,
World Economy, TD No. 409 (June 2001).



E. GAIOTTI and A. GENERALE, Does monetary policy have asymmetric effects? A look at the investment
decisions of Italian firms, Giornale degli Economisti ¢ Annali di Economia, Vol. 61 (1), pp. 29-59,
TD No. 429 (December 2001).

L. GAMBACORTA, The Italian banking system and monetary policy transmission: evidence from bank level
data, in: 1. Angeloni, A. Kashyap and B. Mojon (eds.), Monetary Policy Transmission in the Euro
Area, Cambridge, Cambridge University Press, TD No. 430 (December 2001).

M. EHRMANN, L. GAMBACORTA, J. MARTINEZ PAGES, P. SEVESTRE and A. WORMS, Financial systems and
the role of banks in monetary policy transmission in the euro area, in: 1. Angeloni, A. Kashyap and
B. Mojon (eds.), Monetary Policy Transmission in the Euro Area, Cambridge, Cambridge
University Press, TD No. 432 (December 2001).

F. SPADAFORA, Financial crises, moral hazard and the speciality of the international market: further
evidence from the pricing of syndicated bank loans to emerging markets, Emerging Markets
Review, Vol. 4 (2), pp. 167-198, TD No. 438 (March 2002).

D. FOCARELLI and F. PANETTA, Are mergers beneficial to consumers? Evidence from the market for bank
deposits, American Economic Review, Vol. 93 (4), pp. 1152-1172, TD No. 448 (July 2002).

E.VIVIANO, Un'analisi critica delle definizioni di disoccupazione e partecipazione in Italia, Politica
Economica, Vol. 19 (1), pp. 161-190, TD No. 450 (July 2002).

F. BUSETTI and A. M. ROBERT TAYLOR, Testing against stochastic trend and seasonality in the presence of
unattended breaks and unit roots, Journal of Econometrics, Vol. 117 (1), pp. 21-53, TD No. 470
(February 2003).

2004

P. CHIADES and L. GAMBACORTA, The Bernanke and Blinder model in an open economy: The Italian case,
German Economic Review, Vol. 5 (1), pp. 1-34, TD No. 388 (December 2000).

M. PAIELLA, Heterogeneity in financial market participation: appraising its implications for the C-CAPM,
Review of Finance, Vol. 8, pp. 1-36, TD No. 473 (June 2003).

E. BONACCORSI DI PATTI and G. DELL’ARICCIA, Bank competition and firm creation, Journal of Money
Credit and Banking, Vol. 36 (2), pp. 225-251, TD No. 481 (June 2003).

R. GOLINELLI and G. PARIGI, Consumer sentiment and economic activity: a cross country comparison,
Journal of Business Cycle Measurement and Analysis, Vol. 1 (2), TD No. 484 (September 2003).

FORTHCOMING

A. F. POzzOLO, Research and development regional spillovers, and the localisation of economic activities,
The Manchester School, TD No. 331 (March 1998).

F. LIPPI, Strategic monetary policy with non-atomistic wage-setters, Review of Economic Studies, TD No.
374 (June 2000).

P. ANGELINI and N. CETORELLI, Bank competition and regulatory reform: The case of the Italian banking
industry, Journal of Money, Credit and Banking, TD No. 380 (October 2000).

L. DEDOLA AND F. LiPPL, The Monetary Transmission Mechanism: Evidence from the industry Data of Five
OECD Countries, European Economic Review, TD No. 389 (December 2000).

M. BUGAMELLI and P. PAGANO, Barriers to Investment in ICT, Applied Economics, TD No. 420 (October
2001).

D. J. MARCHETTI and F. NUCCI, Price Stickiness and the Contractionary Effects of Technology Shocks,
European Economic Review, TD No. 392 (February 2001).

G. CORSETTI, M. PERICOLI and M. SBRACIA, Correlation analysis of financial contagion: what one should
know before running a test, Journal of International Money and Finance, TD No. 408 (June 2001).

D. FOCARELLI, Bootstrap bias-correction procedure in estimating long-run relationships from dynamic



panels, with an application to money demand in the euro area, Economic Modelling, TD No. 440
(March 2002).

A. BAFFIGI, R. GOLINELLI and G. PARIGI, Bridge models to forecast the euro area GDP, International
Journal of Forecasting, TD No. 456 (December 2002).

F. CINGANO and F. SCHIVARDI, Identifying the sources of local productivity growth, Journal of the
European Economic Association, TD NO. 474 (June 2003).

E. BArucCl, C. IMPENNA and R. RENO, Monetary integration, markets and regulation, Research in
Banking and Finance, TD NO. 475 (June 2003).

G. ARDIZZI, Cost efficiency in the retail payment networks:first evidence from the Italian credit card
system, Rivista di Politica Economica, TD NoO. 480 (June 2003).

L. GAMBACORTA and P. E. Mistrulli, Does bank capital affect lending behavior?, Journal of Financial
Intermediation, TD NoO. 486 (September 2003).





