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Abstract

We propose a mechanism through which monetary union between countries leads to a
stronger fiscal union. Although fiscal risk-sharing is valuable under any monetary regime,
given nominal rigidities it is more important within a monetary union, when exchange rates
can no longer adjust to offset shocks. As a result, countries in a monetary union are capable
of achieving better risk-sharing, partly overcoming their lack of commitment. Still, equilibria
without fiscal cooperation remain possible and imply inefficient cross-country dispersion in
output. A proactive central bank can encourage transfers by providing extra accommodation
when fiscal union is under stress.

Transfer criterion
Countries that agree to compensate each other for adverse shocks form an optimum currency area.

Baldwin and Wyplosz (2012), Chapter 15

1 Introduction

A simplified narrative of the recent crisis in the Eurozone can be given as follows. Following the
adoption of the single currency, a number of “periphery” countries progressively lost competitive-
ness as their real unit labor costs grew faster than the union average. When the global financial
crisis hit in 2008, the accumulated internal imbalances came into sharp focus. Given their fixed
nominal exchange rate vis-a-vis other Eurozone members, the only way periphery countries could
achieve the real depreciation needed to regain competitiveness was through a painful process of
economic contraction bringing about falls in domestic prices. Indeed, this adjustment process
was so damaging to periphery economies that there was mounting speculation that some of them

might leave the Euro. Monetary union was under stress. But it ultimately did not break: Eurozone
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countries were strongly bound to their single currency despite the large stabilization costs that it
induced.

Meanwhile, periphery countries’ large external and fiscal deficits became increasingly difficult
to finance. Some of the financing was bridged through bailout packages, but their size was limited
by reluctance from core country taxpayers who were supposed to fund them. Eurozone fiscal
union was only implicit, and core countries hit their participation constraint.

Our paper studies fiscal unions subject to such participation constraints, contrasting their role
inside and outside a monetary union. To capture features of fiscal union that resemble those of the
Eurozone today, we assume that countries have limited ability to commit to risk-sharing. Specifi-
cally, we require that cross-country transfers always be part of a subgame-perfect equilibrium of a
repeated game: in our model, countries only make transfers if these transfers are backed by cred-
ible promises of future reciprocity. This emphasis on reciprocity is supported by a recent study
from the IMF (Allard et al. (2013)), which finds that “with a risk-sharing mechanism in place over
a sufficiently long period, all current euro area members would have benefited from transfers at
some point in time”. Meanwhile, we capture the costs of monetary union by introducing nominal
rigidities. When countries are part of a monetary union, the central bank can stabilize the union
as a whole, but not each individual country—leading to overheating in some countries and to re-
cessions in others. These stabilization costs are absent under independent monetary policy, where
each country’s central bank can stabilize its own economy separately.

Our primary result is that monetary union enhances fiscal union. The stabilization costs in-
duced by monetary union also make countries more willing to share risks. This is due to an inter-
action between the degree of risk-sharing and the ability of the union-wide central bank to stabilize
its members: when countries share risks better, there is less divergence in the stance of monetary
policy that is appropriate for each country individually. In our benchmark model, this idea is il-
lustrated starkly by the risk-sharing miracle: when its member countries share risks perfectly, the
union-wide central bank is able to stabilize all of them simultaneously.

Our paper proposes a mechanism through which monetary union between countries leads to
a stronger fiscal union. By doing so, it contributes to sequencing theory, a field of international rela-
tions that studies how one type of economic cooperation can lay the foundation for the next. This
literature often takes as a starting point an interpretation of Balassa (1962), according to which
regional integration takes place by progressively climbing the steps of the “integration staircase”
depicted in figure 1 (Gustavsson (1999), Estevadeordal and Suominen (2008), Baldwin (2012)).
Central to sequencing theory is the existence of spillovers that make integration gather momen-
tum by begetting further cooperation in other areas. For example, Haas (1958), in his famous
study of the European Coal and Steal Community in the early 1950s, emphasizes the ability of the
newly-founded institution to support special interest groups that pushed for broader economic
integration, eventually leading to the European Economic Community. Our paper microfounds
the spillovers that enable countries to climb the last step of the integration staircase: in a mone-

tary union, the absence of fiscal union becomes more costly, and countries internalize this when



deciding on fiscal cooperation.
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Figure 1: The integration staircase

Our paper also adds to the theory of Optimum Currency Areas (Mundell (1961), McKinnon
(1963), Kenen (1969)) by proposing a new tradeoff, between stabilization costs and risk-sharing
benefits of monetary union. While the cost side of the ledger—the difficulty of monetary union to
cope with asymmetric shocks—has been well understood since at least Friedman (1953), the ben-
efit side has lacked comparatively compelling microfoundations. The literature emphasizes such
diverse advantages as the elimination of transactions costs or the gains from reduced uncertainty,
which we find less tangible than the risk-sharing benefits stressed in this paper. Another recent
paper revisiting the benefits side of the monetary union ledger is Chari, Dovis and Kehoe (2013).
Their emphasis is on the benefits to central bank credibility, pointing out that a union may reduce
overall inflationary bias to the extent that the shocks that create a desire to inflate are not perfectly
correlated across countries. This channel is absent in our model, in which we shut off all forms of
inflationary bias.

One way to read our paper is thus, in the light of the OCA literature, as a direct argument
for why countries might form monetary unions despite their apparent costs. Our argument is
that these costs may in fact be the seed of the benefits: once the monetary union is joined, the
possibility of high stabilization costs in the absence of fiscal cooperation enforces the cooperation
itself, and limits the incurrence of the costs.

Having established our main result, we go further and ask what the union-wide central bank
can do, given additional commitment power, to proactively encourage the fiscal union. We find
that it can help, by departing from its traditional role of aggregate stabilization and committing to
accomodative monetary policy in volatile times. Accomodative monetary policy helps because it
creates an overall boom in the union, which in turn effectively relaxes countries’ participation con-
straints and facilitates transfers. This incentive effect is new to the literature on optimal monetary
policy in currency unions.

Our model puts together two distinct strands of the literature. The first is the literature on
limited commitment (Kehoe and Levine (1993), Coate and Ravallion (1993), Kocherlakota (1996),



Alvarez and Jermann (2000), Ligon, Thomas and Worrall (2002)). This literature derives endoge-
nous constraints on risk-sharing by giving agents the option to leave transfer arrangements at any
point in time, and it focuses on the best outcomes that are sustainable given these constraints.
When countries run an independent monetary policy, our setup reduces to the one described by
this literature, and the same forces—the degree of patience, risk-aversion, and the persistence of
the idiosyncratic endowment processes—drive the feasible amount of risk-sharing.

We combine the constraints on risk-sharing featured by the limited commitment literature with
the constraints on monetary policy emphasized by the modern international economics litera-
ture on currency unions in the presence of nominal rigidities (Benigno (2004), Gali and Monacelli
(2005), Gali and Monacelli (2008)). This literature provides a microfoundation for the stabilization
costs that arise in currency unions, as the central bank is generally unable to fully stabilize each
member country and must balance out the cross-country distortions it creates by setting its policy
instrument at an intermediate level.

Our paper is close in spirit and in form to Farhi and Werning (2013), who also study the bene-
tits of a fiscal union of the kind we describe — cross-country insurance arrangements — within a
monetary union. While they focus on the constrained inefficiency of private arrangements and the
need for government interventions to reach a constrained-optimal outcome, we shut off private
international financial markets and study a constraint faced by the governments in their imple-
mentation of the optimal outcome. In doing so, we extend their framework to allow for a full
game-theoretic analysis of monetary and fiscal policy. In most of our paper, the risk-sharing mira-
cle holds and the constrained-optimal outcome is also first-best, a case which is of limited interest
in Farhi and Werning (2013), but which we regard as capturing in an elegant way the widespread
view that alignment of fiscal policy limits the costs of monetary union. Under the risk-sharing mir-
acle, nominal rigidities only create a cost to the extent that a limited commitment friction binds
and prevents countries from reaching a full risk-sharing outcome. As we briefly discuss, this
would no longer be true if we allowed for shocks to preferences or nontradables productivity.

Another paper that discusses monetary union in the presence of a limited commitment friction
is Fuchs and Lippi (2006). Their focus is on the short-term commitment benefits brought about by
monetary union, in a situation where independent central banks might otherwise be tempted to
follow beggar-thy-neighbor policies. They use a reduced form to specify country preferences over
the level of the monetary policy instrument. In contrast, we abstract away from the interesting
possibility that monetary union might break up, but we fully endogenize fiscal and monetary pol-
icy, assuming both policies maximize country welfare subject to the constraints of the environment
(limited commitment and nominal rigidities). This allows us to study the rich ways in which these
two frictions—and these two types of policies—interact.

Many recent policy discussions have been focused on the need to establish fiscal federalism in
the Euro Area. Our model recognizes the importance of these efforts. Except in the special case
where our mechanism is so powerful as to endogenously lead countries to share risks perfectly,

the limited commitment friction does create costs, so it is valuable to try and mitigate it. In fact,



the risk-sharing miracle implies that if countries could overcome the commitment friction alto-
gether, they would be able to attain the first best. In practice, it has been difficult to get countries
to sign formal agreements regarding contingent future fiscal transfers. We have two insights to
add here. First, we emphasize that because it is in the private interest of countries to internalize
the macroeconomic externalities associated with monetary union (Farhi and Werning (2013)), a
stronger fiscal union might emerge on its own: the set of possible equilibria is enlarged, though
countries may take time to move to the more cooperative one. Second, our normative analysis
suggests that proactive monetary policy might be used as an imperfect substitute to fiscal union,
nudging countries into sharing risks better.

The rest of our paper is organized as follows. Section 2 introduces our main framework, laying
out our model’s game-theoretic foundations and defining our equilibrium concept. It then proves
a number of properties of equilibria which simplify the analysis in the rest of the paper. Among
these are the risk-sharing miracle (Theorem 1) and the ability to sustain any subgame perfect
equilibrium using strategies that revert to autarky following any deviation (Theorem 2). Section 3
considers a case where countries’ endowments satisfy a simple symmetry condition, and delivers
two main results that substantiate our claim that monetary union enhances fiscal union. Theorem
3 shows any risk-sharing arrangement that is sustainable under independent monetary policy
is also sustainable under monetary union. It is a sharp illustration of the sense in which the
monetary union improves risk-sharing. Theorem 4 shows that, under certain cases, the monetary-
union-induced improvement in risk sharing is so powerful that it can take countries all the way
from autarky to first best. Section 4 proposes a normative analysis of monetary policy when fiscal
union is subject to a limited commitment friction. Theorem 5 shows that it is valuable to provide
aggregate stimulus in times of high volatility in order to create a macroeconomic environment

favorable to transfers between countries. Section 5 concludes. All proofs are in Appendix A.

2 Main framework

2.1 Fundamentals

Two countries i = 1,2 live forever and have identical preferences. Each values the stream of
tradables consumption { %/t}, nontradables consumption {C}'\]T,t} and labor {N}} according to
the utility function

E

NTCHEY]
t=0

where we specify the felicity function to be log in tradables and nontradables, and isoelastic in
labor:
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All goods are perishable, tradables goods are nonproduced, nontradable goods have to be con-

sumed where they are produced, and labor is immobile across countries.



There exists another country in the world that is also endowed with tradables. The only pur-
pose of this country in the model is to provide the reference unit of account, as Section 2.1.3 will
discuss.

2.1.1 Tradable goods

Aggregate uncertainty is decribed by a finite-state Markov process {s;} with elements s; € S and
transition matrix I1. A history of length t is denoted by s’ = (so,...,s¢). We write s = s’ to
indicate that s7 is a successor node of s'.

Each country has a risky endowment EZ. (s¢) of an identical, freely tradable good. The aggre-
gate state s; thus determines the distribution of tradable endowments across the two countries.
For now, tradable endowment shocks are the only source of uncertainty in the model.

Assumption 1 (External balance). The union achieves external balance in each history s:
Ct (s') +CF (s') = E} (st) + EF (st) = Er(st) Vs' = (s,...,st)

Assumption 2 (Strict benefits from tradables risk-sharing). Forall s € S, there exists s’ € S such that

Since countries have concave expected utility over tradable consumption, assumptions 1 and 2
together imply that there exist ex-ante utility gains from sharing risks by arranging state-contingent
transfers of tradables. Like Farhi and Werning (2013), we call such an arrangement a “fiscal
union”. In our model, the extent of risk-sharing is limited by a commitment friction which we
will soon describe.

2.1.2 Nontradable goods

Nontradable goods are produced from labor by a continuum of firms. We abstract from uncer-
tainty regarding nontradable production, and discuss the consequences of relaxing this assump-
tion in Section 3.3. In each country i, there is a continuum of firms j € [0, 1] that each operate the
simple technology

YJZ\}]T = N

in each period!. The consumer’s utility value from the consumption of each variety is given by

i 1 ij <t &1
Ciyp = ( /j_o (cklr) d]> e>1 )

To reduce notation, we suppress dependence on the time and state whenever this is unambiguous.

the CES aggregator




Consumption of each variety must equal production, C;({T = YK/T, and labor market clearing re-
quires N’ = f].Ni'fdj.

Our assumed preferences and production structure are intended to make the first-best level of
nontradables a simple reference point. Since all firms have the same technology, efficiency requires
them to produce equally, in which case C%T = N = Ci,; = N’ for all j. Optimizing utility (1)
subject to this constraint gives C,; = N' = 1.

Lemma 1. An efficient allocation of production requires C%T = N =1,Vi,j

In equilibrium, production may depart from this efficient level as a result of monopoly power

and nominal rigidities.

2.1.3 Rest of the world and units of account

In order to discuss exchange rate regimes, we need to be specific about units of account. We as-
sume that the homogenous tradable good is traded as part of a world market, and that its foreign-
currency price is normalized to Pj (k') = 1 in all histories ' (h' consists of the exogenous state s'
as well as the history of previous actions by all agents, as described below). The foreign currency,
which we call the dollar, then provides a natural reference unit of account, and we assume that
transfers between countries are specified in that unit of account. With this interpretation, assump-
tion 1 amounts to imposing that the two countries have a closed capital account vis-a-vis the rest
of the world.

We think of monetary policy as fixing the nominal exchange rate £’ (h) in each history—that
is, the number of units of domestic currency it stands ready to buy or sell per dollar. By the law of
one price for tradables, the exchange-rate policy of the central bank effectively fixes the domestic
currency price of the tradable good at P (h') = &' (h') in every history h'. The key difference
between flexible exchange rates and a monetary union is that, in the latter, the union-wide central

bank has to set a common exchange rate £! (k') = £2 (h') in each history.

2.2 Timing and equilibrium

As ensured by Assumption 2, there are gains from risk-sharing in tradable goods. We study an en-
vironment where transfers between countries emerge as part of a subgame perfect equilibrium of
a repeated game. Three distinct types of actors participate in this game: monopolistically competi-
tive firms setting prices for nontradable goods, fiscal authorities for each country, and—depending
on the monetary regime—either a common central bank for both countries or two independent
central banks.

The timing within each period is given in Figure 2. We start by outlining the sequence of events
informally, before describing each part in detail in Sections 2.2.1-2.2.4.
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Figure 2: Timing

At the beginning of period ¢, ht=1 includes the history of all previous actions and states. Each
actor in period t has a pure strategy conditional on both the incoming history i‘~! and any preced-
ing actions within period t. First, before the state is realized, firms set nontradable goods prices
(in the domestic unit of account) based on h*~!, producing a price distribution ¢ in each country.
Once the state s; is realized, the fiscal authority in each country makes a transfer T' based on 11,
{gof;}, and s;. As discussed in Section 2.1.3, this transfer is specified in the international unit of
account. Next, exchange rates £ are chosen either separately in each country or—in the case of
a monetary union—commonly for both, based on h'~!, {9}, s;, and {T/}. Finally, based on the
state and all actions thus far in the period, the end-of-period market determines production and
consumption according to household demand.

In the following sections, we proceed by backward induction, describing how the outcome at
each step within the period is determined, taking subsequent strategies as given. As depicted in
Figure 2, there are four steps of interest: end-of-period equilibrium, monetary policy, fiscal policy,
and pricesetting. These are the subjects of Sections 2.2.1-2.2.4, respectively.

2.2.1 End-of-period equilibrium

Households. At the end of the period, households in country i are faced with prices PK{T, P%,
and W', as well as profits ¢/ earned from each firm j’s production and a lump sum tax # from
the domestic government. The nontradable goods prices PIZ.\’,]'T have already been set, while the
prices Pi. and W' are determined on a Walrasian market. We assume that households do not have
access to financial markets. We could allow them to access domestic financial markets without loss
of generality: since the government has access to a lump-sum tax, Ricardian equivalence would
hold.
Households optimally choose consumption

T N N ( Ni)1+4’
{CZT, Cilr, N’} € arg max (log (C’T> +a <log (C}\,T) — >>
[¢5,¢lp i) I+¢
A 1 . o 1 .
st PLCL+ / P Ul dj < PhEL + WK + / plidj— ¢ 3)
j=0 j=0

where C}'\]T is the aggregator in (2). The following lemma is derived from the first-order conditions
of the problem.

Lemma 2. At an optimum of the consumer problem, tradable and nontradable consumption are propor-



tional:

i Pr i
Cnr =ao—Cr (4)
Pyr
good-specific non-tradable demand is
P\ ¢
Clir = ( PZiVT> Chr (5)
NT
and labor supply is
1
, i 7
N = ( W 1) 6)
Pyt Chr

1
where Py = < f] (PII\’,]T> dj) is the price index associated with {PK{T}.
Profits of nontradable goods producers. We assume that governments subsidize the labor cost
of firms at a rate 7 = —1. Given its price P/;, producer j honors demand Cy/; by hiring N’/

workers and generates profits
g = (P = (147 ) W) N @)
which are remitted to households as part of their budget (3).

Government. As determined earlier in the period, the government of country i sends an inter-
national transfer of T and receives one of T/, both denominated in dollars. It operates the labor
tax, and rebates all profits to households. Its budget constraint, expressed in domestic currency
units, is then
I (T—f _ Ti) F W /Ni'fdj ®)
J

Law of one price for tradable goods. As per its decision earlier in the period, the central bank
sets its nominal exchange rate £’ against the dollar. Given this exchange rate, domestic residents
can purchase tradable goods from the rest of the world at price £ or from the domestic market at
price P%. Equilibrium requires that the two be equated, to prevent pure arbitrage profits:

pL=¢gi 9)

Market clearing for labor. Each firm hires to meet demand based on the price it posted. A firm
with posted price P/, must hire

. - P\
N =Y/l = <NT> Chr (10)



where C;; is country i’s aggregate nontradable demand. Labor market clearing requires that

Ni:/j N¥idj = Ay Clyy an

S\ —€
Py . . S .
were ANT = f] ( PZ;) dj > 1is a measure of price dispersion.

Indirect utility function. Conditional on the state and realized actions earlier in the period, end-
of-period equilibrium is a nominal wage Wi atradables price PL household quantities {CiT, C%T, N },

firm quantities {YﬁT, P, NV } and a domestic government transfer #, such that household opti-
mization conditions (4)-(6) are satisfied, household budgets are balanced (3), the law of one price
(9) holds, firms produce to meet customer demand according to (10) and generate profits (7), the

government balances its budget (8), and the labor market clears (11).

Lemma 3. Given {¢'},s, {T", T?}, &, end of period equilibrium is unique. The nontradable price index
and price dispersion are given by

Pyr = (/ P“dqvi(r)))llg; Ant = / (l{ﬁ) %dqvi(r))

Country i consumes tradables
r=Er(s)+T =T

while on the nontradable side its production, consumption, and labor are given by

‘ ‘ g ‘ g
Yyr = Cnr =a—Cr; Np = ao—AyrCr
Pyr Pyr
The country attains indirect utility
N
Si <IXP§AZNTCZT)
iff i 1 T2 eiy _ i & i) NT
o'({¢'},s{T", 12}, €") = 10g (C}) +a | log <aP&TcT> T (12)

If we define Vi(h!~1) to be the expected utility of a country starting at history h'~1, the follow-
ing recursion holds, leaving dependence of equilibrium objects on history implicit for simplicity
of notation:

Vi) = Yo msilsi-r) (' (g se {TL T2), €0 + BV () ) (13)

2.2.2 Central bank

Monetary authority’s objective. In each period the central bank acts after observing the price

distribution for nontradables {¢'}, the state s, and the government transfers of {T!, T2}, by setting

10



the nominal exchange rate. We consider two monetary regimes. Under independent monetary
policy, country i’s central bank sets the exchange rate £’ to maximize agent welfare in the end-of-
period equilibrium:

= argrrézi}xvi({q)i},s,{Ti},fi) (14)

Under monetary union, we assume that a unified central bank sets the common exchange rate
& = &£ = £? to maximize an equally weighted average of country welfare:

£ = argmax 0! ({9}, (', T2}, €) + J0%({9?},5, (T, T2}, €) (15)
&

Beyond the natural choice of a weighted average of country welfare as an objective for the central
bank in the union, the objective objective function (15) embodies two assumptions. The first one is
an assumption of equal weights: this is natural given that countries have identical preferences and
hence an equally-sized efficient nontradable sector (Lemma 1). The second is the assumption of
a static objective. We make this assumption to prevent the central bank from becoming involved
as a intertemporal player in the repeated game. It is equivalent to restricting the set of subgame
perfect equilibria to exclude fiscal strategies that depend on past monetary policy. Among other
things, this eliminates equilibria where the central bank uses monetary policy to punish current
deviators from the fiscal union, and is itself incentivized to enforce punishments because future
fiscal cooperation depends on its actions.

Ruling out equilibria where the central bank can act as a strategic enforcer of fiscal union allows
us to focus on the more direct channels through which monetary and fiscal union are related.
Since a primary message of this paper is that monetary union encourages fiscal risk-sharing, we
view this as a conservative choice: these more elaborate equilibria only strengthen the monetary
authority’s role in fiscal union. Later, in Section 4, we will explore an alternative timing that allows

the central bank to behave more strategically.

Stabilization. Let 7' (s) denote the labor wedge in country i in end of period equilibrium, de-
fined such that 1 — 7' (s) is the ratio of the marginal rate of substitution to the marginal rate of

transformation between labor and aggregate nontradables:
1— 7/ (s) = Chyy (5) Alyp (N (5))? (16)
Lemma 4. An independent central bank in country i, maximizing (14), sets
T (s) =0 (17)

and therefore achieves the first-best in equilibrium ( C%T = N =1, Vi, j). The central bank in a monetary

union, maximizing (15), sets

1 1
Erl (s)+ ETZ (s)=0 (18)
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An independent central bank simply sets the labor wedge in its own country to 0. Since we
will show in Section 2.2.4 that nontradable pricesetting results in no price dispersion (Al = 1),
a labor wedge of 0 is equivalent to the efficient level of nontradable consumption and production
given in Lemma 1. Monetary policy then replicates the outcome that would prevail under flexible
prices. The central bank in a monetary union sets an average of labor wedges to 0.

In this light, we can view objectives (14) and (15) as rules for stabilizing aggregate demand, a
traditional role of monetary policy. These optimality conditions are featured by the literature on
optimal monetary policy in currency unions (Benigno (2004), Gali and Monacelli (2008), Farhi and

Werning (2013)).

2.2.3 Transfer policy

The government of each country i has a pure transfer strategy T'(h! !, (¢}, ¢?), s;), which specifies
a transfer in period t conditional on the full history h'~! from earlier periods, as well as the non-
tradable price distributions (¢}, ¢?) and exogenous state s; realized thus far in period t. We restrict
these transfers to lie in the interval [0, EiT (st) — e} for some € > 0. This ensures compactness of
the strategy set and thus that all values are finite.

In subgame perfect equilibrium, the transfer T' in period t is set so that
T' = argmax©'({g}, s, {T', T}, &) + BV' (K') (19)
Tt

where { ¢!} and s; are already known, T~ is given by the equilibrium strategy of the other country,
&} is given by the central bank’s optimal response characterized in Lemma 4, and V' (') is defined
in (13). V(') implicitly incorporates the reaction of future transfers to the current decision.
Equation (19) shows that when choosing its transfer policy, the government internalizes the ef-
fect this transfer has on current indirect utility, taking into account the direct effect of the transfer
on tradables consumption, as well as the indirect effect of the transfer on the nontradable side of
the economy and the reaction of the central bank to the transfer. But the main tradeoff embedded
in (19) is between present and future: by choosing a lower transfer T?, country i can usually im-
prove its current utility v, but this may be at the expense of future utility V'. Positive transfers on
the equilibrium path are sustained by strategies that, off the equilibrium path, punish deviating

countries with lower future transfers.

2.2.4 Nontradable pricesetting

Nontradable pricesetters in country i maximize expected profits (7) in end-of-period equilibrium,
weighted by the stochastic discount factor of the country i household.

Lemma 5. In each country i, in equilibrium all nontradable pricesetters j set the same price Pli\’,jT = Pi,
so there is no price dispersion (A\,; = 1) and the price distribution ¢' is degenerate. The labor wedge is

12



then
Ti(s) = 1 — Clyy (s)*

and Pl is such that the expected labor wedge (16) in country i across all states is 0:
Y m(s|s_1)T'(s) =0 (20)
S

Note that (20), which sets the expected labor wedge for a country equal to 0, is consistent with
the characterization of monetary policy in both (17)—which sets the ex-post labor wedge in the
country to 0—and (18)—which sets the ex-post average of labor wedges across both countries to 0.
This is necessary for equilibrium to exist, and it is due to the labor subsidy 7! = — %, which ensures
the constrained efficiency of the monopolist’s pricesetting problem. As explained in more detail in
the proof of Lemma 5 (appendix A), without this subsidy, pricesetters and the central bank target
inconsistent conditions, as the central bank tries to inflate away the effects of the monopolistic
markup; anticipating this, pricesetters set even higher prices. Here, contrary to other models of
the inflationary bias (Barro and Gordon (1983), Clarida, Gali and Gertler (1999)), there is no cost
1

on either side from setting higher prices and this process has no fixed point unless 7} = —1.

2.3 Characterizing outcomes on the equilibrium path

Since the full set of subgame perfect equilibria is difficult to characterize, we first examine behav-
ior on the equilibrium path. In Section 2.3.1, we show that given the on-path net transfers, it is
possible to derive all other on-path quantities and relative prices. We follow up in Section 2.3.2
by demonstrating what we call the risk-sharing miracle: any transfer rule that achieves perfect risk
sharing in tradable goods also achieves the first best on the nontradable side. Finally, in Section
2.3.3, we show that any on-path transfer rule attainable in subgame perfect equilibrium can be
attained in an SPE of a much more specific form. This will vastly simplify the study of attainable

on-path outcomes in the rest of the paper.

2.3.1 The sufficiency of net transfers

Consider any subgame perfect equilibrium. Following any exogenous history s’, on the equilib-
rium path there are transfers T!(s') and T?(s!). Let T(s!) = T'(s!) — T?(s') be the net transfer from
country 1 to country 2.

Lemma 6. Given T(s'), all quantities and relative prices on the equilibrium path are uniquely determined.

Proof. We know from Lemma 5 that there is no price dispersion: Al = 1. The characterization of
end-of-period equilibrium in Lemma 3 then shows that C.(s"), Ci,7(s!), and N'(s') are uniquely
determined by T(s') and the relative prices £(s!) / Pi;7(s' 1), as given by the following equations:

Ch=Er(6)+(-T  Cig=Nj=a
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Thus if we can show that the relative prices £'(s') /Py (s ") are uniquely determined by T(s),
our result will follow.
In equilibrium, the labor wedge 7’ (16) is given as a function of £/ P,; and C} by

e 1+¢
i—1_— g/l 21
T (lXPZ T) ( )

NT

In the case of independent monetary policy, equation (17) shows that each country’s central bank
always sets the labor wedge equal to zero in every state. Given this, price-setters’” optimality
conditions (20) are automatically satisfied. We can then invert (21) to obtain all relative prices

E(s) 1
Pir(st™)  a(Ep(s") + (=1)'T(s"))

In the case of a monetary union, perfect stabilization may no longer be possible. Conditional
ons'1, (18) and (20) give a set of S + 2 equations for the labor wedges T’ (s 1, s;), one of which is

. . gi tfl’ PZ t—1 .
redundant. There are S + 1 unknown relative prices Pl(s (St_sf)) and P’\l’T ((z,_l)) , matching the number
NT NT

of nonredundant equations. The proof in appendix A shows there always exists a unique solution

for these relative prices.

Note that always is some nominal indeterminacy. In the independent monetary policy case,
each country can have its own price level in every period; in the monetary union the overall price
level is undetermined in every period. Such indeterminacy is the result of our assumption that
prices are reset in every period, and has no allocative consequences.

O

2.3.2 Risk-sharing miracle

Even though perfect stabilization is generally not feasible in monetary union, there is an important
special case in which it is.

Theorem 1 (Risk-sharing miracle). If in period t, the net transfers T (s') achieve first-best risk sharing
across all states s, the first best is also achieved for the nontradable side, even in monetary union.

Proof. Under independent monetary policy, the first best is always achieved (Lemma 4). Under

monetary union, the first best in country i requires that

E (sh

i S

Cr(s) =0 (22)
2 (ot

First-best tradable risk sharing achieves % = A for some constant A. Relative prices

T

Gy e
Pll\lT(st_l)_A I PYr (1) Cr(s)
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then imply
E (s") 11 1

P, (s 1)~ Ch(s) A CE(sh)

At those prices, (22) is satisfied simultaneously in both countries. With the labor wedge equal to
zero in both countries and in all states, the equilibrium conditions for monetary policy (18) and
price-setting (20) are then trivially satisfied. O

The intuition behind the risk-sharing miracle is that when countries share risks appropriately
through fiscal policy, they make the appropriate stance of monetary policy identical across coun-
tries. The central bank, by setting its policy instrument as an average of the desirable level for each
country, is therefore able to stabilize them both simultaneously. In this way, the risk-sharing mir-
acle is a sharp illustration of the longstanding view that closer fiscal union reduces the difficulties

created by a common currency.

2.3.3 Implementation using grim-trigger equilibria

Since we are interested in attainable on-path outcomes for quantities and relative prices, our anal-
ysis will be facilitated by the result in this Section, which shows that such outcomes can be imple-
mented by a grim-trigger strategy.

Definition 1. A grim-trigger strategy that sustains a given net transfer rule T (s') specifies that if

net transfers T (s7) have been observed for all s7 < sf, countries make transfers
T! (h') = max {T (s"),0} T? (h") = max{-T (s'),0}

and otherwise, they each make transfer T' (h') = 0.

For the off-path permanent choice of T’ (') = 0 to be part of a subgame perfect equilibrium,
the choice of T = 0 must constitute a Nash equilibrium of the stage game. Although this will
generally be the case, in our environment it is in principle possible for countries to be in such ex-
treme booms that they find unilateral transfers preferable to autarky, because these transfers lead
to decreased demand for nontradable goods and relieve the pressure on the domestic economy.

We rule this possibility out with the following assumption:

Assumption 3 (No voluntary unilateral transfer in autarky). Parameters are such that, for countries

living in autarky within a monetary union, it is never desirable to make unilateral transfers.

Appendix A provides the assumption on primitives to which assumption 3 is equivalent. It
also provides a simpler and stronger sufficient condition: when the countries are relatively open,

in the sense that g
a < 3

SIENED
1 maxs { g5 £ |

(23)

neither country ever wants to make unilateral transfers in autarky, irrespective of the way non-

tradables prices were set.
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Assumption 4 (Ex-ante option to withdraw). At the beginning of each period, countries can commit
not to make any outgoing transfer and to refuse any incoming transfer.

Although countries cannot commit to making any particular level of transfer, assumption 4
imparts them with a small level of commitment, intended to rule out the possibility of an expecta-
tions trap where self-sustaining transfers arise only because price-setters expect them to happen,
delivering lower utility to countries than what they could get if they lived in autarky forever. The
following result follows from assumptions 3 and 4:

Lemma 7. In monetary union, the autarky allocation is subgame perfect and provides the lowest utility
level to both agents of any subgame-perfect equilibrium.

Proof. Since transfers are restricted to lie in [0, E;. (s) — €], the set of values achievable in SPE is
bounded, so it has minimum M. Consider any subgame perfect equilibrium that attains the ex-
ante value V. By assumption 4, a permanent deviation that attains the flow value of autarky in
each period is always available, delivering VAt so V> VP Asa consequence of assumption 3,
autarky is a static Nash equilibrium, so its infinite repetition is subgame perfect, showing V! >
M. Hence V > V% > M for any value V attained by a subgame-perfect equilibrium, and in
particular for the minimal value M, showing that V! = M. O

We conclude with this Section’s main theorem.

Theorem 2. Any net transfer rule T (s') attainable in subgame perfect equilibrium is also attainable in an
SPE where countries follow grim-trigger strategies.

Proof. Consider a subgame perfect equilibrium. By definition of subgame perfection, the value
Vi (h') attained on path for country i after history h' is higher than the value of any possible
deviation: V (h') > V4ei (h'). Since any deviation is itself subgame perfect, from Lemma 7, in
turn we have V7% (1) > Vi (st) after every history. Asin Section 2.3.1, denote by T (s') the net
transfer from country 1 to country 2 that arises on the equilibrium path. Consider then replacing
the subgame perfect equilibrium with a grim trigger strategy sustaining the transfer rule T (s).
By Lemma 6, this strategy delivers the same on-path equilibrium outcomes, and so delivers the
same value V' (s') on the equilibrium path. By the above argument, we therefore have

Vi(sh) > vt (st i, Vst (24)

Since the considered grim-trigger strategy delivers V* (s!) after any deviation, (24) shows that
this strategy constitutes a subgame-perfect equilibrium that delivers the same net transfer rule
T (s') as the initial SPE. O

Theorem 2 follows the traditional approach to repeated games, where sustainable outcomes
are characterized using the worst off-path punishment (Abreu (1988)). It shows that in our com-
plicated game, the worst punishment is still autarky, just as in the traditional limited commitment

literature (see for example Kocherlakota (1996)).
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3 Risk-sharing benefits of monetary union

In this section, we develop our main results using a symmetric structure for endowments and

transfer strategies.

Assumption 5. Countries” endowment processes are ex-ante symmetric, as follows. There exists a finite-
state Markov process z; with elements z; € Z and transition matrix 117, and a pair of endowment levels

EH (z) > EF (z2) for each z € Z. Countries’ endowment processes E' are such that
. - 1
Pr (E’ = B (z) |2') = Pr (EZ = EL (z) |zt) =5 ie{12}

This process allows an arbitrary degree of persistence in both the level and the volatility of
union-wide tradable output, but imposes that countries’ relative fortunes have an equal chance of

being reversed in every period.

Definition 2. A Markov transfer rule is a function T (z|z_1) that specifies the transfer from the
country with endowment EF (z) to the country with endowment E! (z) at any z € Z following
z_1€Z.

When restricting endowments to be ex-ante symmetric and countries’ fiscal arrangements to
Markov transfer rules, the analysis of ex-ante price setting is simplified dramatically, as the fol-

lowing Lemma illustrates.

Lemma 8. When countries have endowment processes governed by assumption 5 and when they follow

Markov transfer rules, their relative nontradable prices are always equal under monetary union:

Pl )

PI%IT (s*=1)

In particular, we can normalize both these prices to 1. This consequence of symmetry allows

us to cut through the complexity imposed by the relative price-setting decisions of producers

. Pr(st E(sH) . .
in each country. It guarantees that the real exchange rate, PI\I; ((SS,,)]) = PNT(;,L) is the same in both

countries of the monetary union at any point in time. This allows us to provide sharp comparisons

of the feasible degree of risk-sharing under independent monetary policy and monetary union,
respectively.
3.1 Improved risk-sharing under monetary union

Definition 3. A Markov transfer rule with some risk sharing is a Markov transfer rule T (z|z_1)
such that T (z|z_1) € {O, W} forallz,z_1 € Z.

Under Markov transfer rules with some risk sharing, endowments and tradable consumption
levels are ordered as
Ef(z) < C(z) < Cf (2) < EF (2) (25)
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Theorem 3. Any Markov transfer rule with some risk sharing that is achievable in SPE under independent

monetary policy is also achievable in SPE in a monetary union.

Proof. Under independent monetary policy, countries” nontradable sides are always at their effi-
cient level in every period (Lemma 4). Consider a Markov transfer rule with some risk sharing
achievable under this monetary regime. By Theorem 2, the same transfer rule is achievable under
an SPE that reverts to autarky following any deviation. By definition of subgame perfection, the
H country does not want to refrain from the transfer at any node. Using the Markov structure,
there is such a participation constraint for every z € Z, expressed as

log (Ef! (2)) — log (¥ (2))

One-shot gain from defaulting
< ﬁ;ﬁ(zzﬂz) Klog (C% (z’)) —log (EL (z’))) — <log (EH (z/)) —log (C? (z/)))} (26)

Expected loss from lack of future risk-sharing

where the probabilities 7T (z’|z), given in the appendix, take into account the relevant mix of future
probabilities and discounting. Given concavity of the log function and (25), the loss of future risk
sharing that comes from reversion to autarky entails costs, and these costs overwhelm the one-off
gains from leaving the union when (26) is satisfied.

Consider sustaining the same SPE under monetary union using the same on-path and off-path
actions. Lemma 8 implies that both countries have the same real exchange rate at every node, so
they evaluate tradable consumption levels using the same indirect utility function

, (Cr) = log (Cr) + <log (we, (Cr)Cr) — (we, (Cr) CT)1+4’>

T+¢
where €, (Cr) is the equilibrium reaction of the central bank to the level of tradable consumption
Cr when the state is z, given in appendix A. If we can check that a version of (26) holds with log
replaced by 7, this guarantees that the participation constraint for the H country is met in every
state z under monetary union. Since the L participation constraint is trivially satisfied at every
node given that E' (z) < Ck(z), T (z|z_1) is indeed sustainable in a monetary union SPE and the
theorem follows.

Appendix A gives a formal argument, but here we illustrate why (26) does hold with the
indirect utility function @,. Figure 3 illustrates that the costs from less future risk-sharing are
greater: by the risk-sharing miracle, a rule that delivers perfect risk-sharing T (z’) = w
at every future node attains the same utility for the country as it does under independent monetary
policy, but deviations are now more costly because of the macroeconomic externalities associated
with the central bank’s inability to perfectly stabilize. Figure 3 also illustrates that the benefits of
leaving are smaller: a country tempted to leave the fiscal union is already overheated, and leaving

the union exacerbates this boom.
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Figure 3: Costs and benefits of participating in fiscal union under alternative monetary regimes
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3.2 An example of powerful improvement

We now show that the risk-sharing incentives can improved so much under monetary union as to

transport countries from autarky to first-best.

Theorem 4. There exists a combination of parameters and endowment processes such that autarky is the
only feasible risk-sharing outcome when countries run an independent monetary policy, but a SPE with full
risk-sharing is possible under monetary union.

Proof. We consider the simplest possible example of our framework: the symmetric iid case with
union-wide tradable output equal to 1. In the notation above, the Markov chain is reduced to
a point z = 1 in every period, EF = ¢eand EL = 1 —¢, withe > % In this context, a Markov
transfer is a value T, such that (CL, CYH ) = (1—e+T,e—T). We consider transfers that improve
risk-sharing, in other words T € [0, 5 —e].

Appendix A demonstrates formally the following propositions. Under independent monetary
policy, our setup collapses to a simple limited commitment model. Some risk sharing (T > 0)
is feasible if the country currently in the high state is patient enough to value the benefits from
future reciprocity: its discount factor must be above a lower bound, 4P = 2 (1 — ¢). Conversely,
a deviation from first-best risk sharing, where T = % —e,is Valuablc;if its discount factor is below
an upper bound Bm’ie” , derived from the participation constraint of the country with endowment
e.

Consider now the case of a monetary union, and assume countries are achieving perfect risk-
sharing T = 1 — e. Due to the risk-sharing miracle (theorem 1), their nontradables side is perfectly
stabilized, so their values from the transfer arrangement are identical to those under indepen-

dent monetary policy. However, a deviation now entails an additional cost ¢ («, ¢, ¢) coming from
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the fact that the defaulting country will experience a macroeconomic boom. Going forward, the
central bank loses its ability to stabilize both countries simultaneously, which creates additional
utility costs ¢ (a, ¢, e) and c («, ¢, 1 — e) in each state. This implies that the discount factor threshold
above which full risk-sharing is feasible is now Bunion (a, ¢, e), a function of parameters governing
the nontradable side.

Figure 4 illustrates these thresholds, for an illustrative calibration with e = 0.7 and ¢ = 1.
When a« = 0, the nontradable side is inexistent and the discount factor threshold for first-best
under monetary union and independent monetary policy coincide: BmdeP = Bunion (0,¢,e). Coun-
tries with discount factors below ¥ = 0.6 cannot sustain any risk-sharing under independent
monetary policy, countries with discount factors above BMeP can sustain first-best, and countries
with intermediate discount factors can sustain some, but not full risk-sharing. As a grows and
countries nontradables side becomes more important, it becomes easier to sustain risk-sharing.
For a around 2.5, countries with discount factors around 0.5 cannot not sustain any risk-sharing
under independent monetary policy but can sustain full risk-sharing under monetary union. If «
becomes too large (x > @ (e, ¢)), the autarky punishment is no longer subgame perfect: the coun-
try high state is in such a boom under autarky that it prefers to make a unilateral transfer to cool
its tradable side. O

—indep
B

—union

0.75+ B (o, p,e) i

0.7

0.65f ﬂindep

0.55¢

0.51

0.45¢ Region of powerful g
improvement

0.4r

0'350 0.5 1 1.5 2 2.5 3

Figure 4: Illustration of thresholds for theorem 4
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3.3 Discussion

The theorems in this section are two facets of our claim that monetary union begets fiscal union.
By specializing the framework of Section 2 to a case where endowments and transfer rules have
limited history dependence, we are able to prove in theorem 3 that fiscal union can improve risk
sharing in a particularly clear sense: any transfer rule that was feasible under independent mone-
tary policy is still feasible under monetary union. And theorem 4 shows that it is possible to find
powerful improvements in this class of equilibria. We now discuss the generality of these results,
by considering what would happen if we relaxed some of the assumptions imposed.

Consider relaxing the assumptions on symmetry of endowments and transfer rules. The mod-
ern literature on limited commitment (Kocherlakota (1996), Alvarez and Jermann (2000), Ligon
et al. (2002)) emphasizes that it is in general possible to sustain subgame-perfect outcomes that
improve upon Markov transfer rules. In the equilibria characterized by this literature, the amount
a country owes depends not only on its current and previous state, but on the full history of past
shocks, which an endogenous state variable (promised utility) keeps track of. For this more gen-
eral class of equilibria, theorem 3 is in general no longer true. In particular, the country hitting its
participation constraint is no longer unambiguously the country which would experience a boom
if if left the union: a country with a history of very bad shocks may be held at its participation
constraint as it is called upon to pay back in a mild state, even if its endowment is still relatively
low. However, even under this class of equilibria, there is still a sense in which risk-sharing is
ameliorated under monetary union: the discount factor thresholds to attain first-best are ordered
Eunion < Bmde}g . In fact, it is generally possible to find powerful improvements as in theorem 4
for these more general endowment structures. Because of the risk-sharing miracle, the optimal
policies in the fiscal union involve first-best risk sharing, which is simple to characterize.

Another way to relax assumptions is to add shocks to the nontradable side of the economy.
Such shocks can be modelled in our framework by assuming that preferences for nontradables
are dependent on the exogenous state: &’ (s). In this case, the risk-sharing miracle is in general
no longer true, as can be seen by the following argument. Assume that countries share risks
to tradables perfectly, so that their relative tradables consumption is constant across all states.
Since under monetary union they share the same nominal exchange rate, their relative nontradable
consumption in a state s is then, from households’ first-order condition,

Cxr (s) ol (s)
a2 () (o) 27)

where A is a constant reflecting the risk-sharing rule and nontradable prices that are constant
across all states. Unless a! and a? vary proportionally across states, (27) is incompatible with
efficient consumption of nontradables, which still requires that C}; (s) = C% (s) = 1 (Lemma 8).
The constrained-efficient outcome that takes into account nominal rigidities, which fiscal union
would reach absent the limited commitment constraint, does not feature perfect stabilization in

each country (Farhi and Werning (2013)). This means that joining a monetary union necessarily
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entails some welfare losses from imperfect stabilization, but even in this case, there is still a force
pushing for welfare gains from improved incentives to share risks, so the overall welfare benefit
from transiting into monetary union might be positive. In this sense the overall message of the
model — the risk-sharing benefits of monetary union have to be balanced against the stabilization
costs — is unchanged by the presence of shocks to nontradables.

4 Optimal joint monetary and fiscal policy in the union

4.1 Alternative timing and the role of monetary policy

In Sections 2 and 3, we assumed that the central bank sets the exchange rate after countries an-
nounced their transfers. With static welfare maximization as its objective, the central bank was
limited to stabilizing the aggregate economy ex post, without any commitment power or ability
to internalize the sustainability of fiscal union. This assumption allowed us to evaluate the direct
effects of monetary union, without considering the central bank as a strategic actor in its own
right—which is inevitably a more speculative exercise.

In this section, we broaden the role of monetary policy, allowing the central bank in a monetary
union to commit to an exchange rate policy at the beginning of each period, while retaining its
objective of within-period welfare maximization. We now replace the timing from Figure 2 with
that depicted in Figure 5:

Monetary policy End-of-period
sets {£(s)} s; realized equilibrium
(h'1) % % : : % ()
Producers set P}'\IT Governments
set transfers T1, T2

Figure 5: Alternative Timing

The choice of a state-contingent {€(s)} at the beginning of the period is driven by expected

welfare maximization

§) = arg max S 1?)1 1 S 1S 2S AS
£(5) = arg max () (39! (19"} 5 AT'(9), 720)), £65)

S AT O TELEE)) @)

where the dependence of price distributions {¢’} and transfers T?(s) on monetary policy (through
the reaction functions of nontradable pricesetters and governments) in (28) is left implicit.

Since the central bank moves first, it can internalize the effect of its decision on governments’
incentives to make transfers, and it will not necessarily find aggregate stabilization optimal—
thus overturning the result from Lemma 4. It may instead devise policy that actively encourages
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sustained fiscal union, expanding upon the complementarity between monetary and fiscal union

derived in Section 3.

4.2 Expansionary monetary policy and aggregate dispersion

To illustrate the role of monetary policy in this new environment, we specialize Assumption 5 to
a simpler case where the stochastic process for endowments is iid across periods, and symmetric

within each period.

Assumption 6. There exist finitely many z € Z, each of which is associated with a probability 7t(z) and a
pair of endowment levels E*(z) > E(z). Endowments are iid across periods, and in each period are drawn
such that for each z,

Pr (E1 —EH(2) and E* = EL(z)) — Pr (El —El(z) and B2 = EH(z)) = %7‘[(2)

We will characterize the optimal relationship between the stance of monetary policy and the
distribution of endowments across states. As in Section 3, we consider equilibria with symmetric
strategies that depend only on the current state (and whether there has yet been a deviation),
rather than depending on the full history of past actions. We also repeat Assumption 3 by ruling

out extreme cases where the boom in a country is so great that a unilateral transfer is worthwhile.

Assumption 7. Consider equilibria where the government receiving endowment H makes transfer T(z; d),
where z € Z is the aggregate state and d € {0,1} is an indicator specifying whether play is on or off the

equilibrium path. Also restrict attention to equilibria where unilateral transfers are never worthwhile.

Observe that the restriction on strategies in Assumption 7, along with the symmetry of the
endowment process, ensures, just as in Lemma 8, that price-setters in both countries set the same
nontradable price. We can again normalize this price to 1: P, = P% = 1.

Now suppose that, out of all the equilibria consistent with Assumption 7, we aim to character-
ize the equilibrium with the highest expected welfare. Quantities in this equilibrium must solve
the following planning problem:

max Y 71(z) (w(EH(2) = T(2), p(2)) + w(EE(z) + T(2), p(2)) ) (29)

st. w(Ef (2),p(2)) —w(EF (2) = T(2),p(z)) SV Vz (30)

ZTC(Z) . TH(Z);_TL(Z) =0 (31)

where p(z) = Pr(z)/Pnt = 1 is the relative price of tradables and nontradables in state z,

w(Cr,p) = logCr + « (log((xpCT) - %) is the indirect utility function corresponding to

Cr, and V is the difference between expected future welfare along the equilibrium path and ex-
pected future welfare following a deviation. (30) is simply the participation constraint, which is

necessary to ensure that the government with the high endowment makes transfer T(z) rather
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than deviating and hoarding its entire endowment; while (31) is imposed by nontradable price-
setting, following (20) in Lemma 5.

In the previous environment, Lemma 4 showed that the central bank stabilizes the aggregate
economy of the monetary union, setting the average labor wedge across both countries to zero.
More generally, the average labor wedge summarizes the nontradable side of the union econ-
omy: a negative labor wedge corresponds to an aggregate boom, while a positive labor wedge
corresponds to an aggregate bust. In an optimum equilibrium that solves the planning problem
(29)-(31), the central bank no longer seeks stabilization in every state. Instead, there is a remark-
ably simple relationship between macroeconomic conditions and dispersion E*(z)/EL(z) of the

endowments, captured in the following theorem.

Theorem 5. Consider the endowment process given by Assumption 6 and equilibria as described by As-
sumption 7. In the subgame perfect equilibrium with maximal expected welfare, (tH(z) + t*(z))/2
is weakly decreasing in the dispersion EH(z)/EL(z) between endowments. It is strictly decreasing in
Ef(z)/EL(z) for any z such that risk-sharing is neither perfect (CH(z) = CL(z)) nor absent (CH(z) =
EH(z2)).

In other words, in the optimal equilibrium, the central bank creates booms when dispersion is
high. The intuition for this result is simple: when endowments are more dispersed, risk sharing is
more important, and the country with a high endowment will be more willing to make a transfer
when it is experiencing more of a boom. The central bank is willing to accept the cost of a partly
overheated union-wide economy in order to create this boom and facilitate risk sharing in the
tiscal union.

More concretely, consider the participation constraint (30), with the indirect utility function w

expanded:

(1+«) (log(Ef (2)) — log(E} () — T(2)) )

- 1j‘_¢al+4’p<z>”¢ (Ef @)™ = (B () - T(z))'"*) <V (32)
Given the stipulation in Assumption 7 that unilateral transfers are not optimal, the left side of (32)
must be increasing in T(z); when the transfer is larger, making a transfer is less desirable relative
to autarky. Since higher p(z) decreases the total value on the left and relaxes the constraint, it
enables higher transfers. Hence when transfers are particularly valuable—as in cases of high
dispersion—it is worthwhile to raise p(z) to the point where there is an aggregate boom, trading
off the (initially) second-order costs of aggregate overexpansion against the first-order benefits of
better risk sharing.

This is depicted graphically in Figure 6, which plots the welfare w(Cr, p) of a country with
consumption Ct and relative price p for two different values of p, the price p = p’ that achieves
aggregate stabilization and the higher price p = p” that creates an aggregate boom. Squares de-
pict endowments, while circles depict consumption after transfers. When the central bank raises
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the relative price from p’ to p”, at high levels of consumption there is even more of a boom, at-
tenuating the within-period welfare loss from making a transfer and leaving the high-endowment
country’s participation constraint easier to satisfy. The change in monetary policy causes a first-
order decrease in welfare for the booming high-endowment country and a first-order increase in
welfare for the depressed low-endowment country, netting out to only a second-order loss for the
union as a whole when p” is close to the stabilization level p’. At the margin, this loss is offset by

the benefits from easing the participation constraint.

w(Cr, p')

Cr

Figure 6: Welfare and transfer incentives under different monetary policies

The logic of Figure 6 suggests that the central bank should create a boom whenever the par-
ticipation constraint is binding—which will generally be the case when perfect risk sharing is not
achieved. Of course, it is not possible for the central bank to create a boom in every state: the
nontradable sector sets prices that achieve aggregate stabilization in expectation, as indicated by
(31). The central bank can only shape the relative pattern of boom and bust across states, not cre-
ate booms across the board—and, as Theorem 5 finds, in the best equilibrium it chooses to create
booms in states with more dispersed endowments, when it is particularly important to loosen

participation constraints and encourage transfers.

5 Conclusion

In this paper, we have examined how monetary union facilitates the formation of a stronger fiscal
union. We have seen, in an important special case, how any risk-sharing arrangement that can be
sustained under independent monetary policy can also be sustained under monetary union. In
fact, dramatic improvement is possible: even when no risk-sharing is possible in equilibrium with

independent policy, monetary union can sometimes bring governments to a first-best outcome.
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The key force is the complementarity of monetary and fiscal union: when countries more
effectively share risks, their outcomes are more closely aligned, and a central bank that stabilizes
the union-wide economy can come closer to stabilizing each individual economy as well. This not
only makes fiscal union a desirable counterpart to monetary union—as is widely understood—but
also provides a channel through which monetary integration can enable otherwise unsustainable
risk-sharing. Without independent monetary policy as a fallback, governments have a greater
stake in preserving joint fiscal arrangements. This bears out the progression from monetary to
tiscal union envisaged in the literature on sequencing theory; and it suggests a possible upside to
a common currency, when most models featuring nominal rigidities offer only drawbacks.

Further exploring the role of monetary policy in a fiscal union, we found that when a union-
wide central bank behaves strategically—taking the sustainability of the fiscal union into account—
the optimal rule is expansionary when dispersion within the monetary union is high. Booms make
governments more willing to provide transfers, and these transfers are most important when out-
comes vary greatly within the union. A singleminded emphasis on stabilization is not optimal.

To what extent are the forces in this paper visible in practice? Certainly the Euro Area today
is far from perfect risk sharing—the willingness of the core to subsidize the periphery has clear
limits. At the same time, the level of cross-country support under monetary union, although often
frustratingly limited, has greatly exceeded what came before. There have been multiple bailouts
and transfer schemes—both explicit and implicit, often taking the form of below-market lending—
made with the explicit intent of preserving the common currency’s viability.

Our model offers other reasons for guarded optimism. Although we show in Theorem 3 that
monetary union expands the set of attainable risk sharing equilibria, we cannot be sure that gov-
ernments will immediately take advantage of this feature by coordinating on the better equilibria.
(After all, autarky is always an equilibrium as well.) But as participants become aware of the
heightened importance of fiscal union when exchange rates are no longer free to adjust, they may
learn to play the equilibrium with improved risk sharing.

Monetary policy also has an important role. In recent years, dispersion in Euro Area outcomes
has coincided with the deepest aggregate slump in decades. This is exactly the opposite of the
optimal arrangement in Theorem 5, which prescribes monetary accommodation that creates a
boom whenever members’ fates diverge and the fiscal union is under stress. To some extent,
this inconsistency may be due to limitations on monetary policy that this model leaves out—in
particular, the zero lower bound. But the insufficiently expansionary policy in the Euro Area
is also partly by choice: the ECB raised rates in 2011, just as the fiscal prospects of peripheral
countries were rapidly deteriorating, and it has since been hesitant to employ unconventional
expansionary policy. Our model implies that for the full promise of fiscal union to be realized,
very different choices are needed from monetary policymakers.

Monetary union begets fiscal union—but not necessarily overnight.
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A Appendix: proofs of theorems

Proof of Lemma 1. Substituting production into preferences

. . C A4
log (Ct) +« €i110g</j<C£IT)ed]')—<f]C1]\]i€Z))

28



This shows that the efficient allocation is constant consumption across goods, C]Z‘\]T = C}r Vk, and
further that Cyr satisfies

1
——=Cly = Cir=1
Cnt
U
Proof of Lemma 4. Define the function Ci,; (¢) = a-¢C%, and note that dCur(e) _ y Cr — Churl®)
. Detine the ction Cyp = p C1 ote de — P T T e
Under independent monetary policy, the central bank chooses the exchange rate e to maximize
. 1+¢
, . , AL Clir (e))
i _ i i _ ( NT>~NT
v' (e) = log <CT) + o (log (CNT (e)) T+9
Its first order condition is
Chr (e) 1 i\ (i 7\ _
S Cior (e) - ( NT) (CNT (3)) =0
resulting in
o \1+¢
1 (BrChr) =0
combining the definition of the labor wedge in (16) with labor market clearing (11), we obtain
, S N N
=1 Chrthr (N) =1— (Chrdiyr) =0
The central bank’s exchange rate choice £’ = e is given by
1 Pj
io 1 Phr (33)
& ANrCr

Under joint monetary policy, the central bank chooses e to maximize

%vl (e) + %vz (e)

resulting in the first-order condition

1 /CL 1 1+¢ ¢ 1 /CL 1 1+¢ ¢
2 (57 (g~ () 7 (6)") +3 (%) (&, - 0™ @0") = 0

5 (1= (nhn) ™) 43 (1 @G = 0

29



which is equation (18). That is, the central bank’s exchange rate choice £ solves

1 < ) £ T+ 4 ) £ 1+¢
oy ANTﬁCiCT + ey ANTlXiCT — 1 (34)
2 Plr 2 P}
resulting in
1
—(1+¢) —(1+)\ T
st (L) " () -
a \ 2 \ AL, CL 2\ A%,C2

O]

Proof of Lemma 5. Using the relationship between consumer nontradable and tradable demand (4),
we can rewrite firm profits (7) given price p, when the nominal wage is W’ (s), the nominal ex-
change rate is £’ (s), and the price index for nontradables is Pi (s), as

tpfff<p>:(p—(1+r£)wf<s>)( P )zx“”i(s) Ci (s) @6)

PIZI\IT (s) PIi\IT (s)

Firms maximize the expected level of (36), valuing nominal profits in each state using the nominal

1.
&1(s)Cr(s)”

stochastic discount factor

() = Zn<srs_1>m(p—(1+r;;)wf<s>)( P@) O

s Pr Py (s)

_ “Zs:”(sb*l) (p— (1+T£) Wi (s)) ( P(S)>_ 1

Pli\IT PIi\lT (s)

The first-order condition yields

1—€ .
e Lol (5g) W)

Plr=(1+1) — = (37)
Lo (sls-1) ()
Hence, all firms set the same price PIZ.\’,]'T = Pi,; = Pi;(s) Vs, and (37) simplifies to
i iy _€ i
Pyr = (1 + TL) p— Zn (s|s—1) W' (s) (38)
S

From the household labor supply condition (6) we know that

Wi (s)

i
PNT

= Clr () (N'(5)) =17 ()
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where the latter equality holds because price dispersion is AL, (s) = 1 in all states. We obtain

, 1-1
m(sls—1) T (s) =1— s
Ll ™ (=11 %
Since in each country the labor subsidy is set at the level T/ = —1, equation (20) obtains. Note

that if the subsidy is set at any level Ti > —%, the optimal price-setting problem is to equalize
the expected labor wedge to a strictly positive number, a condition inconsistent with the central
bank’s exchange-rate setting policy.

To understand the logic behind the equilibrium determination of relative prices, we further
characterize the price level consistent with a given expectation of the central banks” exchange rate

policy {£'(s)}. Using market clearing (11) with Al (s) = 1, we obtain V;;V(;) = (Ciyr (s))H‘P.

Using (4) and (9) into equation (38), we then find

1
s PNT

i i Lo
(1+m) € i 1 (Z”(S‘S—l) Chr (S)H(P) =(1+1) c i 7 (Zn(ssl) (ocS(s)CT(s)) ) -1

and results in an equilibrium price level of

1

Phr = <(1+TL>651)”1‘”01<27T<5|5_1> (€f<s>CfT<s>)”¢>w (39)

seS

When 7} > —1, monopolists collectively target a price that is higher than an average of £’ (s) Ck (s).

This is inconsistent with central bank optimality. For example, under independent monetary pol-

icy, the central bank’s exchange rate decision (33) leads to £’ (s) Cj. (s) = 1 Pi in every state, and

it is easy to see that these equations do not have a fixed point with positive prices. O

Proof of Lemma 6. Suppressing the dependence on s'~!, the central bank’s exchange rate choice (35)

in the absence of price dispersion is

1
1 (1 Py \ P 1P TN T
E(s)=— < 1NT) —|—<2NT) (40)
«\2\ () 2\ (5)
while the monopolists’ price setting conditions under the labor subsidy 7} = 1 = —1 lead to

nontradable prices given by (39)
™
1+¢
Phr = a <2n<s|s1> (£(5)CHs)) ) @)

1

P = a(zn@\s_l) (8<s>c%<s>>”"’) @)



Define p = % as the relative price of nontradables in the two countries. Exploiting the homo-

geneity of equat1ons, using (40) we obtain that

Es) 1 {1/ 1 NI 1/ p T e
P&T‘a<2<c%<s>> +: (&) @

and this allows to rewrite (41) as

( ) 1+¢ ﬁ
1 = al) 7m(slsm ( (s))
s€S Pyr
_ -1
L (eche) Y
= 2 7 (sls—1) | 5 § 2
seS CT (S)
The relative price p is therefore a solution to

1/ C2 (s) (1+¢) _1_
o (302 (25) ) = @

seS

(1+9)\ !
The function p — Y g 7 (s[s_1) <% +1 ( Ci(s) > ) is strictly increasing in p, with limits

pCr(s)
% asp — Oand 2 as p — oo, so (44) has a unique solution. Equation (44) then delivers a unique
solution for all relative prices f)ﬁ ), s € S, and therefore for Pg s) = fﬁs) oS € S also. These relative
NT

prices are consistent with (42) because satisfaction of (44) ensures that

11 ( C3(s) ><1+4’>

_ 2 pCr(s)
0 = GZSN(S|571)1 ) CzT() (1+9)
i 141 (5 <>>
1 (pChs)\ P 4
B ?( ag)
= ZT[ |S 1 o1 (1+¢)
sES 1(p T(S)> +l
3 (s :
1
- sezsﬂ(s|s_1 1_1 pCLis)\ (19 4
2 c%(s>) ta

so we also have

(11 (k)Y
L 1( = (89 -

This result is another illustration of the redundancy of equations: using T (s) to denote the la-

bor wedge in country i and state s, price-setting in country 1 implies ¥ 7t (s|s_1) t* (s) = 0, and
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monetary policy implies T! (s) + 72 (s) = 0 for all s, from we obtain ¥ 77 (s|s_1) 72 (s) = 0. O

Another proof of theorem 1. Following the proof of Lemma 6, consider the special case where trans-

E?g = A for all states s). The unique solution to (44) is then clearly

T

p = A. In this case f?ﬁ - 1 @ = —L1 __ and nontradables are at their efficient level in both
aCp(s)” Pyr aCz(s)

countries and in all states ThlS is the risk-sharing miracle. O

Sufficient conditions for assumption 3. Consider the period indirect utility function attained by coun-

try i when choosing to make transfer T, taking as given the transfer T~/ made by the other country

as well as the equilibrium reaction of the central bank to {T, T~'}, which we denote & (T) to make

the dependence of the exchange rate on the transfer explicit. Denote Ci. (T) = Ei. + T~/ — T and
. g T .

Cip (T) = & Pgw) Ci (T). Note that

dCZAZiTT(T> - PI’\]T< gm)
= £ (1 Z/((;;CHTO
NT
Gy (T) E'(T)
= Tom (1‘ £(T) CT(T))

In a Nash equilibrium where current fiscal policy only has impact on current utility, T is chosen to

i 1+¢
o/ (T) = log (Ch (1)) + o (1og (Clr (™) - w)

maximize

The first-order condition of this problem is

dvi(T) B 1 Ci (T) gl(T) 1' . i
I T gm Yam (1‘ £(T) CT<T>) (W—cmm‘f’)
_ 1 EN(T) i .
o GH(T) 1”‘(1_ E(T) CT(T>) (1-chr (D)
©i(T)

where 7/ (T) is country i’s labor wedge, a determined by the central bank’s reaction to (T, T)
and to the prices in place. From (34), this is done to enforce

1/ E(T) e 1/ (1) e
5 <oc P C%(T)) +5 <ac P2 C%(T)) =1
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differentiating we find

1<“5(T)C%(T)>“¢ [5’(T) Lorm] .,

1 e, N\ e )
2\" P, e T e ( Cm) [ *

— | &
2 P2

which leads to the central bank adjustment rule

E'(T) 1 cr(r)y 1 CZ (T)
e =2 (1-T () am 20T M ag

For country i, an increase in own transfer reduces home country tradable consumption and in-
creases foreign: C%. (T) = —1 and C;i, (T)=1,s0

~—

SR - 3w ) T
T

- (¢ m) -5 (e m) SO

1 (T) 1, Ci(T)

- -8)- o (-E5)

and finally

E(T)Cr(T) _ 1 C (T) j
1_TT€ =5 <1+ C;T"(T)> (1+r (T))

an expression which is always strictly positive, given that T (T) > —1. We therefore have

1 C (T) i i
1+ a3 <1+ C;Tf(T)> (1+7(M) = (T)]

dv' (T) _ 1

dT Ci(T)

The function 7 — 1 4 a5 (1 + ) (14 7) T has value 1 at both T = 0 and T = —1. Its minimum

1—ag (1 + C;f(;)) is attained at T = — 3. If

< 8
& C

Cr'(T)

then vld(; ) < 0and country i prefers not to make a transfer.
A sufficient condition for countries not to want to make transfers in autarky is then

o<

8
E;(s).
Ef(s)’

o
]N)
—

@
N

1 4+ maxg {

m
—
—

©
~

34



more generally, the condition is that 1 + a3 (1 + E;TES; ) (14 7' (s)) T (s) > 0 for the labor wedge
TS

in country i and state s that results from central bank optimization given an autarkic fiscal policy,
that is

141 (PER() ()
2 2 £ (s)

where p is the solution to (44). O

Proof of Lemma 8. Suppose that countries have endowment processes governed by assumption 5
and follow Markov transfer rules. From (44), given any z_1, the relative nontradables price p =
PYr(z-1)

Pz ) solves
-1 -1
1(1 1/ EM(x)-T(zz) \'? 1(1 1/ EL(2)+T(zzq) "7 B
sgs”(z'z‘l){z <2+2<p<EL grreey) ) bt GEerea) -
(45)

making use of the equality

11 + L 1 Vx

RS ERRIES

. . _ (EH(2)-T(zz_1) (1+9) a4 .

applied separately to each pair x = (W) , we see that p = 1 is a solution to (45),
hence its unique solution by Lemma 6. O

Proof of theorem 3. By Lemma 8, the relative nontradables price in monetary union is p = 1. This
delivers the indirect utility function

7(C) =1log(C) +a <log (ae, (C)C) — W)

1+¢

where the common real exchange rate for both countries is given by

1
1171\ 4+ 4 1 —(1+¢)\ ~T+e
e(C) = (2 (c) *3 <E(z>_c> (46)
with E (z) = EH (z) + EE (z). This implies that
1
_ 1 1 C —(1+¢)\ "1+
g (C) = a€, (C)C = <2+2 (E(Z)—C) 47)
is a strictly increasing function of C. g, (C) attains 1 at C = @

The proof of theorem (3) now follows. By definition of subgame perfection, the H country does
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not want to refrain from the transfer at any node z':
o8 (cF () + L. ™ D (g (cl (1)) + 105 (CE ()
Z <log (E? (zt)) +log (E% (zt)))

> tog (B () +5 3 2
Zh=zt

Using the Markov structure, the participation constraints for all z € Z can be written

log (E? (z)) log (CT ) <ﬁz K (CT( )) —log (EL (z’))) — (log (EH (z’)) —log (C? (z’)))}

One-shot gain from defaulting

Expected loss from lack of future risk-sharing

where 7 (z/|z) are the elements of the matrix IT = IT* (I — BIT?) !, which take into account the
relevant mix of future probabilities and discounting. Due to the ordering (25) and the concavity

of log, we have

(log (C% (z)) — log <EL (z))) - (log (EH (z)) —log (C? (z))) >0

Consider sustaining the same SPE under monetary union using the same on-path and off-path
actions. Lemma 8 implies that both countries have the same real exchange rate at every node, so

they evaluate tradable consumption levels using the same indirect utility function

1
1+¢

7, (C) =log (C) +a <log (e, (C)C) — (ae; (C) C)”‘P)

where €, (C) is given in (46). Recall from (47) that g, (C) = ae, (C) C is strictly monotone and
attains the value 1 (the efficient nontradables consumption level) at C = w This is a

consequence of the risk-sharing miracle. Since

f(x)=a <log(x) _ 1_1pr1+¢)

is a concave function with a maximum at x = 1, the function 7, (C) —log(C) = f(g:(C)) is

single-peaked with a maximum at w. In particular
gle-p 2 p

f(s(B"@)) < f(g:(cH@)) va
f(g:(E*@)) = f(e(ck@)) vz

from which it follows that

IN

0, (EH (z)) — 7, (C? (z)) < log (EH (z)) —log (CTH (z)) Vz
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and that
log (c% (z)) —log (EL (z)) <3, (c% (z)) — 3, (EL (z)) Vz

Combining these inequalities, we obtain

5. (Ef (2)) =2 (C} () < log (E (2)) —log (cf (2))
S E1) [ (105 (ck (2)) ~ tog (E- (2))) — (108 (EF (2)) ~1og (£ (2)) )]
<

by TEE) (5 (k@) — 2 (B ) - (o (B (2) — 2 (cH @) )]

which guarantees that the participation constraint for the H country is met in every state z under
monetary union, as claimed. O

Proof of theorem 4. We consider the simplest possible example of our framework: the symmetric
iid case with union-wide tradable output equal to 1. In the notation above, the Markov chain is
reduced to a point z = 1 in every period, EH =eand EL =1 —¢, withe > % In this context, a
Markov transfer is a value T, such that (C%, C? ) = (1—e+T,e—T). We consider transfers that
improve risk-sharing, in other words T € [0, % —e].
Under independent monetary policy, given the flow value from the nontradables side is always
o

constantat f* = f (1) = — Tigr the value of being in the high state under the contract is

v (1) —tog e~ 1)+ 2 (Jlog (e~ T+ Jlog1-e+ 1) )+ 1L

The participation constraint states that V¥ (T) > V7 (0). Since V¥ is concave in T, there exists a
T > 0 such that this constraint is satisfied if, and only if

dvi 1 g 1 1 1
7 - _Z A >
dTJTZO e+1—,82< e+1—e>_0

,3 > éindep — 2(1 _e)

that is, if and only if

Suppose countries now are sharing risks perfectly T = % — e, therefore obtaining (C%, C%I ) =

iy n(2) 1)

Consider the deviation of the country in the high state, which is punished by the grim trigger

(%, %) and value

strategy. This deviation is valuable if

log (e) — log (;) > 153; <210g; —log(e) —log (1 — e))

One-shot gain from defaulting Expected loss from lack of future risk-sharing
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Which is equivalent to the condition

—indep _ log(e) —log (})
p<p _zlog(e)—log(lie) =1

Consider now the case of a monetary union, and assume countries are achieving perfect risk-
sharing T = 1 — e. Due to the risk-sharing miracle (theorem 1), their nontradables side is perfectly
stabilized and they obtain VFB However, a deviation now entails the additional cost

g(e)'t? -1

C(e)=f*—f(8(e))=f(1)—f(g(€))Z“( 1+ ¢

—log (g (e))> >0

where nontradable consumption, considering the central bank reaction, is

1
1 1/ e \ 9\ ™7
g(E)—<2+2<1_e> >1

for the country in the H state and and g (1 —e) < 1 for the country in the L state. The condition

for a profitable deviation is now

log (¢) — log <;> —c(e) > 1%; (ZIOg; “log (¢) —log (1—e) +¢(e) +c(1 —e)>

which shows clearly that monetary union both lowers the benefit and raises the costs of defaulting.

A country therefore finds it profitable to deviate from first-best risk-sharing under monetary union

when (1 )
—uni log (e) —log (5) —c (e)
< gmion ) g 5
BB () =2 T log (1 —e) +c(1—e) —c ()
It is simple to show that Bunion (a, ¢, e) is strictly decreasing in a with lim, Bmion (a,¢,e) < 0.

This has two consequences. First,

—union —union

B (wge) <P

0.p,¢) ="

formalizing our claim that first-best risk-sharing is easier to sustain under monetary union than
under independent monetary policy. Second, there always exists values of (a,¢,e) such that
Bunion (x, ¢, ) < B™*P. To complete the claim that countries with discount factors Bmion (a, p,e) <
B < B"P can on71y sustain autarky under independent monetary policy, but can sustain full risk-
shari;lg under monetary union, one also needs to check that autarky under monetary union is

indeed subgame perfect at those parameters. This is ensured by the condition

% ! g?e) (1= (2" *) g (e) =0
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or equivalently
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