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Introduction

• Governments might be vulnerable to high spreads due to confidence risk
✱ Nervous investors can pressure high interest rates, increasing future payments
✱ High future payments increase default risk, and justify high interest rates

• Countries in a monetary unions are especially vulnerable to confidence risk
Krugman (2015); De Grauwe (2013); Bianchi and Mondragon (2022)

✱ Monetary policy limitations to achive full employment increase risk of self-fulfilling crises

Q: How should a central bank in a monetary union set monetary policy to reduce
vulnerability of its members?
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In this paper

• Simple model of self-fulfilling debt crisis a la Calvo with nominal rigidities
Calvo (1988),Ayres et al. (2016), Lorenzoni and Werning (2013)...

✱ Sticky price for NT – macro-stabilization role for fiscal and monetary policy
✱ Monetary union: central bank balances heterogeneous impact of monetary policy

• The monetary policy is time-inconsistent

✱ Central Bank(CB) has incentives to promise an expansionary monetary policy
✱ Ex-ante promises monetary easing to reduce current spreads
✱ Ex-post deviate to avoid the cost of monetary easing

• Endogenous fragmentation Heterogeneity among members

✱ Monetary unions are subject to multiplicity
✱ Safe equ: low interest rates and full employment for all members
✱ Fragmented equ: high interest rates for some members and full employment unfeasible.
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A Two Period Model

• Monetary Union
∗ Small open monetary union

✛ World interest rate exogenous ⇐ Small monetary union

∗ Continuum of ex-ante identical countries
∗ Ex-post heterogeneous in the interest rate
∗ Face aggregate risk regarding default cost

✛ Bimodal distribution Ayres et al. (2023)

• Countries

∗ Nominal rigidities in non-tradable goods
∗ Government lacks commitment and can default on its debt
∗ Possibility of multiple equilibria as in Calvo (1988)

5/24



A Two Period Model

• Monetary Union
∗ Small open monetary union

✛ World interest rate exogenous ⇐ Small monetary union

∗ Continuum of ex-ante identical countries
∗ Ex-post heterogeneous in the interest rate
∗ Face aggregate risk regarding default cost

✛ Bimodal distribution Ayres et al. (2023)

• Countries

∗ Nominal rigidities in non-tradable goods
∗ Government lacks commitment and can default on its debt
∗ Possibility of multiple equilibria as in Calvo (1988)

5/24



Timeline

Beginning 0 End 0 1

b1,i
e0

Ri

ξi

ϕ
di
e1
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Households

• Preferences

U(c0)− ν(h0) + βE[U(c1)− ν(h1)]

c =

[
ω
(
cT

)−µ
+ (1− ω)

(
cN

)−µ
] 1

−µ

• Budget constraint

etc
T
t + PN

t cNt = ety
T +Πt +Wtht + etTt for all t
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Firms

• Linear production: yN = n

• Sticky price: PN
t = P

N

• Given that prices are sticky, firms produce to satisfy demand: nt = cNt
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Government

• Fiscal budget:

R0b0 + T0 = b1

(1− d)R1b1 = T1(s)

• Default cost (Ayres et al. (2023)):

✱ ϕ ∈ {ϕL, ϕH}
✱ with probability ρ, ϕ = ϕL
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International Lenders

• Excess returns:

M(R1) = E[R1(1− d)−R∗]

• Non-arbitrage condition: M(R1) = 0

• For a given b1:

R1 =


R∗ E[d] = 0
R

∗

1−ρ E[d] = ρ

∞ E[d] = 1

Consequence of a bimodal default shock
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Monetary Authority

• Preferences of the central bank

U =

∫
i
[u(ci,0)− ν(hi,0) + βE(u(ci,1(s))− ν(hi,1(s))− ϕdi(s))]di

• Stochastic structure

✱ Aggregate shock: Default cost (ϕ)
✱ Idiosyncratic shock: a fraction π get the ”bad" sunspot

• Aggregate state: s = { ω, B1}

{0, π, 1}

Competitive Equilibrium Timing
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Labor Market

• Equilibrium labor supply

H
(
cTt , et

)
=

[
1− ω

ω

et

P
N

] 1
1+µ

cTt

CB can stabilize employment

Alternatively government can use fiscal policy

• Wedge

τt

(
cTt , et

)
= uN

(
cT ,H

(
cTt , et

))
− ν ′

(
H

(
cTt , et

))
= 0 with flexible prices
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Optimal Policy
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Default Policy

• Value function:

V1(R1b1, ϕ, e1) = max
d

(1− d)V R(R1b1, e1) + dV D(ϕ, e1)

• Threshold:

V R (R1b1, e1) = V D (
ϕ̄ (R1b1, e1) , e1

)
function of e1 through H(cT , e1)

• Probability of default:

F (R1b1, e1) = Pr
[
ϕ < ϕ̄ (R1b1, e1)

]
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Multiplicity

Low e1

There exist two thresholds of debt b+(e1), b
−(e1)
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Multiplicity

Low e1 High e1
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Multiplicity

Low e1 High e1

Proposition: Thresholds are increasing in e1 b
+(e1), b

−(e1)⇒ Related to Bianchi and Mondragon (2022)
15/24



Monetary Policy in Period One

• Preferences of the CB

W (s, ϕ) = max
e1

∫
i
[V1(R1,ib1,i, e1)]di

• FOC

0 =

∫
i
τt(y

T − b1,iR1,i, e1)He(y
T − b1,iR1,i, e1)di

CB close the average output gap

• CB face trade-off in monetary policy when there is heterogeneity
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Optimal Policy in Period Zero

• Governments
V0(e0, s) = max

b1,i
u(cT0 ,H(cT0 , e0))− ν(H(cT0 , e0)) + βE[V1(R1b1, e1(s, ϕ))]

subject to
cT0 = yT + b1 −R0b0

R∗ = [1− F (R1b1, e1(s, ϕ))]R1

Interest rate depends on the E[e1(s, ϕ)]

• Central bank
0 = τ(yT +B1 −R0B0, e0)

Countries choose same debt

Markov Equilibrium
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Optimal Policy Under Commitment

• Governments

V C
0

(
e0, e

C(ϕ)
)
= max

b1
u
(
cT0 ,H

(
cT0 , e0

))
+ β E

[
V C
1

(
RC (b1, ξ, e1) b1, ϕ, e

C(ϕ)
)]

subject to
cT0 = yT + b1 −R0b0

R∗ = [1− F (R1b1, e
C(ϕ))]RC

1,i

Interest rate now depends on promise eC(ϕ)

• Central bank

WC = max
e0,e

C
(ϕ)

∫
i

[
V C
0

(
e0, e

C(ϕ)
)]

di

Continuation Equilibrium
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Optimal Monetary Policy

• Let Bs = b
+
, BH = b

−. For B1 < Bs, eM solves:

0 = τt

(
y
T −R

⋆
B1, eM

)

• For B1 ∈ (Bs, BH), eM (ϕL) and eM (ϕH) solves:

0 = πτt

(
y
T
, eM (ϕL)

)
He

(
y
T
, eM (ϕL)

)
+(1− π)τt

(
y
T −R

⋆
B1, eM (ϕL)

)
He

(
y
T −R

⋆
B1, eM (ϕL)

)

0 = πτt

(
y
T − R

⋆

1− ρ
B1, eM (ϕH)

)
He

(
y
T − R

⋆

1− ρ
B1, eM (ϕH)

)
+ (1− π)τt

(
y
T −R

⋆
B1, eM (ϕH)

)
He

(
y
T −R

⋆
B1, eM (ϕH)

)
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Commitment and Confidence Risk

• For π = 1, ϕ = ϕL and B1 ∈ (Bs, BH), eM (ϕL) solves:

0 = τ
(
y
T
, eM (ϕL)

)

• Under commitment the CB choose e
C
(ϕL) :

V
D
(
ϕL, e

C
(ϕL)

)
= V

R

(
R

⋆

1− ρ
B1, e

C
(ϕL)

)
• With e

C
(ϕL):

Ri = R
⋆ for all i

τ
(
y
T −R

⋆
B1, e

C
(ϕL)

)
̸= 0
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Commitment with Heterogeneity

• For ϕ = ϕL and B1 ∈ (Bs, BH), eM solves:

0 = πτt

(
y
T
, eM

)
He

(
y
T
, eM

)
+

+(1− π)τt

(
y
T −R

⋆
B1, eM

)
He

(
y
T −R

⋆
B1, eM

)

• Under commitment the CB chooses e
C
(ϕL) such that :

V
D
(
ϕL, e

C
(ϕL)

)
= V

R

(
R

⋆

1− ρ
B1, e

C
(ϕL)

)

• A fraction π of countries get lower interest rate
• Strictly positive welfare gains from commitment only

near the threshold
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Taking Stock

• Markov equilibrium:

✱ Unique monetary policy
✱ For some debt, countries face idiosyncratic confidence risk
✱ Commitment of monetary policy can eliminate idiosyncratic confidence risk

• Next we will describe multiplicity in the Markov equilibrium

✱ For some debt, monetary union subject to confidence risk
✱ Multiple monetary policy
✱ In the "bad" Markov equilibrium region with idiosyncratic confidence risk expands
✱ Commitment of monetary policy can select the good Markov equilibrium
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Endogenous Fragmentation
• Safe Equilibrium

✱ Assume B1 = Bs (in the threshold)
✱ di = 0 for all countries
✱ Ri,1 = R⋆ for all countries
✱ τ(cT , eS) = 0 for all countries

• Fragmented Equilibrium

✱ Guess di = 1 if ϕ = ϕL

✱ Ri,1 = R
⋆

1−ρ for π countries

✱ Full employment not feasible:

0 = (1− π)
[
τt

(
yT −BsR

∗, eF

)
He

(
yT −BsR

∗, eF

)]
+ π

[
τt

(
yT , eF

)
He

(
yT , eF

)]

Coincide with optimal e1 under commitment
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Endogenous Fragmentation

Related result to Fornaro and Grosse-Steffen (2024)
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Optimal Monetary Policy

ϕH
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Optimal Monetary Policy

ϕH

ϕL
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Optimal Monetary Policy

ϕH

ϕL

Same as good equilibrium

• In the multiplicity region commitment is a selection device 24/24



Conclusion

• Develop a model of a monetary union with self-fulfilling debt crisis
• Fragmented equilibrium emerges endogenously

✱ Heterogenous conditions imply that central bank unable to achieve full employment
✱ Rationalizes high spreads for some countries
✱ A commitment to running the economy hot can help ensure a safe equilibrium for all

countries.
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Competitive Equilibrium

Definition

(Competitive Equilibrium) Given an initial condition {R0b0}; the equilibrium consists of a
sequence of prices {R1, et, P

N
t }t=0,1; government policies {b1, d(s), T0, T1(s)}, and

households allocations {cTt , c
N
t , ht}t=0,1 such that:

i Given prices and government policies: {cTt , c
N
t , ht}t=0,1 maximizes problem.

ii Given prices and government policies: no arbitrage condition holds. That is, M(R) = 0

iii Given prices and government policies: labor market clears ht = nt.
iv Given prices and households policies: {b1, d(s), T0, T1(s)} are consistent with

government budget constraints
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Markov Equilibrium

Definition

(Markov Equilibrium) Given initial conditions {R0b0}; a Markov perfect equilibrium is
defined by a set of strategies profile {E0,B1, E1(Rb1, ϕ),D1(Rb1, ϕ)}; value functions
{V0, V1(Rb1, ϕ)} and an interest rate schedule R(b1) such that:

i Given the interest rate schedule: {E0,B1} solves the government problem in period
zero, and V0 attains the maximum.

ii Given a face value of debt; {E1(Rb1, ϕ),D1(Rb1, ϕ)} solves the government problem at
every state in period one, and V1(Rb1, ϕ) attains the maximum.

iii Given the policy functions of the government: R(b1) satisfies the break-even
condition of international investors.

back
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Markov Equilibrium - Monetary Union

Definition
(Symmetric Markov Equilibrium) Given initial conditions {R0b0}; a Markov perfect equilibrium is defined by a
set of strategies profile {E0, E1(s), {Bi,1,Di,1(Ribi,1, s)}i}; value functions {W, {Vi,0, Vi,1(Ribi,1, s)}i} and a set
interest rate schedules {Ri(bi,1, s, ξ)} such that:

i Given the interest rate schedule and the policy function of the central bank: {{Bi,1} solves the problem
of each government in period one, and {{Vi,0}i} attains the maximum.

ii Given a face value of debt and the policy function of the central bank: {{Di,1(Ribi,1, s)}i} solves the
problem of each government at every state, and {{Vi,1(Ribi,1, s)}i} attains the maximum.

iii Given the policy functions of the governments and the interest rate schedules: {E0, E1(s)} solves the
problem of the central bank, and W attains the maximum.

iv Given the policy functions of the government and the central bank, Ri satisfies the break-even
condition of international investors for each country.

back
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Interes Rate Schudele

• We assume the sunspot works as follows:

R1(b1, ξ) =


R∗ b1 < b+

R∗ b− > b1 ≥ b+ with prob. π
R

∗

1−ρ b− > b1 ≥ b+ with prob. (1− π)
R

∗

1−ρ b1 ≥ b−

• Government face uncertainty in the interest rate if chooses b ∈ IR
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Optimal Debt

Figures/Fig_3-eps-converted-to.pdf
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Multiple Interes Rate Schudele

• Optimistic

R̂MU (b1, e1(s), ξ) =


R∗ b1 < b̂+MU (s

S)

R∗ b̂−MU (e1(s)) > b1 ≥ b̂+MU (s
S) with prob. π

R
∗

1−ρ b̂−MU (e1(s)) > b1 ≥ b̂+MU (s
S) with prob. (1− π)

R
∗

1−ρ b1 ≥ b̂−MU (e1(s))

• Pessimistic

RMU (b1, e1(s), ξ) =


R∗ b1 < b

+
MU (s

H)

R∗ b
−
MU (e1(s)) > b1 ≥ b

+
MU (s

H) with prob. π
R

∗

1−ρ b
−
MU (e1(s)) > b1 ≥ b

+
MU (s

H) with prob. (1− π)
R

∗

1−ρ b1 ≥ b
−
MU (e1(s))
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Optimal Debt and Multiplicity

Figures/Fig_9-eps-converted-to.pdf
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Timing

• Timing:

Beginning 0 End 0 1

b1,i
e0

ξ

Ri

ϕ
di
e1

back
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