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Introduction

Financial crisis resulted in large increases in public debt due to
stimulus and rescue packages.

Large projected (net) debt increases since 2008

U.S.: from 40% to 67% of GDP

Germany: from 60% to 85% of GDP

How to reduce debt burden?

Fiscal consolidation, default, or in�ation

Suggestions to raise in�ation target to improve private and public
sector balance sheets (e.g., Rogo¤, Blanchard, Krugman,...)
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Introduction

How e¤ective is in�ation in reducing real public debt?

Two factors

In�ation expectations: a¤ect current in�ation and nominal
interest rates on newly-issued debt

Maturity structure: determines the fraction of outstanding real
public debt that can be in�ated away by (anticipated) in�ation

New Keynesian sticky price model with a maturity structure of
government debt and a time-varying in�ation target

Imperfect information about in�ation target:

di¤erent degrees of credibility of monetary policy
di¤erences in the evolution of in�ation expectations

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 3 / 26



Introduction

How e¤ective is in�ation in reducing real public debt?

Two factors

In�ation expectations: a¤ect current in�ation and nominal
interest rates on newly-issued debt

Maturity structure: determines the fraction of outstanding real
public debt that can be in�ated away by (anticipated) in�ation

New Keynesian sticky price model with a maturity structure of
government debt and a time-varying in�ation target

Imperfect information about in�ation target:

di¤erent degrees of credibility of monetary policy
di¤erences in the evolution of in�ation expectations

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 3 / 26



Introduction

How e¤ective is in�ation in reducing real public debt?

Two factors

In�ation expectations: a¤ect current in�ation and nominal
interest rates on newly-issued debt

Maturity structure: determines the fraction of outstanding real
public debt that can be in�ated away by (anticipated) in�ation

New Keynesian sticky price model with a maturity structure of
government debt and a time-varying in�ation target

Imperfect information about in�ation target:

di¤erent degrees of credibility of monetary policy
di¤erences in the evolution of in�ation expectations

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 3 / 26



Introduction

How e¤ective is in�ation in reducing real public debt?

Two factors

In�ation expectations: a¤ect current in�ation and nominal
interest rates on newly-issued debt

Maturity structure: determines the fraction of outstanding real
public debt that can be in�ated away by (anticipated) in�ation

New Keynesian sticky price model with a maturity structure of
government debt and a time-varying in�ation target

Imperfect information about in�ation target:

di¤erent degrees of credibility of monetary policy

di¤erences in the evolution of in�ation expectations

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 3 / 26



Introduction

How e¤ective is in�ation in reducing real public debt?

Two factors

In�ation expectations: a¤ect current in�ation and nominal
interest rates on newly-issued debt

Maturity structure: determines the fraction of outstanding real
public debt that can be in�ated away by (anticipated) in�ation

New Keynesian sticky price model with a maturity structure of
government debt and a time-varying in�ation target

Imperfect information about in�ation target:

di¤erent degrees of credibility of monetary policy
di¤erences in the evolution of in�ation expectations

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 3 / 26



Literature

Aizenman and Marion (2009):

�nd large incentives to in�ate away public debt in a partial
equilibrium model with a �xed interest rate

Hall and Sargent (2009):

�nd that historically the fraction of U.S. public debt in�ated was
comparatively low. Instead, high real GDP growth made the
largest contribution, not in�ation

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 4 / 26



Outline

Main results

Introducing a �stochastic bond�

Imperfect information about in�ation target

Remaining model features

Calibration and simulation

Conclusions
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Main results

Simulation of crisis-related real debt increase, followed by a
change of the in�ation target by 4 percentage points

Persistent change in the in�ation target:

In�ate away 25% to 30% of crisis-related real debt after 10 years
even though current long-run interest rates rise, due to high
in�ation expectations, old debt priced at past, low rates

Temporary change in in�ation target:

only weak e¤ects on real debt, < 5% after 10 years
even with large jump in in�ation, e¤ect is low

Learning about in�ation target: debt reduction larger

E¤ect on real debt depends on average maturity
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Debt structure in advanced economies

Source: IMF (2010)
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Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

A �callable perpetuity with stochastic call date�

Each period, individual bond matures with probability α

Large number of these bonds issued each period, households
hold representative portfolio: fraction α matures each period

Stock of long-term bonds evolves as

BLt = (1� α)BLt�1 + B
new
t (1)

Average remaining maturity of all bonds = 1/α

Standard one-period bond: α = 1

In steady state:

α =
Bnew

BL

Krause/Moyen (Deutsche Bundesbank) Public Debt and Changing In�ation Targets Spring Conference 2011 8 / 26



Long-term bonds and the maturity structure

Interest rate of a newly issued long-term bond: inewt

Average interest rate iLt is weighted average of i
new
t

iLt =
Bnewt
BLt

inewt + (1� α)
Bnewt�1
BLt

inewt�1 + (1� α)2
Bnewt�2
BLt

inewt�2 + ...
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Long-term bonds and the maturity structure

Interest rate of a newly issued long-term bond: inewt

Average interest rate iLt is weighted average of i
new
t

iLt = (1� α)iLt�1
BLt�1
BLt

+ inewt
Bnewt
BLt

Linearized

iLt � (1� α)iLt�1 + αinewt = α
∞

∑
s=0
(1� α)s inewt�s

Recursive representation possible because same fraction of old
issuance matures each period, irrespective of date of issuance.
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The evolution of real debt

Long-term debt (divide by price level)

bLt = (1� α)
bLt�1
πt

+ bnewt

Government budget constraint (ignore short-term debt)

τtYt +mt �
mt�1

πt
+ bnewt = g + (α+ iLt )

bLt�1
πt

Fiscal policy rule

τt = τ + φτ

bLt � bL
bL

With a bit of inserting and simplifying (i.e., no seignorage)

bLt =
1

1+ φτYt

"
g � τYt + (1+ iLt�1)

bLt�1
πt

#
Need to determine dynamics of iLt and πt
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Household optimization

Households maximize E0 ∑∞
t=0 βtU(Ct ,Mt ,Nt) subject to their

budget constraint and the equations that describe the evolution
of debt and of the average interest rate on long-term debt

First-order conditions for bonds (including a short-term bond)

1 = Etβ
�
Ct+1
Ct

��σ Pt
Pt+1

[1+ it ] ,

1 = Etβ
�
Ct+1
Ct

��σ Pt
Pt+1

�
1+ inewt � µt+1(1� α)∆inewt+1

�
,

µt = Etβ
�
Ct+1
Ct

��σ Pt
Pt+1

�
1+ µt+1(1� α)

�
.

µt is Lagrange multiplier on long-term interest rate equation
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The evolution of interest rates

The two �rst-order (Euler) conditions for short- and long-term
bonds lead to arbitrage conditions that link it and inewt

inewt � (1� α)Et inewt+1 + αit

Recall equation for the evolution of the interest rate iLt :

iLt � (1� α)iLt�1 + αinewt

Monetary policy rule

it = ı̄+ bπ�t + φπ(bπt � bπ�t ) + φy (
bYt � bY nt ) + ηt

Time-varying in�ation target bπ�t = ρπbπ�t�1 + ηπ
t , variance σ2ηπ

Monetary policy shock ηt i.i.d. with σ2η
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The evolution of interest rates

The two �rst-order (Euler) conditions for short- and long-term
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Imperfect information about the in�ation target

Monetary policy rule

it = ı̄+ bπ�t + φπ(bπt � bπ�t ) + φy (
bYt � bY nt ) + ηt

Use Kalman �lter to extract best guess Et bπ�t from signal
επ
t = (1� φπ)bπ�t + ηt

Then best guess is the Kalman �ltered signal

Et bπ�t = Et�1bπ�t�1 + κ

ρπ

[επ
t � Et�1επ

t ]

and κ is the Kalman gain, depends on σ2ηπ , ρπ, and σ2η
The agents�optimal forecast of the in�ation target is

Et bπ�t+s = ρsπEt bπ�t
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Imperfect information about the in�ation target
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Firms�price setting

Monopolistic �rms face Calvo-style price rigidities

Prices on average adjusted with steady-state in�ation rate Et bπ�t
New Keynesian Phillips curve

bπt = Et bπ�t + βEt(bπt+1 � bπ�t+1) + ϕcmct
with marginal costs mct = wt/At
Note that Et bπ�t need not be identical to true target when there
is imperfect information about the in�ation target
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Interest rate and in�ation: mechanism

Assume �exible prices, then s � 1

Et bπt+s = ωρsπEt bπ�t

With Et it+s � i = Et bπt+s , recalling equation for inewt
inewt � i � αρπ

1� (1� α)ρπ

ωEt bπ�t
The evolution of long-term interest rates becomes

iLt � i �
αρπ

1� (1� α)ρπ

α
∞

∑
s=0
(1� α)sωEt π̂�t�s

With signal extraction: repeated expectational errors
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Calibration
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Simulations

�Debt shock�that raises U.S. government debt

First: possible �scal policy reaction (response of tax rate)

Second: monetary policy action

permanent change of in�ation target
comparing full and imperfect information

Fourth: role of debt maturity, credibility, size of target shock
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Simulation: debt shock
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Simulation: permanent in�ation target shock I
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Simulation: permanent in�ation target shock II
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Average maturity and credibility
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Average maturity
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In�ation target shock properties
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Conclusion

To reduce real government debt need permanent change in
in�ation target (transitory does not work)

In the baseline scenario, crisis related increase in real public debt
can be brought down by up to 30 percent after 10 years

If target shock is larger (8 percentage points) reduce additional
crisis-related debt up to 40 percent

The better anchored are (low) in�ation expectations, the more
di¢ cult to bring actual in�ation up: di¢ cult to lower nominal
rate when close to zero-lower bound

Future work

default risk
conditions under which in�ation target is raised (�scal limit)
open-economy constraints
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