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Background	  
•  The	  financial	  crisis	  and	  subsequent	  world-‐wide	  
recession	  triggered:	  
–  reducIons	  of	  policy	  rates	  to	  effecIve	  lower	  bound.	  
– expansions	  of	  central	  bank	  balance	  sheets.	  
– ballooning	  of	  gov.	  debt	  and	  increases	  of	  risk	  
premia	  on	  gov.	  debt,	  especially	  in	  the	  euro	  area.	  

•  QuesIon:	  how	  should	  monetary	  policy	  be	  
conducted	  opImally	  with	  rising	  gov.	  debt	  and	  
risk	  premia?	  	  



What	  We	  Do	  

•  Develop	  a	  monetary	  Blanchard-‐Yaari	  model.	  
– OLG	  implies	  non-‐trivial	  role	  for	  government	  debt.	  
– Assume	  risk	  premium	  on	  gov.	  debt	  depends	  on	  
debt-‐to-‐GDP	  raIo.	  

•  Examine	  opImal	  monetary	  policy	  to	  large	  
recessionary	  shock	  with	  binding	  ZLB.	  	  

•  Parameterize	  model	  to	  the	  euro	  area.	  
	  



What	  We	  Do	  

•  Find	  that	  opImal	  monetary	  policy:	  	  
–  reduces	  risk	  premium	  on	  gov.	  debt.	  
– expands	  its	  balance	  sheet.	  
–  relies	  less	  on	  forward	  guidance.	  

•  Study	  variaIons	  of	  Taylor	  rule-‐based	  policies	  
that	  replicate	  opImal	  policy	  prescripIons.	  	  

	  
	  



	  
	  
	  
	  

The	  Model	  



Firms	  
•  Final	  goods	  firms:	  	  
–  Perfect	  compeIIon.	  
– Dixit-‐SIglitz	  producIon	  using	  intermediate	  input	  goods.	  

•  Intermediate	  goods	  firms:	  
–  ProducIon	  linear	  in	  labor.	  	  
– Hire	  on	  compeIIve	  labor	  market.	  
– MonopolisIc	  compeIIon;	  set	  prices	  as	  markup	  over	  
marginal	  cost.	  

– May	  not	  reset	  price	  every	  period	  due	  to	  Calvo	  (1983)	  
sIcky	  prices.	  



Households	  

•  Households	  die	  with	  probability	  
•  Newborn	  generaIon	  j	  fracIon	  	  	  	  	  	  	  	  	  	  of	  total	  pop.	  

	  
	  

2.1. Households

We adopt the speciÖcation of the Blanchard (1985) and Yaari (1965) model of perpetual

youth in discrete time similar to Devereux (2011). In particular, households die with proba-

bility 1  each period and each period, a newborn generation j represents a fraction 1 
of total population.6 Thus, the size of generation j at time t is therefore: (1  )tj while
total population has measure 1. Households in each generation j maximize
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where cjt ;M
j
t ; n

j
t and B

H;j
t are consumption, nominal money, hours worked and govern-

ment bonds of households of generation j. Mt
j
denotes the satiation level of money balances.

Pt is the aggregate nominal price level. We assume a competitive labor market. The com-

mon nominal wage is denoted by Wt. Further, 
j
t are the share of proÖts of intermediate

goods producers that go to generation j. Moreover, t1 is a shock to utility, realized in

the previous period.7 TRjt are lump-sum transfers from the government to generation j

households.

We assume that

Rgovt = tRt

where t drives a wedge between the nominal interest rate controlled by the central bank,

Rt; and the nominal interest rate paid on government debt, R
gov
t . In other words, an increase

of t leads to a fall of the price of government debt which we will interpret as an increase in

sovereign risk. We adopt the following functional for :
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6Thus, average household lifetime is
P1

t=0 
t = 1

1 : For conventional quarterly calibrations of  ;typically
in the range of 0.95 to 0.99, the implied lifetime is small compared to the data. However, an alternative and
empirically more plausible interpretation of 1

1 is that it reáects the e§ective planning horizon of households.
We shall adopt the planning horizon interpretation in this paper.

7In equilibrium, the ratio t
t1

will be a shifter of the discount factor  in the Euler equation. That is, a
positive realization of t

t1
will induce a rise in the e§ective discount factor so that households want to save

more. This will trigger a fall in consumption today and lead to a recession possibly implying a binding zero
lower bound of nominal interest rates.
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lived households in which all generations are identical. We choose the Blanchard-Yaari model

since it implies a departure from Ricardian equivalence. That is, changes in e.g. lump-sum

transfers have real e§ects in contrast to the standard model. Reis and Oh (2011) have

documented that across OECD countries, transfers to households have increased more than

any other part of public spending in the great recession.4 In the standard model, a debt-

Önanced increase in transfers has no e§ects while it does in the Blanchard-Yaari framework.

Below, we shall set up the model such that transfers to households rise substantially as part

of a systematic Öscal policy response in the wake of a recession.

In the model, every period new households are born with a fraction 1  of total popu-
lation and die with a probability of 1 . Because households have no bequest motive, the
overlapping generation nature of the population structure implies that government bonds and

money are net wealth: The usual Ricardian equivalence in dynamic models with inÖnitely-

lived households breaks down. A debt-Önanced increase in lump-sum transfers to households

will have a positive e§ect on spending because a part of the government debt will be paid

back by future generations. This makes the model particularly suitable for studying the

impact of government debt on the economy.

Each household consumes a bundle of consumption goods, enjoys the beneÖts from hold-

ing money, supplies labour and saves in the form of nominal government bonds or money

holdings. There is no capital in the model. Money demand is assumed to be satiated at

a speciÖc level of real money balances. Intermediate Örms produce the di§erentiated con-

sumption goods using labour and set their prices in a monopolistic competitive market with

price stickiness as in Calvo (1979). Price stickiness gives rise to a New Keynesian Phillips

curve and implies that monetary policy has real e§ects in the short term.

We study the implications of two alternative speciÖcations for the conduct of monetary

policy in the model. First, we assume that the central bank pursues optimal policy by

minimizing a loss function along the lines of Svensson (2011) and the references therein.

Second, we assume that the central bank follows a Taylor rule when the short-term nominal

interest rate is positive and revert to a money supply rule at the zero lower bound. Both type

based and unconventional monetary policies that results in allocations which are similar to those under

optimal monetary policy. Sixth, we economize on the assumption of a monotonically decreasing labor

productivity proÖle during each generationís lifetime. Although this is interesting per se, empirical evidence

would suggest an inverted U-shape for the labor productivity proÖle during lifetime.
4An alternative framework that allows for deviations from Ricardian equivalence are models in which a

share of households is liquidity constrained, see e.g. Coenen and Straub (2005) and the references therein. For

our purposes, we believe that this framework is too restrictive since a common assumption in those models is

that liquidity constrained households are inÖnitely lived and have no access to Önancial markets and thereby

do not hold e.g. government debt. By contrast, in the Blanchard-Yaari environment, all households hold

government debt. More importantly, the burden of repaying government debt is distributed unequally across

generations. Younger generations typically bear most of that burden, i.e. repay debt issued in the past with

higher taxes or reduced transfers.
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Households	  

•  Ricardian	  equivalence	  does	  not	  hold	  
	  

•  Aggregate	  household	  real	  money	  demand:	  
	  

•  Aggregate	  Euler	  equaIon	  in	  steady	  state:	  
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A.7. Optimal Monetary Policy and the ZLB

Consider a drastically reduced version of our model that collapses to the standard Clar-

ida, Gali and Gertler (1999) model. All variables are in log-deviations from steady state.

Expectation operators are omitted for simplicity. ut and rrnt are exogenous and represent

price markup and equilibrium real interest rate shocks respectively. The latter is akin to the

discount factor shock considered in the main model. The standard New Keynesian Phillips

curve and the so-called New IS curve are:

t = t+1 + xt + ut

xt = xt+1  (rt  t+1  rrnt )

Optimal policy solves the following problem, see also e.g. Levin, Lopez-Salido, Nelson

and Yun (2011):
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Note that the ratio t
t1

is exogenous and subject to shocks.
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Risk	  Premium	  on	  Gov.	  Debt	  

•  Assume	  a	  risk	  premium,	  	  	  	  ,	  that	  drives	  a	  wedge	  
between	  gov.	  debt	  and	  policy	  interest	  rates:	  

	  
•  FuncIonal	  form:	  	  
	  

•  Choose	  	  	  	  	  	  such	  that	  1pp	  increase	  of	  Debt/GDP	  
from	  60%	  increases	  	  	  	  	  	  	  	  	  by	  10	  basis	  points:	  	  
– Laubach	  (2009):	  3-‐4	  basis	  points.	  
– Corsee	  et	  al	  (2011):	  13-‐15	  basis	  points.	  

2.1. Households

We adopt the speciÖcation of the Blanchard (1985) and Yaari (1965) model of perpetual

youth in discrete time similar to Devereux (2011). In particular, households die with proba-

bility 1  each period and each period, a newborn generation j represents a fraction 1 
of total population.6 Thus, the size of generation j at time t is therefore: (1  )tj while
total population has measure 1. Households in each generation j maximize
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where cjt ;M
j
t ; n

j
t and B

H;j
t are consumption, nominal money, hours worked and govern-

ment bonds of households of generation j. Mt
j
denotes the satiation level of money balances.

Pt is the aggregate nominal price level. We assume a competitive labor market. The com-

mon nominal wage is denoted by Wt. Further, 
j
t are the share of proÖts of intermediate

goods producers that go to generation j. Moreover, t1 is a shock to utility, realized in

the previous period.7 TRjt are lump-sum transfers from the government to generation j

households.

We assume that

Rgovt = tRt

where t drives a wedge between the nominal interest rate controlled by the central bank,

Rt; and the nominal interest rate paid on government debt, R
gov
t . In other words, an increase

of t leads to a fall of the price of government debt which we will interpret as an increase in

sovereign risk. We adopt the following functional for :
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6Thus, average household lifetime is
P1
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t = 1

1 : For conventional quarterly calibrations of  ;typically
in the range of 0.95 to 0.99, the implied lifetime is small compared to the data. However, an alternative and
empirically more plausible interpretation of 1

1 is that it reáects the e§ective planning horizon of households.
We shall adopt the planning horizon interpretation in this paper.

7In equilibrium, the ratio t
t1

will be a shifter of the discount factor  in the Euler equation. That is, a
positive realization of t

t1
will induce a rise in the e§ective discount factor so that households want to save

more. This will trigger a fall in consumption today and lead to a recession possibly implying a binding zero
lower bound of nominal interest rates.
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Government	  
•  Budget	  constraint:	  

•  Fiscal	  rule:	  	  

	  
•  Feedback	  coefficients:	  
-  	  	  	  	  	  	  	  	  	  	  	  	  =	  0	  for	  t=0,..,T	  and	  	  	  	  	  	  	  	  	  	  	  	  	  >0	  for	  t>T.	  
-  	  	  	  	  	  	  	  	  	  	  	  >0.	  
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as well as the relationship between aggregate inputs and output, taking into account

losses in terms of production to do price dispersion among intermediate goods producers:
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t nt:

2.5. Government

The government is subject to the following budget constraint:
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Z
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where BGt denotes total debt issued by the government. St is a transfer received from

the central bank. We assume that the distortionary labor income tax rate is constant over

time and that t = 0 8t. More importantly, we shall assume that transfers to households,
TRt; adjust to balance the budget according to the following rule:
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where tr denotes the steady state real transfers and bG is real total government debt in

steady state. The Öscal rule consists of a debt stabilizing part and a part that we assume to

be a stand in for automatic stabilizers. Below we shall assume that in the wake of a large

shock that drives the economy into a deep recession, the debt stabilizing part is switched o§

temporarily. As a results, automatic stabilizers lead to an increase in transfers and thereby

fuel the buildup of government debt in addition to the shortfall in revenues.

2.6. Central Bank

The central bank faces the following budget constraint:
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+ St = B
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t1 +Mt Mt1

where BMt denotes sovereign debt held by the central bank. St denotes a transfer from

the central bank to the government which is set according to the following rule:
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denotes real marginal cost and t is the Lagrange multiplier on the

aggregate household budget constraint. In linearized form, these three equations can be

combined to obtain the standard New Keynesian Phillips curve.
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a stand in for automatic stabilizers. Below we shall assume that in the wake of a large

shock that drives the economy into a deep recession, the debt stabilizing part is switched o§

temporarily. That is, TRB;t = 0 for some t = 0; ::; T and TRB;t > 0 if t > T . This setup

resembles a regime in which Öscal policy is active, i.e. does not stabilize government debt.

Further, we assume that TRY > 0 throughout. As a result, automatic stabilizers lead to

an increase in transfers and thereby fuel the buildup of government debt in addition to the

shortfall in revenues in the wake of a recession.
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Central	  Bank	  
•  Budget	  constraint:	  
	  	  
•  Transfers	  to	  government	  set	  according	  to:	  

•  Nominal	  interest	  rate	  determined	  by:	  

–  Taylor	  rule:	  	  

–  OpImal	  policy:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  
	  	  	  	  subject	  to	  non-‐linear	  equilibrium	  condiIons	  	  
	  	  	  	  and	  	  	  	  	  	  	  	  	  	  	  	  .	  Study	  equilibrium	  under	  commitment.	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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where tr denotes the steady state real transfers and bG is real total government debt in

steady state. The Öscal rule consists of a debt stabilizing part and a part that we assume to

be a stand in for automatic stabilizers. Below we shall assume that in the wake of a large

shock that drives the economy into a deep recession, the debt stabilizing part is switched o§

temporarily. As a results, automatic stabilizers lead to an increase in transfers and thereby

fuel the buildup of government debt in addition to the shortfall in revenues.

TR;B; TR;Y > 0

2.6. Central Bank

The central bank faces the following budget constraint:

BMt
Rgovt

+ St = B
M
t1 +Mt Mt1

where BMt denotes sovereign debt held by the central bank. St denotes a transfer from

the central bank to the government which is set according to the following rule:
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Pt
= s+ C


BMt
Pt

 bM


where s are steady state transfers from the central bank to the government and bM is

government debt held by the central bank in steady state.

We study the implications of two alternative speciÖcations for the conduct of monetary

policy in the model. First, we assume that the central bank pursues optimal policy by

minimizing the following loss function along the lines of Svensson (2011) and the references

therein:
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subject to the private and public sector equilibrium equations as well as subject to the

zero lower bound constraint, R  1:
Second, we assume that the central bank follows a Taylor rule, subject to the zero lower

bound contraint:

Rt = max


R +  (t  ) + y


yt
y
 1

; 1


:

2.7. Equilibrium

In equilibrium, all markets clear. It is straigtforward to show that, by consolidating the

households, Öscal and central bank budget constraints, the aggregate resource constaint

becomes ct = yt: See the appendix for the details.

2.7.1. Monetary Policy follows Taylor Rule

The equilibrium when the central bank follows a Taylor rule can be summarized as follows:
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Finally, note that lump-sum transfers in our model have real e§ects due to the overlapping

generation structure of the model. In contrast to the standard inÖnitely lived representa-

tive agent framework, a debt Önanced increase of transfers during the recession increases

consumption in our model. Households take into account that they may have exited the

economy already at the time when the government reduces future transfers to repay the

debt.

2.6. Central Bank

The central bank faces the following budget constraint:

BMt
Rgovt

+ St = B
M
t1 +Mt Mt1

where BMt denotes sovereign debt held by the central bank. St denotes a transfer from

the central bank to the government which is set according to the following rule:
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where s are steady state transfers from the central bank to the government and bM is

government debt held by the central bank in steady state.

We study the implications of two alternative speciÖcations for the conduct of monetary

policy in the model. First, we assume that the central bank pursues optimal policy by

minimizing the following loss function along the lines of Eggertsson and Woodford (2003) or

Svensson (2011) and the references therein:10

L = min
1

2

1X

t=0

t

"
(t  )

2 + 


yt
y
 1
2#

subject to the private and public sector equilibrium equations as well as subject to the

zero lower bound constraint, Rt  1:
Second, we assume that the central bank follows a Taylor rule, subject to the zero lower

bound contraint:

Rt = max


R +  (t  ) + y
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:

We assume that the zero lower bound is binding for the policy rate even though we have

not modelled an explicit asset market that trades at Rt when risk premia arise. One inter-

pretation of this assumption is that the economy simply looses its safe asset with positive

10An alternative criterion function would be a social welfare function that summarizes the utility functions
of all generations in the economy. In order to facilitate comparision with e.g. Eggertsson and Woodford, we
leave this alternative approach for future research.
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ParameterizaIon	  (Euro	  Area)	  Tables and Figures

Table 1: Parameters and Imposed Steady States
Parameter Value Description
 0.999 Discount factor
 0.97 Survival probability of households
p 0.95 Calvo price stickiness
! 1.35 Gross price markup
 1.5 Taylor rule coe¢cient on ináation
y 0.5 Taylor rule coe¢cient on output
 0.001 Weight on output in loss function
C 0.01 CB to gov. transfer rule coe¢cient
TR;B 0.1 Gov. to households transfer rule coef.
TR;Y 0.45 Gov. to households transfer rule coef.
 0.1 Level parameter utility of real money
{ 0.025 Slope coe¢cient sovereign risk premium
 0.8 AR(1) of discount factor shock
" 2 Initial shock to discount factor, in percent

Imposed steady states
 0.5 Distortionary tax rate (tax wedge on labor)
 1.9 Annual ináation rate
m=y 0.25 Annual money to GDP ratio
bG=y 0.6 Annual total gov. debt to GDP ratio
bH=y 0.5 Annual gov. debt held by public to GDP ratio
n 1/3 Hours worked
 0 Subsidy to Örms
=1 1 Discount factor shock

Table 2: Steady States and Implied Parameters for Di§erent Households (HH)

Variable
InÖnitely lived
HH ( = 1)

Blanchard/Yaari
HH ( = 0:97)

Description

r 2.3 3.45 Nominal interest rate
m=y 0.3814 0.4465 Satiation: annual money to GDP ratio
tr=y 0.0933 0.0919 Annual transfer to GDP ratio
w 0.74 Real wage
A 0.75 Level parameter disutiliy of labor
y 0.33 Real GDP
bM=y 0.1 Annual gov. debt to GDP ratio held by CB
s=y 0.001 Annual CB transfers to gov. as ratio to GDP
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A	  Great	  Recession	  Type	  Shock	  
•  Similar	  to	  e.g.	  CER	  (2011),	  assume	  large	  and	  
persistent	  rise	  in	  household	  discount	  factor:	  
–  Stand-‐in	  for	  Ightening	  of	  credit	  constraints;	  
PrecauIonary	  savings	  due	  to	  higher	  uncertainty.	  

–  Euler	  equaIon	  for	  gov.	  bonds:	  	  

•  Assume	  raIo	  	  	  	  	  	  	  	  	  	  increases	  by	  2%	  iniIally	  and	  has	  
AR(1)	  coefficient	  0.8.	  

•  Assume	  iniIal	  government	  debt	  to	  GDP	  raIo	  of	  
70%	  and	  no	  debt-‐stabilizaIon	  for	  first	  8	  quarters.	  

	  

where BGt denotes total government debt and yt is aggregate output. Further,
bG

4y
denotes

the annual debt to GDP ratio in steady state.

Similar to Blanchard (1995), we shall assume a full annuities market, i.e. a perfectly

competitive life insurance industry. In that environment, borrowers pay a premium to cover

their posthumous debt while savers get a premium on lending to cover their unintended

bequests. Thus, full annuity markets imply that rates of return are grossed up to cover

the probability of death. Put di§erently, households have no bequest motive. They sell

contingent claims on their assets to perfectly competitive insurance companies. Assets from

the (1  ) exiting households are transferred to all non-exiting and newborn households.
Hence, each surviving generation receives a premium payment, per unit of asset, of (1)=:
Therefore, the gross return on the insurance contract is 1 + (1  )= = 1= > 1 which is

the factor multiplying asset income per household. The Örst order conditons at an interior

solution can be written as:

M j
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1 njt
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2.2. Aggregation

Aggregation implies the following relationship between a generation speciÖc variable, say zjt ;

and its associated aggregate representation zt:

zt =

tX

j=1

(1 )tjzjt :

The appendix provides the details on the aggregation. Since we will study deterministic

simulations below, we ignore Jensenís inequality as well as drop the expectation operator.

The Euler equation in its aggregate representation reads as:


t
t1

ct
Rgovt
t+1

=
1 

t+1t+1


BHt
Pt

+
Mt

Pt


+ ct+1:

with t = 1 + t
t1

t+1. Note that for  < 1; government debt and money held by

households represent net wealth and thereby a§ect consumption spending. Moreover, observe

that in steady state, Rgov = 

+ (1)(1)



h
bH

y
+ m

y

i
:This implies that more debt held by

the public results in a higher nominal interest rate in order to maintain a given ináation

rate.

9

2.1. Households

We adopt the speciÖcation of the Blanchard (1985) and Yaari (1965) model of perpetual

youth in discrete time similar to Devereux (2011). In particular, households die with proba-

bility 1  each period and each period, a newborn generation j represents a fraction 1 
of total population.6 Thus, the size of generation j at time t is therefore: (1  )tj while
total population has measure 1. Households in each generation j maximize

max
cjt ;M

j
t ;B

H;j
t ;njt

E0

1X

t=0

()t t1

2

4log cjt 
t
2

 
max

(
M j
t

Pt

M j
t

Pt
; 0

)!2
+ A log(1 njt)

3

5

subject to

Ptc
j
t +

BH;jt

Rgovt
+M j

t = (1  t)Wtn
j
t +

j
t + TR

j
t +

1




BH;jt1 +M

j
t1



where cjt ;M
j
t ; n

j
t and B

H;j
t are consumption, nominal money, hours worked and govern-

ment bonds of households of generation j. Mt
j
denotes the satiation level of money balances.

Pt is the aggregate nominal price level. We assume a competitive labor market. The com-

mon nominal wage is denoted by Wt. Further, 
j
t are the share of proÖts of intermediate

goods producers that go to generation j. Moreover, t1 is a shock to utility, realized in

the previous period.7 TRjt are lump-sum transfers from the government to generation j

households.

We assume that

Rgovt = tRt

where t drives a wedge between the nominal interest rate controlled by the central bank,

Rt; and the nominal interest rate paid on government debt, R
gov
t . In other words, an increase

of t leads to a fall of the price of government debt which we will interpret as an increase in

sovereign risk. We adopt the following functional for :

t = max


exp


{

BGt
4Ptyt


bG

4y


; 1



6Thus, average household lifetime is
P1

t=0 
t = 1

1 : For conventional quarterly calibrations of  ; typically
in the range of 0.95 to 0.99, the implied lifetime is small compared to the data. However, an alternative and
empirically more plausible interpretation of 1

1 is that it reáects the e§ective planning horizon of households.
We shall adopt the planning horizon interpretation in this paper.

7In equilibrium, the ratio t
t1

will be a shifter of the discount factor  in the Euler equation. That is, a
positive realization of t

t1
will induce a rise in the e§ective discount factor so that households want to save

more. This will trigger a fall in consumption today and lead to a recession possibly implying a binding zero
lower bound of nominal interest rates.

8
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Figure 1: Baseline Results − OLG, Endog. Sovereign Risk Premium, Responses to Discount Factor Shock
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Under	  opImal	  monetary	  policy:	  
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•  Same	  ZLB	  lim-‐off	  as	  under	  Taylor	  rule	  
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No	  Gov.	  Risk	  Premium,	  OLG	  
Figure A9: OLG, No Sovereign Risk Premium, Responses to Discount Factor Shock
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OLG	  vs.	  Infinitely	  Lived	  HH,	  Taylor	  Rule	  
Figure A10: Blanchard−Yaari vs. Inf. Lived Households, Endog. Sov. Risk Premium (   χ=0.0165), Resp. to Discount Shock
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Extensions	  



AlternaIve	  Taylor	  Rule-‐Based	  Policies	  

•  What	  does	  it	  take	  to	  get	  the	  Taylor	  rule-‐based	  
equilibrium	  close	  to	  the	  one	  under	  opImal	  policy?	  	  

•  Examine	  and	  compare	  three	  alternaIves:	  
1.  ReacIon	  to	  spread:	  augment	  Taylor	  rule	  by	  spread	  

between	  long-‐term	  gov.	  debt	  and	  policy	  rate.	  

2.  Forward	  guidance:	  central	  bank	  pre-‐commits	  to	  longer	  
ZLB	  under	  Taylor	  rule.	  

3.  Money	  boost	  (in	  progress):	  while	  being	  at	  the	  ZLB,	  
provide	  more	  liquidity	  via	  buying	  up	  government	  debt.	  



ReacIon	  to	  Spread	  

•  Strong	  differences	  of	  Taylor	  and	  opImal	  policy	  
for	  spread	  between	  long-‐term	  interest	  rate	  on	  
gov.	  bonds	  and	  policy	  rate.	  

•  Augment	  the	  Taylor	  rule	  as	  follows:	  

	  

based policies are identical, optimal policy appears to return the nominal interest rate faster

to the steady state. Moreover, note that we have veriÖed that if we shut o§ the sovereign

risk channel in our model, the standard Eggertsson and Woodford result re-emerges. See

Figure A9 in the appendix for the details.

4.2. Taylor Rule and Reaction to Long-Term Sovereign Spread

A natural question that arises after examining Figure 1 is: what does it take to implement

- or at least come close to - the allocations that result under the prescriptions of optimal

monetary policy?

From Figure 1 it is clear that the response of the government bond interest rate is quite

di§erent under Taylor and optimal policy. In the Örst case, the implied spread between

the nominal 10 year government bond rate and the 10 year implied policy rate increases

on impact by about 1.4 percentage points and stays persistently high for many quarters. In

contrast, under optimal policy the spread increase is much more modest. It is therefore worth

investigating whether adding a systematic response to the long-term interest rate spread in

the Taylor rule allows to come closer to the equilibrium allocations under optimal policy.

Formally, we augment the Taylor rule as follows:

Rt = max


R +  (t  ) + y


yt
y
 1

+ st; 1



where

t =


39Q
i=0

Rgovt+i

 1
40



39Q
i=0

Rt+i

 1
40

:

Figure 2 provides the results for the drastic case when s = 10000: It turns out that
optimal and Taylor rule based allocations are indeed very similar. Although interest rates

are constrained by the zero lower bound during the Örst eight quarters, the credible threat

to continue to keep interest rates low in response to high sovereign spreads has a powerful

impact on the current spread and sets in motion a positive spiral whereby lower spreads

stimulate the economy and reduce the accumulation of government debt, which in turn

allows for lower spreads. In this process both real money demand by the household sector

and government debt held by the central bank signiÖcantly expand compared to the Taylor

rule without a response to the sovereign spread. In equilibrium, there is no to keep interest

rates low for longer than under the simple Taylor rule because spreads have fallen to very

low levels after eight quarters.

Figure 3 provides a sensitivity analysis with respect to alternative value of s: Note that

for any value s < 0; the recession is less severe and the ináation response is more muted. By

contrast to the output and ináation responses, the duration of the zero lower bound is not
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Effects	  of	  AugmenIng	  the	  Taylor	  Rule	  
Figure 2: Sovereign Spread (10yrs) in Taylor rule − OLG, Endog. Sovereign Risk Premium, Responses to Discount Factor Shock
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AugmenIng	  Taylor	  Rule:	  SensiIvity	  
Figure 3: Sensitivity of Sovereign Spread (10yrs) in Taylor rule − OLG, Endog. Sov. Risk Premium, Discount Factor Shock
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Forward	  Guidance	  

•  In	  the	  baseline	  results,	  the	  ZLB	  lasts	  for	  about	  
8	  quarters	  under	  the	  standard	  Taylor	  rule.	  

•  Assume	  the	  central	  bank	  pre-‐commits	  to	  keep	  
interest	  rates	  low	  for	  9,	  10,	  11	  or	  so	  quarters	  
at	  the	  onset	  of	  the	  recesssion....	  



Effects	  of	  Forward	  Guidance	  I	  
Figure 5: Commit to ZLB − OLG, Endog. Sovereign Risk Premium, Responses to Discount Factor Shock
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Effects	  of	  Forward	  Guidance	  II	  
Figure 6: Commit to ZLB − OLG, Endog. Sovereign Risk Premium, Responses to Discount Factor Shock
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Conclusions	  



Conclusions	  
•  Studied	  opImal	  monetary	  policy	  at	  ZLB	  to	  
large	  recessionary	  shock	  in	  Blanchard-‐Yaari	  
model	  with	  gov.	  debt	  risk	  premium:	  
– Central	  bank	  reduces	  risk	  premium	  on	  gov.	  debt.	  
– Central	  bank	  expands	  balance	  sheet	  and	  relies	  less	  
on	  forward	  guidance.	  

•  Augmented	  Taylor	  rule	  reacIng	  to	  long-‐term	  
spread	  virtually	  replicates	  opImal	  policy.	  

•  Mechanical	  forward	  guidance	  under	  Taylor	  
rule	  subject	  to	  mulIple	  equilibria.	  



	  
	  
	  
	  

Annex	  



Discount	  Factor	  Shock	  
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2.1. Households

We adopt the speciÖcation of the Blanchard (1985) and Yaari (1965) model of perpetual

youth in discrete time similar to Devereux (2011). In particular, households die with proba-

bility 1  each period and each period, a newborn generation j represents a fraction 1 
of total population.6 Thus, the size of generation j at time t is therefore: (1  )tj while
total population has measure 1. Households in each generation j maximize

max
cjt ;M

j
t ;B

H;j
t ;njt

E0

1X

t=0

()t t1

2

4log cjt 
t
2

 
max

(
M j
t

Pt

M j
t

Pt
; 0

)!2
+ A log(1 njt)

3

5

subject to

Ptc
j
t +

BH;jt

Rgovt
+M j

t = (1  t)Wtn
j
t +

j
t + TR

j
t +

1




BH;jt1 +M

j
t1



where cjt ;M
j
t ; n

j
t and B

H;j
t are consumption, nominal money, hours worked and govern-

ment bonds of households of generation j. Mt
j
denotes the satiation level of money balances.

Pt is the aggregate nominal price level. We assume a competitive labor market. The com-

mon nominal wage is denoted by Wt. Further, 
j
t are the share of proÖts of intermediate

goods producers that go to generation j. Moreover, t1 is a shock to utility, realized in

the previous period.7 TRjt are lump-sum transfers from the government to generation j

households.

We assume that

Rgovt = tRt

where t drives a wedge between the nominal interest rate controlled by the central bank,

Rt; and the nominal interest rate paid on government debt, R
gov
t . In other words, an increase

of t leads to a fall of the price of government debt which we will interpret as an increase in

sovereign risk. We adopt the following functional for :

t = max


exp


{

BGt
4Ptyt


bG

4y


; 1



6Thus, average household lifetime is
P1

t=0 
t = 1

1 : For conventional quarterly calibrations of  ; typically
in the range of 0.95 to 0.99, the implied lifetime is small compared to the data. However, an alternative and
empirically more plausible interpretation of 1

1 is that it reáects the e§ective planning horizon of households.
We shall adopt the planning horizon interpretation in this paper.

7In equilibrium, the ratio t
t1

will be a shifter of the discount factor  in the Euler equation. That is, a
positive realization of t

t1
will induce a rise in the e§ective discount factor so that households want to save

more. This will trigger a fall in consumption today and lead to a recession possibly implying a binding zero
lower bound of nominal interest rates.
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Households	  

where BGt denotes total government debt and yt is aggregate output. Further,
bG

4y
denotes

the annual debt to GDP ratio in steady state.

Similar to Blanchard (1995), we shall assume a full annuities market, i.e. a perfectly

competitive life insurance industry. In that environment, borrowers pay a premium to cover

their posthumous debt while savers get a premium on lending to cover their unintended

bequests. Thus, full annuity markets imply that rates of return are grossed up to cover

the probability of death. Put di§erently, households have no bequest motive. They sell

contingent claims on their assets to perfectly competitive insurance companies. Assets from

the (1  ) exiting households are transferred to all non-exiting and newborn households.
Hence, each surviving generation receives a premium payment, per unit of asset, of (1 
)=:Therefore, the gross return on the insurance contract is 1 + (1 )= = 1= > 1 which
is the factor multiplying asset income per household. The Örst order conditons at an interior

solution can be written as:

M j
t

Pt
=

M j
t

Pt


Rgovt  1
Rgovt


1

tc
j
t

Acjt

1 njt
= (1  t)

Wt

Pt

1 = Et
t
t1

Et

"
cjt

cjt+1

Rgovt
t+1

#

2.2. Aggregation

Aggregation implies the following relationship between a generation speciÖc variable, say zjt ;

and its associated aggregate representation zt:

zt =

tX

j=1

(1 )tjzjt :

The appendix provides the details on the aggregation. Since we will study deterministic

simulations below, we ignore Jensenís inequality as well as drop the expectation operator.

The Euler equation in its aggregate representation reads as:


t
t1

ct
Rgovt
t+1

=
1 

t+1t+1


BHt
Pt

+
Mt

Pt


+ ct+1:

with t = 1 + t
t1

t+1. Note that for  < 1; government debt and money held by

households represent net wealth and thereby a§ect consumption spending. Moreover, observe

that in steady state, Rgov = 

+ (1)(1)



h
bH

y
+ m

y

i
:This implies that more debt held by

the public results in a higher nominal interest rate in order to maintain a given ináation

rate.
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•  First	  order	  condiIons:	  



Equilibrium	  EquaIons	  
Bond Market Clearing (e1) : bGt = b

M
t + b

H
t

Central Bank Budget (e2) :
bMt
Rgovt

+ st =
bMt1
t

+mt 
mt1

t

Transfer from CB to Gov. (e3) : st = s+ C

bMt  b

M


Government Budget (e4) :
bGt1
t

+ trt =
bGt
Rgovt

+ wtnt + st

Fiscal Rule for Transfers (e5) : trt = tr  TR;B

bGt1  b

G

 TR;Y


yt
y
 1

+ "t

Leisure/Labor Tradeo§ (e6) :
Ayt
1 nt

= (1 )wt

Gov. Bond Interest Rate (e7) : Rgovt = tRt

Sovereign Risk Premium (e8) : t = max


exp


{

bGt
4yt


bG

4y


; 1



Euler Equation Bonds (e9) : 
t
t1

yt
Rgovt
t+1

=
1 

t+1t+1


bHt +mt


+ yt+1

Recursive Discounting (e10) : t = 1 +
t
t1

t+1

Real Money Demand (e11) : mt = m

Rgovt  1
Rgovt


1

tyt

Optimal Price Setting 1 (e12) : Ft = t1 + p


t+1


 1
!1

Ft+1

Optimal Price Setting 2 (e13) : Kt = t1!wt + p


t+1


 !
!1

Kt+1

Optimal Price Setting 3 (e14) :
Kt

Ft
=

2

41 p

t


 1
!1

1 p

3

5
1!

Inv. Price Dispersion (e15) : p
!

1!
t =


1 p


0

@1 p

t


 1
!1

1 p

1

A
!

+ p




t
pt1

 !
1!

Production (e16) : yt = ntp
!

!1
t

Taylor Rule (e17) : Rt = max

R +  (t  ) + y


yt
y
 1

; 1



Note that the ratio t
t1

is exogenous and subject to shocks.
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Steady	  State	  Comparison	  

6. Tables and Figures

Table 1: Parameters and Imposed Steady States
Parameter Value Description
 0.999 Discount factor
 0.97 Survival probability of households
p 0.95 Calvo price stickiness
! 1.35 Gross price markup
 1.5 Taylor rule coe¢cient on ináation
y 0.5 Taylor rule coe¢cient on output
 0.001 Weight on output in loss function
C 0.01 CB to gov. transfer rule coe¢cient
TR;B 0.1 Gov. to households transfer rule coef.
TR;Y 0.45 Gov. to households transfer rule coef.
 0.1 Level parameter utility of real money
{ 0.025 Slope coe¢cient sovereign risk premium
 0.8 AR(1) of discount factor shock
" 2 Initial shock to discount factor, in percent

Imposed steady states
 0.5 Distortionary tax rate (tax wedge on labor)
 1.9 Annual ináation rate
m=y 0.25 Annual money to GDP ratio
bG=y 0.6 Annual total gov. debt to GDP ratio
bH=y 0.5 Annual gov. debt held by public to GDP ratio
n 1/3 Hours worked
 0 Subsidy to Örms
 1 Gross sov. risk premium
=1 1 Discount factor shock

Table 2: Steady States and Implied Parameters for Di§erent Households (HH)

Variable
InÖnitely lived
HH ( = 1)

Blanchard/Yaari
HH ( = 0:97)

Description

r 2.3 3.45 Nominal interest rate
m=y 0.3814 0.4465 Satiation: annual money to GDP ratio
tr=y 0.0933 0.0919 Annual transfer to GDP ratio
w 0.74 Real wage
A 0.75 Level parameter disutiliy of labor
y 0.33 Real GDP
bM=y 0.1 Annual gov. debt to GDP ratio held by CB
s=y 0.001 Annual CB transfers to gov. as ratio to GDP
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Corsee	  et	  al	  (2011)	  
Figure 2: Sovereign risk premia vs. debt
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Notes: The figure shows 5-year sovereign CDS spreads for industrialized countries against
forecasts for end-2011 gross general government debt/GDP (blue circles) and end-2015
debt to GDP (green triangles). The countries shown are Australia, Austria, Belgium,
Czech Republic, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Netherlands,
Norway, Portugal, Slovak Republic, Slovenia, Spain, Sweden, United Kingdom, and United
States. Note: Excludes Japan. The forecasts are taken from the IMF World Economic
Outlook April 2011.

sovereign risk channel that runs from sovereign spreads to spreads in the household and

corporate sector. Of course, there might be other reasons for the observed comovement,

too. In the present paper, we abstract from these and interpret the comovement as caused

by sovereign risk, consistent with standard accounts of the sovereign debt crisis in the euro

area. In regard to αψ, Harjes (2011) finds for a sample of large, publicly traded euro area

companies that a 100-basis-point increase in sovereign spreads raises private firms’ credit

spreads by about 50 to 60 basis points. As our baseline, we therefore set αψ = 0.55. This

value arguably represents something closer to a lower bound for two reasons. First, it is

based on credit spreads of companies that are large, with often sizeable export activities and

access to international credit markets. Spillover effects from sovereign risk are likely to be

more pronounced for smaller and less international companies that rely on local bank-based

financing. Second, Figure 1 suggests that the comovement between spreads is considerably

stronger in countries that face intense fiscal strain. Accordingly, the baseline value of αψ =

0.55 may understate the strength of the sovereign risk channel for highly indebted countries.

For these reasons, we also consider higher values as we move through the simulations in the
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