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PRELIMINARY AND INCOMPLETE

Abstract

This paper explores the constraints imposed by expectations formation on the e¤ec-
tiveness of stabilization policy. Regimes with passive Ricardian �scal policy (as in the
standard account of monetary policy design) and also active non-Ricardian �scal policy
are considered. The latter are demonstrated to be more robust in the sense that under
learning dynamics they are less prone to self-ful�lling expectations: for a given monetary
policy there always exists a stabilizing tax policy. This is not true for Ricardian regimes.
Furthermore, economies with Ricardian �scal policies are shown to be more stable the
higher the degree of nominal rigidities in price setting. For non-Ricardian regimes, the
converse is true. In all regimes, instability is mitigated by central bank communication
of the monetary policy rule. However, regardless of the �scal policy regime, economy�s
with higher average debt-to-output ratios tend to be more prone to expectations driven
instability. Hence, even in Ricardian regimes, the precise choice of �scal policy will be
relevant to expectations stabilization. These �ndings are all in direct contrast to the
predictions of a rational expectations equilibrium analysis of the model.

�The usual caveat applies.
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1 Introduction

In the standard account of monetary policy design, nominal interest rates are determined

to actively stabilize in�ation and output. Less emphasized, but no less important, is the

accompanying assumption that �scal policy is Ricardian in nature � taxes are assumed to

adjust in such a way as to ensure intertemporal solvency of the government budget. Yet

there are clearly historical examples in which this account might be thought inaccurate.

In particular, periods of war time �nance are likely better characterized as having a more

dominate role for �scal policy in which government expenditures and taxation evolve largely

independently of the state of the economy. In such cases of �scal stress, it is no longer obvious

that economic actors ought to expect future taxation to adjust in the necessary way to ensure

solvency of the government�s intertemporal budget constraint.

What are the consequences of monetary and �scal policy con�gurations of this kind?

A recent literature under the rubric �scal theory of the price level � see, inter alia, Leeper

(1991), Leeper and Yun (2005), Sims (1994) andWoodford (1996, 2001) � seeks to answer this

question. It demonstrates that certain choices of �scal policy, for example those that might

be associated with war time �nance where government primary surpluses may be determined

independently of the state of the economy, can constrain a central bank�s ability to control

the price level. In contrast to the standard account of policy design, �scal policy can have

monetary consequences, and therefore a¤ect the evolution of in�ation and output.

This paper seeks to further understand the interaction of �scal and monetary policy, giving

particular emphasis to the role of expectations formation. We adopt a simple model of in�ation

and output gap determination of the kind used in many recent analyses of monetary policy.1

Monetary and �scal policy are described by simple one parameter classes of rule. Nominal

interest rates are determined by a Taylor type rule that responds to in�ation expectations.

Taxes are lump-sum and the government�s expenditure and tax plans are assumed to be well

captured by a rule describing the evolution of primary surpluses as a function of the current

real value of outstanding debt.

The above cited literature maintains the assumption that all economic actors hold rational

1See Bernanke and Woodford (1997), Clarida, Gali, and Gertler (1999) and Woodford (1999).
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expectations. Agents are assumed to fully understand the economic model including the

prevailing policy regime and to hold beliefs that accurately re�ect the likelihood of any regime

holding in future dates. Yet periods of war time �nance, and, more generally, any period of

regime change, may involve policy decisions which households and �rms have little experience

with, leaving them unable to determine the objective probability laws implied by the economic

model.

The analysis here seeks to understand the implications of private agents holding subjective

expectations that may deviate from the optimal expectations given the actual data generating

process describing the data. Agents are assumed not to have a complete economic model of

the determination of macroeconomic aggregates and to use atheoretical regressions to form

forecasts of those aggregate state variables relevant to their decision problems. As additional

data becomes available, agents update their beliefs. This self-referential behavior is the source

of possible self-ful�lling expectations. The analysis will be concerned with the constraints that

such belief formation impose on policy design, with particular interest in the conditions under

which subjective beliefs converge to the objective probability laws implied by the model.

Assuming adaptive learning implies agents can only make inferences about the true data

generating process of macroeconomic aggregates, and, therefore, the policy regime, through

the observation of historic data. And while the analysis here will not formally address a model

of regime switching, in such an economic environment the adopted beliefs have the advantage

that expectations about future regimes need not be speci�ed. Only past outcomes matter to

belief formation. As patterns in the historical data change, beliefs adjust accordingly.

While explicit treatment of regime change and its implications for macroeconomic dy-

namics is of considerable interest, the analysis will here be limited to understanding the

consequences of various �xed choices of monetary and �scal policy for the paths of in�ation

and debt. In particular, we are interested in determining the conditions under which policy

choices and learning generate macroeconomic instability through self-ful�lling expectations.

Indeed, an early critique of monetary policy when implemented through nominal interest rate

rules due to Friedman (1968) was founded on expectations driven instability arising from

households and �rms extrapolating from observed patterns in data. Having understood the
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nature of interaction between monetary and �scal policy when the regime is constant we then

provide some examples of how dynamics might be expected to unfold when regime change is

possible.

A further ground for being interested in models of non-rational expectations is that even if

one is only concerned with policy regimes that are Ricardian in nature, such �scal policies can

nonetheless have Keynesian expenditure e¤ects from changes in lump-sum taxes. Importantly,

this does not require myopic rule-of-thumb households as in the analysis of Gali, Lopez-Salido,

and Valles (2006). Our analysis assumes agents optimize over an in�nite horizon subject

to current beliefs. Non-Ricardian e¤ects of Ricardian �scal policy emerge because agents

imperfectly forecast future tax changes. This is shown to have a number of implications for

policy design.

The central �ndings of the paper can be summarized as follows. First, if central banks are

informationally constrained, in sense that monetary policy decisions are conditioned on ex-

pectations of in�ation rather than the current in�ation rate, then regimes with non-Ricardian

�scal policies are less prone to instability generated by self-ful�lling expectations. For Ri-

cardian policies, stability requires the nominal interest rate to be increased by implausible

magnitudes when in�ation expectations rise. This represents a strong violation of the Tay-

lor principle, even though it is satis�ed in the model with rational expectations. Moreover,

this instability arises regardless of the choice of �scal policy with in the Ricardian class. For

non-Ricardian regimes, stability depends on the precise choice of �scal and monetary policies

within the family of rules being considered. However, for a given choice of monetary policy

there always exists a choice of �scal policy that ensures stability under learning dynamics.

This paper views the informationally constrained central bank as a realistic benchmark.

However, a corollary of this results is that if the central bank is able to respond to an accurate

estimate of the current in�ation rate, then the conditions for determinacy of rational expec-

tations equilibrium and convergence under learning dynamics coincide. Having an accurate

estimate of the current state of the economy is therefore desirable

Second, there exists an important interaction between the degree of nominal rigidities

and policy. In contrast to rational expectations equilibrium analysis of our model in which
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determinacy conditions are independent of the degree of price stickiness, convergence under

learning dynamics depends critically on these rigidities. Interestingly, the dependence is

di¤erent across Ricardian and non-Ricardian �scal policies. Economies with higher degrees

of price stickiness tend to be more stable under Ricardian regimes and less stable under

non-Ricardian regimes. The di¤erence is due to the role of the price level in equilibrium

determination the two cases. Regimes with non-Ricardian �scal policies require a speci�c

kind of adjustment in goods prices to achieve equilibrium in any period. The greater the

degree of nominal rigidity the more di¢ cult is this adjustment.

Third, the existence of instability in the benchmark model raises the question of how

macroeconomic stabilization might better be achieved. The analysis demonstrates that cen-

tral bank communication, here modeled as households and �rms knowing the precise rule being

used to implement monetary policy, unambiguously improves stabilization: self-ful�lling ex-

pectations arise under a smaller region of the model parameter space. This is true under both

Ricardian and non-Ricardian �scal policies. However, there are still important di¤erences in

stability conditions relative to a rational expectations analysis of the model. The nature of

�scal policy still a¤ects conditions for convergence in both types of policy regime in the sense

that a economy�s average debt-to-output ratio can critically a¤ect convergence to rational

expectations equilibrium. Speci�cally, we determine conditions for which, if an economy�s

average ratio of debt to output is su¢ ciently high, then instability will always occur under

learning dynamics. Under rational expectations, determinacy/stability conditions are inde-

pendent of this quantity. In the special case that a government pursues a zero debt policy,

the stability conditions coincide under rational expectations and learning.

Fourth, as corollary, is that non-Ricardian policies have Ricardian e¤ects not only out

of rational expectations equilibrium but also in terms of determining the likelihood of con-

vergence to rational expectations equilibrium. Because convergence depends on the ratio of

debt to output, the speci�c choice of policy will be relevant. Again this is not a property of

the model under rational expectations. It is a property that emerges from consideration of

non-rational expectations even under optimizing behavior.

This paper builds directly on the analysis of Leeper (1991). In contrast to that paper, we
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consider a model with sticky prices � albeit in the neighborhood of a �exible price economy

� and non-rational expectations. Besides this, the paper is similar in spirit. Evans and

Honkapohja (2006) also consider Leeper�s model under learning dynamics. The analysis here

advances their �ndings by considering a model in which agents are optimizing conditional on

their beliefs. This has the advantage that intertemporal budget constraints and transversaility

conditions are accounted for. This is particular relevant to analyzing the �scal theory of the

price level since this theory is explicitly grounded on implications of shifting expectations

of households�intertemporal budget constraints. We also consider economies with a degree

of nominal rigidity and various assumptions about the information available to the policy

maker. These model features are shown to have a richer set of implications for in�ation and

debt dynamics and model convergence properties.

The paper proceeds as follows. Section 2 lays out a simple model under �exible prices.

Section 3 outlines belief formation of private agents. Section 4 then discusses implications

of non-Ricardian �scal policies and hence the �scal theory of the price level under both the

rational expectations and learning assumptions. Having understood the �exible price model,

Section 5 turns to our benchmark model with nominal rigidities and policy making that is

subject to informational constraints. Section 6 considers the role of communication and the

use of alternative information in macroeconomic aggregates to enhance the stability properties

of a given choice of �scal and monetary policy. Section 7 concludes.

2 The Model

2.1 Households

The economy is populated by a continuum of households which seek to maximize future

expected discounted utility

Êit

1X
T=t

�T�t
�
U(CiT + g; �T )� v(hiT ; �T )

�
(1)

where utility depends on a consumption index, CiT , of the economy�s available goods, a vector

of aggregate preference shocks, �T , the amount of labor supplied for the production of each

good j, hiT for T � t and the quantity of government expenditures g > 0. The second term

5



in the brackets captures the disutility of labor supply. The consumption index, Cit , is the

Dixit-Stiglitz constant-elasticity-of-substitution aggregator of the economy�s available goods

and has an associated price index written, respectively, as

Cit �

24 1Z
0

cit(j)
��1
� dj

35
�

��1

and Pt �

24 1Z
0

pt(j)
1��dj

35
1

1��

(2)

where � > 1 is the elasticity of substitution between any two goods and cit(j) and pt(j) denote

household i�s consumption and the price of good j. The absence of real money balances from

the period utility function (1) re�ects the assumption that there are no transaction frictions

that can be mitigated by holding money balances.

Êit denotes the subjective beliefs of household i about the probability distribution of the

model�s state variables: that is, variables that are beyond agents� control though relevant

to their decision problems. The presence of a hat �^� denotes non-rational expectations

and the special case of rational expectations will be denoted by Et. Beliefs are assumed to be

homogenous across households (though this is not understood to be the case by agents) and to

satisfy standard probability laws so that ÊitÊ
i
t+1 = Ê

i
t . In forming beliefs about future events,

agents do not take into account that they will update their own beliefs in subsequent periods,

and this is the source of non-rational behavior in this model. However, when households solve

their decision problem at time t, beliefs held at that time satisfy standard probability laws, so

that standard solution methods apply. The speci�c details of beliefs and the manner in which

agents update beliefs are developed in section 3. The discount factor is assumed to satisfy

0 < � < 1. The function U(Ct; �t) is concave in Ct for a given value of �t and v(ht(i); �t) is

convex in ht(i) for a given value of �t.

Asset markets are assumed to be complete. The household�s �ow budget constraint is

ÊitQt;t+1A
i
t+1 � Ait + PtY it � Tt � PtCit (3)

where Qt;t+1 prices a unit of income in each possible state in period t+1, Ait is the household�s

stock of wealth, Y it real income in period t and Tt denotes lump sum taxes and transfers. The

household receives income in the form of wages paid, wt, for labor supplied to a common

factor market and used in the production of each good, j, and dividends from each �rm.
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Period nominal income is therefore determined as

PtY
i
t = wth

i
t +

1Z
0

�t (j) dj

for each household i. This constraint must hold in all future dates and states of uncertainty.

The only asset in non-zero net supply is government debt to be discussed below. Finally,

there is a No-Ponzi constraint

lim
T!1

ÊitQt;TA
i
T � 0:

Household optimization requires:

Qt;t+1 = �
Uc
�
Cit+1

�
Uc (Cit)

Pt
Pt+1

(4)

and
Uc
vh
=
wt
Pt

for all states and dates and

Êit

1X
T=t

Qt;TPTC
i
T = A

i
t + Ê

i
t

1X
T=t

Qt;TPT

�
Y iT �

TT
PT

�
(5)

where Qt;T =
T�1Y
s=t

Qs;s+1 for T � 1 and Qt;t = 1. The �rst relation is the household�s Euler

equation; the second the intratemporal condition for labor supply; while the third provides

the intertemporal budget constraint.

2.2 Firms

A continuum of �rms j 2 [0; 1] face a demand curve yt(j) = Yt(pt(j)=Pt)
�� for their good

and take aggregate output Yt and aggregate prices Pt as parametric in each period t. Good

j is produced using a single labor input h(j) according to the relation yt(j) = Atht(j) where

At > 0 is an exogenous technology shock.2

The analysis initially considers a �exible price economy. Understanding this special case

yields insights to the more realistic framework introduced in section 5 which includes nominal

2The assumption of linear production technology facilitates analytical results. Numerical analysis reveals
that the central �ndings of the paper generalize with alternative production structures.
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rigidities in price setting. The �rm�s price-setting problem in period t is therefore to maximize

�jt (p) = YtP
�
t p

1�� � wtYtP �t p��=At (6)

by choice of p. All �rms face identical decision problems. In contrast to the household

optimization problem, in the absence of nominal rigidities, �rms need not forecast any macro-

economic aggregates. Using the �rst order condition for household labor choice, the �rst order

condition for the �rm�s problem is

p�

Pt
=

�

� � 1
Uc
vhAt

so that prices are set at a constant mark-up over real marginal costs.

2.3 Monetary and Fiscal Authorities

The central bank is assumed to implement monetary policy according to a one parameter

family of interest rates rules of the form

it = �{�
��
t

where �{ > 0 is a constant equal to the steady state gross real interest rate and �� > 0. This

class of rule will later be generalized to permit the central bank to respond to measures of

private sector expectations of in�ation as well as aggregate demand, as often argued to be

desirable. We abstract from the study of optimal policy on two grounds. First, understanding

the model when analytical results are available is likely to yield more general insights about

the role of expectations in in�ation and debt dynamics. Such rules have also been shown to be

robust across model environments and if appropriately chosen, to deliver much of the welfare

gains inherent in more complex optimal policy rules. Second, optimal policy in the context

of learning dynamics is not trivial. Assumptions have to made about what exactly does the

central bank know about the structure of the economy and private agents beliefs. While this

is certainly worthy of study, we leave it for future work.

The �scal authority �nances government purchases of g per period by issuing public debt

and levying lump-sum taxes. Denoting Wt as the outstanding government debt at the begin-

ning of any period t, and assuming for simplicity that the public debt is comprised entirely
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of one period riskless nominal Treasury bills, then government liabilities evolve according to

Wt+1 = (1 + it) [Wt + gPt � Tt] :

For later purposes it is convenient to rewrite this constraint as

bt+1 = (1 + it)
�
bt�

�1
t � st

�
where

st =
Tt
Pt
� g

denotes the primary surplus and bt = Wt=Pt�1 a measure of the real value of the public debt.

Observe that bt is a predetermined variable since Wt is determined a period in advance.

The model is closed with an assumption on the path of primary surpluses fstg.3 Analogous

to the monetary authority, it is assumed that the �scal authority adjusts the primary surplus

according to the one parameter family of rules

st = �s

�
bt
�b

��
where �s;�b > 0 are constants coinciding with the steady state level of the primary surplus and

the public debt respectively. � > 0 is a policy parameter.

2.4 General Equilibrium and Log-linear Approximation

Conditional on beliefs and the path of aggregate prices and output, the above sections fully

characterize household and �rm decisions. Determining the evolution of aggregate prices

requires aggregation of these decisions and the imposition of market clearing conditions. Ap-

pendix A determines a log-linear approximation to the optimal decision rules of households

and �rms and their aggregation. Application of a log-linear approximation to the market

clearing conditions
1Z
0

Citdi+ g = Ct + g = Yt and

1Z
0

Aitdi = Wt (7)

3This is without loss of generality. It would be straightforward to specify separate policies for the revenues
and expenditures of the government accounts without altering the substantive implications of the model.
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for the goods and asset markets respectively delivers the following model of the macroecon-

omy.4 The model comprises aggregate demand and supply relations of the form

(� � �) {̂t = ���1
�
b̂t � �̂t

�
+ Êt

1X
T=t

�T�t
�
�rT � (1� �) ��1�ŝT � (� � �) (�{̂T+1 � �̂T+1)

�
(8)

and

ŷt = ŷ
n
t

where ŷnt is the natural rate of output, �̂t is the in�ation rate, {̂t the nominal interest rate, ŝt

the primary surplus, b̂ the real value of outstanding government debt and rt the natural rate

of interest � a composite of primitive model shocks � with all �^�variables being in log

deviations from steady state values. sc = �C= �Y is the steady state consumption output ratio

and � = �s= �Y is the steady state ratio of primary surpluses to output. Hence, the �exible price

economy has output entirely determined by exogenous disturbances.

The evolution of the public debt is determined according to

b̂t+1 = �
�1
�
b̂t � �̂t � (1� �) ŝt

�
+ {̂t (9)

while the paths of the primary surplus and nominal interest rate are given by the policy rules

{̂t = ���̂t (10)

and

ŝt = � b̂t: (11)

Hence the structural model comprises the �ve equations (8), (9), (10) and (11). To close the

model in the absence of the rational expectations assumption requires a set of assumptions

on belief formation to which the discussion now turns.

3 Beliefs

Because the analysis is interested in household and �rm behavior in regimes that are both

unfamiliar and that may also change at some future date, it is assumed that agents learn

4See also Preston (2005b) for related discussion.
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adaptively using a recursive least squares algorithm. This assumption has the advantage that

agents learn about the current policy regime only by observing historical data. If there is

a change in regime and therefore the underlying data generating process, agents only learn

about it through observing new data. Such an approach to modeling belief formation obviates

the requirement of specifying what beliefs agents hold about future possible policy regimes,

as would be the case in a rational expectations equilibrium analysis.

Convergence is assessed using E-Stability results outlined in Evans and Honkapohja (2001).

E-Stability provides conditions under which, if agents make small forecasting errors relative

to rational expectations, their learning behavior corrects these errors over time and ensures

convergence to the underlying rational expectations dynamics.

Agents are assumed to have identical beliefs � though this is not known to each agent �

and to construct forecasts using an econometric model that uses as regressors variables that

appear in the minimum-state-variable solution of the associated rational expectations model.

This is a strong informational assumption, but to the extent that instability arises given this

knowledge, it seems unlikely that the policies under consideration would be more conducive

to stability when private agents have a misspeci�ed model that fails to nest the underlying

rational expectations equilibrium � see Evans and Honkapohja (2001) for a discussion of

learning dynamics with misspeci�ed rules.

Under the policy rules speci�ed in the previous sections, and those to be discussed in

the sequel, standard analysis reveals that there exist rational expectations equilibria that are

linear in the variables f�t�1; bt�1; rtg. Given the assumption that the natural rate of interest

is determined by an exogenous i.i.d process, agents estimate the linear model

zt = at + btzt�1 + "t (12)
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where zt = [xt �t bt it st]
0, "t a vector of residuals, and

at =

26666666664

ax;t

a�;t

ab;t

ai;t

as;t

37777777775
and bt =

26666666664

0 b�x;t bbx;t 0 0

0 b��;t bb�;t 0 0

0 b�b;t bbb;t 0 0

0 b�i;t bbi;t 0 0

0 b�s;t bbs;t 0 0

37777777775
:

Estimation makes use of the entire history of data available in period t; f1; zsgs=t�1s=0 . As

additional data becomes available, agents update their beliefs according to the recursive least

squares algorithm

�t = �t�1 + t
�1R�1t wt�1(zt�1 � �0t�1wt�1)0 (13)

Rt = Rt�1 + t
�1(wt�1w

0
t�1 �Rt�1) (14)

where the �rst equation describes how the belief coe¢ cients, � =
�
a0t vec (bt)

0�0 ; are updated
with each new data point wt = f1; zt�1g. Hence belief coe¢ cients at time t are determined

by data available at time t� 1.

Given homogeneity of beliefs, average forecasts can be computed as

ÊtzT = (I5 � bt)�1
�
I5 � bT�tt

�
at + b

T�t
t zt (15)

for T > t, and where I5 is a (5� 5) identity matrix. In the �exible price version of the model,

this forecasting system is truncated by the omission of the output gap, xt, which no longer

needs to be forecast. Note that expectations at time t are not predetermined. As an example

consider

Êtzt+1 = at + btzt:

The belief parameters (at; bt) are determined by information available at t � 1. However,

given these parameters, expectations about future endogenous variables are conditioned on

the state vector zt which includes non-predetermined variables.
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4 Flexible Price Model

Over the past decade there has been a growing literature emphasizing the interaction of mon-

etary and �scal policy. A central insight is that monetary policy cannot be conducted without

due regard being given to the type of policy being pursued by the �scal authority. The �scal

theory of the price level asserts that choice of a non-Ricardian �scal policy imposes constraints

on the conduct of monetary policy to ensure intertemporal solvency of the government ac-

counts. We here revisit the foundations of the �scal theory of the price level and the seminal

analysis of Leeper (1991) in the context of the model of section 2. The analysis is virtually

identical to that paper, except for some minor di¤erences in the adopted microfoundations.

Having established the conditions for determinacy of rational expectations equilibrium, we

depart from Leeper (1991) by considering agents whom form beliefs using adaptive learning.

4.1 The Fiscal Theory of the Price Level

To see directly the monetary consequences of �scal policy, consider the household optimality

conditions given by relations (4) and (5). Combining the Euler equation and intertemporal

budget constraint provides

Êit

1X
T=t

�T�t
Uc (C

i
T + g)Pt

Uc (Cit + g)
CiT = A

i
t + Ê

i
t

1X
T=t

�T�t
Uc (C

i
T + g)Pt

Uc (Cit + g)

�
Y iT �

TT
PT

�
:

In a symmetric rational expectations equilibrium, the goods market equilibrium condition (7)

holds in all periods T � t and CiT = C
j
T , Y

i
T = Y

j
T and A

i
t = A

j
t for all i 6= j and in all periods

T � t: Substituting these conditions into the above relation yields

Wt

Pt
= Et

1X
T=t

�T�t
Uc (YT )

Uc (Yt)

�
TT
PT

� g
�

= Et

1X
T=t

�T�t
Uc (YT )

Uc (Yt)
sT : (16)

Under the rational expectations assumption and making use of the Euler equation, this rela-

tion satis�es the log-linear approximation

b̂t � �̂t = Et
1X
T=t

�T�t [(1� �) ŝT � � (̂{T � �̂T+1)] : (17)
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Both (16) and (17) indicate the real value of outstanding government liabilities is equal to

the present discounted value of future primary surpluses. They di¤er insofar as the latter

employs a log-linear approximation to the Euler equation to write output variations in terms

of movements in real interest rates {̂T � �̂T+1.

As emphasized by Woodford (2001) and Leeper and Yun (2005), this intertemporal sol-

vency condition is imposed on the government by household optimization. To understand

the �scal theory of the price level consider (16) � an analogous discussion applies to (17).

Suppose for the sake of simplicity that the path of primary surpluses fstg is exogenously de-

termined. As noted earlier, and by other authors such as Woodford (2001), such a situation

may characterize periods of war-time �nance in which the path of government expenditures

may evolve in such a way as to be largely independent of the current state of the economy

and consequently the path of tax revenues. In this case, under the assumption of �exible

price setting the right hand side of the intertemporal solvency condition is exogenously de-

termined. Because the model assumes the government only to issue one period public debt,

which is a predetermined variable, this intertemporal solvency condition imposes a restriction

on equilibrium goods prices. This is the heart of the �scal theory of the price level.

As an example, consider a government choosing to increase government expenditures by

some constant amount each period (or equivalently a reduction in the level of taxes levied

each period). This leads to a fall in the present discount value of primary surpluses. Because

outstanding public debt is predetermined, equilibrium is guaranteed by an increase in the

price level. This is a wealth e¤ect. Households expect to pay a smaller present discounted

value of taxes over their lifetime, implying a rise in permanent income and concomitantly

expenditure in the current period. Prices must rise to clear the goods market.

Under learning dynamics, the equilibrium conditions (16) and (17) only hold if there is

convergence to rational expectations equilibrium. Indeed the restriction embodied in these

relations is one of the many equilibrium conditions about which agents are attempting to learn.

Nonetheless, beliefs about the future state of government accounts continue to matter for the

determination of the price level out of rational expectations equilibrium. To see this, recall

the aggregate demand relation (8). Because of the speci�cation of monetary policy, and the
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fact that real debt b̂t is predetermined, the aggregate demand relation determines prices as a

function of expectations about the future path of the natural rate of interest and also primary

surpluses � even if expectations of the latter are inconsistent with intertemporal solvency of

the government accounts and even if �scal policy is Ricardian. Hence shifting expectations

about future taxes lead to revised beliefs about household�s intertemporal budget constraint.

The resulting wealth e¤ects in turn alter current expenditure plans.

At a technical level the analysis is interested in learning under what conditions the economy

converges to an equilibrium in which intertemporal solvency is ensured. Of course, if the

intertemporal solvency condition is known by households to be satis�ed, then the aggregate

demand equation (a generalized Fisher relation) is given by

{̂t = Êt

1X
T=t

�T�t [rT � (�{̂T+1 � �̂T+1)] :

But this does not imply there are no monetary consequences of �scal policy � though it

does preclude non-Ricardian e¤ects of Ricardian tax policies out of rational expectations

equilibrium. Whether there are monetary consequences depends on the nature of equilibrium

expectations which are in turn determined by whether �scal policy is assumed to be Ricardian

or not. We now turn to characterizing the equilibrium dynamics for in�ation and debt under

each of these assumptions on �scal policy and the assumption of rational expectations.

4.2 Rational Expectations

The following characterizes the set of equilibria generated by the model under the ratio-

nal expectations assumption. Following Woodford (1996), we characterize �scal policy as

being either locally Ricardian, as in the standard account of monetary policy, or locally non-

Ricardian, in which case there are monetary consequences of �scal policy. To understand the

distinction recall the �scal policy rule ŝt = � b̂t: If � = 0 then the policy rule has the interpre-

tation that the primary surplus is exogenous and completely independent of the current state

of the economy. This is a non-Ricardian policy, where the adjective locally re�ects the use of

a log-linear approximation. More generally the degree of response to the current state of the

economy determines the stability properties of the model. If the primary surplus is su¢ ciently
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responsive to the current state then policy will be locally Ricardian and taxes are adjusted to

ensure intertemporal solvency of the government accounts. The following proposition states

precisely the conditions for each policy regime to obtain.

Proposition 1 In the model given by relations (8), (9), (10) and (11) and rational expec-
tations, if the stated conditions hold, then there exist unique bounded rational expectations
equilibrium of the indicated form.

i) If �� > 1 and 1 < � < (1 + �) = (1� �) then �scal policy is locally Ricardian and

�t =
rt
��

ii) If 0 � �� < 1 and 0 < � < 1 or � > (1 + �) = (1� �) then �scal policy is locally non-
Ricardian and

�t =
��1 (1� (1� �) �)

�1
bt�1 +

�� � ��1

�1
�t�1 �

�2
�1
rt

where

�1 =
(1� ���)

1� (1� �) � � ���

�2 =
� (1� ���)

(1� (1� �) � � ���) (1� (1� �) �)
:

Part one of the proposition accords with the standard account of monetary policy. Fiscal

policy is Ricardian and taxes are adjusted to guarantee intertemporal solvency of the govern-

ment budget. In�ation is then determined independently of the path of taxes and the public

debt. However, when �scal policy is locally non-Ricardian the central bank can no longer rely

on the �scal authority to ensure intertemporal solvency. An immediate implication is that

the path of real debt has consequences for the determination of in�ation dynamics. More-

over, and in further contrast to the case of a locally Ricardian �scal policy, current in�ation

also depends on the previous period�s in�ation rate. Hence, a richer set of macroeconomic

dynamics obtain.

However, neither of these cases permits a coherent characterization of the current economic

circumstances in the U.S., which might reasonably be described as having a locally non-

Ricardian �scal policy combined with an active monetary policy. Indeed, the pronouncements

of the Federal Reserve underscore that current monetary policy is squarely focused on active

stabilization of in�ation through appropriate adjustment of the nominal interest rate. And

16



�scal expenditures might be argued to be largely independent of the state of the economy due

to war time �nance. As these exogenous expenditures have occurred without any associated

adjustment in tax policy to ensure intertemporal solvency, this episode can be characterized, in

the language of Leeper (1991), as one of both active monetary and �scal policy. The following

proposition determines the existence of an unbounded equilibrium of this kind along with a

�nal class of equilibria for completeness.

Proposition 2 In the model given by relations (8), (9), (10) and (11) and the rational ex-
pectations assumption, if the stated conditions holds then there exist rational expectations
equilibrium of the indicated form.

i) If �� > 1 and 0 < � < 1 or � > (1 + �) = (1� �) then �scal policy is locally non-Ricardian
and there exists an unbounded solution of the form

�t =
��1 (1� (1� �) �)

�1
bt�1 +

�� � ��1

�1
�t�1 �

�2
�1
rt

where

�1 =
(1� ���)

1� (1� �) � � ���

�2 =
� (1� ���)

(1� (1� �) � � ���) (1� (1� �) �)
:

ii) If �� < 1 and 1 < � < (1 + �) = (1� �) then �scal policy is locally Ricardian and there
exist a multiplicity of equilibria of the form

�t =

This completes the characterization of the model under rational expectations.

4.3 Learning Dynamics

Our ultimate objective is to build a model that has some predictive content in periods of �scal

stress or war-time �nance. As such, we will want to understand the dynamic behavior of the

model both within a regime and also under changes of policy regime. While the analysis here

will not build a statistical model of regime change, and only consider simulations under speci�c

assumptions about the evolution of policies over time, such analysis is complicated under the

rational expectations assumption. Households and �rms must hold beliefs about the likelihood
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of any given regime occurring in the future. As has been highlighted in recent discussion of

determinacy of rational expectations equilibrium in regime switching models, analysis of this

kind is di¢ cult � see Davig and Leeper (2005a, 2005b) and Farmer, Waggoner and Zha

(2006a, 2006b). Furthermore, macroeconomic dynamics are largely dominated by the regime

that is held to be most likely to prevail in the future.

The present analysis seeks to relax these constraints on dynamics by imposing the assump-

tion that agents are learning. In the current U.S. experience this has considerable appeal as it

is highly plausible that most economic actors have not had on-going experience of periods in

which monetary policy has been conducted with a clear objective of actively stabilizing in�a-

tion and in which �scal policy has been conducted independently of the state of the economy.

Hence it is reasonable to suppose that households and �rms are not able to assign probabilities

that necessarily coincide with the objective probabilities implied by the true economic model

to the various objects that they must forecast in order to make decisions. And given that

constraint, it is equally plausible that agents make use of historical data to form inferences

about the future evolution of the economy. In assuming recursive least squares learning, be-

liefs about the future evolution of prices are therefore entirely determined by observed data.

It follows that agents do not need to concern themselves with the possible occurrence of future

changes in the stance of either �scal or monetary policy. An implication is the most likely

future regime will not dominate the observed dynamics.

While we will be interested in model predictions about various changes in the combina-

tions of monetary and �scal policies, a logically prior analysis is to study the in�ation and

debt dynamics within any given regime. Subsequent analysis can then treat the complexities

introduced from regime transition. The following analysis seeks to understand the conditions

under which, if agents have a su¢ cient amount of data, they will be able to learn the underly-

ing rational expectations dynamics associated with any prevailing policy con�guration. The

next proposition provides so-called E-Stability conditions that are analogous to conditions for

determinacy of rational expectations presented in proposition 1 � see Evans and Honkapohja

(2001) for further discussion.

Proposition 3 In the model given by relations (8), (9), (10) and (11) and beliefs given by
(15):
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i) If �� > 1 and 1 < � < (1 + �) = (1� �) then the associated rational expectations equi-
librium is E-Stable;

ii) If 0 < �� < 1 and 0 < � < 1 or � > (1 + �) = (1� �) then the associated rational
expectations equilibrium is E-Stable;

iii) If XXXX then the unbounded rational expectations equilibrium is E-Stable;

iv) If 0 < �� < 1 and 1 < � < (1 + �) = (1� �) then the associated rational expectations
equilibria are not E-Stable.

The the �rst two parts of the proposition are analogous to Leeper (1991), though under

the alternative assumption that agents are learning. The results are identical in spirit to

Evans and Honkapohja (2006). This proposition advances their analysis by considering a

framework in which agents make optimal decisions conditional on their beliefs � see Preston

(2005a, 2005b) for a discussion � which requires agents to forecast future paths of after tax

income, debt and nominal interest rates. No such forecasts are required in the model of Evans

and Honkapohja (2006) which ignores implications of intertemporal budget constraints and

transversality conditions and posits that aggregate output and in�ation depend only on one

period ahead forecasts of these same two variables.

The result states that if �scal policy is locally Ricardian then monetary policy must be

su¢ ciently aggressive to ensure learnability of rational expectations equilibrium. Indeed, the

requirement �� > 1 is the usual Taylor principle in the context of the one parameter family

of monetary policy rules being considered in this paper. Similarly, if �scal policy is locally

non-Ricardian, then monetary policy must violate the Taylor principle: an increase in the

in�ation rate gives rise to falls in the real interest rate. The �nal part of the proposition

indicates that policy con�gurations with locally Ricardian �scal policy and monetary policy

that violates the Taylor principle are not learnable. Thus, for this policy mix indeterminacy

of rational expectations equilibrium also implies a lack of learnability of such equilibria and

therefore prone to self-ful�lling expectations.
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5 A Framework for Policy Analysis

Two key features are now introduced to the model to permit a minimally realistic account of

policy design: nominal rigidities in the form of frictions in �rm price setting and informational

limitations on the monetary authority when implementing policy.

5.1 Incorporating Nominal Rigidities

Firms are assumed to face a price setting problem of the kind proposed by Calvo (1983). A

fraction 0 < � < 1 of goods prices are held �xed in any given period, while a fraction 1�� of

goods prices are adjusted. Given homogeneity of beliefs, all �rms having the opportunity to

change their price in period t face the same decision problem and therefore set a common price

p�t . The Dixit-Stiglitz aggregate price index must therefore evolve according to the relation

Pt =
�
�P 1��t�1 + (1� �) p�1��t

� 1
1�� : (18)

Firms continue to face the same demand curves speci�ed in section 2 and a linear production

technology.

The �rm�s price-setting problem in period t is to maximize the expected present discounted

value of pro�ts

Êjt

1X
T=t

�T�tQt;T
�
�jT (pt(j))

�
(19)

where

�jT (p) = YTP
�
Tp

1�� � wTYTP �Tp��=AT (20)

by choice of p. The factor �T�t in the �rm�s objective function is the probability that the

�rm will not be able to adjust its price for the next (T � t) periods. The existence of nominal

rigidities in pricing requires �rms to forecast macroeconomic conditions into the inde�nite

future.

Calculations analogous to those of appendix A determine aggregate demand and supply

to be
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x̂t = ��
�1
�
b̂t � �̂t

�
���1�ŝt+Êt

1X
T=t

�T�t [(1� �) (x̂T+1 � �ŝT+1)� (� � �) (̂{T � �̂T+1) + �rT ]

(21)

and

�̂t = �x̂t + Êt

1X
T=t

(��)T�t [���x̂T+1 + (1� �)��̂T+1] (22)

where x̂t = ŷt � ŷnt is the output gap, the deviation of actual output from the natural rate

of output that obtains absent nominal rigidities. Under the maintained assumptions of linear

production and a common factor market for labor

� =
(1� �) (1� ��)��1

�
> 0:

The �rst relation speci�es aggregate demand and is analogous to standard permanent

income theory: current output depends on a weighted combination of wealth (holdings of

the public debt) and the discounted future value of after-tax income. In contrast to perma-

nent income theory, the model allows for time variation in real interest rates and stochastic

components of demand, accounting for the �nal two terms. The supply relation is a direct

generalization of an expectations augmented Phillips curve. Because prices cannot be ad-

justed each period with some positive probability, �rms must forecast future marginal costs

into the inde�nite future. These marginal costs can be shown in a log-linear approximation

to be a linear function of in�ation and the output gap. The terms in �� appear since �rms

discount future pro�ts at rate � �the shareholder�s discount rate �while � accounts for the

likelihood that the �rms current output price will prevail in subsequent periods.

To account for limits on the timeliness of information that the central bank has at its

disposal in setting policy adopt a Taylor-type rule of the form

{̂t = ��Ê
cb
t�1�̂t: (23)

The nominal interest rate is adjusted in response to expectations of the period t in�ation

rate conditional on time t� 1 information. The superscript �cb�on the expectations operator

indicates that these expectations are the internal forecasts of the monetary authority. We
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assume that the central bank has a regression model of the same kind as private agents but

does not observe the current in�ation rate. Hence

Êcbt�1�̂t = at + btzt�1:

While this information assumption may be viewed as counterfactual � see Romer and Romer

(xxxx) which adduces evidence that central bank forecasts are superior to private agents � we

make this assumption for two reasons. First, which is technical, is under rational expectations

the conditions for determinacy of rational expectations equilibrium are identical for this rule

and the contemporaneous data rule (10). Second, is to explore formally consequences of central

bank�s reacting to information with a lag. Worth emphasizing is that none of or results rely on

this timing assumption. A rule of the form {̂t = ��Êt�̂t+1 which places all economic actors on

the same informational footing delivers similar results, though the conditions for determinacy

of rational expectations equilibrium are more stringent.

Because of the timing of the conditioning information, this class of policy rule is imple-

mentable in the sense of McCallum (1999). Moreover, many authors contend that such rules

provide a decent characterization of many central bank reaction functions and, furthermore,

have desirable robustness properties� see Clarida, Gali and Gertler (1998, 2000) and Levin,

Wieland, and Williams (2003) respectively. This completes discussion of the benchmark

model.

Before proceeding to the learning analysis and its implications for in�ation and debt

dynamics, note that the conditions for a unique bounded rational expectations equilibrium

of the model given by relations (21), (22), (23), (9) and (11) are identical to those detailed

in propositions 1 and 2 for the contemporaneous data Taylor rule and �exible prices. The

minimum state variable solution in each of the four classes of equilibria of proposition 1

continue to be a linear function of the previous period�s debt level and in�ation rate and the

current natural rate disturbance. The precise coe¢ cients on each of the state variables in each

of the equilibria naturally di¤er. Nonetheless the conditions for determinacy of equilibrium

are identical. The proofs are omitted and available on request. We now treat the cases of

local Ricardian and locally non-Ricardian �scal policies under learning dynamics in turn.
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5.2 Ricardian Analysis

The analysis begins with the conventional treatment of monetary policy, asking under what

conditions households and �rms can learn the underlying rational expectations equilibrium

when �scal policy is assumed to be locally Ricardian. Under rational expectations there are

no monetary consequences of �scal policy. Because determining analytical results on the non-

Ricardian models is highly challenging, we make the following simplifying assumptions for the

remainder of the paper unless otherwise noted: the intertemporal elasticity of substitution is

assumed to be one and the function describing the disutility of labor supply linear. Finally

we consider economies in the neighborhood of �exible price equilibrium. Formally, stability

conditions under derived under the limit � ! 0. We emphasize that this is not equivalent

to analyzing a �exible price economy and should instead be interpreted as being an economy

with a small degree of nominal rigidity.

Proposition 4 If a central bank responds to in�ation expectations and �! 0 then the Taylor
principle is not su¢ cient for E-stability. Moreover, the conditions for stability are independent
of �scal policy in the sense that, if 1 < � < (1 + �) = (1� �), then the restrictions on the choice
of monetary policy are independent of � and �.

A necessary and su¢ cient condition for stability of learning dynamics is

�� >
1

1� � :

This condition makes clear that there is no scope for �scal policy to mitigate instability arising

from learning dynamics in this Ricardian regime. A natural question is what is the source

of this instability? Is it the presence of nominal rigidities or the existence of informational

constraints on the implementation of monetary policy? To elucidate, consider the analogous

result absent the information constraint.

Corollary 5 If the central bank implements monetary policy by responding to contemporane-
ous observations on in�ation, then the conditions for E-stability are as given in Proposition
3 for the locally Ricardian case.

Hence it is not the presence of nominal rigidities but informational constraints that give

rise to instability. By having a central bank respond to private sector forecasts, central bank
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behavior will similarly depend on instability arising from learning. Policy decisions then have

the potential to reinforce private agents beliefs and lead to self-ful�lling expectations.

These results generalize the analyses of Preston (2005, 2006) which consider, under both

informational assumptions, policy implemented through conventional Taylor rules that re-

spond both to in�ation and the output gap. The case of responding to one-period-ahead

expectations is also considered. In those analyses the government pursued a zero debt policy

� a particular case of Ricardian �scal policy in which agents need not forecast the future

path of primary surpluses.5 What proposition 4 and corollary 5 intimate, over and above

the �ndings of Preston (2005, 2006), is that the speci�c choice of locally Ricardian �scal

policy, as least within a class of one parameter rules, does not materially a¤ect stabilization

objectives. However, analysis in the sequel demonstrates that this result depends critically

on the assumption that the monetary policy rule is not known by agents when formulating

their forecasts.

5.3 Non-Ricardian Analysis

The analysis of locally non-Ricardian �scal policy is important to understanding certain

episodes in U.S. economic data. The bond price support regime in the 1940s, in which

the Federal Reserve pegged the price of bonds and the �scal authority pursued expenditure

policies that were largely independent of the state of the economy due to the demands of

war, is one such example. Indeed, this is an example of passive monetary policy � a nominal

interest rate peg violating the Taylor principle � and non-Ricardian �scal policy. More re-

cently, wartime �nance due to engagements in Afganistan and Iraq might again be plausibly

argued to be non-Ricardian in character. In contrast to the earlier episode, monetary policy

has been avowedly active. This policy combination leads to explosive dynamics in the debt

level and in�ation rate. Having some understanding of dynamic behavior in each of these

regimes requires analysis that permits non-Ricardian �scal policies.

Consider �rst the case in which the central bank responds to in�ation expectations.

5In a log-linear approximation is does not matter whether the precise details of the �scal regime are
understood or not since in the special case of a zero debt �scal policy all terms in the aggregate demand
equation relating to the primary surplus drop out as the steady state primary surplus to output ratio is zero
under this assumption.
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Proposition 6 If the central bank is subject to informational constraints in the implementa-
tion of policy and �! 0, then
i) For � ! 1 and 1

2
< �� < 1 there exists �

� such that � > � � implies E-instability.
ii) For 0 < � < 1 and �� = 0 E-stability holds for all parameter values.
iii) For 0 < � < 1 and � = 0 E-stability holds for all parameter values.

Part 1 of the proposition demonstrates a tight link between the speci�cations of �scal and

monetary policy in the case of non-Ricardian �scal policy. For a given choice of monetary

policy, ��, satisfying 0 < �� < 1, then �scal policy � must be small enough for learnability of

rational expectations equilibrium to obtain. Figure 1 provides a graphical interpretation of

this condition.It plots the restriction at equality, calibrating the discount factor to be � = 0:99,

and partitions the parameter space in the policy coe¢ cients (��; �) into two regions: one for

which the policy pairs deliver E-stability and one delivering E-instability. It makes clear that

as monetary policy becomes less active �scal policy is required to be more active to ensure

stability under learning dynamics.

Part 2 and 3 give special cases of this result which are also revealing. When � = 0,

stability obtains regardless of the choice of monetary policy and other model parameters.

Hence, given a monetary policy that fails to satisfy the Taylor principle, there is always a

choice of �scal policy that will ensure stability under learning dynamics. In this sense, the

non-Ricardian regime displays greater robustness than does the Ricardian regime for these

one parameter families of �scal and monetary policy rules. Indeed, proposition 4 makes clear

that for empirically plausible monetary policy rules satisfying the Taylor principle, there does

not exist a choice of �scal policy within the class of rules considered that prevents self-ful�lling

expectations.

The second special case is �� = 0. Here stability obtains irrespective of the choice of �scal

policy. Such a rule corresponds to a form of interest rate peg which is similarly a special

case of the contemporaneous data rule it = ���t. To assist the interpretation of these results

further, we state the following result.

Corollary 7 If the central bank responds to contemporaneous data and � ! 0 then the re-
quirements for E-stability in this non-Ricardian case are given by Proposition 3.

The stability results for both the contemporaneous and expectations based policy rules
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coincide for the special case �� = 0. While this is unsurprising, what is interesting is that

more generally the stability conditions are rather di¤erent. For 0 < �� < 1; as � ! 0,

so that we are considering economies in the neighborhood of a �exible price economy, the

stability properties of each economy are fundamentally di¤erent. For the contemporaneous

data rule, stability conditions are identical to the case of a �exible price economy � the

Leeper stability conditions obtain. In contrast, in the more realistic case of a monetary policy

based on in�ation expectations, the conditions for stability local to the �exible price economy

are di¤erent in character.

5.4 Nominal Rigidities and Expectation Stabilization

A natural question is to what degree nominal rigidities a¤ect macroeconomic stabilization

under learning dynamics. Under rational expectations the conditions for unique bounded

rational expectations are independent of the degree of price stickiness. But is this true under

learning?

First note as a particular example, under the locally Ricardian �scal policy and in the

speci�c case that � = 0; proposition 4 implies a necessary condition for stability is

�� >
1

1� � �
� (2� � � ��)
(1� �) (1� ��)2

:

Hence, economies with high degrees of nominal rigidities are less prone to instability under

learning dynamics. Indeed, taking the limit � ! 1, so that prices are almost never reop-

timized, implies that the right hand side of the condition tends to negative in�nity. Hence

for any plausible choice of monetary policy satisfying �� � 0 convergence is guaranteed. In

contrast, as � ! 0 and prices become more �exible, ever more active monetary policy is

required. Hence, price stickiness tends to facilitate anchoring private sector expectations, and

protects against expectations driven instability.

Now consider the case of locally non-Ricardian �scal policy. Because analytic results are

not readily obtainable, we resort to a calibration study. Figure 2 plots regions of E-stability as

a function of the parameter pairs (�; �) assuming that � = 0:8. The black contours are each

associated with a particular choice of monetary policy. The region to the left of any given

contour marks pairs of (�; �) generating instability under learning; to the right, stability.
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The Role of Nominal Rigidities with Non-Ricardian Policies

Two points can be made. First, for a given household discount rate, increasing degrees of

price stickiness lead to greater instability. Second, as monetary policy becomes more active,

the instability region becomes larger.

Why is price stickiness conducive to learning in the Ricardian regime and not in the

non-Ricardian regime?

Take the Ricardian case �rst and consider a positive shock to in�ation expectations. From

the aggregate demand relation, forecasted real interest rates have declined leading to an

intertemporal substitution towards greater current consumption. In turn, higher aggregate

demand leads to in�ation. However, the magnitude of the resulting in�ation depends on

the degree of nominal rigidities. The greater is price stickiness, the smaller the increase in

in�ation. Hence, economies characterized by in�exible product markets are conducive to

anchoring expectations.

In contrast, in non-Ricardian �scal regimes, intertemporal solvency of the government

accounts relies on adjustments in the price level. A positive shock to in�ation expectations

again leads to an expansion in aggregate demand which in turn leads to increases in �rm
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prices. While the same channel operates on in�ation expectations as in the Ricardian case,

there is now a countervailing e¤ect: the more �exible prices, the larger is the decline in the

real value of outstanding government liabilities. Moreover, the larger the wealth e¤ect, the

smaller will be subsequent increases in demand. Because non-Ricardian policy requires price

adjustment of a particular kind to ensure intertemporal solvency, the latter e¤ect dominates.

6 Mitigating Instability

Informational constraints in the implementation of monetary policy have important conse-

quences for macroeconomic stabilization. That the central bank responds to expectations

formed by least squares learning renders the economy prone to self-ful�lling expectations,

particularly under Ricardian �scal policy. Two approaches to mitigating instability under

this class of monetary policy rule are now explored. The �rst investigates the possible advan-

tages of communicating the monetary policy rule to households and �rms, and asks whether

such information helps anchor expectations that are relevant to their spending and pricing

decisions. The second considers modi�cations of the types of policy rules available to the cen-

tral bank and �scal authority, in particular allowing for nominal interest rates and primary

surplus decisions to be conditioned on information about the state of aggregate demand as

re�ected in the output gap.

6.1 Advantages of Communication

To date, a maintained assumption of this analysis is that agents do not know the policy

rule adopted by the monetary authority, and therefore must forecast nominal interest rates

independently of other macroeconomic variables. Yet an important component of recent dis-

cussions on monetary policy design has been the notion of transparency and communication.

Indeed, Faust and Svensson (2001) present a model in which the central bank has an idio-

syncratic employment target which is imperfectly observed by the public. Fluctuations in

this target leads to central bank temptation to deviate from pre-announce in�ation goals.

However, increased transparency allows the private sector to observe the employment target

with greater precision and therefore raises the costs to the central bank of deviating from
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its announced objectives. Transparency is therefore desirable as it provides a commitment

mechanism. Svensson (1999) further argues on the ground of this result that for in�ation

targeting central banks it is generally desirable for detailed information on policy objectives,

including forecasts, to be published. Such transparency enhances the public�s understanding

of the monetary policy process and raises the costs to a central bank from deviating from its

stated objectives.

In the context of the literature on learning and monetary policy a number of papers have

attempted to connect to this debate. For example, Eusepi (2005) and Preston (2006) consider

a number of New Keynesian models of output gap and in�ation determination in which agents

are attempting to learn, amongst other things, the reduce form dynamics of nominal interest

rates. Forecasts of this variable are relevant to spending and pricing decisions of households

and �rm. However, if the precise nature of policy decisions is known, so that the future path

of nominal interest rates do not need to be forecast independently of other macroeconomic

aggregates, the likelihood of instability is reduced. Clearly articulating monetary policy strat-

egy helps anchor private sectors expectations and consequently assist in managing economics

�uctuations.

Finally, in a closely related analysis, Orphanides and Williams (2005) highlight the advan-

tages of publishing an in�ation target. They show in a simple model of the output-in�ation

trade-o¤ that if private agents must learn about in�ation dynamics a more favorable trade-

o¤ between in�ation and output can be achieved if private agents are assumed to know the

central bank�s long-run in�ation target rather than having to learn this quantity.

Suppose then that agents know the monetary policy rule being implemented by the central

bank. This implies that agents know in the equilibrium they are attempting to learn that

restriction (23) is satis�ed. An immediate implication is that households need no longer

forecast the future path of the nominal interest rate independently from the future path of

in�ation � forecasting the latter is su¢ cient to project the former. Aggregate demand under
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communication is then determined as

x̂t = ���1
�
b̂t � �̂t

�
� ��1�ŝt � (� � �)��Êt�1�t +

Êt

1X
T=t

�T�t [(1� �) (x̂T+1 � �ŝT+1)� (� � �) (��� � 1)�̂T+1 + �rT ] :

The remainder of the model is unchanged as nominal interest rate forecasts only matter for

households expenditure plans.6 The following result obtains.

Proposition 8 Under central bank communication, Ricardian �scal policy, so that � > 1,
and �! 0 stability requires

�� >
1

1� ��
to be satis�ed.

To guard against instability from self-ful�lling expectations requires a choice of monetary

policy rule that depends on two model parameters: the household�s discount factor, �, and

the steady state ratio of the primary surplus to output (or equivalently the steady state debt-

to-output ratio since �s = (1� �)�b). The choice of �scal regime, re�ected in the implied

average debt-to-output ratio, imposes constraints on stabilization objectives. Less �scally

responsible governments must have more aggressive monetary policy to ensure learnability

of rational expectations equilibrium. In the special case that � = 0; as would occur if the

government pursued a zero debt policy each period, the Taylor principle is restored. Hence

there can be Keynesian expenditure e¤ects and monetary consequences of �scal policy under

non-rational expectations even if �scal policy is Ricardian.

Using the fact that �s = (1� �)�b the above condition can be expressed as

��

�
1� � (1� �)

�b
�Y

�
> 1:

Hence for � = 0 or � = 1 this condition coincides with the Taylor principle. For a given

debt-to-output ratio, the required response coe¢ cient in the monetary policy rule varies as

the discount factor varies, with the maximum response being achieved for � = 0:5.

6See Eusepi (2005) for analysis of a model in which �rms face a cash in advance constraint and must
therefore forecasts the path of nominal interest rates.
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This result highlights some fundamental di¤erences in the analysis of �scal and monetary

policy coordination under learning dynamics vis-a-vis rational expectations. Under rational

expectations, so long as �scal policy is locally Ricardian, the speci�c choice of policy is

irrelevant to the conditions for determinacy of rational expectations equilibrium. However,

under learning dynamics this need not be true. Clearly �out-of-equilibrium�, when households

and �rms are learning, Ricardian �scal policies can have non-Ricardian e¤ects. Because

households fail to correctly anticipate future tax changes that are consistent with a Ricardian

regime, current variations in taxes engender traditional Keynesian expenditure e¤ects. What

the above proposition demonstrates is that even if agents are given an in�nite amount of

data with which to construct beliefs, asymptotic stability hinges on the precise choice of �scal

regime: economies with large average levels of debt relative to output are more prone to

instability from self-ful�lling expectations.

Communicating the monetary policy rule adopted by the central bank certainly promotes

stability under the expectations based policy rule. The range of policy con�gurations giving

rise to instability narrows relative to the case of no communication. Hence communication is

unambiguously good from a macroeconomic stabilization perspective. However, the bene�ts

of communication are greater for economies that are �scally responsible. This discussion is

summarized in the following proposition.

Proposition 9 Communication unambiguously improves stabilization under learning dynam-
ics. That is, the region of stability is larger. However, in the special case � = 1 the regions of
stability in the communication and no communication cases coincide.

Why does the debt-to-output ratio matter for stabilization in Ricardian regimes?

[INTUITION]

To gain further insight, Figure 3 plots regions of instability as a function of (�; �) pairs,

relaxing the assumption that the intertemporal elasticity of substitution is unity. The steady

state debt-to-output ratio is assume to be 1.5.Three monetary policies are considered, each

partitioning the parameter space into a region of stability (north east quadrant) and insta-

bility (south east quadrant). For plausible choice of households�discount factor, instability

can result for many choices of the intertemporal elasticity of substitution. These values fall
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well within the range of estimates obtained from both microeconomic and macroeconomic

estimation studies. Moreover, more active monetary policies tend to deter instability from

self-ful�lling expectations, consistent with standard intuition.

By way of completeness, the following proposition considers the bene�ts of communication

under the non-Ricardian regime.

Proposition 10 Under central bank communication, non-Ricardian �scal policy such that
0 < � < 1 and �! 0 a su¢ cient condition for stability is

� <

�
1� � + �2��

�
(1� ��)

��� (1� ���)

and communication increases the region of stability relative to the no communication case.

Consistent with Ricardian �scal policy regimes, even with communication the debt to

output ratio constrains the choice of monetary and �scal policy. Note that for a given choice

of tax policy, there is always a choice of monetary policy that will ensure stability under

learning dynamics. For this reason, the non-Ricardian regime continues to display greater

robustness to non-rational expectations.
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6.2 Responding to the Output Gap

McCallum (1983) showed that conditioning nominal interest rate decision on endogenous vari-

ables rather than exogenous variables has the potential to resolve indeterminacy of rational

equilibrium underscored by Sargent and Wallace (1975) � even though both rules are con-

sistent with the same underlying rational expectations equilibrium. Furthermore, and as an

example of such a rule, Taylor (1993) argues that a variant of the nominal interest rate rule

it = ���t + �xxt

provides a good characterization of the U.S. monetary policy over the 80�s and early 90�s. In

the model of this paper under rational expectations, Woodford (2003) shows this rule delivers

a unique bounded rational expectations equilibrium if and only if

�� +
(1� �)
�

�x > 1:

Hence responding to the output gap can also help mitigate instability in macroeconomic

dynamics.

Given this �nding, we explore the following monetary and �scal policy speci�cations:

it = ��Et�1�t + �xEt�1xt

st = � bbt + �xEt�1xt

where �x; �x > 0. Both rules allow for a response to the expected state of aggregate demand.

These rules maintain the informational assumption that the monetary and �scal authorities

face information limitations and condition decisions on time t�1 information. The monetary

policy rule is otherwise identical in spirit to the conventional Taylor rule, while the tax rule

is motivated by the empirical analysis of Davig and Leeper (2005a).

Figure 4 plots regions of stability and instability under learning dynamics as a function of

(�x; �). The remaining parameters are chosen as �� = 0:9, � b = 0:5 and � = 0:66 so that the

average duration that any one �rm�s goods price remains �xed is three quarters. Two choices

of monetary policy rule are considered: �x = 0 and �x = 0:125. The policy con�gurations

correspond to a non-Ricardian regime. Fixing the monetary policy rule, regions to the left of
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the marked contours correspond to parameter con�gurations consistent with learnability of

rational expectations equilibrium.

Consider �rst a household discount factor of � = 0:99: It is immediate that low values

of the policy parameter �x are consistent with self-ful�lling expectations. However, moder-

ate responses to the output gap have a stabilizing e¤ect and are consistent with stability.

Nevertheless, values of �x that are too high again push the economy into an unstable region.

Finally, note that as the response coe¢ cient on the monetary policy rule on output rises from

0 to 0:125 the parameter con�gurations consistent with stability narrows considerably. More

active monetary policy tends to raise the likelihood of unstable dynamics from expectations.

7 Conclusions

The paper explores implications of a certain kind of non-rational expectations for policy

design. It shows that such belief formation imposes a number of constraints on policy design

that are not present in a rational expectations analysis.
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