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Abstract

When the central bank is the sole policymaker, the combination of limited asset market participation

and consumption habits can have dramatic implications for the optimal monetary policy rule and for

stability properties of a business cycle model characterized by price and nominal wage rigidities. In this

framework, a simple countercyclical �scal rule plays a twofold role. On the one hand it ensures uniqueness

of the rational expectations equilibrium when monetary policy follows a standard Taylor rule. On the

other hand it brings aggregate dynamics substantially closer to their socially e¢ cient levels.

JEL classi�cation: E52.

Keywords: Rule of Thumb Consumers, DSGE, Determinacy, Limited Asset Market Participation, Taylor

Principle, Optimal Simple Rule

�We gratefully acknoweledge helpful discussions with Andrea Colciago. We would like to thank Dario Pontiggia, Lorenza
Rossi, Ra¤aele Rossi and the whole Economics department at University of Milan-Bicocca for comments and suggestions.

yCorresponding author: mail: giorgio.motta1@unimib.it Tel (+39)0264483016
zmail: patrizio.tirelli@unimib.it

1



1 Introduction

The standard New-Keynesian framework is characterized by optimizing agents and by a number of nominal

and real frictions in goods, labor and �nancial markets. Following a seminal contribution by Mankiw (2000),

a second strand of New Keynesian literature emphasizes the role of rule-of-thumb consumers (RT consumers

henceforth) who do not participate to �nancial markets and therefore cannot save or borrow. Erceg, Guerrieri

and Gust (2006) in their Sigma model calibrate the share of RT consumers at 50% in order to replicate the

dynamic performance of the Federal Reserve Board Global Model. Galì et al. (2007) and Furlanetto and

Seneca (2009) show that the RT consumers can rationalize the empirically observed response of aggregate

consumption to public spending shocks. In Furlanetto and Seneca (2011) the RT hypothesis helps in account-

ing for recent empirical evidence on productivity shocks. Andres et al. (2008) show that nominal rigidities

and RT consumers can rationalize the empirically observed negative correlation between government size and

consumption volatility in OECD countries. In Boscà et al. (2009) the combination of RT consumers and

consumption habits signi�cantly improves the ability of an otherwise standard search model in reproducing

some of the stylized facts characterizing the US labour market. Airaudo (2008) and De Graeve et al. (2010)

exploit the RT consumers assumption to model asset prices.

Empirical research cannot reject the RT consumers hypothesis. Estimates of structural equations for

consumption growth report a share of RT consumers ranging from 26 to 40% (Jacoviello, 2004; Campbell

and Mankiw, 1989). More recent estimates of dynamic stochastic general equilibrium models (Coenen and

Straub, 2005; Forni, Monteforte and Sessa, 2009) obtain values around 35%. The �ndings in Johnson et al.

(2006), Shapiro and Slemrod (2009) and Parker et al. (2011) are also consistent with the RT assumption.

Critics of the approach might argue that the empirical relevance of RT consumers is bound to gradually

decline along with the development of �nancial markets (Bilbiie, Meier and Müller, 2008). In fact, increasing

regulation in the aftermath of the 2008 crisis (OECD 2009) is likely to raise the share of liquidity-constrained

households in the near future.

The RT consumers hypothesis has triggered a controversy about the properties that simple and im-

plementable interest rate rules must ful�ll in order to guarantee the uniqueness of the rational expectations

equilibrium and to maximize the social welfare. Earlier contributions, based on the representative, optimizing

agent framework emphasize the importance of satisfying the Taylor principle (Woodford, 2003; Schmitt-Grohè

and Uribe 2004, 2007). By contrast Bilbiie (2008) shows that, in a world of �exible nominal wages, a low

elasticity of labor supply combined with a su¢ ciently large share of constrained agents leads to an equilib-

rium where an interest rate policy based on the Taylor principle cannot ensure model determinacy. Colciago

(2007) downplays this conclusion: he �nds that even a mild degree of wage stickiness dampens the sensitivity
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of RT consumption to shocks and restores the standard Taylor Principle even for a very large share of RT

consumers. In addition, Ascari et al.(2010) show that the optimal monetary policy, i.e. the optimal in�ation

coe¢ cient in the interest rate rule, is almost una¤ected by the presence of RT consumers when nominal wages

are sticky.

In this paper we show that - just like wage stickiness undermines the RT consumers e¤ect outlined

in Bilbiie - other frictions may weaken the sensitivity of optimizing agents� consumption decisions to the

interest rate rule. In fact, this happens when consumption habits enter the utility function. In modern

New Keynesian business cycle models consumption habits are relied on to explain movements in aggregate

consumption data and to generate the �hump-shaped� impulse responses widely recognized to characterize

the responses of output and consumption to demand and supply shocks (see Dennis 2009 and references

therein). In our model the combination of consumption habits and RT consumers has dramatic implications

for model determinacy, resurrecting Bilbiie�s inverted Taylor principle for empirically plausible values of the

RT consumers share. In addition, the central bank optimal reaction to in�ation is far stronger than in Ascari

et al. (2010).

Having con�rmed that RT consumers potentially have important policy implications when the central

bank is the sole policymaker, we then consider the impact of �scal policies on the necessary conditions for

equilibrium determinacy and on the features of the optimal monetary policy rule. Research on simple optimal

monetary policy rules under limited asset market participation has ignored the simultaneous role played by

�scal policy. In models based on full asset market participation this may be justi�ed by the �ndings in

Schmitt-Grohé and Uribe (2007) who show that optimal �scal rules should simply ensure debt solvency. In
our context the limited asset market participation hypothesis paves the way for an additional role of �scal

policy, because tax reactions to temporary shocks may stabilize consumption decisions of RT households.

The �scal rules we consider are akin to the so-called automatic stabilizers, i.e. those elements of �scal policy

which react to the business cycle without requiring discretionary �scal policy action. Automatic stabilizers

characterize modern market economies and their working is typically associated to a reduction in the volatility

of output and consumption (Fatas and Mihov, 2001, 2010; Dolls et al. 2010; Debrun et al. 2008; Debrun

and Kapoor, 2010). Our contribution provides a theoretical background to the policy-oriented literature

that sees automatic stabilizers as an important component of the future macroeconomic policy framework

(Baunsgaard and Symansky, 2009, Blanchard et al. 2010).

We �nd that our �scal rules have strong implications for dynamic stability: the Taylor principle is restored

even for economies characterized by a relatively large amount of RT consumers. By contrast, the introduction

of the �scal rules does not change our former result that RT consumers require a much stronger sensitivity of

the interest rate rule to in�ation. Finally, all the �scal rules considered here have a welfare-improving e¤ect.
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The remainder of the paper is organized as follows. In section 2 we describe the model. In section 3

we analyze determinacy and the robustness of the results under alternative calibrations. In section 4 we

investigate the performance on simple optimal monetary and �scal rules. Section 5 concludes.

2 The Model

We consider a cashless DSGE model where nominal rigidities are characterized by the Calvo formalism.

Following Galì et al (2004 and 2007), households are characterized by the same utility function, but we

draw a distinction between the fraction � of RT consumers and the (1� �) Ricardian agents who have unre-

stricted access to �nancial markets and . The key di¤erence between the two groups concerns intertemporal

consumption optimization, which is precluded to households who have no access to �nancial markets.

2.1 Households preferences

Preferences are de�ned as follows.

U it = E0

1X
t=o

�t
�
ln
�
Cit � bCit�1

�
�  l
1 + �l

(hit)
1+�l

�
(1)

where i : o; rt stands for the household type (Ricardian and RT consumers respectively), � is the discount fac-

tor, Cit represents total individual consumption, b denotes internal habits and h
i
t =

�R 1
0

�
hi;jt

��w�1
�w

dj

� �w
�w�1

denotes individual supply of the labour bundle. Cit is a standard consumption bundle

Cit =

�Z 1

0

�
cit (z)

� ��1
� dz

� �
��1

; z 2 [0; 1] (2)

The aggregate consumption price index is

Pt =

�Z 1

0

pt (z)
1��

dz

� 1
1��

and demand for good z is

cit(z) = Cit

�
Pt(z)

Pt

���
Finally, we de�ne �it as the marginal utility of consumption

�it =
1

Cit � bCit�1
� �b

EtCit+1 � bCit
(3)
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2.1.1 Ricardian Households

Ricardian households maximize (1) subject to the following period budget constraint:

PtC
o
t + Et�t;t+1 (Bt +Qt+1) = Bt�1 +Qt + Pt (Dt � St) +Wth

o
t (4)

In each time period t Ricardian agents can purchase any desired state-contingent nominal payment Qt+1

in period t + 1 at the dollar cost Et�t;t+1Qt+1. The variable �t;t+1 denotes the stochastic discount factor

between period t and t+ 1. Real dividends are denoted by Dt, while Bt is the quantity of nominally riskless

bonds purchased in period t at price R�1t and paying one unit of the consumption numeraire at period t+1.

PtSt represents nominal lump sum taxes.

The solution for the optimizing household problem is standard. The Euler equation is

�ot = �Et

�
�ot+1

Rt
�t+1

�
(5)

The stochastic discount factor is de�ned as Et�t;t+1 = �Et
�ot+1
Pt+1

Pt
�ot
and absence of arbitrage pro�ts in the

asset markets implies that Et�t;t+1 = R�1t .

2.1.2 Rule-of-Thumb Households

As pointed out above, RT consumers neither save or borrow, in each period they entirely consume their labor

income net of taxes.

PtC
rt
t =Wth

rt
t � St (6)

2.2 Firms

Good z is produced in monopolistically competitive markets with the following technology:

yt (z) = atht(z)

Where

ln at = �a ln at�1 + "t

de�nes a technology process. For any given level of its labor demand ht (z), the optimal allocation of labor

inputs implies

hjt (z) =

 
W j
t

Wt

!��w
ht (z) (7)
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where Wt =

�R 1
0

�
W j
t

�1��w
dj

�1=(1��w)
is the standard wage index. Firm z�s real marginal costs are:

mct = (1� �)
wt
at

(8)

where wt = Wt

Pt
is the real wage and � is a production subsidy.

2.2.1 Sticky Prices

In each period �rm z faces a probability 1��p of being able to reoptimize its price. All the 1��p �rms which

reoptimizeat time t will face symmetrical conditions and set the same ePt, chosen to maximize a discounted
sum of expected future pro�ts:

Et

1X
s=0

(��p)
s
�t+s

� ePt � Pt+smct+s� yt+s (z)
subject to:

yt+s (z) = Y dt+s

 ePt
Pt+s

!��
(9)

where Y dt+s is aggregate demand.ePt solves the following �rst order condition
Et

1X
s=0

(��p)
s
�t+s (Pt+s)

�
Yt+s

h ePt + �pPt+smct+si = 0 (10)

where �p =
�

(��1) de�nes the markup chosen under �exible prices.

2.3 Labor market

Each labor market j is monopolistically competitive and there is a union j which sets the nominal wage, W j
t ,

subject to (7). Each household i supplies all labour types at the given wage rates 1 and the total number of

hours allocated to the di¤erent labor markets must satisfy the time resource constraint

hit =

Z 1

0

hi;jt dj =

Z 1

0

 
W j
t

Wt

!��w
htdj (11)

As in Galì (2007), we assume that the fraction of RT and Ricardian consumers is uniformly distributed

across unions, and demand for each labour type is uniformly distributed across households. Ricardian and

1Under the assumption that wages always remain above all households�marginal rate of substitution, households are willing
to meet �rms�labour demand.
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non-Ricardian households therefore work for the same amount of time, ht. We posit that the representative

union objective function is a weighted average (1� �; �) of the utility functions of the two households types.

This, in turn, implies that with �exible wages

wt =
Wt

Pt
= �w

 lh
�l
t�

(1� �)�ot + ��rtt
� (12)

where �w =
�w

(�w�1) represents the wage markup.

2.3.1 Sticky wages

In each period a union faces a constant probability (1� �w) of being able to reoptimize the nominal wage.

Unions that cannot reoptimize simply set their wages equal to the one in the previous period.

Following Colciago (2006), the representative union objective function is de�ned as2

Lu = Et

1X
s=0

(��w)
s

��
(1� �) ln

�
Cot+s � bCot+s�1

�
+ � ln

�
Crtt+s � bCrtt+s�1

��
�  l
1 + �l

(ht+s)
1+�l

�
(13)

The relevant constraints are (4), (6),(11).

The nominal wage fWt solves the following �rst order condition

1X
s=0

(��w)
s �
(1� �)�ot+s + ��rtt+s

�
ht+s (Wt+s)

�w �
" fWt

Pt+s
� �w

 lh
�l
t+s�

(1� �)�ot+s + ��rtt+s
�# = 0

2.4 Government sector

We make the assumption of an e¢ cient steady state in order to study the welfare properties of the economy

without resorting to a second-order approximation to the equations of the model. We therefore posit that the

production subsidy � brings production at the competitive level. The real wage in the zero-in�ation steady

state equilibrium is

w =
1

(1� �)�p
MPL = �w

 lh
�l�

(1� �)�o + ��rt
�

Since MPL = 1 must hold at the e¢ cient steady state, the optimal subsidy is

�� = 1� 1

�p�w

2 It is worth noting that the combination of centralized wage setting and wage stickiness introduces an indirect form of
consumption smoothing for RT consumers.
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Following Ascari et al. (2010) we assume that in each period the subsidy is entirely �nanced by lump-sum

taxes, T , levied on �rms. This in turn implies that steady-state �rms pro�ts are D = Y �(1� �)hWP �T = 0,

and both consumption and the marginal rate of substitution are identical for the two consumer groups.

As pointed out in the introduction, the RT consumers assumption paves the way for �scal stabilization

policies. To keep complications at a minimum, we neglect government supply of public goods and assume

that �scal policy is based on a lump-sum tax, St, which is levied on households. 3 The government�s �ow

budget constraint is then given by

RtBt�1 � PtSt = Bt (14)

The features of St are discussed in section (3.1) below. It su¢ ces here to state that in good times the �scal

policymaker builds up a "rainy days" fund to be used in the face of adverse shocks.4

2.5 Aggregate resource constraint

The aggregate resource constraint is

Ct =

Z �

0

Crtt (j) dj +

Z 1

�

Cot (j) dj = �Crtt + (1� �)Cot = Yt (15)

2.6 The model in log-linear form

Hatted letters denote log deviations from the steady state.

Household i marginal utility of consumption

�̂
i

t =
�b

(1� �b) (1� b)Etĉ
i
t+1 �

�
1 + �b2

�
(1� �b) (1� b) ĉ

i
t +

b

(1� �b) (1� b) ĉ
i
t�1 (16)

Euler equation

ĉot =

8><>:
�

b
1+b+�b2

�
ĉot�1 �

�
�b

1+b+�b2

�
Etĉ

o
t+2+

+
�
1+�b+�b2

1+b+�b2

�
Etĉ

o
t+1 �

(1��b)(1�b)
1+b+�b2

�
R̂t � Et�̂t+1

�
9>=>; (17)

RT consumption

ĉrtt = ŵt + ĥt � ŝt (18)

Aggregate consumption

ĉt = (1� �) ĉot + �ĉrtt (19)

3We have also controlled for suppy side e¤ects of the rule by modelling S as a labor income tax. Our conclusions are fully
con�rmed (results available upon request).

4Therefore it would be straightforward to show that optimizing consumers would not react to cyclical variations of taxes.
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Production function

ŷt = ĥt + ât (20)

Aggregate resource constraint

ŷ = ĉt (21)

Marginal costs

cmct = ŵt � ât (22)

Phillips Curve

�̂t =
(1� �p) (1� ��p)

�p
cmct + �Et�̂t+1 (23)

Wage-setting condition

264 (1+��2w)
(1��w) ŵt � �

�w
(1��w)Etŵt+1 � �

�w
(1��w)Et�̂t+1+

+ �w
(1��w) �̂t �

�w
(1��w) ŵt�1

375 =
8><>: (1� ��w)'ĥt+

� (1� ��w)
h
��̂

rt

t + (1� �) �̂
o

t

i
9>=>; (24)

Public debt dynamics

b̂t =
1

�
b̂t�1 � ŝt

2.7 Policy rules

Monetary policy follows a standard Taylor Rule 5

R̂t = ���̂t (25)

Following Schmitt-Grohe and Uribe (2007), we neglect cyclical adjustments of public consumption and de�ne

our �scal rule as a feedback that reacts to aggregate nominal income growth:

ŝt = � s

�
ŷt � ŷt�1 +

1

Y
�̂t

�
+ � bb̂t�1 (26)

5We also experimented with several alternative speci�cations, such as a forard-looking rule, and a rule including a feedback
on the output gap, but result were basicallly una¤ected (results available upon request).
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Condition (26) 6 is consistent with empirical evidence suggesting that the primary balance in the OECD

economies is more sensitive to output growth than to the output gap (Auerbach and Feenberg, 2000; Auer-

bach, 2009; Dolls et al., 2009, Fatas and Mihov 2010) and that the real progression of tax rates may be

a¤ected by in�ation (Immervoll, 2003; Tanzi 1980). We shall also consider restricted versions of (26), where

ŝ reacts to either real income growth or to the output gap. To ensure stability of the debt accumulation

process the �scal rule includes a feedback on past debt accumulation. 7

2.8 Calibration

Parameters are calibrated following Christiano et al. (2005), the technology process is modeled as in Schmitt-

Grohe, Uribe (2007).

Table 1: Calibration
Parameter Value Description

b 0.7 degree of habit persistence
� 0.99 subjective discount factor
�p 0.6 price stickiness
�w 0.64 wage stickiness
 l 1 preference parameter
�l 1 inverse of Frisch elasticity
�p 1.2 price mark-up
�w 1.05 wage mark-up
�a 0.8556 technology shock persistence
�a (0.0064)2 shock std. deviation

3 Determinacy

Bilbiie (2008) has shown that, in a world of �exible nominal wages and sticky prices, a low elasticity of labor

supply combined with a su¢ ciently large share of constrained agents leads to an equilibrium where an interest

rate policy based on the Taylor principle cannot ensure model determinacy. The intuition behind this result

is as follows. Suppose that �rms form an arbitrary expectation of future price increases and therefore choose

to raise the current price. The simultaneous (real) interest rate response induces a substitution e¤ect in the

consumption decisions of Ricardian households: ĉot is such that Et
�
�ĉot+1

	
> 0 (see (17) for b = 0). If all

consumers were Ricardians, such a policy would allow a unique ĉot < 0 consistent with convergence to steady

state, thus generating in t a negative output gap su¢ cient to rule out the initial price increase as a possible

equilibrium. By contrast, in this class of models Ricardian agents can react to the real interest rate surge

by choosing ĉot > 0 because RT consumers induce a "Keynesian multiplier" e¤ect that raises pro�ts which

6Both ŝ and b̂ are de�ned as percentages of steady-state output.
7 In our simulations coe¢ cient �b takes the value 0:02.
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are entirely appropriated by Ricardian agents. If this wealth e¤ect is su¢ ciently strong, i.e. the share of

RT consumers is su¢ ciently large, the choice of ĉot > 0 such that Et
�
�ĉot+1

	
> 0, may be consistent with

the rational expectation of future return to steady state. ĉot therefore con�rms the increases in current and

expected in�ation. Colciago (2006) downplays this conclusion: he �nds that a mild degree of wage stickiness

is su¢ cient to dampen the Keynesian multiplier e¤ect generated by RT consumers, restoring the standard

Taylor Principle even for a very large share of RT consumers.

Without consumption habits, i.e. when we set b = 0, our model replicates this latter result even if

�scal policy is switched o¤. By contrast, under our calibration of b determinacy requires an inversion of

the Taylor principle when � > 0:42 when �scal policy is inactive (Figure 1). The rationale for this result

is straightforward: from (17) it is easy to see that consumption habits reduce the sensitivity of Ricardian

consumers to real interest rate changes, weakening the substitution e¤ect that is crucial to obtain determinacy

under the Taylor principle.

5 4 3 2 1 0 1 2 3 4 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

φ
π

θ

indeterminacy

Figure 1: Determinacy region in the benchmark model.

3.0.1 Sensitivity analysis

The threshold value �� that triggers an inversion of the Taylor principle is crucially a¤ected by three key

parameters, i.e. the degrees of price and nominal wage stickiness, respectively �p and �w, and consumption

habits b. Empirical DSGE models yield quite di¤erent estimates for these parameters. Fernandez-Villaverde

et al. (2008) estimates a relatively large habit parameter (b = 0:88) and �nd that prices and nominal wages

are re-optimized every 11 and 1:8 quarters respectively. With these parameter values a very low share of

RT consumers (� = 0:04) is su¢ cient to require an inverted the Taylor principle. An almost identical result
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obtains if we follow Guerron-Quintana (2010) who estimate an even stronger degree of habit formation

(b = 0:91), but �nd that prices and nominal wages are re-optimized every 5:5 and 2:6 quarters respectively.

By contrast in Smets and Wouters (2007) b = 0:71 and prices and wages are reoptimized every 3 and 3:3

quarters respectively. In this case the inversion of the Taylor principle obtains at � = 0:5.8

Given our benchmark calibration of b, the beni�cial e¤ects of nominal wage stickiness emphasized in

Colciago (2006) obtain only in extreme cases, i.e. when either prices are close to be fully �exible or when

nominal wages contracts last at least one year (Figure 2). Taking as given our benchmark calibration for

price stickiness, �gure 3 shows that wage stickiness overturns the consumption habits e¤ects when either b is

far below existing estimates or when nominal wages are implausibly rigid.

0

0.2

0.4

0.6

0.8

1 0
0.2

0.4
0.6

0.8
1

0

0.2

0.4

0.6

0.8

1

λ
wλ

π

θ*

Figure 2

8These estimated models allow for price and wage indexation to past in�ation. Introducing in�ation indexation in our model
has no e¤ect on the threshold for the value of � that causes inversion of the Taylor principle. Results available upon request.
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3.1 The �scal rule and the taylor principle

The �scal rule has substantial implications for dynamic stability (Figure 4).

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.4

0.5

0.6

0.7

0.8

0.9

1

τs

θ*

τs on output gap

τs on real output growth

τs on nominal output growth

Figure 4

For instance, the Taylor principle holds irrespective of the size of � when � s = 0:55. The �gure also shows that

the �scal policy e¤ects would be weaker if, instead of reacting to nominal income growth, the tax feedback

targeted either real output growth or the current output gap. To understand our results one should bear in

mind that in this class of models the Taylor principle fails to achieve determinacy when it cannot prevent

a self-ful�lling expectation in the growth of pro�ts (see our discussion above). Thus �scal rules should be
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e¤ective to the extent they indirectly stabilize pro�ts by limiting the "Keynesian multiplier e¤ect" of RT

consumers. The e¤ect of the �scal rules is clearly shown in �gure 5, where we plot the dynamics of pro�ts in

response to a productivity shock when � = 0:4 and � = 0:45.9
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16
x 10 5 profits, θ=0.45

Figure 5: Impulse responses to a positive producticity shock.

It remains to be explained why the �scal rules have di¤erent e¤ects on pro�ts and, consequently, on determi-

nacy. To grasp intuition, compare the working mechanism of a feedback on the current output gap with that

of the rule targeting real output growth. As pointed out above, indeterminacy occurs when RT consumers

induce on Ricardian consumers a wealth e¤ect which dominates the substitution e¤ect caused by the Taylor

principle. Intuitively, the tax feedback on the current output gap stabilizes RT consumption and limits such

wealth e¤ect in each period. The rule controlling real output growth exploits a di¤erent mechanism, based on

the complementarity with monetary policy. In fact the stronger ��, the larger Et
�
�ĉot+1

	
and the expected

tax on RT consumers in t + 1. The tax, in turn, depresses the multiplier e¤ect of RT consumers, bringing

down output, pro�ts and Et
�
ĉot+1

	
. As a result, ĉot must fall with the �scal feedback in order to satisfy the

Euler equation (17). Fiscal reaction to output growth therefore strengthens the grip of the monetary policy

rule on ĉot . A fortiori, the stronger complementarity with the monetary rule explains why the �scal feedback

on nominal income growth is more e¤ective than the rule targeting real output growth.

9 In the simulations we set �s = 0:4, �� = 1:5. In the right-hand-side panel we do not plot the IRF for the case in which �scal
policy is switched o¤, because for � > 0:42 monetary policy alone is not su¢ cient to guarantee determinacy under the Taylor
principle.
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4 Optimal simple monetary and �scal policy rules

We now turn to the analysis of the optimal simple policy rules, subject to the determinacy constraints of the

model. The �rst step in our analysis is the identi�cation of the solution to the social planner problem.

4.1 The social planner problem

The social planner problem can be characterized as:

max
cot ;c

rt
t ;h

o
t ;h

rt
t

Et

1X
t=0

�t

264 �
�
log
�
Crtt � bCrtt�1

�
�  l

1+�l
(hrtt )

1+�l
�
+

+(1� �)
�
log
�
Cot � bCot�1

�
�  l

1+�l
(hot )

1+�l
�
375

subject to:

�Crtt + (1� �)Cot = Ct

�hrtt + (1� �)hot = ht

Yt = Ct

Yt = atht

By assumption, the two household groups have symmetrical preferences, but RT consumers have no

access to �nancial markets. As a result, from the social planner perspective both consumption and worked

hours should be identical for the two groups. In addition, the social planner faces an intertemporal problem

due to internal habit formation, which a¤ects socially optimal dynamics in response to shocks. It is easy

to demonstrate that the log-linear solutions to the social planner problem are (bcot )� = (bcrtt )� = (bct)� =
(byt)� ;�bhot�� = �bhrtt �� ; bw�t = bat, and

 
�l +

�
1 + �b2

�
(1� �b) (1� b)

!
ŷ�t =

�b

(1� �b) (1� b) ŷ
�
t+1 +

b

(1� �b) (1� b) ŷ
�
t�1 + (�l + 1) ât

Both technology and consumption habits drive output dynamics (Figure 6) 10

10The "hump-shaped" response is due to the habit formation in households�utility function.
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Figure 6: Social Planner Response to a Technology Shock

4.2 The policymaker�s welfare function

Following Bilbiie (2008) and Ascari et al. (2010) the policymaker�s period objective function assigns weights

�, (1� �) to utilities of the two households groups:

Wt =

��
(1� �) ln

�
Cot � bCot�1

�
+ � ln

�
Crtt � bCrtt�1

��
�  l
1 + �l

(ht)
1+�l

�
(27)

We derive the second order approximation to (27) around the e¢ cient steady state, and then re-express

it as deviations from the solutions to the social planner problem outlined above, obtaining the discounted

value of the Central Bank loss function: 11

Lt u �
1

2

(1� �b)
(1� b)

1X
s=0

�s

264 (1�b)
(1��b)

h
�
�
x̂rtt+s � x̂�t+s

�2
+ (1� �)

�
x̂ot+s � x̂�t+s

�2i
+

+�
�
ŷt+s � ŷ�t+s

�2
+ �w

�w

�
�̂wt+s

�2
+ �

�p
(�̂t+s)

2

375+ tip+ O
�
jj�jj3

�
(28)

where x̂�t+s =
1

(1�b) ŷ
�
t+s � b

(1�b) ŷ
�
t+s�1, x̂

i
t+s =

1
(1�b) ĉ

i
t+s � b

(1�b) ĉ
i
t+s�1, �p =

(1��p)(1���p)
�p

and �w =

(1��w)(1���w)
�w

. Straightforward manipulations of (28) show that

�
�
x̂rtt+s � x̂�t+s

�2
+(1� �)

�
x̂ot+s � x̂�t+s

�2
=
�
x̂ot+s � x̂�t+s

�2
+�
h�
x̂rtt+s � x̂ot+s

�2
+
�
x̂rtt+s � x̂ot+s

� �
x̂ot+s � x̂�t+s

�i
(29)

11Proof available in appendix.
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The policymaker is therefore concerned with the di¤erences in consumption utility, x̂rtt+s� x̂ot+s, between the

two consumers groups. These are determined by �rm pro�ts and may arise only to the extent that marginal

costs gaps are tolerated.

4.3 Optimal interest rate rule without �scal stabilization

The optimization problem consists in deriving the strength of the policy parameter ��, which minimizes (28)

subject to the behavior of households, wage setters and �rms in response to a technology shock. In analogy

with Schmitt-Grohe and Uribe (2004,2007), we restrict the admissible range of �� values to the interval

[-10,10]. 12

The optimal in�ation coe¢ cient ��� in (25) rapidly grows with � (Figure 7).
13 For instance, �

�
�(�=20%)
���(�=0)

'

1:5, �
�
�(�=25%)
���(�=0)

' 2:4. To support intuition note that when wages are �exible and consumption frictions are

absent, monetary policy is very aggressive, ��� (� = b = �w = 0) = 10. In the case of sticky wages and no

consumption frictions, the strength of the in�ation coe¢ cient in (25) falls dramatically, ��� (� = b = 0) = 2:4.

This happens because optimal policy now tolerates in�ation in order to limit wage adjustment costs (as

in Erceg et al., 2006). At this stage, introducing RT consumers has a minor impact on the optimal rule:

��� (0 < � < 0:42; b = 0) = 2:8. Similarly, the policy rule does not change much when only habit frictions are

introduced but RT consumers are absent, ��� (� = 0; b = 0:7) = 3:9.
14 Thus, the combination of consumption

habits and RT consumers is necessary to obtain ���. From (29) we know that the policymaker is concerned

with consumption utility gaps. Without habits, di¤erences in consumption utility among the two groups

are relatively unimportant. With habits, incomplete stabilization of pro�t gaps generates stronger and more

persistent di¤erences in consumption utilities. As a result, wage adjustment costs become relatively less

important and the anti-in�ation policy becomes more aggressive. In addition, from (5), (3), (15) it is clear

that the combination of RT consumers and consumption habits strongly reduces the aggregate demand

elasticity to interest rate changes.

12This choice is justi�ed by the idea that rules characterized by stronger interest rate reaction to changes in in�ation are
di¢ cult to communicate to the public and therefore unlikely to be implemented in practice (Schmitt-Grohe and Uribe, 2007).
13As soon as � reaches the 0:42 threshold, coe¢ cient ��� switches to the lower bound.
14The increase in ��� from 2:4 to 3:9 is caused by the habit-induced reduction in the sensitivity of consumption to the real

interest rate (see (17) above)
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Figure 7

Figures 8a and 8b display the impulse response functions (IRFs henceforth) to a positive technology shock,

where variables are respectively de�ned as deviations from steady state and gaps from the social planner�s

e¢ cient response. Consider IRFs under the optimal policy rules that obtain when � = 0 (��� = 3:9, blue

lines) and � = 0:3 (��� = 10, green dotted lines). In both cases output increases but worked hours fall

on impact, in line with the �ndings of Galì (1999), Basu et al. (2006), Canova et al (2010). The di¤erent

strength of coe¢ cient �� allows to obtain similar responses for in�ation and the real interest rate. In line

with the �ndings in Basu et al. (2006), under both policy experiments the real wage increase is driven by the

in�ation fall, whereas the nominal wage adjustment is almost nil. The more tenuous response of aggregate

demand to the real interest rate fall explains why the increase in output and worked hours is much weaker in

presence of RT consumers. Monetary policy cannot avoid substantial consumption di¤erences between the

two consumer groups when � = 0:3. Optimizing consumers�demand for goods increases because expected

future consumption grows and because the real interest rate falls. By contrast, RT consumers demand is

constrained by current labor income. However, for both groups actual consumption is equal to current income

because there is no capital in the model. The surge in pro�ts therefore explains why optimizing households

can increase their consumption.

When looking at di¤erences relative to the social planner�s response (�gure 8b) we �nd that monetary

policy can close gaps in total consumption (output) and worked hours when all agents optimize. By contrast,

negative gaps in output and worked hours cannot be avoided when � = 0:3.
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Figure 8a: Impulse responses to a positive technology shock
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Figure 8b: Impulse responses to a positive technology shock

4.4 Optimal �scal and monetary rules

In �gure 9a we plot the IRFs under di¤erent the �scal rules. Coe¢ cients ��� and �
�
s are chosen to minimize

(28) conditional to the fact that the �scal rule alternatively controls nominal income growth, real income

growth and the current output gap (Rules 1,2,3 respectively in Table 2). All the �scal rules reduce welfare
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Table 2:
� = 0:25 � = 0:3 � = 0:4
��s ��� G� ��s ��� G� ��s ��� G�

Rule 1 0:45 5:7 0:1618 0:57 6 0:4 0:74 6:7 0:9743
Rule 2 0:99 10 0:0956 0:99 10 0:205 0:99 10 0:9394
Rule 3 0:99 8:8 0:1029 0:99 10 0:295 0:99 10 0:9454

G� represents the percentage welfare gain with respect to the case of no �scal stabilization

losses relative to the benchmark regime where only monetary policy is activated. 15 It is interesting to

note that controlling nominal income growth requires less activist monetary and �scal policies . The IRFs

describing the dynamic patterns of taxes help to understand the performance of the economy under the

di¤erent �scal rules. Only control of nominal income growth allows to obtain the tax reduction necessary

to raise consumption of RT agents whereas the other two rules cannot avoid an increase in taxation (Figure

9a). In this regard, the rule based on a feedback on the current output gap is particularly penalizing for RT

consumers. In �gure 9b we plot the IRFs of deviations from the social planner�s response. It is easy to see

that, relative to a situation where �scal policy is switched o¤, all the �scal rules dampen the volatility of

gaps in worked hours, output and aggregate consumption. However, the reduction in aggregate consumption

volatility is due to a composition e¤ect unless the rule targets nominal income growth. This latter rule

generates a reduction in gaps volatility for all the variables that enter the objective function (28).
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Figure 9a: Impulse responses to a positive technology shock

15We take � = 0:4 as an upper bound because beyond this level an inversion of the Taylor principle is necessary at for the
benchmark case.
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Figure 9b: Impulse responses to a positive technology shock

5 Conclusion

The key message of the paper is simple. Limited asset market participation has potentially strong policy

implications when the central bank is the sole policymaker, but a well-crafted system of automatic �scal

stabilizers dampens the undesirable e¤ects of limited asset market participation. Proper design of a �scal

feedback on nominal income growth brings the optimal interest rate rule relatively close to the one obtained

when all agents have full access to �nancial markets.

The paper has normative implications for the design of automatic stabilizers. An important result concerns

the desirability of linking taxes to in�ation and to income growth in order to restore the Taylor principle

and to stabilize consumption gaps. This conclusion indirectly supports Auerbach�s (2009) statement that

the US policy of introducing full in�ation indexation of the individual income tax - as well as the reduction

in marginal tax rates - is likely to have complicated the task of monetary policy in the aftermath of the

2008 �nancial crisis, eventually forcing the government to implement a strongly discretionary �scal action.

Given the widespread consensus about the ine¢ cient use of discretionary �scal policies in a large number of

countries (Alesina et al., 2008), it might be sound to preserve the role of automatic stabilizers.

Our results also sound a note of caution, suggesting that �scal rules should be carefully designed. Further

research should therefore investigate the optimal design of automatic stabilizers in medium-scale models,

accounting for both a richer set of tax instruments and countercyclical public consumption expenditure.
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Appendix A

Welfare-based Loss Function

The derivation of (28) strictly follows Ascari et al (2010) and Leith et al. (2009).

Given the e¢ ciency of the steady state in our model, we have that:

Urth
UrtC

=
Uoh
UoC

=
Y

h
= 1

where U ih and U
i
C are the steady state derivatives of the agent i utility function with respect to hours, h or

consumption, C respectively.

As in Bilbiie (2008) we assume that the Central Bank maximizes a convex combination of the utilities of

two types of households, weighted by their mass in the economy, i.e.:
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U
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and for Ricardians
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where U iX is the derivative of agent i steady state utility function with respect to Xi:

Log-linear apprximation of Xi
t yields
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ĉit � bĉit�1
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The following equations
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Summing all the terms, given that steady state consumption and hours worked level are identical for the
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two groups of agents,UrtXX
rt = UoXX

o = UXX = Uhh = UCC
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ĉrtt�1

�2�� �
2 (x̂

rt
t )

2
�
� Uhh

�
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From the economy production function we know that

ĥt = ŷt + d̂w;t + d̂p;t � ât
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or, summing over the future
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After tedious but straightforward manipulation we obtain
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-Following Woodford(2003) and recalling that in our model utility is logarithmic in consumption, i.e. � = 1

Wt �W
UCC

= � (1� �b)
(1� b)

1

2

1X
s=0

�s

264 (1�b)
(1��b)

�
�
�
x̂rtt+s

�2
+ (1� �)

�
x̂ot+s

�2�
+ �w

�w

�
�̂wt+s

�2
+

+ �
�p
(�̂t+s)

2
+ �l

�
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Further manipulating yields
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which can be easily rewritten as (28)
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