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Abstract:
In this paper, we study the e¤ects of government debt on macroeconomic

aggregates in a non-Ricardian framework. We develop a micro-founded frame-
work which combines time-varying markups, endogenous labor supply and
overlapping generations based on in�nitely-lived families. The main contri-
bution of this paper is to provide a new transmission mechanism of public
debt through the countercyclical markup movements induced by external deep
habits. We analyze the e¤ects of public debt shock. We show that the inter-
est rate rises, entailing higher markups, which imply a fall in employment
and consumption. It is particularly noteworthy that, even without capital, a
crowding out e¤ect of government debt is obtained in the long run. In ad-
dition, we show that due to price stickiness in our model public debt has a
short-run expansionary e¤ect which is strengthened by deep habits.
JEL Codes : E63; E52
Keywords : Wealth E¤ects, Fiscal Policy, Public Debt Shock, Deep Habits,
Overlapping Generations, Monopolistic Competition.
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Deep Habits and the Macroeconomic E¤ects
of Government Debt1

1 Introduction

The latest economic crises in Europe and the United States have pushed
many governments to intervene to �ght the recession. The active use of
�scal policy has raised concern about debt and revived the old debate on
the impact of government debt on economic activity. In fact, the public
debt levels among advanced economies have reached levels not seen before in
peace time. According to the IMF public debt to GDP ratio in G20 advanced
economies surged from 78% in 2007 to 97% in 2009 and is projected to rise
to 115% in 20112. Thus, the following question is of particular interest: how
does high and growing public indebtedness a¤ect macroeconomic aggregates?
This paper contributes to answering this question.
The e¤ects of public debt is an old issue and many economists have fo-

cused on it. As summarized by Bernheim (1989) and Elmendorf and Mankiw
(1999), the conventional economic e¤ects of government debt seem to be
expansionary in the short run (the traditional Keynesian view) and con-
tractionary in the long run (the Neoclassical view). For instance, a raise
in public debt to �nance tax cuts (or raise transfers) stimulates aggregate
demand, causing output to increase when prices (and/or wages) are sticky.
This is the short-run e¤ect. However, the real interest rate must rise to bring
securities market into balance. Consequently, investment is crowded out and
capital and output eventually decrease. This is the long-run e¤ect. At this
stage, a question may arise: is there another transmission mechanism of the
public debt other than the crowding out e¤ect of private investment?
In order to answer this question two strands of literature have been con-

sidered. First, Bils (1989), and Rotemberg and Woodford (1991), among
others, show that markups are countercyclical. During recession, imper-
fectly competitive �rms charge high markups because they compete less ag-

1Author: Rym Aloui, University of Evry, EPEE, Boulevard François Mitterrand 91025
ÉVRY Cedex France, email: raloui@univ-evry.fr.
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gressively. That is, markup of price over marginal cost are countercyclical.
Second, in the 1980s real interest rates have considerably increased pushing
some economists to investigate its impact on production costs and demand.
For instance, Fitoussi and Phelps (1988) and Fitoussi and LeCacheux (1988)
show that episodes of high real interest rate are often associated to high
markup. One explanation is, a higher real interest rate means that future
pro�t are more heavily discounted, thereby increasing �rms�markups. That
is, markups and real interest rates have a positive relationship. Accordingly,
a new transmission mechanism of public debt trough markups appears. In-
deed, government borrowing has an impact on the real interest rate a¤ecting
in turn markups which are countercyclical.
The aim of this paper is to develop a micro-founed model able to take

into account this new transmission mechanism. In other words, this paper
o¤ers a micro-founed general equilibrium, non-Ricardian, model with time
varying markups.
Ravn, Schmitt-Grohe and Uribe (2006) have already developed a micro-

founded model of countercyclical markups. They show that the assumption
of external deep habits profoundly alters the supply side of the economy.
Under external deep habits, households do not simply form habits from a
benchmark consumption level, but rather feel the need to catch up with
the Joneses on a good-by-good basis3. Households that consume a lot of a
particular good today are more likely to buy this kind of good in the future by
force of habit. Such behavior in�uences �rms�pricing strategy. Indeed, under
deep habits, the demand for goods faced by �rms becomes dynamic, implying
time-varying markups. In particular, a higher real interest rate implies higher
markups because �rms discount future pro�ts more. As a consequence, labor
demand declines, and output and consumption decrease. In addition, the
decline in aggregate demand entails lower elasticity of demand, inducing
higher markups. This is a price elasticity of demand e¤ect which strengthens
the decline in output.
On the other hand, the Ravn, Schmitt-Grohe and Uribe�s model does

not allow to analyze the e¤ects of public debt because the assumption of
in�nitely-lived representative households is adopted, implying the neutrality
of government debt.
The departure from the Ricardian equivalence is undoubtedly necessary

to study the e¤ects of public debt. There are tree alternatives: Overlapping
generation structure, rule of thumb (liquidity-constrained consumers) struc-
ture, developed by Gali et al (2007) or distortionary taxation. In our model

3In this paper deep habits refer to external deep habits. It is the catching up with the
Joneses described by Abel (1990) but on a good-by-good basis.
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we adopt the overlapping generation structure because we believe is the best
way to analyse public debt e¤ects without adding other e¤ects. Speci�-
cally, we develop a micro-founded general equilibrium model with overlap-
ping generation structure, monopolistic competition and external deep habit
formation. Importantly, our model abstracts from capital accumulation. We
show that an increase in government debt to �nance government transfers
has a long-run contractionary e¤ect despite the lack of private capital. On
the other hand, the short-run e¤ect of debt-�nanced government transfers
is contractionary in a �exible-price framework, while it is expansionary in a
sticky-price framework.
At this stage, it is of interest to notice that, in the non-Ricardian frame-

work, the short-run and the long-run e¤ects on output depend on the as-
sumptions made about price adjustment, labor supply, and capital.
First, if labor is supplied inelastically, there is no short-run e¤ect on

output even when prices are sticky. In the long run, output decreases because
of capital adjustment. Indeed, Annicchiarico (2007) shows that the increase
in aggregate demand caused by the rise in government debt entails higher
consumption and higher real interest rates in the short run. The real interest
rate rise crowds out investment and output falls in the long run.
Second, if labor supply is endogenous and physical capital is absent, when

prices are �exible, increased government debt will have no short-run or long-
run e¤ects on output. Labor supply and thus output are determined by
intratemporal �rst-order condition. So, government debt is neutral despite
the non-Ricardian framework. However, if prices are sticky, the short-run
expansionary e¤ect on output is evident but there is no long-run e¤ect. This
result is found in Devereux (2010). He analyzes the e¤ect of government
debt increase in a non-Ricardian framework without capital and with sticky
prices and shows that higher government debt leads to the consumption and
output rise in the short run.
In this paper, even in the �exible-price model, the government-debt neu-

trality expected to occur does not hold. Instead, we �nd that government
debt increase implies a decline in output due to the countercyclical markup
movements induced by the assumption of external deep habits. Hence, this
paper o¤ers a new transmission mechanism of government debt through the
countercyclical markup movements. The transmission mechanism can be
summarized as follows. Debt-�nanced government transfers raise the inter-
est rate, entailing higher markups, which in turn induce a fall in employment
and consumption.
In the sticky-price model, an increase in government debt induces an

increase in consumption and aggregate demand. As prices cannot fully ad-
just to balance the goods market, output increases. Thus the short-run
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expansionary e¤ect is obtained. In addition, we show that deep habits spec-
i�cation strengthens the short-run expansionary e¤ect of government debt
because increased aggregate demand entails higher elasticity of demand and
thus markups decrease implying high output.
The remainder of the paper is organized as follows. The next section de-

velops the model. Sections 3 and 4 study the symmetric equilibrium, steady
state equilibrium and the implications of an increase in government debt in
the long run. Section 5 investigates the impact of temporary and public debt
shocks. Section 7 concludes.

2 The Model

The economy consists of three types of agents: in�nitely-lived dynasties (or
families), monopolistically competitive �rms, and the �scal authority. Each
period, new and identical in�nitely-lived families (component of a generation)
appear in the economy without �nancial wealth and owing a monopolistically
competitive �rm producing a speci�c good using labor. It is assumed that
the �rm�s ownership is not transferable. Therefore, the pro�t of the family
�rms is transferred in full to the owner-manager (the in�nitely-lived family).
On the other hand, labor moves freely in this economy.
Moreover, there is uncertainty in the economy caused by �scal shocks.

However, we assume that agents have access to complete markets. In addi-
tion, as in most of the recent New Keynesian literature, we assume a cashless
economy à la Woodford (2003). Here, money is only a unit of account.

2.1 Consumers

A generation j consists of many identical in�nitely-lived families (or agents)
of type j; where j belongs to the interval [1; Nt] : Accordingly, we can con-
sider a representative agent framework into a generation. In this economy
agents care about their own consumption of a speci�c good compared to the
benchmark level of the consumption of that speci�c good. We start by given
the aggregation rule which will be used to aggregate individual variables:

zt =
X
j�t�1

(Nj �Nj�1)

Nt�1
zj;t�1; (1)

where z is a generic variable. Notice that Nj �Nj�1 is the number of agents
compound of the representative generation j � t; where Nj is the number of
agents born in period j � t.
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We adopt an extended version of the CES habit-adjusted consumption
index, xj;t; used by Ravn et al (2006):

xj;t =M
1

1�"
t

 
MtX
m=1

(cj;t (m)� �~ct�1 (m))
"�1
"

! "
"�1

; (2)

where

~ct�1 (m) =

�
ct�1 (m) 8m �Mt�1
ct�1 8m 2 ]Mt�1;Mt]

:

Here xj;t denotes the CES habit-adjusted consumption index with elastic-
ity of substitution, " > 1: The parameter � measures the degree of external
habit formation in consumption of each variety. When � = 0, consumption
externalities disappear. cj;t (m) is the consumption of good m 2 [1;Mt] by
agent j born in period j � t and ct�1 (m) denotes the per capita aggregate
consumption of good m in period t� 1: cj;t�1 and ct�1 denote the individual
consumption of a basket of goods in period t � 1 and per capita aggregate
consumption of the basket of goods in period t� 1; respectively4.
Notice that the consumption reference used in (2) di¤ers from the one

used in Ravn et al (2006). The reason is the following. Remember that
each agent is owner of a monopolistically-competitive �rm so the number of
speci�c goods grows at the same rate as the population. The appearance of
new speci�c goods in each period raises a new di¢ culty to develop a deep-
habits non-Ricardian model. Indeed, new goods appearing in period t were
not consumed in period t � 1. Consequently, the benchmark level cannot
be the average level of past consumption of those goods. Therefore, we
assume that agents observe per capita aggregate consumption of the basket
of goods in period t�1; which will be considered as the benchmark level of the
consumption of goods appearing between periods t�1 and t: This assumption
is important to develop a deep-habits non-Ricardian model precluding the
life cycle of goods and eliminating any discontinuity between the �rst period
and the next periods. This is also helpful to restore symmetry in the �rm�s
decisions.
Letting � denote the constant subjective discount factor and Et the math-

ematical expectations operator conditional on information available in period
t; the life-time utility of a representative agent j is:

Et

1X
s=t

�s�t ln (xj;s � d (lj;s)) ; (3)

4We might use Dixit-Stiglitz aggregator to obtain the consumption basket of goods,
that is (2) when � equals zero.
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where d (lj;t) is an increasing and convex function measuring the disutility of
the labor supply of agent j, lj;t, more speci�cally

d (lj;t) � �
l
1+ 1

�
j;t

1 + 1
�

(4)

with � > 0 representing the Frisch elasticity of labor supply.
The speci�cation given by (3) features preferences à la Greenwood, Her-

cowitz and Hu¤man (1988) (henceforth "GHH"). The reason is twofold.
First, it is helpful to make aggregation feasible. We will show below that
the GHH speci�cation makes labor age-independent, which is necessary to
aggregate individual human wealth. Second, in our overlapping-generation
structure, the labor supply is endogenous, which raises a potential problem of
negative labor supply. Actually, if leisure is a normal good, wealthier agents
will supply less labor. Indeed, if labor is not constrained by a lower positive
bound, then labor supply may be negative. As shown by Ascari and Rankin
(2007), the GHH speci�cation makes labor supply independent of wealth5.
In each period, agents supply labor, lj;t; in a competitive market and

receive nominal wages, Ptwt; which are independent of the agents�age.
Agent j maximizes its expected utility subject to its intertemporal budget

constraint:
MtX
m=1

Pt (m) cj;t (m) + EtQt;t+1Vj;t+1 � Vj;t + Ptwtlj;t +	j;t + Tj;t: (5)

where Pt (m) be the nominal price of the di¤erentiated good m: Agent j re-
ceives an average nominal pro�t 	j;t from the family�s ownership of a monop-
olistic �rm and receives lump-sum government transfers Tj;t: Vj;t represents
agent j0s �nancial asset holding: Qt;t+1 is the stochastic discount factor, and
more generally:

Qt;T = Qt;t+1 �Qt+1;t+2 � :::�QT�1;T ; and Qt;t+1 = 1: (6)

In addition, as markets are complete, there is a risk-free one-period in-
terest rate de�ned by:

1 + it = [EtQt;t+1]
�1 : (7)

First, we start by solving the dual problem. For any given level of xj;t;
the agent j demand for individual goods varieties must solve the cost mini-
mization problem:

min
MtX
m=1

Pt (m) cj;t (m)

5This issue is discussed in more detail in Ascari and Rankin (2007).
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subject to the aggregate constraint (2): Solving this problem yields the de-
mand functions:

cj;t (m) =
1

Mt

�
Pt (m)

Pt

��"
xj;t + �~ct�1 (m) ; for all m 2 [1;Mt] : (8)

The price index is de�ned by:

Pt �
 
1

Mt

MtX
m=1

Pt (m)
1�"

! 1
1�"

; (9)

where Pt (m) denotes nominal price of good m.
Using equation (8) and the de�nition of the price index (9), we de�ne the

total expenditure on habit-adjusted consumption as6:

Ptxj;t =
MtX
m=1

Pt (m) cj;t (m)� �
MtX
m=1

Pt (m) ~ct�1 (m) : (10)

Notice that demand for good m by agent j; equation (8); features a dy-
namic component, as it depends not only on current period habit-adjusted
consumption, xj;t; but also on the lagged value of consumption of good m.
This, in turn, makes the pricing decision of �rm m 2 [1;Mt] intertemporal.
Indeed, as pointed out by Ravn et al (2006), the deep habits assumption
makes the price elasticity of demand procyclical. From equation (8), we can
easily see that an increase in the level of xj;t raises the relative importance of

the price-elastic term 1
Mt

�
Pt(m)
Pt

��"
xj;t; and reduces the relative importance

of the price-inelastic demand component, �~ct�1 (m) : As a result, the price
elasticity of demand for good m increases with aggregate demand.
The second stage of household j0s problem consists in choosing its demand

for xj;t and its �nancial asset holdings Vj;t+1; resulting from the maximization
of life-time utility (3) subject to the dynamic budget identity (5). The �rst-
order conditions for this maximizing problem yield the following optimality
conditions:

xj;t � d (lj;t) = ��1Qt;t+1
Pt+1
Pt

(xj;t+1 � d (lj;t+1)) ; 8j and 8st (11)

dl (lj;t) = wt; (12)

6See Appendix 1 for further details.
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Ptxj;t+�

MtX
m=1

Pt (m) ~ct�1 (m)+EtQt;t+1Vj;t+1 = Vj;t+Ptwtlj;t+	j;t+Tj;t; (13)

lim
T!+1

EtQt;TVj;T = 0: (14)

We note from equation (12) that labor is independent of the agent�s age
and also independent of the agent�s consumption. This is a consequence of
the GHH preferences, which feature no wealth e¤ect on hours. Equation
(13) is the intertemporal budget constraint of agent j, which is obtained
by introducing (10) into (5). Equation (14) represents the transversality
condition.
Moreover, we notice, from (11), that the standard Euler equation is mod-

i�ed in two ways. First it is expressed in terms of individual habit-adjusted
consumption xj;t rather than individual consumption cj;t: Second, the term
d (lj;t) is subtracted from the individual habit-adjusted consumption xj;t: As
we have already mentioned, the term d (lj;t) is independent of agents�age, i.e.,
it is identical for all agents. Consequently, we can drop the subscript j. In ad-
dition, Ascari and Rankin (2007) consider that d (lt) acts as a "subsistence"
level of consumption. For this reason, they de�ne "adjusted" consumption
as individual habit-adjusted consumption minus its subsistence level (d (lt)).
We follow Ascari and Rankin (2007) and de�ne adjusted consumption as7:

aj;t � xj;t � d (lt) : (15)

Moreover, let us de�ne the stochastic gross interest rate by:

Rt;t+1 =

�
Qt;t+1

Pt+1
Pt

��1
: (16)

Accordingly, using (15), and (16), equation (11) and (13) can be re-written
in real terms:

aj;t = ��1R�1t;t+1aj;t+1 (17)

and

xj;t + �

MtX
m=1

Pt (m)

Pt
~ct�1 (m) + Et

vj;t+1
Rt;t+1

= vj;t + wtlj;t +  j;t + �j;t (18)

where vj;t =
Vj;t
Pt
;  j;t =

	j;t
Pt
and �j;t =

Tj;t
Pt
:

7From (3), we note that individuals�preferences are unde�ned for habit-adjusted con-
sumption values below the subsistence level. aj;t needs to be positive for all j; t.
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In addition, we de�ne human wealth (discounted present value of labor
income and pro�ts plus government transfers) as:

hj;t = Et

1X
s=t

R�1t;s [wslj;s +  j;s + �j;s] : (19)

Iterating the budget constraint (18) forward (from t to in�nity), taking
into account the no-Ponzi game restriction, using (17) iterated forward (from
t to in�nity), and the de�nition of human wealth (19) yields8:

aj;t = (1� �) (vj;t + hj;t � �t) (20)

where

�t = �Et

1X
s=t

R�1t;s

MtX
m=1

Ps (m)

Ps
~cs�1 (m)

denotes the future time path of reference consumption.
We note from equation (20) that in the absence of a consumption ex-

ternality (� = 0 and thus �t = 0), individuals condition their consumption
solely on their consolidated wealth (vj;t + hj;t) ; with a ratio of (1� �) of
total wealth. With a non-zero consumption externality, however, individual
adjusted consumption is also directly a¤ected by the future time path of
economy-wide, per capita consumption of good m.
So far, we have focused on individual variables: Now we consider aggre-

gate variables. Variables without the subscript "j" represent a per capita
aggregate value. We apply the aggregation rule used in (1) to xj;t and vj;t.
Agents are assumed to receive the same amount of government transfers in-
dependently of their age, so �j;t = �t. Moreover, we will show below that,
as �rms display the same behavior, the average pro�ts received from �rms
are independent of the agents�age, i.e.  j;t =  t. Accordingly, since lj;t is
the same for all age cohorts, human wealth is also the same for all, namely
hj;t = ht.
Finally, notice that applying the aggregation rule used in (1) in period t

to the variable vj;t+1 yields:X
j�t

(Nj �Nj�1)

Nt
vj;t+1 = (1 + n) vt;

as generation j = t + 1 has no �nancial wealth in period t + 1; i.e. vt;t = 0:
Here, n denotes the population growth rate, i.e. Nt = (1 + n) Nt�1.
Using this result and aggregating equation (11), where we replace aj;t+1

by its expression given by equation (20) expressed in t+ 1; one obtains9:
8See Appendix 1 for further details.
9See Appendix 2 for further details.
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at = ��1R�1t;t+1at+1 + n
�
��1 � 1

�
R�1t;t+1vt+1: (21)

This equation is the aggregate Euler equation, which di¤ers from the indi-
vidual Euler condition (11) as long as the population growth rate is di¤erent
from zero. The last term on the right hand side re�ects a real wealth e¤ect,
which is characteristic of a non-Ricardian economy. Indeed, the growth rate
of aggregate adjusted consumption is negatively correlated with the aggre-
gate �nancial wealth. An increase in beginning-of-period �nancial wealth in
period t+ 1 cannot be proportionally allocated to present and future aggre-
gate adjusted consumption because only those consumers alive during this
period bene�t.

2.2 Firms

This section focuses on the supply side. Here we describe the problem of a
�rm m appeared before t� 1: Later on, we will show that new �rms behave
in the same way as old �rms.
The di¤erentiated good m 2 [1;Mt�1] is produced by a monopolist, m;

who uses labor input lt (m) and speci�c human capital� normalized to one�
to produce a quantity yt (m) using linear production technology:

yt (m) = lt (m) : (22)

Firms are assumed to be price setters. We assume that monopolistic �rms
are subject to Rotemberg�s (1982) convex adjustment costs associated with
changing nominal prices:

�

2

�
Pt (m)

Pt�1 (m)
� ��

�2
; (23)

where �� denotes the steady state in�ation rate, and � � 0 measures the
degree of nominal rigidities. When � = 0 prices are �exible, while positive
values of � imply that �rms �nd it costless to adjust their prices in line with
the central bank in�ation target.
Letting

 t (m) =
Pt (m)

Pt
yt (m)� wtyt (m)�

�

2

�
Pt (m)

Pt�1 (m)
� ��

�2
; (24)

de�nes �rm m�s real pro�ts in period t, using (6), the owner-manager m0s
problem is to maximize the discounted value of the sum of its present and
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future cash �ows,

Et

TX
s=t

R�1t;s s (m) ;

subject to (22), and

yt (m) =

�
Pt (m)

Pt

��"
Ntxt
Mt

+ � (1 + n) ~yt�1 (m) ; (25)

where equation (25) is given by the aggregation of (8) expressed in level
terms. xt is per capita habit-adjusted consumption.
Note that the marginal costs of �rm m are equal to real wages, wt: The

�rst-order conditions corresponding to �rm m�s optimization problem give
the following equilibrium equations: (25),

�t (m) =
Pt (m)

Pt
� wt + � (1 + n)Et

�t+1 (m)

Rt;t+1
; (26)

and

yt (m)� �
Pt

Pt�1 (m)

�
Pt (m)

Pt�1 (m)
� ��

�
+ �Et

Pt+1 (m)

Rt;t+1Pt (m)

�
Pt+1 (m)

Pt (m)
� ��

�
(27)

= "�t (m)
Nt
Mt

xt

�
Pt (m)

Pt

��"�1
;

�t (m) is the Lagrangian multiplier associated with (25) and represents the
shadow value of selling an extra unit of good m in period t: Equation (26)
states that the value of selling an extra unit of good m in period t, �t (m) ;
has two components. The �rst term on the right hand side represents the
short-run pro�t margin of �rm m in period t. The second term on the right
hand side corresponds to the future expected pro�ts associated with selling
an extra unit of good m in period t:
Furthermore, remember that demand for new goods� appearing in t; i.e.

m 2 ]Mt�1;Mt]� features a dynamic component, the same as the old goods,
which is the average of goods supplied in period t � 1: Consequently, �rms
appearing in period t are also subject to (25) and have the same optimality
conditions as �rms appearing in periods before t� 1.
Let �t (m) denote the relative markup, i.e., the ratio between pro�t margin

(prices minus marginal cost) and prices charged by �rm m :

�t (m) �
Pt (m)� Ptwt

Pt (m)
(28)
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and de�ne the absolute value of price elasticity of demand as

�t (m) � "

�
1� � (1 + n)

yt�1 (m)

yt (m)

�
: (29)

In order to easily understand the e¤ects of time-varying mark-up induced
by deep habits assumption let�s consider the case when � = 0: Rearranging
equation (27) below using (25) and the de�nition (29) yields:

�t (m) =
Pt (m)

Pt
��1t (m) (30)

Equation (30) states that the value of selling an extra unit of good m in
period t equals the inverse of the price elasticity of demand. Now, combining
(26) and (30) leads to:

�t (m) =
Pt (m)

�t (m)Pt
� � (1 + n)EtR

�1
t;t+1�t+1 (m) : (31)

Notice that in the absence of deep habits, i.e. � = 0; the price elasticity
of demand and the relative markup lose their dynamic component and equals
"�1.
Equation (31) shows that the short-run relative markups of the �rm m

in period t is inversely related to the price elasticity of demand for good m;
�t (m) ; and it is negatively related to the future expected pro�ts associated
with selling an extra unit of goodm in period t; �t+1 (m). Also, it is positively
related to the discount factor Rt;t+1: Moreover, the deep habit assumption
gives rise to two e¤ects, a price elasticity e¤ect and an intertemporal e¤ect.
Ravn et al (2006) explain these e¤ects clearly .
First, when aggregate demand for good m, yt (m) ; increases, the price

elasticity of demand, �t (m) ; decreases, inducing a decline in the short-run
pro�t margin of �rmm in period t; and thus a decline in markups: this is what
Ravn et al (2006) call the price-elasticity e¤ect of deep habits on markup.
Second, today�s price decisions will a¤ect future demand, and so when the
present value of future per unit pro�t is expected to be high, �rms have an
incentive to invest in the customer base today. Therefore, they induce higher
current sales by lowering the current markups. Ravn et al (2006) call this
e¤ect: the intertemporal e¤ect of deep habits on markup. The intertemporal
e¤ect is also driven by the change in the real interest rate. Indeed if the real
interest rate goes up, then the �rm discounts future pro�ts more, and thus
has less incentive to invest in market share today.
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2.3 Government

In period t; the government gives lump-sum transfers to households, and
issues one-period risk-free government bonds. Government expenditures are
assumed to be zero. Therefore, government revenues are obtained from debt
issue. The �ow budget constraint of the government reads as

Bt+1
(1 + it)

= Bt + Tt; (32)

where Bt; and Tt are nominal government bonds issued at the start of period
t � 1 and total lump-sum government transfers, respectively. it is the one-
period risk-free nominal interest rate. For the government to remain solvent,
the No Ponzi condition must be satis�ed.
Letting bt = Bt

NtPt�1
; �t =

Tt
NtPt

; the government budget constraint is re-
written in real terms, as follows:

bt+1 =
1 + it
(1 + n)

�
bt
�t
+ �t

�
: (33)

where bt; Rt; and �t are the number of per capita government bonds issued
at the start of period t� 1, the risk-free return and the per capita lump-sum
transfers, respectively10.
In this paper, we focus on the e¤ects of a change in public debt. Actually,

the �scal shock used in the analysis is a public debt shock. For this reason,
we specify a �scal rule such that a law of motion of public debt follows a
�rst-order autoregressive process:

bt+1 = �bbt + (1� �b)�b+ �t; (34)

where �t re�ects a public debt shock, �b is the target level of long-run debt,
and 0 < �b < 1 denotes the speed of debt adjustment.
Speci�cally, using (33) and (34), our debt-stabilizing �scal rule is as fol-

lows:

�t =

�
�b
1 + n

1 + it
� ��1t

�
bt +

1 + n

1 + it

�
(1� �b)�b+ �t

�
: (35)

2.4 Monetary Authority

The monetary authority controls the nominal interest rate. Speci�cally, mon-
etary policy is assumed to be described by a simple Taylor rule, given by:

1 + it = �i (1 + it�1) + (1� �i)

�
�R��

�
�t
��

�'�
; (36)

10The real public debt is a predetermined value.
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�� represents the long-run target level for the in�ation rate. �R is the steady
state equilibrium gross real interest rate. Note that the Taylor formulation
(36) is modi�ed to allow for interest rate smoothing, as proposed by Clarida
et al. (1998). Indeed Woodford (1999) argues that central bank behavior
has an inertial character and it shows up in estimated central bank reaction
functions.
In particular, the parameter �i 2 [0; 1] captures the degree of interest

rate smoothing. ' > 1 is the Taylor rule coe¢ cient, describing the degree of
responsiveness of interest rates to in�ation.
It is noteworthy to point out that, as it was shown by Aloui and Guillard

(2009), taking into account the Zero Lower Bound (ZLB, henceforth) on nom-
inal interest rates in a non-Ricardian model leads to multiple steady-state
solutions. Precisely, the authors �nd four steady state equilibria. However,
this is not the issue in this paper. We want to focus on the transmission
mechanism of government debt through the time-varying markups. There-
fore, the ZLB is not incorporated into the speci�cation of (36).

3 Symmetric Equilibrium

Firms are di¤erent because of the date of appearance. Recall that, in our
model, even �rms appearing in t face a dynamic (backward) demand of goods.
Thus, assuming that all �rms make the same decisions, in t� 1, implies that
�rms display the same behavior and make the same decisions also in period
t: As we have already mentioned, agents are owner-managers of monopolisti-
cally competitive �rms, i.e. Mt = Nt: Accordingly, Pt (m) = Pt; ct (m) = ct;
yt (m) = yt; lt (m) = lt; �t (m) = �t, and �t (m) = �t. In addition, the equi-
librium in the �nancial market, in the goods market and the labor market is
given by :

vt =
bt
�t
;

yt = ct +
�

2

�
�t � ��

�2
;

lt = yt:

It follows that we can describe the symmetric equilibrium using the fol-
lowing set of equations:

at = ��1
at+1
Rt;t+1

+ �
bt+1

�t+1Rt;t+1
; (37)

at = yt � ~�yt�1 � d (yt) ; (38)
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� (yt) = �t � ~�Et
�t+1
Rt;t+1

; (39)

�t � �t (yt; yt�1) = �
�t
yt

�
�t � ��

�
� �Et

�t+1
ytRt;t+1

�
�t+1 � ��

�
� 1; (40)

bt+1 = �bbt + (1� �b)�b+ �t; (41)

1 + it = �i (1 + it�1) + (1� �i) �R��

�
�t
��

�'
; (42)

1 + it =

�
Et

1

Rt;t+1�t+1

��1
: (43)

where

�t (yt; yt�1) � �"
 
yt � ~�yt�1

yt

!
; (44)

� (yt) � 1� dl (yt) ; (45)

~� = � (1 + n), � = n (��1 � 1) and

d (yt) = �
y
1+ 1

�
t

1 + 1
�

:

Equation (43) is the Fisher equation. (38) gives the de�nition of ad-
justed consumption. (38) is obtained by replacing per capita habit-adjusted
consumption by its expression given by (25) in the de�nition of aggregate
adjusted consumption given by the aggregation of (15). (37) is the modi�ed
aggregate Euler equation. (41) states that government debt is stabilized,
in each period, with an adjustment speed �b. (44) is obtained from (29),
and states that the elasticity of demand is negatively related to aggregate
demand, yt. In the symmetric equilibrium (31) becomes (39), which states
that the relative markup is dynamic.
In the absence of deep habits and price rigidities, i.e. � = 0 and � = 0, the

relative markup is invariant and equals "�1:We note that using the de�nition
(45) with equation (39) gives the equilibrium level of labor. As a consequence,
the level of output is determined, as is consumption. In this case, �scal policy
is neutral despite the non-Ricardian structure. Accordingly, wealth e¤ects
are insigni�cant. In fact, a change in government debt a¤ects only the real
interest rate.
In the deep habit case, i.e. � 6= 0, equation (39) does not solely determine

the equilibrium level of employment. We notice, from equation (39), that the
markup depends on the present value of future marginal pro�ts induced by
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a unit increase in current sales, ~�Et
�t+1
Rt;t+1

; and the short-run price elasticity
of demand. In this case, wealth e¤ects matter. For instance, an increase in
debt to �nance government transfers in period t implies a rise in the real
interest rate, which has an impact on the markup. The description of this
new mechanism is illustrated in Section 4.5, which gives the response of the
economy to public debt shock.

4 Steady State Equilibrium

In this section we analyze the long-run e¤ects of �scal policy on the steady
state levels of consumption, output and real interest rates. If we drop out
the time subscript and use (7), the system of equations (37)-(43) becomes:

R = ��1 + �
�b

a��
; (46)

dl (y) = 1�
 
1� ~�

R

1� ~�

!
"�1; (47)

a =
�
1� ~�

�
y � d (y) ; (48)

b = �b; (49)

with

d (y) = �
y1+

1
�

1 + 1
�

; (50)

and
dl (y) = �y

1
� :

First of all, we notice that � � "�1. The steady state markup in the
presence of deep habits, i.e. when � 6= 0; is greater than the steady state
markup in the absence of deep habits, i.e. when � = 0: Firms have more
market power in the presence of deep habits. Indeed, charging a low markup
in the short run implies high market power in the long run because of the
habit e¤ect.
The above steady state system, (46)-(47), can be rewritten as:

R � < (y) = ��1 + �
�b

a��
; (51)
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y � �(R) =

240@1� 1� ~�
R

"
�
1� ~�

�
1A��1

35� ; (52)

with

a =
�
1� ~�

�
y � y1+

1
�

1 + 1
�

;

where (52) is obtained by substituting the derivative of d (l) in (50) into (47).
We show in Appendix 4 that the necessary and su¢ cient condition for

the existence and the uniqueness of the steady state equilibrium is

0 < y < y; (53)

where

y �

241� 1

"(1�~�)

�

35� ;
and

y �

24
�
1� ~�

� �
1 + 1

�

�
�

35� :
Equivalently to (53), we have� ~� < ~�max � (1� "�1) ; for � < 4 ("� 4)�1 ;

~� 2
h
0; ~�1

�
[
�
~�2; ~�max

�
; for � < 4 ("� 4)�1 ;

where

~�1; ~�2 =
2d� 1
2d

�
r
"� 4d
4"d2

; with d = 1 +
1

�
:

Equations (51) and (52) are graphed in Figure 1. Functions � and <
are represented by the dashed-line curve and the solid-line curve in yRplane,
respectively. We easily see that in the interval

�
y; y
�
; the two curves intersect

once. The steady state equilibrium is given by E:
Figure 1 also displays the qualitative e¤ects of a change in the long-run

level of public debt, �b. If �b increases (��b > 0), the < curve moves upward,
entailing an increase in long-run gross interest rates, R; and a decrease in
long-run output, y. The new steady state equilibrium is given by E 0:
We emphasize that in the long run, the crowding out e¤ect of a public

debt is obtained even without capital. Our paper proposes, new transmis-
sion mechanism of �scal policy which is based on the absence of Ricardian
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equivalence and the countercyclical movement of the markup. In the next
section, we analyze the e¤ects of temporary debt-�nanced public transfers.

Figure 1: Steady state equilibrium.

Numerical illustration:
We also give a numerical illustration of the long-run e¤ects of deep habits.

We therefore give values to the parameters. We adopt the calibration used in
Ravn et al (2006)11. Notice that accordingly � < 4 ("� 4)�1 ; so the necessary
and su¢ cient condition for the steady state equilibrium is ~� < ~�max. Figure
2 displays the e¤ects of the variation of � from 0 to

�max =
(1� "�1)

(1 + n)
:

Figure 2 shows that a higher degree of habit formation implies lower long-
run levels of consumption and output, and higher long-run levels of markup
and real interest rates and lower elasticity of demand. We observe that the
variation is non-linear. In fact, the variation is sharp for values of � between
approximately 0:2 and 0:4:

11We assume that �b = 0:6; " = 5:3; � = 1:3; n = 0:02 and � = 0:96. We will give more
details about the calibration exercise in the next section.
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The intuition behind the e¤ects of the change in the degree of deep habits
is the following. The higher the degree of habit formation, the more agents
care about the di¤erence between their consumption of a speci�c brand and
the average consumption of that brand in the last period. This is a catch-
ing up with the Joneses mechanism on a speci�c brand basis. Agents who
have low consumption (the young) are willing to sacri�ce future consumption
to increase their consumption today. They do so by lowering their savings
today in order to catch up with the benchmark level of consumption. The de-
crease in savings entails higher real interest rates, implying a higher markup.
As a result employment decreases, entailing lower consumption and output.
This result is in line with Fisher and Heijdra (2009) who show that in a
Blanchard-Yaari framework with exogenous labor supply, consumption ex-
ternalities cause the long-run level of consumption and capital to drop. In
our framework this result is preserved even without capital because of the
e¤ects of the time-varying markup.

Figure 2: Increase in � from 0 to 0:4.
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5 Public Debt Shocks

In this section, we calibrate our model and investigate the implications of
temporary debt-�nanced government transfers. This exercise aims to shed
lights on the response of the economy to public debt shock in a deep-habits
non-Ricardian model.
In Table I we summarize the information on our calibrated parameters.

We assume that each period corresponds to a year. We set the discount
factor � to 0:96, implying an annual discount rate of approximately 4%. We
follow Ravn et al (2006) and set the elasticity of substitution, "; equal to
5:3; and the Frisch labor supply elasticity, �; equal to 1:3: In addition, the
parameter � is calibrated such that the long-run level of labor equals 0:3:
The population growth rate, n; is set equal to 0:02; which larger than the
values observed in the data. The reason is that, this value is supposed to take
into account all the wealth e¤ects which would a¤ect the real economy. The
degree of habit formation � is set to 0:2. This value is de�nitely very lower
than the value estimated by Ravn et al (2006), which is 0:86: The reason is
that � = 0:86 induces a value of the gross real interest, R, of 3. This value
is unrealistic. Moreover, the eigenvalues depend on the parameter �: As a
consequence the determinacy of the equilibrium depends on �: As shown in
Blanchard and Kahn (1980), a necessary condition for the uniqueness of a
stable solution in the neighborhood of the steady state is that there are as
many eigenvalues larger than one in modulus as there are non-predetermined
variables in the model. Therefore, we choose the value of 0:2 which allows
to verify the Blanchard and Kahn�s conditions. In addition, � = 0:2 gives a
plausible value for R, namely 1:046. We assume that the monetary authority
reacts to the �uctuations in in�ation. Thus we set the Taylor rule coe¢ cient
at 1:5:We follow Clarida et al (1998) and set the degree of interest rate inertia
at 0:9: The degree of price stickiness is set equal to the value estimated by
Ravn et al (2010); i.e. 14:5=4:
We solve the model and simulate the model using DYNARE12.

12See Juillard (2004).
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De�nition Parameter Value
Discount factor � 0:96
Elasticity of substitution across varieties " 5:3
Population growth rate n 0:02
Frisch elasticity of labor supply � 1:3
Degree of habit formation � 0:2
Public debt adjustment speed �b 0:9
Degree of interest rate inertia �i 0 or 0:9
Degree of price stickiness � 0 or 14:5=4
Taylor rule coe¢ cient ' 1:5
Labor long-run level �l 0:3
In�ation long-run target level �� 1:02
Public debt long-run target level �b 0:6

Table I: Parameter values.

5.1 Temporary Public Debt Increase

Here we simulate a temporary increase in government transfers �nanced by
an increase in public debt. We assume that the public debt rises from 60%
to 90%: In other words, � is set equal to 0.3. Notice that all variables are
expressed in deviation (percentage) from the steady state. Figures 3a, 3b,
and 3c represent the time paths in response to a one-period public debt shock.
Figure 3a contrasts the e¤ect of public debt shock with and without deep
habits. Figure 3b contrasts the e¤ect of public debt shock when prices are
fully �exible with its e¤ect when prices are sticky13. Figure 3c compares the
e¤ect of public debt shock with and without nominal interest rate smoothing.
Figure 3a shows that, in the absence of deep habits, the public debt

increase only a¤ects the real interest rate, which rises. In this case, �scal
policy is neutral despite the non-Ricardian framework. This is a consequence
of using GHH preferences. In fact, the usual wealth e¤ect on labour supply
has been eliminated. Thus an increase in government debt does not a¤ect
labor supply or output. Labor supply is determined by intratemporal �rst-
order condition.
Figures 3a and 3b show that, in the presence of deep habits, when prices

are fully �exible, higher public debt entails lower consumption and conse-
quently output. Consumption, employment and output fall on impact. Rel-
ative markups and the real interest rate jump on impact. In�ation increases

13Notice that here we set �i = 0:
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in line with the nominal interest rate. In addition, the elasticity of demand
decreases, then increases and then falls to reach its steady state value.
These results can be explained as follows. First, the increasing govern-

ment debt makes current agents feel wealthier and want to consume more
today, all other things being equal. Second, in the securities market, the sup-
ply of public bonds outstrips demand for government bonds. As the economy
is non-Ricardian, agents do not fear future decrease in transfers (or increase
in taxes). Consequently, they do not lift the demand for government bonds
by the same amount as the government bond supply rises. So, an interest
rate increase is necessary to balance the securities market. Third, a higher
real interest rate reduces the present value of future per unit pro�ts. As a re-
sult, �rms have less incentive to invest in the customer base today and hence
they are willing to increase markups today. In addition, higher markups en-
tail lower employment and consequently lower consumption. Besides, lower
consumption today implies lower price elasticity of demand and thus higher
markups today, all other things being equal. At the same time, lower con-
sumption today implies higher elasticity of demand in t + 1. As a result
�rms have less incentive to invest in the customer base and will increase
their markups today. As we can easily notice, there is no ambiguity, an
increase in government debt, �t > 0; implies an increase in the markup, a de-
crease in employment, and a drop in consumption. In the next period, �rms
facing lower demand for their products will set a lower markup in order to
increase their demand for goods. Consequently, employment increases and
consumption goes up. Finally, the economy converges towards the steady
state equilibrium. However, the convergence takes time because of the per-
sistence of the government debt process (34). Furthermore, higher in�ation
is explained by the fact that during the adjustment the real interest rate
targeted by the monetary authority is below the natural real interest rate,
implying in�ationary bias.
Second, when prices are sticky, Figure 3b shows that public debt increase

leads to an increase in output on impact, while relative markups decline. The
real interest rate rises gradually and then starts to adjust to its steady state
value from above. In�ation increases on impact. Nominal interest rates go
up on impact. These results can be explained as follows. As the economy is
non-Ricardian, public debt increase stimulates the aggregate demand. For
this reason total consumption jumps upwards on impact and then starts to
adjust to its steady state value from above. As prices are sticky, output also
jumps on impact. At the same time, the real interest rate increases gradually
in order to balance the securities market. After the shock, the nominal
interest rate increases, then adjusts gradually towards its steady state value.
This is consistent with the behavior of the in�ation rate. Consider now the
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e¤ects on markups. Here the elasticity e¤ect dominates the intertemporal
e¤ect. Indeed, markups decrease on impact, despite the increase in the real
interest rate. In fact, higher aggregate demand entails higher elasticity of
demand, implying lower markups. But, as long as real interest rates rise and
output decreases, the intertemporal e¤ect on markups starts to dominate the
elasticity e¤ect, implying an increase in markup below its steady state level.
It is clear that the introduction of the sticky prices assumption restores the
short-run expansionary e¤ect of �scal policy.
Moreover, we notice from Figure 3c that nominal interest rate smoothing

strengthens the short-run expansionary e¤ect. In fact, the real interest rate
declines, strengthening the intertemporal e¤ect on the markup and so the
output increases more. The reason is the following. The increase in the
nominal interest rate in response to the �rst period increase in in�ation is
smoothed over time. As the �rst period increase in the nominal interest rate is
not su¢ cient to balance the Fisher equation, the real interest rate decreases.
Consequently, markup declines more, entailing higher employment, output
and consumption.

Figure 3a: Temporary public debt shock.
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Figure 3b: Temporary public debt shock.
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Figure 3c: Temporary public debt shock.

6 Conclusion

The goal of this paper is to contribute to the macroeconomic debate on the
e¤ects of growing and high public indebtedness. We develop a micro-founded
general equilibrium, non-Ricardian model with time varying markups. Our
principal motivation in adopting the OLG approach is to break down Ricar-
dian equivalence in order to study the impact of government debt on macro-
economic aggregates. Precisely, we develop an extended stochastic version of
overlapping generations based on Weil (1987) with a monopolistically com-
petitive structure, endogenous labor supply, and where agents�preferences
feature external habit formation.
The main contribution of this paper is to provide a new transmission

mechanism of public debt through the countercyclical markup movements
induced by external deep habits. We show that, public debt shock raises
the interest rate entailing higher markups which implies a decline in employ-
ment and consumption. Thas is, the crowding out e¤ect of government debt
on output is preserved even without capital in the economy. Furthermore,
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when prices are sticky, deep habits speci�cation strengthens the short-run
expansionary e¤ect of government debt.
Rather than reiterating the rest of our �ndings, let us brie�y indicate

some possible extensions of this model. Given the recent economic crisis,
such a model may be a useful tool, to explore the role of government debt
and de�cits in an economy constrained by the zero lower bound on nominal
interest rates, and to investigate the e¢ ciency of �scal stimulus.
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Appendix 1

Optimality conditions for the consumer

Here we present the optimality conditions for the agents j:

1 The demand function of good m

The household j minimizes total expenditure
PMt

m=1 Pt (m) cj;t (m) subject
to the aggregate constraint

xj;t =M
1

1�"
t

 
MX
m=1

(cj;t (m)� �~ct�1 (m))
"�1
"

! "
"�1

; (A1.1)

where Pt (m) denotes the nominal price of good m at time t:
The Lagrangian for this problem is:

min
MtX
m=1

Pt (m) cj;t (m)+�t

0@xj;t �M
1

1�"
t

 
MtX
m=1

(cj;t (m)� �~ct�1 (m))
"�1
"

! "
"�1
1A

where �t is the Lagrange multiplier.
The �rst order conditions of this problem for cj;t (m) and �t are:

Pt (m)

�t
=M

1
1�"
t (cj;t (m)� �~ct�1 (m))

� 1
"

 
MtX
m=1

(cj;t (m)� �~ct�1 (m))
"�1
"

! 1
"�1

;

(A1.2)

xj;t =M
1

1�"
t

 
MtX
m=1

(cj;t (m)� �~ct�1 (m))
"�1
"

! "
"�1

: (A1.3)

Rearranging (A1.2) using (A1.3) yields:

cj;t (m) =
1

Mt

�
Pt (m)

�t

��"
xj;t + �~ct�1 (m) : (A1.4)

From the de�nition of the composite level of consumption (A1.1), this
implies

�t =

 
1

Mt

MX
m=1

(Pt (m))
1�"

! 1
1�"

:
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We de�ne Pt as a price index which veri�es:

Ptct =
MX
m=1

Pt (m)
X
j�t
(Nj �Nj�1) cj;t (m) :

The accounting de�nition of ct is given by

ct =M
1

1�"
t

 
MX
m=1

ct (m)
"�1
"

! "
"�1

;

which combined with (A1.2) and (A1.4) allows us to write:

Pt =

 
1

Mt

MX
m=1

(Pt (m))
1�"

! 1
1�"

:

Moreover we multiply (8) by pt (m)

Pt (m) cj;t (m) =
1

Mt

Pt (m)
1�" xj;t + �Pt (m) ~ct�1 (m) ;

then we sum the resulting equation over the variety goods m; which yields

MX
m=1

Pt (m) cj;t (m) =
1

Mt

MX
m=1

Pt (m)
1�" xj;t + �

MX
m=1

Pt (m) ~ct�1 (m) :

Finally, using the de�nition of the price index, we obtain

Ptxj;t =

MX
m=1

Pt (m) cj;t (m)� �

MX
m=1

Pt (m) ~ct�1 (m) : (A1.6)

2 The individual Euler equation

We build the following Lagrangian function corresponding to the con-
sumer�s program:

Et

1X
s=t

�s�t ln (xj;s � d (lj;s))�

�s

 
Psxj;s + �

MtX
m=1

Ps (m) ~cs�1 (m)� Vj;s � Pswslj;s � Tj;s �	j;s +Qs;s+1Vj;s+1

!
where �t is a Lagrange multiplier.
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The �rst order conditions of this problem for xj;t, lj;t; Vj;t+1 and �t are:

1

xj;t � d (lj;t)
= Pt�t; (A1.7)

� dl (lj;t)

xj;t � d (lj;t)
= ��tPtwt; (A1.8)

EtQt;t+1�t = ��t+1; (A1.9)

Ptxj;t + �

MtX
m=1

Pt (m) ~ct�1 (m) + EtQt;t+1Vj;t+1 = Vj;t + Ptwtlj;t + Tj;t +	j;t:

(A1.10)
Eliminating �t by combining (A1.7) and (A1.9), we obtain the individual

Euler equation:

�
(xj;t � d (lj;t))

xj;t+1 � d (lj;t+1)
=
Pt+1
Pt

Qt;t+1: (A1.11)

Then we combine (A1.7) and (A1.8) to get the labor supply function:

dl (lj;t) = wt: (A1.12)

Let us call aj;t(� xj;t � d (lj;t)) the "adjusted consumption" of agent j;
(A1.11) is rewritten:

aj;t = ��1
Pt+1
Pt

Qt;t+1aj;t+1: (A1.13)
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Appendix 2

Aggregation

We remember that individual "adjusted" consumption is de�ned by:

aj;t = (1� �) (vj;t + ht � �t) : (A2.1)

Iterating the equation (A2.1) once:

aj;t+1 = (1� �) (vj;t+1 + hj;t+1 � �t+1) ; (A2.2)

then introducing
aj;t = ��1R�1t;t+1aj;t+1

into (A2.2) leads to:

aj;t = (1� �) ��1R�1t;t+1 (vj;t+1 + hj;t+1 � �t+1) :

Now, aggregating this last equation, and using the fact that hj;t+1 is age
independent, yields:

at = (1� �) ��1R�1t;t+1 ((1 + n) vt+1 + ht+1 � �t+1) : (A2.3)

In addition, aggregating (A2.2) yields:

at+1 = (1� �) (vt+1 + ht+1 � �t+1) : (A2.4)

Finally, we obtain the aggregate Euler equation

at = ��1R�1t;t+1at+1 + n
�
��1 � 1

�
R�1t;t+1vt+1

by combining (A2.3) and (A2.4).
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Appendix 3

Optimality conditions for the �rm

The Lagrangian function corresponding to the �rm�s problem is:

Et

TX
s=t

R�1t;s

�
Ps (m)

Ps
ys (m)� wsys (m)

�

+ �s (m)

 �
Ps (m)

Ps

��"
Ns
Ms

xs + � (1 + n) ys�1 (m)� ys (m)

!
:

The �rst order conditions of this problem for yt (m) ; Pt (m) ; and �t are:

Pt (m)

Pt
� wt � �t (m) + � (1 + n)Et

�t+1 (m)

Rt;t+1
= 0; (A3.1)

yt (m) = "�t (m)
Nt
Mt

xt

�
Pt (m)

Pt

��"�1
; (A3.2)

yt (m) =

�
Pt (m)

Pt

��"
Nt
Mt

xt + � (1 + n) yt�1 (m) (A3.3)

Let

�t (m) �
Pt (m)� Ptwt

Pt (m)
(A3.4)

denote the relative markup charged by �rm m: Let us de�ne �t (m) as the
absolute value of price elasticity of demand:

�t (m) � "

�
1� � (1 + n)

yt�1 (m)

yt (m)

�
:

Equation (A3.2) becomes:

�t (m) =
Pt (m)

�t (m)Pt

and equation (A3.1) becomes:

�t (m) =
Pt (m)

�t (m)Pt
� � (1 + n)EtR

�1
t;t+1

Pt+1 (m)

�t+1 (m)Pt+1
: (A3.5)
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Appendix 4

Steady state

The aim of this appendix is to prove the existence and the uniqueness
of the steady state equilibrium. The steady state system consists of the
following main equations:

< (y) = ��1 + �
�b

a
; (A4.1)

�(R) =

240@1� 1� ~�
R

"
�
1� ~�

�
1A��1

35� ; (A4.2)

with

a =
�
1� ~�

�
y � �

y1+
1
�

1 + 1
�

;

where ~� = � (1 + n) and � = n (��1 � 1) : First, a must be positive, because
otherwise preferences are unde�ned. This implies the following necessary
condition

0 < y < y �

24
�
1� ~�

� �
1 + 1

�

�
�

35� : (A4.3)

Second, we notice from (A4.2) that y cannot be less than y; de�ned by:

y �

241� "�1

(1�~�)

�

35� = lim
R!+1

�(R) : (A4.4)

According to (A4.4), (A4.3) becomes:

y < y; (A4.5)

that is
�
�
~�
�
� d~�2 + (1� 2d) ~�+ d+ "�1 � 1 > 0; (A4.6)

with d = 1 + ��1:

First, �
�
~�
�
is always positive for 0 < � < 4 ("� 4)�1 : In fact, the

discriminant of �
�
~�
�
is negative, implying the positivity of �

�
~�
�
; since

� (0) = ��1 + "�1 > 0:
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Second, for � > 4 ("� 4)�1 ; the discriminant of �
�
~�
�
is positive. �

�
~�
�

is positive only for ~� 2
h
0; ~�1

�
[
�
~�2; 1

i
; where ~�1 and ~�2 denote the roots

of �
�
~�
�
: i.e.

~�1; ~�2 =
2d� 1
2d

�
r
"� 4d
4"d2

: (A4.7)

Now we have to check under which conditions the curves corresponding
to (A4.1) and (A4.2), respectively, intersect in yRplane. So let us analyze
�(�) and < (�) :We observe that the inverse of the function, �(�) ; is strictly
decreasing as its derivative is strictly negative in

�
y;+1

�
: On the other

hand, < (y) is decreasing in
�
y; ymin

�
and increasing in [ymin; y) : In fact, its

derivative, i.e.

<y (y) = ��b
y
1
� �

�
1� ~�

�
��
1� ~�

�
y � y1+

1
�

1+ 1
�

�2 ; (A4.8)

vanishes for
ymin =

�
1� ~�

��
and is negative when y < ymin, and positive when y > ymin: Moreover,
when y goes to zero, < (y) goes to in�nity. In other words, < (y) admits a
vertical asymptote for y = 0:We deduce that, if condition (A4.5) is satis�ed,
it is su¢ cient that y is positive so that the two curves intersect once. In
other words, the necessary and su¢ cient condition for the existence and the
uniqueness of the steady state equilibrium is

0 < y < �y;

which can be rewritten as

~� < ~�max �
�
1� "�1

�
(A4.9)

for � < 4 ("� 4)�1 and

~� 2
h
0; ~�1

�
[
�
~�2; ~�max

�
(A4.10)

for � > 4 ("� 4)�1 :
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