2009 | 08

Working Paper
Research Department

Fiscal stimulus in a credit crunch: the role of
wage rigidity
by Francesco Furlanetto

Working papers fra Norges Bank, fra 1992/1 til 2009/2 kan bestilles over e-post.
tjenestetorget@norges-bank.no
eller ved henvendelse til:
Norges Bank, Abonnementsservice
Postboks 1179 Sentrum
0107 Oslo
Telefon 22 31 63 83, Telefaks 22 41 31 05
Fra 1999 og fremover er publikasjonene tilgjengelig på www.norges-bank.no
Working papers inneholder forskningsarbeider og utredninger som vanligvis ikke har fått sin endelige form.
Hensikten er blant annet at forfatteren kan motta kommentarer fra kolleger og andre interesserte.
Synspunkter og konklusjoner i arbeidene står for forfatternes regning.
Working papers from Norges Bank, from 1992/1 to 2009/2 can be ordered by e-mail:
tjenestetorget@norges-bank.no
or from Norges Bank, Subscription service
P.O.Box. 1179 Sentrum
N-0107Oslo, Norway.
Tel. +47 22 31 63 83, Fax. +47 22 41 31 05
Working papers from 1999 onwards are available on www.norges-bank.no
Norges Bank’s working papers present research projects and reports (not usually in their final form) and are intended
inter alia to enable the author to benefit from the comments of colleagues and other interested parties.
Views and conclusions expressed in working papers are the responsibility of the authors alone.

ISSN 1502-8143 (online)
ISBN 978-82-7553-502-1 (online)

Fiscal Stimulus in a Credit Crunch: the Role of
Wage Rigidity1
Francesco Furlanetto2
HEC Lausanne and Norges Bank
April 2009

1A

previous version of this paper is part of my PhD thesis written at DEEP-HEC
Lausanne under the title "Fiscal shocks and the consumption response when wages are
sticky". I thank, without implicating them, Philippe Bacchetta, Jean Boivin, Jean-Pierre
Danthine, Jordi Gali, Jean Imbs, Tommaso Monacelli, Gisle Natvik, Paolo Pesenti, Louis
Phaneuf, Aude Pommeret, Martin Seneca, Luca Sessa, Tommy Sveen and Lutz Weinke
for useful comments and discussions. I would also like to thank seminar participants at
DEEP, CREI, Louvain la Neuve, Namur, HEC Montreal, Bank of Canada, CEU-MNB,
Bern, Norges Bank, St. Andrews and UNSW Sydney. I acknowledge the …nancial support
of HEC Lausanne and Swiss National Research Fund. The opinions expressed here are
solely those of the author and do not necessarily re‡ect the views of Norges Bank.
2 Norges Bank,
PO Box 1179, Sentrum, 0107 Oslo, Norway.
Email:
francesco.furlanetto@norges-bank.no. Telephone: +47-22316128. Telefax: +47-22424062.
Website: www.norges-bank.no/research/furlanetto/

Abstract
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Introduction and motivation

The recent …nancial turmoil has sparked renewed widespread interest in the e¤ectiveness of …scal policy as a stabilization tool. Many countries have launched ambitious
…scal packages whose objective is to stimulate a weak macroeconomic environment.
In policy circles, the use of …scal policy has been justi…ed on the basis of essentially two arguments (cf. Feldstein (2009) and Spilimbergo et al. (2008) among
others). The …rst relies on the possible ine¤ectiveness of monetary policy in the
current situation in which the interest rate is approaching the zero lower bound in
several countries. When standard monetary policy is ine¤ective, as in a liquidity trap
situation, a standard IS-LM analysis would suggest a major role for …scal policy intervention. The second argument is based on the possible presence of a credit crunch
reducing household access to credit. When …nancial frictions are tight, as could be
the case in the current period, a …scal stimulus can reduce credit constraints by increasing current income for credit constrained agents. Of course, the structure of the
labor market is crucial in this analysis since labor income is the largest component
of current income for credit constrained agents.
In this paper we focus on this second argument used to justify the usefulness of a
…scal package and we investigate its validity and robustness in a dynamic stochastic
general equilibrium model (DSGE) across di¤erent speci…cations of the labor market.
Interestingly, the IMF report by Spilimbergo et al. (2008) recommends a …scal
package based on an increase in public spending and on tax cuts or transfers towards
liquidity constrained consumers. Our model is perfectly consistent with this policy
recommendation and provides a theoretical rationale for such a measure.
While the IS-LM model easily generates expansionary e¤ects (i.e. an output
multiplier larger than one and a positive response of consumption) from an increase in
government spending, it is surprisingly di¢ cult to generate the same e¤ects in DSGE
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models where agents optimize their decisions in an intertemporal set-up. This is so
because agents are subject to a wealth e¤ect: when government spending increases,
they rationally anticipate an increase in taxes and they cut consumption and increase
labor supply (cf. Baxter and King (1993) for a standard Real Business Cycle (RBC)
model). The same mechanism applies in models with monopolistic competition and
sticky prices (Linnemann and Shabert (2003)). However, in all these models agents
can borrow and lend freely.
Instead, Galí, Lopez-Salido and Valles (GLV) (2007) have proposed a model where
…scal shocks can generate expansionary e¤ects in a world where …nancial frictions are
tight.1 Following the suggestion in Mankiw (2000), GLV introduce "rule-of-thumb
consumers" (ROT) into the basic New Keynesian model to explain the excessive dependence of aggregate consumption on current income compared to the predictions
of the ”permanent income theory”. These consumers cannot optimize intertemporally because of borrowing constraints or lack of access to …nancial markets. In each
period, they consume their current disposable income and do not save; they coexist with optimizing agents (OPT), who take consumption decisions according to the
”permanent income hypothesis”. OPT agents are more sophisticated because they
can hold bonds, rent capital to …rms and receive pro…ts derived from …rm ownership.
This kind of …nancial friction, although somewhat ad hoc, is a very simple device
to represent the current economic situation and to limit the strength of the wealth
e¤ect.2 In the GLV model it is possible to generate an output multiplier larger than
1

In the literature, other models have been proposed to obtain expansionary e¤ects of …scal
shocks on output and consumption (cf. Bouakez and Rebei (2007), Linnemann and Shabert (2005),
Linnemann (2006), Ravn et al. (2006) and Monacelli and Perotti (2008)). However, none of these
models includes …nancial frictions. Estimated models based on GLV (2007) are presented in Forni
et al. (2009), Coenen and Straub (2005) and Lopez-Salido and Rabanal (2008). None of these
papers relates the model to the current crisis. In Furlanetto and Seneca (2007) we show that ROT
consumers are also extremely useful in explaining productivity shocks.
2
Since ROT agents do not optimize intertemporally, they are not a¤ected by the wealth e¤ect.
Note that Ricardian equivalence does not hold in the model. In fact, it matters for ROT agents
whether an increase in government spending is …nanced through an increase in taxation or through
a budget de…cit. In the …rst case their current income decreases, whereas in the second case it is

2

one and a positive response of consumption as long as the government spending shock
is …nanced, at least in part, through a budget de…cit and as long as there are sticky
prices and monopolistic competition in the labor market. Importantly, output and
consumption multipliers are strongly increasing in the degree of …nancial frictions,
i.e. in the number of constrained agents, as can be seen in Figure 13 . Therefore,
this kind of model could justify the approval of a …scal package in a credit crunch
situation. The objective of this paper is to test the validity and the robustness of
this conclusion across di¤erent speci…cations of the labor market.
We believe that this exercise is interesting for two reasons. First, in the baseline
GLV model wages are assumed to be ‡exible. However, substantial empirical evidence
indicates a large degree of nominal wage rigidity in micro data (Dickens et al. (2007),
Holden and Wulfsberg (2008 and 2009), Lebow et al. (2003)). Moreover, sticky wages
are essential to reproduce plausible dynamics in aggregate variables responding to a
wide variety of economic shocks in estimated macroeconomic models (Christiano et
al. (2005) and Smets and Wouters (2003 and 2007) where sticky wages are modelled
as in Erceg et al. (2000)). All these papers …nd strong evidence in favor of sticky
wages and estimate a degree of nominal wage rigidity much higher than the degree of
price rigidity. Finally, Shimer (2009) and Hall (2005) argue strongly in favor of wage
rigidities to reproduce plausible dynamics in models with labor market frictions.
The second reason to introduce wage rigidities in the GLV model comes from
visual inspection of impulse responses in the baseline model in Figure 1. Expansionary e¤ects on output and consumption rely on a big increase in real wages that
pushes up the current income of ROT consumers. This is not a desirable property
of the model because the large positive response of the real wage is counterfactual.
not a¤ected. Hence, this model enables us to study the impact of …scal shocks that are not budget
balanced, i.e. the kind of …scal shocks that are more plausible in reality.
3
In Figure 1 the dashed line represents the standard New Keynesian model (100% of OPT
agents), the solid line relates to the same model (under the same calibration) but with 50% of OPT
agents and 50% of ROT agents (GLV (2007)).
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Vector Autoregression (VAR) studies on the e¤ects of …scal shocks are instead consistent with the assumption of wage rigidity. The estimated response of the real
wage is around one …fth of the one implied by the GLV model and in some cases
it is not signi…cant on impact (cf. Caldara and Kamps (2008) for a comprehensive
study comparing di¤erent methods and speci…cations).4 Not any study …nds a large
response such as the one implied by the model. Some studies …nd even a negative
response, although not statistically signi…cant (cf. Ramey (2008) for a comprehensive study using the narrative approach and Mountford and Uhlig (2008) using sign
restrictions)5 . Furthermore, as argued by Bilbiie and Straub (2004), this large reaction of the real wage is not consistent with the ”Lucas less famous critique”, saying
that real wages are roughly acyclical. Real wages are procyclical in their response to
productivity shocks. If they are also strongly procyclical with respect to government
spending shocks, it seems di¢ cult to reproduce the aggregate acyclicality observed
in the data.
The introduction of wage stickiness in the model prevents the counterfactual
swing in real wages almost by construction. However, wage rigidity could make it
di¢ cult to con…rm the expansionary e¤ects on output and consumption because it
prevents the large increase in current income that pushes up ROT consumption.
Thus, intuitively, we could imagine a tension between wage stickiness and expansionary e¤ects on output and consumption. The goal of this paper is to check this
conjecture in the GLV model augmented with sticky wages and in a more general
model where we allow for segmented labor markets.
4

A non exaustive list of studies …nding a limited real wage response includes Blanchard and
Perotti (2002), Perotti (2005 and 2007), Fatas and Mihov (2001), Galí et al. (2007) among many
others.
5
In the empirical literature there is a lively debate on the sign of the consumption response.
Most papers …nd a positive and signi…cant response. Ramey (2008) argues that this is the case
because the VAR in not able to capture anticipation e¤ects. Kriwoluzky (2009) and Mertens and
Ravn (2009) …nd that the positive consumption response is con…rmed even when pre-announcement
e¤ects are taken into account but we acknowledge that this question is still to …nally settled in the
literature.
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Our main result is that sticky wages and expansionary e¤ects on output and
consumption can coexist. Output and consumption multipliers are a¤ected only
marginally by the presence of wage rigidities. The mechanism is as follows. As
expected, nominal wage rigidity implies that wage in‡ation is much lower and thus
the reaction of real wages is also low (it is almost …xed). In fact, ROT consumption
increases less, tracking current income closely. However, a second e¤ect is at work.
Lower wage in‡ation implies a lower impact on marginal costs, less price in‡ation
and a much lower increase in the interest rate by the monetary authority. This lower
increase in the interest rate crucially a¤ects OPT consumption and investment: both
decrease less than in the ‡exible wage case. It turns out that for realistic calibrations
the magnitude of two e¤ects is almost the same, and thus the expansionary e¤ects
on output and consumption are preserved.
Finally, we relax the common wage assumption and we introduce segmentation
in the labor market. In GLV (2007) all agents earn the same wages and work the
same number of hours, irrespective of their consumption behavior. A plausible alternative is a model where ROT and OPT agents are allowed to choose their own
wage optimally and to work a di¤erent number of hours. Our second result is that
in a model with ‡exible wages the positive response of consumption and the output
multiplier larger than one are not preserved once we depart from the common wage
assumption. However, the results are rescued when sticky wages are introduced. Under sticky wages the impact of wage heterogeneity in the model is strongly reduced
and the dynamics are similar to the model with a common wage. Therefore, not only
sticky wages and expansionary e¤ects on output and consumption can coexist, but
the former can even be a necessary assumption to obtain the latter.
The rest of the paper is organized as follows. In section 2 we present the model, in
section 3 we show the results of our numerical simulations and we check the strength
of our results under di¤erent calibrations. In section 4 we propose the extension with
5

segmented labor markets. Our conclusion is presented in section 5.

2

The model

The economy is composed of a continuum of households and a continuum of …rms
producing intermediate goods that are transformed into a …nal good by a perfectly
competitive …rm. The central bank …xes the nominal interest rate following a simple
”Taylor rule”. The …scal authority collects taxes, buys a fraction of the …nal good
and issues one-period bonds. Wages are set by a continuum of unions, whereas hours
worked are determined by labor demand. In the next subsections we analyze the
behavior of each agent.

2.1

Households

The model is composed of a continuum of agents indexed on [0; 1]: a fraction [0; ], the
”rule-of-thumb" agents, consume their disposable income each period and a fraction
( ; 1], the ”optimizing” agents, optimize intertemporally and behave according to
the permanent income hypothesis. OPT agents can trade a full set of Arrow-Debrew
securities in complete …nancial markets. The generic household is indexed by i 2
[0; 1].
2.1.1

Optimizing households

A typical optimizing household, indexed by the superscript o, derives utility from
consumption (Cto ) and disutility from hours worked (Nto ) ; and maximizes the sum
of expected future utilities discounted at the rate of time preference

E0

1
X

t

U o (Cto ; Nto )

t=0

6

2 (0; 1) :

subject to the sequence of budget constraints

o
+ Pt Tto + Ft = Wt Nto + +Rtk Kto + Bto + Dto
Pt (Cto + Ito ) + Rt 1 Bt+1

(1)

and the capital accumulation equation

o
= (1
Kt+1

Ito
Kto

) Kto +

Kto

o
where Pt is a price index, Ito is investment, Rt is the gross nominal interest rate, Bt+1

is the quantity of one-period nominal bonds bought at the beginning of the period,
Tto are lump-sum taxes and Ft is a membership fee to the union. The four sources
of income are labor income (Wt Nto ), capital income Rtk Kto , bond holdings paying
one unit of the consumption index (Bto ) and dividends derived from the ownership
of monopolistically competitive …rms (Dto ).
an adjustment cost function satisfying

is the rate of depreciation, and

( )= ,

0

> 0,

0

( ) = 1 and

00

(:) is
0.

The utility function is given by

U
where ' is a parameter

o

(Cto ; Nto )

=

Nto1+'
1+'

log Cto

0.

The household maximizes utility over consumption, investment and bond holdings. Its choice is summarized by the following …rst-order conditions that we write
in log-linear form:6

cot = Et cot+1

(rt

kt+1 = (1

Et

t+1 )

) k t + it

6

(3)
(4)

The reader can …nd a detailed derivation in GLV (2007). Lowercase variables denote logdeviations from the steady state of the corresponding uppercase variables.
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qt =

(rt

Et [

t+1 ])

+ [1
it

where

1= (

00

k
)] Et rt+1

(1

pt + Et [qt+1 ]

(5)
(6)

k t = qt

( ) ). Here, (3) is the Euler equation, (4) is the capital accumu-

lation equation, while (5) and (6) represent the dynamics of Tobin’s q, denoted qt ,
and its relation to investment, respectively.
The household does not maximize with respect to labor because we assume monopolistic competition in the labor market. The wage is …xed by unions and hours
worked are determined by labor demand. We assume that the wage mark-up is
su¢ ciently high to ensure that both types of households are willing to supply the
quantity of labor demanded by …rms.
2.1.2

Rule-of-thumb agents

ROT agents, indexed by the superscript r, have the same utility function as OPT
consumers, U r (Ctr ; Ntr ) = log Ctr

Ntr1+'
1+'

but they do not choose consumption in-

tertemporally. They simply consume their disposable income each period

Pt Ctr = Wt Ntr

Pt Ttr

Ft

(7)

ROT agents di¤er from OPT agents because they cannot smooth consumption
through bond holdings and because they do not receive dividends. A …rst-order loglinear approximation around the steady state with constant consumption equalized
across households gives
crt =

(rwt + nrt )

1

trt

(8)

p

represents the mark-up and

c

where rwt = wt
c

=

C
.
Y

pt ,

=

WN
PC

=

1
C

p

(1

),

Omission of time subscripts indicates steady-state variables. Note that

the union membership fee drops out because the fee is assumed to be a quadratic
8

function of wage in‡ation, which is zero in the steady state, cf. below.
2.1.3

Aggregation

Aggregate consumption is the average of both kinds of consumption weighted by the
percentage of rule-of-thumb consumers ( ) in the economy

ct = crt + (1

) cot

(9)

Similarly, for aggregate hours

nt = nrt + (1

2.2
2.2.1

) not

Firms
Final good producer

The …nal good Yt is produced by a perfectly competitive …rm that combines intermediate inputs Ytd (j) into a …nal output through a constant returns to scale technology.
The production function is given by

Yt =

Z

p

1

Ytd

1

p

(j)

p

p

1

dj

0

where "p represents the elasticity of substitution among intermediate goods indexed
by j 2 [0; 1].
Pro…t maximization and the assumption of perfect competition imply the following set of demand schedules for the intermediate goods

Ytd (j) =

Pt (j)
Pt

9

p

Yt

where Pt (j) represents the price of the good produced by …rm j. The zero-pro…t
1
R1
1 p
condition yields Pt = 0 Pt (j)1 p dj
.
2.2.2

Intermediate goods producers

A typical monopolistically competitive …rm operates through the following technology

Yt (j) = Kt (j) Nt (j)1
where Kt (j) is the capital stock owned by …rm j and Nt (j) is an aggregator of the
di¤erent labor varieties indexed by z

Nt (j) =

Z

1

Nt (j; z)

"w 1
"w

"w
"w 1

dz

0

Nt (j; z) represents the quantity of variety z labor employed by …rm j. We assume
that a fraction

of type z workers is composed of ROT consumers and the rest of

OPT consumers. The …rm allocates labor demand proportionally.
Cost minimization yields a set of demand schedules for labor varieties z that after
aggregation looks like

Nt (z) =
where the wage index Wt is given by

"w

Wt (z)
Wt
R1
0

(10)

Nt
1

1

Wt (z)

w

dz

1

w

and "w represents the

elasticity of substitution across labor types.
Each …rm maximizes the sum of expected future discounted pro…ts

max

1
X

d
Et Qt;t+k Pt+k (j) Yt+k
(j)

k=0

10

Wt+k Nt+k (j)

k
Rt+k
Kt+k (j)

where Qt;t+k is the stochastic discount factor of optimizing consumers who own …rms.
It sets contingency plans for Pt+k (j) subject to a set of constraints

Pt+k+1 (j) =

Pt+k+1 (j) with probability (1
Pt+k (j) with probability

p

p

Pt+k (j)
Pt+k

d
(j) =
Yt+k

p)

Yt+k

(11)

Prices are set according to a Calvo mechanism.7 A time t price setter chooses
the price for its good Pt (j) equal to Pt (j), Pt (j) being the price that maximizes
the discounted value of dividends over the expected duration of the selected price.
The …rm takes into account that this price will stay in place the next period with
probability

p,

and that it will be allowed to reoptimize with probability (1

p ).

Firm j is monopolistically competitive in the market for its good and thus is also
constrained by the demand curve for good j (11).
As is well known, the optimality conditions from this problem imply the New
Keynesian Phillips curve (NKPC)
p
t

where

p

= (1

p ) (1

p) p

p
t+1

= Et
1

,

p
t

+

= pt

pt

mct = rwt

(yt

1

p mct

(12)

is price in‡ation, and where mct is

real marginal costs given by

nt )

(13)

In addition, cost minimization implies that relative factor inputs satisfy the condition

kt + nt = rtk
7

pt + rwt

For a detailed explanation of the Calvo (1983) mechanism see Woodford (2003).
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(14)

To a …rst-order approximation, production is given by

yt = kt + (1

2.3

(15)

) nt

Unions

The economy has a continuum of unions, each representing a continuum of workers,
a fraction (1

) are OPT agents, and a fraction

are ROT agents. Each union sets

the wage rate for its members, who stand ready to satisfy …rms’ demand for their
labor services at the chosen wage. The workers in a union provide the same type
of labor (irrespective of their consumption behavior) di¤erentiated from the type
of labor services provided by members of other unions. Firms do not discriminate
between consumer types in its labor demand, and so it follows from the unions’
problems that nrt = not = nt . These assumptions imply that all the workers earn the
same wage and work the same number of hours.
Each period, unions choose Wt (z) to maximize the present value of an average
of its member’s current and future period utility functions, that is,

max Et

Wt (z)

1
X

t+k

r
Ut+k
+ (1

o
) Ut+k

(16)

k=0

subject to the labor demand functions (10) and the budget constraints of its members
(1) and (7), thus taking the e¤ect of the wage decision on the income of its members
into account. Wage adjustments are assumed to be costly. In particular, it is assumed
that the wage adjustment cost is a quadratic function of the increase in the wage
demanded by the union as modelled in Rotemberg (1982) for prices. For simplicity,
the adjustment cost is proportional to the aggregate wage bill in the economy (this
parallels the speci…cation of price adjustment costs in Ireland (2003)). Though the
wage bargaining process is not explicitly modelled, one way of thinking of this cost
12

is that unions have to negotiate wages each period and that this activity demands
economic resources; the larger the increase in wages obtained, the more e¤ort unions
would have needed to put into the negotiation process. Each member of the union
covers an equal share of the wage adjustment cost by paying a union membership
fee. Hence the nominal fee paid by a member of union z at time t is given by

Ft (z) =

w

2

2

Wt (z)
Wt 1 (z)

1

W t Nt

where the size of the adjustment costs is governed by the parameter
case where

w

w.

In the special

= 0, the model e¤ectively collapses to the model in GLV (2007).

The …rst-order condition with respect to Wt (z) is given by

0 =

Ctr

+

Et

(1

)
Cto

r
Ct+1

Wt
[("w
Pt
(1
)
+
o
Ct+1

1) +
w

w
w
t+1

(

w
t

1

1)

w Wt+1
t+1
Pt+1

whose log-linearized version is a NKPC for wage in‡ation (

w
t

= Et

w
t+1

+

w

(mrst

(wt

"w Nt'

w
t ]

w

pt ))

Nt+1
Nt

)

(17)

where mrst is the average marginal rate of substitution given by

mrst = ct + 'nt
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(18)

and the slope coe¢ cient

w

is8
w

=

"w

1
w

Unions are essential in the model to avoid di¤erent wages among type z agents.
If a household was free to choose its wage, it would choose it as a mark-up over its
marginal rate of substitution. And since consumption levels are di¤erent between
ROT and OPT agents, marginal rates of substitution and wages would also be different. In section 4 we relax the common wage assumption, introducing two di¤erent
wages for ROT and OPT agents.

2.4

Monetary and …scal policy

Monetary policy is set by the central bank according to a simple interest rate rule
that is a special case of the well-known ”Taylor rule”

rt = r +
where rt = Rt

(19)

t

1; r is the steady state value of the nominal interest rate and

measures the reaction of monetary policy to current in‡ation.
The government has to satisfy the following budget constraint

bt+1 = (1 + ) (bt + gt
where

=

1

tt )

(20)

1.

8

Instead of wage adjustment costs, we may assume that a union is allowed to reset its wage
rate each period with a …xed probability 1
w as in Calvo (1983). But to undo the implications
of the implied heterogeneity across unions, a risk-sharing arrangement between unions must be in
place. This follows since rule-of-thumb consumers are barred from sharing risk through …nancial
markets. Results, however, are very similar. In particular we would get a Phillips curve with w =
1
1
(1
. Alternatively, each household must be assumed to provide all
w ) (1
w ) w (1 + '"w )
types of labor simultaneously in (as in Schmitt-Grohe and Uribe (2006)). However, this formulation
is, in our opinion, in contrast to the assumption of monopolistic competition in the labor market
since labor variety z would be supplied by all agents.
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Taxes are set according to the …scal rule

tt =
where gt =

Gt G
; tt
Y

=

Tt T
Y

and bt =

b bt

+

Bt
Pt 1

(21)

g gt

( BP )
Y

:

b

and

g

are positive constants

re‡ecting the weights assigned by the …scal authority to debt and current government
spending. The condition

b

>

1+

; rules out explosive debt dynamics.

Government spending (normalized by steady state output and expressed in deviations from steady state) evolves exogenously according to the following …rst-order
autoregressive process

gt =
where 0 <

g

g gt 1

+

< 1 measures the persistence of the shocks and

of the shock.

2.5

Market clearing and steady state

The clearing of labor and goods markets requires for all t

Nt (z) =

Z

1

Nt (z; j) dj for all z

0

Yt (j) = Ytd (j) for all j

Yt = Ct + It + Gt + Ft
whose log-linearized version is

15

(22)

t

t

measures the size

yt =
where

I

=

I
Y

=

( + )

p

c ct

+

I it

(23)

+ gt

. As GLV (2007), we look at a steady state with zero

in‡ation, zero public debt and a balanced primary de…cit. To simplify the solution
of the model, it is convenient to impose C o = C r . Since we are interested in the
dynamic responses to shocks, and not in the characterization of the steady state, we
see this assumption as a useful simpli…cation. However, in steady state ROT and
OPT agents di¤er because the latter earn dividends and capital income. Therefore,
to achieve the same steady state consumption, OPT agents must be taxed more
than ROT agents. For simplicity, and to facilitate comparability of results, we do
not depart from GLV and we set di¤erent tax levels in steady state. Moreover,
Natvik (2008) shows that, provided that wages are sticky, equilibrium dynamics are
not a¤ected by the assumption on steady state consumption. Equations (3) to (6) ;
(8), (9), (12) to (15) and (17) to (23) form a system of stochastic di¤erence equations
that can be solved using standard techniques.

3

Results

As a baseline calibration we choose the same parameter values as GLV (2007). We
made this choice to facilitate the comparability of the results. As GLV (2007), we
set

= 0:025,

g

= 0:1, "p = 6,

= 0:33,
p

= 0:75,

= 1,
g

= 0:99,

= 0:5,

g

= 0:2,

= 1:5,

b

= 0:33,

= 0:9 and ' = 0:2.

We need to …x a value for

w

(the adjustment costs parameter) and "w (the

elasticity of substitution between labor varieties) that are not present in GLV where
wages are ‡exible. We set "w equal to 4 (the implied wage mark-up in the case of
‡exible wages is

"w
)
"w 1

and

w

=

(1

w )(1
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"w 1
1
w ) w (1+'"w )

1

= 62:9. This choice yields

the same NKPC for wages as in a Calvo setting à la Erceg et al. (2000) with four
quarters of wage stickiness (

3.1

w

= 0:75).

The e¤ect of sticky wages

In Figure 2 we can see the e¤ects of sticky wages on model dynamics. The dashed line
represents the GLV model with ‡exible wages, the solid line represents the extension
with sticky wages. The size of the shock is a one per cent increase in the government
spending to output ratio. The …rst result of this paper is that even though the
response of the real wage is ‡at under sticky wages, the consumption response is still
positive whereas the output response is almost una¤ected.9 This is so because the
investment response is now slightly positive instead of negative.
The mechanism that rationalizes these results is the following. It is true that, as
expected, lower wage in‡ation (implied by the wage stickiness) lowers the increase
in ROT consumption since current labor income increases less than in the ‡exible
wage case. However, a second e¤ect goes in the opposite direction. In fact, lower
wage in‡ation implies a lower increase in the marginal cost that in turn implies a
lower increase in price in‡ation. But lower in‡ation translates into a lower increase
in the interest rate by the central bank, and a lower increase in the interest rate
has an expansionary e¤ect on OPT consumption and investment. Hence, expansionary e¤ects on output and consumption (i.e. output multiplier larger than one and
positive consumption response) depend on the strengths of the two e¤ects. In our
model, the latter (the interest rate e¤ect) almost o¤sets the former (the real wage
e¤ect), and aggregate consumption can still rise after a government spending shock.
Moreover, the lower increase in the interest rate favors investment, thereby leaving
the output response almost una¤ected. Thus, our initial conjecture was not correct:
9

Interestingly, Romer and Bernstein (2009) calculate also a peak output multiplier around 1.5
in their scenario analysis on the e¤ects of a …scal plan in the US.
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the crowding-in of consumption and the large output multiplier do not rely on the
assumption of ‡exible wages and on the counterfactual increase in the real wage. Instead, they are robust results that are preserved under a more realistic speci…cation
of the labor market.
As a corollary, we see that in the model with sticky wages the reaction of ROT and
OPT consumption is less asymmetric. It is still true that ROT consumers increase
their consumption while OPT consumers decrease it, but the quantitative di¤erence
is now much lower.
The e¤ect on all the other variables is summarized in Figure 3. The …rst three
panels show that we are dealing with a government spending shock that does not
maintain a balanced budget. This is crucial in a model with ROT agents: with
OPT agents alone, Ricardian equivalence would hold and therefore the presence of
a budget de…cit would be irrelevant. With ROT agents, the occurrence of a budget
de…cit crucially changes the spending multipliers. The introduction of sticky wages
a¤ects by construction the in‡ation rate and the interest rate response: the lower
impact of the shock on marginal costs implies a lower increase in in‡ation through
the NKPC, and in the interest rate through the Taylor rule, in keeping with empirical
evidence (cf. Perotti (2005) among others). The lower increase in the interest rate
favors consumption and investment and the increase in aggregate demand pushes
up output. This mechanism would be ampli…ed by the presence of an interest rate
smoothing term in the Taylor rule. Therefore, our results would be reinforced under
a perhaps more realistic monetary policy rule.
Note that our irrelevance result for sticky wages does not mean that the speci…cation of the labor market is not important. As in GLV (2007) the assumption of
monopolistic competition in the labor market is crucial to our analysis.
To sum up, sticky wages can correct the weaknesses we identi…ed in the GLV
model while preserving the expansionary e¤ects on output and consumption.
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3.2

Sensitivity analysis

In Figures 4 and 5, we conduct a sensitivity analysis on the impulse response functions
for consumption and output with respect to some key parameters in the model with
sticky wages.
The parameter ' deserves special attention: in the traditional business cycle
literature it represents the elasticity of the marginal disutility of labor and it is
inversely related to the Frisch elasticity of labor supply. GLV (2007) …x it at 0.2 to
be consistent with an elasticity of the real wage with respect to output (for a given
level of consumption and employment) of 0.3. This value, however, is very low when
we interpret ' in terms of the inverse of labor supply elasticity: in the literature
the standard calibration goes from 1 to 3. GLV use a much lower value because for
higher values of ' the model exhibits indeterminacy. However, under sticky wages
the determinacy region is larger (Colciago (2008)) and thus we can lower the labor
supply elasticity towards more realistic values. In Figures 4.1 and 5.1, we see that
the expansionary e¤ects on output and consumption are strongly con…rmed, even
when labor supply becomes quite inelastic (' = 3).
In contrast to GLV (2007), expansionary e¤ects are preserved with only two
quarters of price stickiness (Figures 4.2 and 5.2), consistent with the lower bound on
the empirical evidence on price stickiness (Bils and Klenow (2005)). This is the case
because wage stickiness can partially substitute for price stickiness by lowering the
marginal cost reaction.
The third parameter we consider is the percentage of rule-of-thumb consumers
( ). This parameter is especially important for policy purposes because it governs
the size of expansionary e¤ects. In our baseline model, the threshold that reproduces
a zero response in consumption and a unit output multiplier is given by

equal to

0.25 (Figures 4.3 and 5.3). However, this threshold can be lowered substantially by
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introducing a few additional realistic features in the model. In Furlanetto and Seneca
(2009), we show that real rigidities (in the form of habit persistence, …rm-speci…c
capital and Kimball demand curves) can dramatically reduce the percentage of ROT
consumers in the model. We can obtain the same consumption multiplier as in GLV
(2007) with only 25% of constrained agents, instead of 50%, and two quarters of
price stickiness, instead of four.
Following the RBC literature (King and Watson (1996)), GLV choose the value of
1 for , the elasticity of the investment to capital ratio with respect to Tobin’s Q. A
higher value of

reduces the size of capital adjustment costs and allows investment

to ‡uctuate more. In Figures 4.4 and 5.4 we see that even when this value is raised
to 11 the response of output and consumption is almost una¤ected.
In Figures 4.5 and 5.5 we consider the parameter

g

in the …scal rule: when it is

…xed at zero the increase in government spending is entirely de…cit-…nanced, whereas
when it is …xed at one the shock is budget-balanced. In the baseline calibration
the shock is almost entirely de…cit-…nanced
balanced

g

g

= 0:1 . When the shock is budget-

= 1 , the response of consumption becomes signi…cantly negative. We

insist on the fact that this model enables us to study de…cit-…nanced shocks that
have very di¤erent implications with respect to budget-balanced shocks: in a model
with only Ricardian consumers, this di¤erence vanishes.
In Figures 4.6 and 5.6 we show that the output and consumption responses are
independent of the form and the degree of wage rigidity. To see this point we consider
the rather extreme case of a …xed nominal wage (dashed line): even in this case the
positive response of consumption is preserved. An alternative way to model wage
rigidity can be found in Blanchard and Galí (2007). They propose the following
(admittedly ad hoc) wage schedule modelled as a partial adjustment mechanism:

rwt = rwt

1

+ (1
20

) (ct + 'nt )

In this framework, real wages react only in part to changes in the marginal rate of
substitution, and the parameter

is considered as an index of real wage rigidity. We

consider the case of partial real wage rigidity ( = 0:75; dotted line). The response
of consumption is still positive and hence our result is independent of the postulated
wage rigidity (either nominal or real).10

4

An extension with segmented labor markets

In the baseline version of our model we keep the assumption of a common wage
between ROT and OPT agents to facilitate the comparison with GLV (2007). A
legitimate question is to test whether the results are a¤ected by the common wage
assumption. In this section we allow both kinds of agents to choose their own wage,
while being ready to supply the quantity of labor demanded by …rms. The form
of the wage rigidity (à la Rotemberg) implies that all ROT agents choose the same
wage. Nevertheless, this wage is di¤erent from the one chosen by OPT agents, who
have a di¤erent marginal rate of substitution. A similar modeling choice can be
found in Bilbiee and Straub (2004), where wages are ‡exible instead of sticky and
there is perfect competition in the labor market. The GEM model developed at the
IMF incorporates ROT consumers and a similar speci…cation of the labor market
(Faruquee et al. (2006)). This modeling choice implies a forward-looking wage
equation for OPT agents and a static wage equation for ROT agents:

wo
t

= Et

wo
t+1

wo

10

(rwto

cot

'not )

Although in this model nominal wage rigidity and real wage rigidity share the same properties,
it is not always the case. Blanchard and Gali (2007) study the optimal monetary policy problem:
under real wage rigidity it is not possible to stabilize the output gap and in‡ation at the same time,
whereas it is the case under nominal wage rigidity (if in‡ation is considered as a weighted average
of price in‡ation and wage in‡ation).
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'nrt )

A detailed derivation of these two equations can be found in the appendix.
In …gure 6 we plot the responses to a government spending shock under the
baseline calibration. The dashed line indicates the model with ‡exible wages. We now
identify a di¤erent response in OPT wages and in ROT wages. OPT wages decline
slightly because of the wealth e¤ect that lowers the marginal rate of substitution of
OPT agents (M RS o ). M RS r does not decline since the wealth e¤ect does not hit
ROT agents. The ROT wage increases, whereas the OPT wage declines, essentially
because of the wealth e¤ect and the di¤erent marginal rates of substitutions. At the
same time …rms have the incentive to hire more OPT labor since the costs are lower.
OPT hours increase considerably and ROT hours increase only slightly. Moreover,
the delayed response of taxes explains the hump-shaped response of ROT hours.
Current income of ROT agents increases only slightly and the response of ROT
consumption is low. The e¤ect on aggregate consumption is almost negative and the
output multiplier is lower than one.
This result is important because it shows that the expansionary e¤ects on output and consumption are lost once we depart from the common wage assumption.
However, the expansionary e¤ects are rescued when sticky wages are introduced (the
dashed line): under four quarters of wage stickiness, the two wages react in similar
ways and the same for hours worked. Under sticky wages the impact of wage heterogeneity in the model is strongly reduced and the dynamics are similar to the model
with a common wage. Thus, our initial conjecture on the impact of sticky wages is
completely reversed. In section 3 we showed that sticky wages can coexist with expansionary e¤ects on output and consumption under the common wage assumption.
Here, we have just shown that sticky wages are even essential to obtain these e¤ects
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when wages are di¤erent. Therefore, sticky wages con…rm and generalize the validity
of the GLV result.

5

Conclusion

In this paper, we study how expansionary …scal policy e¤ects and …nancial frictions
are related in a model with wage rigidities and we provide a rationale for a …scal expansion when …nancial frictions are tight. We show that the sticky wage assumption,
even if this intuitively was not the case, is compatible with large positive e¤ects on
output and consumption.
Therefore, we generalize the validity of previous results by GLV (2007) on several
dimensions and we relate them to the context of the current crisis. In contrast to
GLV (2007), our model can reproduce expansionary e¤ects under low labor supply
elasticity and a low degree of price stickiness. Moreover, once we relax the common
wage assumption, sticky wages are even essential to reproduce expansionary e¤ects.
From a policy perspective, our model supports the argument that a …scal stimulus can be more bene…cial when …nancial frictions are tight, even though wage
rigidities are pervasive. Of course, this conclusion should be investigated in models
where …nancial frictions are modelled in a more rigorous way. In a follow-up project
(Furlanetto and Natvik (2009)) we investigate the e¤ectiveness of a …scal package in
the context of a model with savers and borrowers where borrowing is limited by collateral constraints. The collateral is given by a durable good that can be interpreted
as housing (cf. Monacelli (2009)).
Furthermore, since the structure of the labor market is crucial (although not the
details of wage setting), we believe that it would be of paramount importance to
introduce unemployment in the model. We plan to investigate this issue in the near
future.
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Appendix
In this appendix we extend the baseline model letting each household choose its
wage under adjustments costs à la Rotemberg. Each household supplies one variety
of labor indexed by z and is a monopolistic competitor on this market.
Firms. Each …rm, indexed by j, aggregates ROT and OPT labor in the following
way:
h

Nt (j) = ( )

1
"w

Ntr

1
"w

1

(j)

+ (1

)

1
"w

1

Nto

(j)

1
"w

i " "w 1
w

(24)

where "w denotes the elasticity of substitution between the two labor bundles
that are de…ned as follows:
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1
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1
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)
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(25)

3 " "wo 1
wo

)

Nto

1
"wo

1

(j; z)

0

dz 5

(26)

Nto (j) denotes the quantity of OPT labor used by the …rm in the production
process, Nto (j; z) is the quantity of OPT labor of variety z and "wo is the elasticity
of substitution between di¤erent varieties of OPT labor. The same notation is used
for ROT agents.
The wage indexes corresponding to the labor bundles (25) and (26) are given by
the following aggregators:

Wtr

=

1

Z

1

(1

Wtr

1 "wr

(z)

1
1 "wr

dz

Wto

)

=

1
1

Z

1

Wto

1 "wo

(z)

1
1 "wo

dz

0

Each …rm takes the wages Wtr (z) and Wto (z) as given and chooses the optimal
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demand for each labor variety by minimizing costs subject to the aggregation constraints (25) and (26). The demand functions for each variety of both kinds of labor
read as follows:

Nto

(j; z) =

"wr

Wtr (z)
Wtr

1

Ntr (j; z) =

Ntr (j)

Wto (z)
Wto

1
1

(27)

"wo

Nto (j)

(28)

Next, taking the wage indexes Wtr and Wto as given, each …rm chooses the optimal
demand for the two labor bundles Ntr (j) and Nto (j) by minimizing labor costs subject
to (24). This yields the following demand functions for labor bundles:

Nto

(j) =

"w

Wtr
Wt

Ntr (j) =

Wto
Wt

Nt (j)
"w

(1

) Nt (j)

and the aggregate wage index is de…ned as:

Wt =

Wtr1

"w

+ (1

) Wto1

"w

1
1 "w

Households. OPT households maximize

E0

1
X

t

[U o (Cto ; Nto (z))]

(29)

t=0

subject to the budget constraint and labor demand (obtained aggregating (28) across
…rms):11
11

Even if in equilibrium aggregate hours and wages (Nt ; Wt ) and individual variety hours and
wages (Nt (z) ; Wt (z)) are equal, ex-ante it is not the case. Therefore, when we write the maximization problem we index hours and wages to variety z. For sake of simplicity, we dont make this
distinction for the other variables.
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o
+ Pt Tto + Fto = Wto (z) Nto (z) + Rtk Kto + Bto + Dto
Pt (Cto + Ito ) + Rt 1 Bt+1
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(30)

Nto

(31)

The …rst-order condition with respect to Wto (z) reads as follows:
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denotes OPT wage in‡ation.

ROT households solve a static problem maximizing:

U

r
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log Ctr

Ntr (z)1+'
1+'

subject to the budget constraint and labor demand (derived aggregating (27) across
…rms):
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The static FOC with respect to Wtr (z) is given by

0=

1
Ctr

Wtr h "wr
Pt

1+

wr

26

(

wr
t

1)

wr
t

i

"wr
Ntr'
1

(33)

The log-linearized model. The extended model is log-linearized around the
same steady state as the baseline model: hence, in steady state all agents share the
same wages, hours worked and consumption levels. Tax rates are set accordingly.
The wage setting equations are given by log-linearized versions of (32) and (33):
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. For simplicity we impose "w = "wr = "wo =

to be consistent with 4 quarters of wage rigidity in the
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= 0:75.
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