
New Trends in Macroeconomics



Claude Diebolt
Catherine Kyrtsou
Editors
in collaboration with Olivier Darné

New Trends
in Macroeconomics

With 44 Figures
and 38 Tables

123



Dr. Claude Diebolt

Directeur de Recherche au CNRS
University of Strasbourg I
BETA/CNRS, Faculty of Economics
61 Avenue de la Forêt Noire
67085 Strasbourg Cedex
France
E-mail: cdiebolt@cournot.u-strasbg.fr

Dr. Catherine Kyrtsou

University of Macedonia
Department of Economics
Egnatia Street 156
54006 Thessaloniki
Greece
E-mail: ckyrtsou@uom.gr

Cataloging-in-Publication Data

Library of Congress Control Number: 2005929196

ISBN-10 3-540-21448-8 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-21448-9 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilm or in any other
way, and storage in data banks. Duplication of this publication or parts thereof is
permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from
Springer-Verlag. Violations are liable for prosecution under the German Copyright
Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2005
Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this pub-
lication does not imply, even in the absence of a specific statement, that such names
are exempt from the relevant protective laws and regulations and therefore free for
general use.

Cover design: Erich Kirchner
Production: Helmut Petri
Printing: Strauss Offsetdruck

SPIN 10998533 Printed on acid-free paper – 43/3153 – 5 4 3 2 1 0



Acknowledgments

First of all, we want to acknowledge the contributions of the authors. Their support
was invaluable.
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Preface

That macroeconomic theory and macroeconometrics are, in the near future and more
than ever, indispensable tools in the study of economics is no longer a very contro-
versial statement. It is now generally agreed that economic theory, combined with
historical, statistical and mathematical methods are necessary at the theoretical level,
to formulate problems precisely, to draw conclusions from postulates and to gain in-
sight into workings of complicated processes, and at the applied level, to measure
variables, to estimate parameters and to organise the elaborate calculations involved
in reaching empirical results. This book is an illustration of the Editors belief in this
principle. It offers new insights in macroeconomic analysis. It deals with both theory
and empirical results related to the dynamics within the structure of macroeconomic
variables as well as between them. More precisely five axes are distinguished. There
are theoretical and applied works with developments on (1) mechanisms of economic
dynamics, (2) structures of macroeconomic variables, and (3) relationships between
macroeconomic time series. The book also presents methodologies where (4) linear
testing is improved and (5) new non-linear techniques are applied.
Turning to the individual contributions now.

Bénassy’s chapter studies the propagation of macroeconomic shocks using a dy-
namic model with wage and price staggering. He finds evidence in favour of a per-
sistent response of both output and inflation to monetary shocks.

Karagiannis, Palivos and Papageorgiou present an one-sector growth model
where the technology is described by a Variable Elasticity of Substitution pro-
duction function. It is shown that this model can exhibit unbounded endogenous
growth despite the absence of exogenous technical change and the presence of non-
reproducible factors, such as labour.

Stengos and Liang study the effect of financial development on growth using an
additive Instrumental Variable-augmented Partially Linear Regression model. They
conclude that financial development affects growth in a positive but non-linear way
employing a Liquid Liabilities index and in an almost linear way when a Private
Credit index is taken into account. Nevertheless, the effect becomes ambiguous in
the case of a Commercial Central Bank index.
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The transition from theoretical evidence to empirical testing is well done by
Hendry. Hendry’s chapter is focused in the gap that exists between macroeconomic
theory models and applied econometric findings. He describes some of the sources
of these gaps and suggests possible solutions.

In the Gogas and Serletis chapter the revenue-smoothing hypothesis is tested
using annual data for the US over the period form 1934-1994. Although Mankiw
(1987) and Poterba and Rotemberg (1990) works found evidence supporting the pre-
vious hypothesis in the US, the obtained results by Gogas and Serletis do not support
the theory of optimal seigniorage.

The performance of structural VAR models to capture structures produced by
two stochastic dynamic general equilibrium models is the main point of study in the
Canova and Pires Pina’s chapter. More specifically, their criticism is to a particular
type of identification restrictions routinely used in applied work. To avoid eventual
biases they propose an alternative identification technique.

Paya and Peel examine the Keynes-Einzig conjecture by using monthly data for
six currencies against the US Dollar for the period 1921-1936. Empirical findings
suggest that excess returns are predictable, and that deviations form covered interest
parity (CIP) are large and systematic. Evidence of non-linear adjustment of CIP is
also provided.

In a fractional cointegration framework given in Davidson’s chapter, it is investi-
gated the relationship between government popularity and economic performance in
the UK. The tests reveal little or no evidence of a link between the political and eco-
nomic cycles. This conclusion reinforces the idea that political cycles are generated
by the internal dynamics of the opinion formation process.

As it has been underlined by Hendry, the gap between macroeconomic the-
ory models and applied econometric findings arises because much of the observed
macroeconomic data variability is due to various non-stationarities. These sources of
non-stationarity, deriving from the technical progress, new legislation, institutional
change, financial innovation and political factors, induce both evolution and struc-
tural breaks which change the distributional properties of the data.

Darné and Diebolt, in their chapter, propose a more technical approach to deal
with non-stationarity in macroeconomic series. They give a selective survey on dif-
ferent non-stationarity tests and discuss some problems with these tests and some
solutions and alternatives that have been suggested. They also present the relation
between non-stationarity and some economic theory.

The importance of seasonality and non-stationarity for the forecasting accuracy
is emerged in the Kouassi and Labys’s chapter. This is illustrated in the context of
structural time series models. The major result of their work is that the recognition of
the presence of seasonal unit-roots can have important implications for forecasting
and modelling.

The Kyrtsou and Volrow’s chapter concludes this collective volume. The authors
suggest the use of a new methodology, well known in physical sciences, for the
identification of complex underlying dynamics in economic series. This method is
the Recurrence Quantification Analysis. The empirical results of the chapter pro-
vide evidence for the existence of highly complex deterministic dynamics in the US



Preface IX

macroeconomic and financial series. The possibility to obtain such features in real
economic series, that we would not be able to find using only traditional linear tech-
niques, makes the new world of non-linear complex dynamics very attractive. Further
research on the impact of the application of these new tools to macroeconomic data
is certainly needed.

From the mechanisms of propagation of macroeconomic shocks to growth and mone-
tary theories, macroeconometrics and complex dynamics, we hope to provide a com-
plete overview on the recent developments and ”New Trends in Macroeconomics”.
It is now time to let the authors speak for themselves!

Strasbourg, France Claude Diebolt
April 2005 Catherine Kyrtsou
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The Propagation of Macroeconomic Shocks: A
Dynamic Model with Contracts and Imperfect
Competition

Jean-Pascal Bénassy

CNRS and CEPREMAP-ENS, 48 Boulevard Jourdan, 75014 Paris, France.
jean-pascal.benassy@cepremap.cnrs.fr

Summary. In order to study rigorously the propagation of macroeconomic shocks, we con-
struct a dynamic model with wage and price staggering, where wage and price contracts are
set by fully maximizing agents in a framework of imperfect competition. We derive the op-
timal values for wage and price contracts and compute closed form solutions to the resulting
dynamics. We show that wage and price contracts of reasonable durations can create persis-
tence and a hump in the response of both output and inflation to monetary shocks.

Key words: Persistence, Staggered wages, Staggered prices, Imperfect competition.

JEL codes: E32, E52

1 Introduction

The purpose of this article is to construct a dynamic general equilibrium model in-
cluding staggered wage and price contracts, as well as imperfect competition. We
will study with it the issue of the propagation of macroeconomic shocks, and no-
tably whether one can obtain a response to monetary shocks similar to that observed
in reality. On the empirical side, a number of recent studies have shown that both
output and inflation display a persistent response to monetary shocks. Moreover this
response seems to be humpshaped, first increasing, then decreasing (see, for exam-
ple, Cogley and Nason [9]; Christiano, Eichenbaum and Evans [8]). On the other
hand RBC type models have often had problems creating such a response to mon-
etary shocks. Recently wage and price contracts1 have been introduced in that line
of models, in order notably to make the corresponding economies more responsive
to monetary shocks, and a debate has developed as to whether such modeling would
allow to obtain a persistent and hump shaped response to these shocks. Surprisingly

1In line with the initial works by Gray [12], Fischer [11], Phelps and Taylor [16], Phelps
[15], Taylor [17, 18] and Calvo [6].
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the answers are widely divergent. For example, Chari, Kehoe and McGrattan [5]
conclude that there will be no persistence with reasonable values of the parameters,
while Collard and Ertz [10] obtain a hump-shaped and persistent response with one
or two years wage contracts2. The objective of this article is to investigate the mat-
ter analytically, which seems particularly useful in view of the conflicting answers
indicated above. For that purpose we shall build a rigorous dynamic stochastic gen-
eral equilibrium model with both price and wage contracts3, solve it analytically and
express the dynamics of output and inflation as a function of the fundamental under-
lying parameters. The reason why we study wage and price contracts together, and
not in isolation, is that this appears to be instrumental in obtaining a hump-shaped
response in both output and inflation, as we shall see below. We shall see that a per-
sistent and humpshaped response of both output and inflation to monetary shocks
can be obtained with reasonable parameters.

2 The Model

2.1 Markets and Agents

The economy studied is a monetary economy with markets for goods, at the (average)
price Pt and markets for labor, at the (average) wageWt . The goods and labor markets
function under a system of imperfectly competitive labor contracts, which will be
detailed below. There are firms and households. Let us begin with the production
side. The output index Yt is an aggregate of a continuum of output types, indexed by
i ∈ [0,1]:

LogYt =
∫ 1

0
LogYitdi (1)

Each index Yit is itself the aggregate of another infinity of output types indexed by k:

Yit =
(∫ 1

0
Yiktdk

)1/

(2)

One should think of the index i as representing sectors, while the index k refers to
firms in these sectors. Quite naturally the substitutability is higher within sectors than
across sectors. The representative firm has a Cobb-Douglas technology4:

Yikt = ZtNikt (3)

2Other contributions along the same lines are found, for example, in Ambler, Guay and
Phaneuf [1], Andersen [2], Ascari [3], Jeanne [13] and Yun [19].

3Microfounded dynamic models with one rigidity and analytical solutions are found in
Jeanne [13] for price contracts, and in Ascari [3] and Bénassy [4, 5] for wage contracts. An-
dersen [2] compares the two types of contracts.

4Although capital could be introduced explicitly (cf. for example Bénassy [4]), we omit it
here because it complicates substantially the exposition, and does not add much to the dynam-
ics because of the low actual depreciation rate.
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The representative household (we omit the index k at this stage, since the situa-
tion of all households in a sector i is fully symmetrical) works Nit , consumesCit and
ends the period with a quantity of money Mit . He maximizes the expected value of
his discounted utility, with the following intertemporal utility:

U =
t

t
[
LogCit + Log

Mit

Pt
−V (Nit)

]
(4)

where V is a convex function. At the beginning of period t there is a stochastic
multiplicative monetary shock as in Lucas (1972): money holdings carried from the
previous period Mit−1 are multiplied by the same factor µt for all agents, so that the
representative household starts period t with money holdings µtMit−1. His budget
constraint in t is thus:

Cit +
Mit

Pt
=
Wit

Pt
Nit +

µtMit−1

Pt
+ it (5)

where it is the profits in sector i, which are distributed to the households who work
in this sector.

2.2 Wage and Price Contracts

We will now describe the wage and price contracts, which are taken from Bénassy
[4, 5], themselves inspired by Calvo [6]. Consider first the wage contracts. As in
Calvo [6], in each period there is a random draw for all wage contracts, after which
any particular contract continues unchanged (with probability ), or is terminated
(with probability 1− ). In this last case a new contract wage is decided in each firm
by the households working in that firm, on the basis of all information currently avail-
able. In period s a wage contract is negotiated for each period t ≥ s. This new contract
is denoted Xst . The difference with Calvo [6] is that he assumed Xst to be the same
for all t ≥ s, whereas we assume that the Xst can be different whatever t ≥ s. Price
contracts are modelled in a similar manner. If wages are not renegotiated, then the
price mechanism is completely symmetrical to the wage mechanism: price contracts
continue with probability , and are terminated with probability 1− . If, however,
wages in one particular firm are renegotiated, then prices in this firm are also auto-
matically renegotiated. These possibilities, and their probabilities, are summarized
in Figure 1. The basic idea underlying this formalization is that, if a firm is faced
with a change in its cost structure because of wage renegotiation, then it will always
want to change its price, which seems a reasonable assumption. We thus see that,
taking into account both possibilities, the probability for a price contract to continue
unchanged is , and the probability to be renegotiated 1− . We denote by Qst the
price contract signed in period s to be in effect in period t ≥ s.
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Fig. 1

�

�
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is renegotiated

1-

�

�

Both price and

wage stay
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�

Both price and wage

are renegotiated

1-

We still have to specify more precisely how wage and price renegotiations are
related across firms and sectors. We shall assume that all firms in the same sector
i renegotiate their wages or prices at exactly the same time, which means that the
random draws are actually organized sector by sector. These random draws are inde-
pendent across sectors.
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3 The Walrasian Regime

We shall now compute as a benchmark the Walrasian equilibrium of this economy.
In that case there is a unique price Pt and wage Wt , which clear the goods and labor
markets. The real wage is equal to the marginal productivity of labor:

Wt

Pt
=

Yt
Nt

(6)

The households maximize the expected value of their utility (4) subject to the budget
constraints (5). The Lagrangean of this maximization program is:

t
[
LogCt + Log

Mt

Pt
−V (Nt)

]

+ t
t

[
WtNt
Pt

+
µtMt−1

Pt
+ t −Ct − Mt

Pt

]
(7)

and the first order conditions:

t =
1
Ct

(8)

t

Pt
=
Mt

+ Et

(
t+1µt+1

Pt+1

)
(9)

V ′ (Nt) = tWt

Pt
(10)

Using (8) and the fact that µt+1 =Mt+1/Mt , equation (9) is rewritten:

Mt

PtCt
= + Et

(
Mt+1

Pt+1Ct+1

)
(11)

which solves as:
Mt

PtCt
=

1− (12)

Combining (6), (8) and (10), we see that Walrasian employment is constant and
equal to N, given by:

NV ′ (N) = (13)

In what follows we shall work with the following disutility for labor:

V (Nt) =
Nt (14)

in which case equation (13) yields:

N =
( )1/

(15)
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and the Walrasian wageW ∗
t and price P∗t are equal to:

W ∗
t =

(1− )
( )1/

Mt (16)

P∗t =
1− ( ) / Mt

Zt
(17)

4 The Demand for Goods and Labor

We shall now study our model under wage and price contracts. It is assumed that
households, possibly through trade-unions, decide on the level of wages, and supply
the amount of labor demanded by firms at these wages. Similarly firms set prices and
supply the amount of goods demanded. An important element for the determination
of wage and price contracts is of course the demand for goods and labor, so we begin
with that.

4.1 The Demand for Goods

At any time there may be a multiplicity of prices. This variety of prices can be due
to two causes: first, there may be staggered prices, and thus there are different prices
because price contracts have been signed at different points in time. Secondly, even
if prices are fully flexible in each period, the workers in different firms may have dif-
ferent wage contracts, so that prices will differ even if all other economic conditions
are the same. Consider first the firms producing final output. They competitively
maximize profits, i.e. they solve the following program:

Max PtYt −
∫ 1

0
PitYitdi s.t.

∫ 1

0
LogYitdi= LogYt

whose solution is:

Yit =
PtYt
Pit

(18)

LogPt =
∫ 1

0
LogPitdi (19)

Now firms in a sector i will similarly maximize profits, i.e. they solve:

Max PitYit −
∫ 1

0
PiktYiktdk s.t.

(∫ 1

0
Yiktdk

)1/

= Yit

whose solution is:

Yikt = Yit

(
Pikt
Pit

)−1/(1− )

(20)
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Pit =
(∫ 1

0
P− /(1− )
ikt dk

)−(1− )/

(21)

Putting together equations (18) and (20) we obtain the expression of the demand
for goods:

Yikt =
PtYt
Pit

(
Pikt
Pit

)−1/(1− )

(22)

An important thing to remember for what follows is that, in view of equation
(18), all sectors have exactly the same value of sales:

PitYit = PtYt ∀i (23)

This will also imply that all households, whatever the sector they work in, have
the same income, and consequently the same consumption and money holdings.

4.2 The Demand for Labor

Since firms supply the quantity of goods demanded (22), the demand for labor is
simply obtained by combining (3) and (22), which yields:

Nikt =
(
PtYt
ZtPit

)1/ (Pikt
Pit

)−1/ (1− )

(24)

5 Price Contracts

We now turn to the derivation of optimal price contracts. They are characterized
through the following proposition:

Proposition 1: Assume that in period the wage in firm (i,k) is Wik . Then the price
contract Qik t signed in period for a period t ≥ is given by:(

Qik t

Qi t

)(1− )/ (1− )

=
Wik

(
1− )(1− )/ ( 1

Qi t

)1/

t (25)

with:

Qi t =
(∫ 1

0
Q− /(1− )
ik t dk

)−(1− )/

(26)

t = E
[
M(1− )/
t Z−1/

t

]
(27)

Proof: Appendix 1.
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Now we shall see below, within the proof of proposition 3 (Appendix 2), that all
firms in the same sector i will actually have the same wage, and therefore, in view
of (25), the same price. We shall now derive the value of this common price contract
through the following proposition:

Proposition 2: Assume that in period the common wage in sector i is Wi . Then
the price contracts Qi t signed in period for period t ≥ by all firms in sector i are
given by:

Q1/
i t =

1
(

1− )(1− )/

Wi t (28)

where t has been defined in formula (27).

Proof: Replace in formula (25)Wik byWi and Qik t by Qi t Q.E.D.

6 Wage Contracts

We shall now compute the wage contracts signed in a period s for a period t ≥ s. As
will appear in the proof of proposition 3 (Appendix 2), these contracts will be the
same for all firms and sectors, and we shall accordingly denote them as Xst . Before
moving to a precise proposition, let us define some probabilities. If the wage contract
Xst is still in effect at time t, it will be associated with prices which may have been
set in any period , s ≤ ≤ t. In view of the “survival rate” of price contracts, the
probabilities t that the price was set in period are computed as:

t = t−s = s t = (1− ) t− s< ≤ t (29)

Proposition 3: The wage contract Xst signed in s for period t ≥ s is given by:

Xst = 2 2

[
(1− )

]
s≤ ≤t

tEs

[(
Mt

Zt

) / ( 1

t

) ]
(30)

where t is given by equation (27) and the probabilities t by equation (29).

Proof: Appendix 2.

7 Macroeconomic Dynamics

We shall now compute the dynamics of the system under the following traditional
processes for money and technology shocks5:

5Lowercase letters denote the logarithms of the corresponding uppercase letters.
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mt −mt−1 =
ut

1− L
(31)

zt =
t

1− L
(32)

7.1 The Dynamics of Output and Inflation

We shall first characterize the dynamic evolution of output and inflation through the
following proposition:

Proposition 4: Under the monetary and technology processes (31) and (32) the
dynamic evolutions of output and inflation are given by:

yt = zt − t

1− L
+

ut
(1− L)(1− L)

+
(1− ) ut

(1− L)(1− L)
(33)

t = pt − pt−1 =
ut

1− L
− (1− )(1−L) t

(1− L)(1− L)

− (1−L)ut
(1− L)(1− L)

− (1− ) (1−L)ut
(1− L)(1− L)

(34)

Proof: Appendix 3.

With an explicit expression for the dynamics of output and inflation, we can poten-
tially compute any measure of persistence. With five autoregressive roots for output
and seven for inflation (formulas 33 and 34), a numerical discussion would quickly
become very clumsy, so we shall rather discuss the issue of whether the response
of output and inflation to monetary shocks displays a hump, since this has been the
object of controversy and is easily assessed from our formulas.

7.2 Output Dynamics and the Hump

Let us start with the output dynamics in response to a monetary shock, and see under
which conditions we shall obtain a humpshaped response. From formula (33) the
first period impact of a money shock on output is:

+(1− ) (35)

and the second period one:

( + )+(1− ) ( + ) (36)

So there is a hump if:
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+(1− ) < 2 (1+ )+(1− ) 2 2 (1+ ) (37)

which can be rewritten as:

(1+ ) >
+(1− )
+(1− ) 2 (38)

The corresponding region in ( , ) space is shown in Figure 2 as the set above
the heavy line.

Fig. 2

1+
√

2(1+ )
√

1

1

1
1+

√
1+

√
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For given the right hand side of formula (38) is maximal for =
√

/
(
1+

√ )
and then takes the value

(
1+

√ )
/2
√

. This means that if:

>
1+

√
2(1+ )

√ (39)

then there will be a hump in output no matter what the degree of rigidity of prices.
To get a numerical idea, we can consider the traditional values = 2/3, = 1/2.
Then we find that, if wage contracts are at least three quarters long on average, there
will always be a hump in the response of output to monetary shocks.

7.3 Inflation Dynamics and the Hump

From formula (34) the first period impact on inflation is:

1− − (1− ) (40)

and the second period one:

− ( + −1)− (1− ) ( + −1) (41)

The condition for a hump in inflation is thus:

1− < (2− − )+(1− ) (2− − ) (42)

The corresponding locus is represented in ( , ) space in Figure 3, together with
the corresponding locus for the hump in output. The relevant region is to the right of
the heavy line.

7.4 The Double Hump

The region with stripes in Figure 3 corresponds to the combinations of the ( , )
parameters such that the response of both output and inflation to monetary shocks
displays a hump. To get a practical idea about this region, with the traditional values

= 2/3, = 1/2, if > 3/4 and > 1/3, we will have a double hump. This corre-
sponds to an average duration of contracts of 3 quarters for wages, and 1 month for
prices, some very reasonable values indeed!
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Fig. 3

1
1+

1

1

1
1+

1−
1+

1−
1+

8 Conclusions

We constructed in this article a dynamic stochastic general equilibrium model where
both wages and prices are staggered and set in a rigorous framework of monopolistic
competition. We used a framework akin to that in Calvo (1983), so that the average
duration of wage and price contracts can take any value between zero and infinity.
We first derived the optimal prices and wages, then computed the resulting macroe-
conomic dynamics and obtained closed form solutions for the evolution of output
and inflation. These formulas showed that it was possible to obtain a persistent re-
sponse to monetary shocks. We investigated notably under which conditions a hump
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shaped response of output and inflation could be obtained, and we found that this
would obtain for very reasonable durations.

Appendix 1

Proof of Proposition 1

Firm (i,k) maximizes its discounted expected real profits weighted by the marginal
utility of goods (i.e. multiplied by 1/Ct since utility is logarithmic in consumption).
We shall consider here only the terms corresponding to the price contracts signed
at time and still in effect at time t. Since price contracts have a probability to
survive each period, the contract signed in has a probability t− t− to be still in
effect in period t, and the firm will thus maximize the following expected profit:

E
t=

( )t−
1
PtCt

(PiktYikt −Wik Nikt) (43)

subject to equation (22) giving the demand for goods :

Yikt =
PtYt
Pit

(
Pikt
Pit

)−1/(1− )

(44)

Note that in formula (43) we put Wik as the relevant wage for all periods t ≥ .
Indeed we consider only the price contracts that will still be in effect in period t.
But, as we indicated above, if the wage changes, then the prices are automatically
renegotiated, so that all price contracts that will remain must be based on the current
wage Wik . Note also that, in the above formulas (43) and (44), we have to replace
Pikt by Qik t and Pit by Qi t since these are the relevant prices for our maximization.
Firms indexed by (i,k) maximize (43) subject to (44). Let us insert the value of Yikt
(equation 44) into (43). Taking into account Yikt = ZtNikt , Ct = Yt , Pikt = Qik t and
Pit = Qi t , the part of the maximand concerning Qik t is written, omitting irrelevant
constant terms:(

Qik t

Qi t

)− /(1− )

−Wik

(
Qik t

Qi t

)−1/ (1− )( 1
Qi t

)1/

E

[
1
PtYt

(
PtYt
Zt

)1/
]

(45)

The first order condition in Qik t is:(
Qik t

Qi t

)−1/(1− )

=
Wik

(
Qik t

Qi t

)−1/ (1− )−1( 1
Qi t

)1/

E

[
1
PtYt

(
PtYt
Zt

)1/
]
(46)

In view of equation (12) this is rewritten:
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Qik t

Qi t

)(1− )/ (1− )

=
Wik

(
1− )(1− )/ ( 1

Qi t

)1/

E

[
1
Mt

(
Mt

Zt

)1/
]
(47)

which is equation (25).

Appendix 2

Proof of Proposition 3

Household (i,k) (i.e. a household working in firm k in sector i) maximizes his
discounted expected utility. We will consider here only the terms corresponding to
the wage contracts signed at time s and still in effect at time t, which we will denote
as Xikst . Since wage contracts have a probability to survive each period, the wage
contract signed in s has a probability t−s to be still in effect in period t, and the
household (i,k) will thus maximize the following expected utility:

Es
t≥s

t−s t−s
[
LogCikt + Log

Mikt

Pt
− Nikt

]
(48)

subject to the budget constraints in each period:

Cikt +
Mikt

Pt
=
Xikst
Pt

Nikt +
µtMikt−1

Pt
+ it (49)

and the equations giving the demand for labor (24):

Nikt =
(
PtYt
ZtPit

)1/ (Pikt
Pit

)−1/ (1− )

(50)

We see that Nikt depends on Pikt , the price effective in period t , which itself
depends on the period when it has been set. This period can be any period between
s and t. So we index employment by as well, denoting it Nik t , and formula (50) is
rewritten, for s≤ ≤ t:

Nik t =
(

PtYt
ZtQi t

)1/ (Qik t

Qi t

)−1/ (1− )

(51)

Now the price Qik t set in period , s≤ ≤ t, is given by formula (25), where the
relevant wage is Xikst :(

Qik t

Qi t

)(1− )/ (1− )

=
Xikst

(
1− )(1− )/ ( 1

Qi t

)1/

t (52)

where t is defined in equation (27). The employment corresponding to a price set
in period is thus, combining equations (51) and (52):


