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Abstract

We provide a business cycle model in which endogenous markup
fluctuations are the main driving force. These fluctuations occur due
to some form of ‘animal spirits’, impelling firms in their entry-exit deci-
sions within each sector. By contrast to existing models of the business
cycle emphasizing the role of animal spirits, we do not rely on the sink
property of the equilibrium to generate indeterminacy. Hence, while
our model does pretty well in accounting for the main features of US
business cycles, it avoids several criticisms addressed to these former
models, concerning either their dependence upon strongly increasing
returns and too high markups, or their implication of countercyclical
movements of consumption.
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1 Introduction

We propose a business cycle model in which the main source of fluctuations
consists in “animal spirits”, as they influence firms’ willingness to enter and
compete within existing markets. Although, like the previous literature on
endogenous fluctuations, we focus on “animal spirits” as an important factor
of the business cycle,1 we do not rely on the sink property of the dynamic
equilibrium to generate indeterminacy. We use instead previous microeco-
nomic theoretical results showing that, under private increasing returns to
scale, free entry and perfect market contestability are compatible with an
indeterminate number of active firms at equilibrium. To be precise, we mean
that different levels of activity, corresponding to different numbers of pro-
ducing firms within a larger set of potential competitors, are sustainable as
Nash equilibria.
The usual approach to free entry is based upon the view that positive

profits of incumbent firms are always a sufficient incentive for potential en-
trants to become active, so that equilibrium in a contestable market is pos-
sible only under the zero profit condition. This condition is then used to
endogenously determine the number of active firms at equilibrium. However,
the standard concept of Nash equilibrium, applying to both busy and idle
firms, only requires that there be no admissible way for the latter to attain
a positive profit, given the equilibrium strategies of the former. While this
is true under different forms of competition, the Cournot equilibrium with
free entry (Novshek, 1980)2 offers a straightforward illustration of this idea.
If profits are positive and if the optimal individual scale is negligible with
respect to market size, nothing prevents a potential entrant to produce at a
near optimal scale and sell at an almost unchanged price. Hence, equilibrium
profits are necessarily close to zero. However, if the optimal individual scale
is non-negligible, as implied by the existence of internal economies of scale,
then not only can active firms’ profits be significantly different from zero,
but the equilibrium number of these firms may also be largely indeterminate
(d’Aspremont, Dos Santos Ferreira and Gérard-Varet, 2000).
As far as we know, no attempts have been made to explore the implica-

1A non-exhaustive list of papers on this issue includes Benhabib and Farmer (1994),
Farmer and Guo (1994), Galí (1994), Benhabib and Farmer (1996), Schmitt-Grohé (1997),
Perli (1998), Wen (1998), Schmitt-Grohé (2000) and Weder (2000). See the very complete
survey by Benhabib and Farmer (1999) for other important references.

2See also Knieps and Vogelsang (1982), and Brock and Scheinkman (1983).
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tions of these microeconomic results at the macroeconomic level, in particu-
lar for business cycle studies.3 The aim of this paper is precisely to explore
whether this indeterminacy property may have strong implications for the
business cycle. Our main idea is that if the equilibrium number of active
firms is indeterminate, the actual number will depend on varying consistent
conjecture profiles inducing some firms to produce and at the same time dis-
suading their potential competitors from doing so. In short, “animal spirits”
may influence entry and exit decisions, and so become a driving force of the
business cycle. Notice that we are not saying that “animal spirits” are sup-
posed to play the role of exogenous random shocks on the number of active
firms, but rather that they may act as a stochastic selection mechanism in
the presence of indeterminacy.
A simple empirical implication of our model is that optimistic and pes-

simistic expectations of firms should be correlated with periods of creation
and destruction of business plants, respectively. Figure 1 displays firms ex-
pectations about future production together with net business formation in
France over the period 1993-2002 (monthly data).4 Although the match is
far from perfect, due principally to very high frequency movements in the
process of net business formation, there is a clear correspondence between
the two series. At a monthly frequency the correlation is 0.45, and it raises to
0.53 at a quarterly basis. Figure 2 shows in turn that net business formation
is strongly correlated with detrended output (HP-filtered). The correlation is
around 0.60, and is similar to that found in Portier (1995) for France during
the period 1977-1989, and in Chatterjee and Cooper (1993) for the United
States. Of course, it is possible to explain such a relationship by consider-
ing that output and business formation simultaneously increase in response
to real shocks such as technological innovations.5 In this paper, we simply

3In the seminal paper of Chatterjee, Cooper and Ravikumar (1993), strategic com-
plementarities in the entry decisions of consumers-producers may also lead to multiple
Pareto-ranked equilibria. However, in that paper, the mechanism generating indetermi-
nacy involves participation costs which are different across agents. This is not in accor-
dance, strictly speaking, with free entry conditions, in the sense given in the microeconomic
literature mentioned above.

4All the data are provided by INSEE. The expectations series is taken from the monthly
survey on manufacturing “expectations about future prodution”, and the net business
formation series is given by “creations less destructions” as recorded by INSEE. The ouput
series is HP-filtered gdp. We thank Guy Laroque and Vladimir Passeron for providing us
with these data.

5For example, Rotemberg and Woodford (1995) and Portier (1995) show that the num-
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Figure 1: Firms’expectations about future production (dashed line) and net
business formation (solid line) in France, 1993-2002.

wish to explore the alternative explanation, which attributes to self-fulfilling
expectations of producers the process of entry and exit of new firms within
any particular sector.
To illustrate our main idea, we build a simple symmetric model of imper-

fect competition with a large number of differentiated sectors, within which
only a small number of Cournot competitors are active at equilibrium. In
line with the microeconomic literature mentioned above, we show that this
number may be indeterminate under free entry. Thus, although there is
no intrinsic uncertainty, fluctuations in the number of active firms may oc-
cur due to endogenous changes in the beliefs of producers with respect to
their competitors’ behavior. These changes are assumed to be coordinated
by reference to some extrinsic stochastic process, with both idiosyncratic
and aggregate components. Such a mechanism of entry, taking place in the
absence of fundamental uncertainty, allows us to generate endogenous fluctu-
ations in the average markup and, therefore, endogenous fluctuations in the
whole economic system. We simulate a dynamic general equilibrium model
incorporating such endogenous variations in beliefs, and show that it is able

ber of active firms should vary with output in response to technological and government
spending shocks under the zero profit condition.
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Figure 2: Net business formation (solid line) and HP-filtered output (dashed
line), France, 1993-2002.

to generate large fluctuations in real variables. Furthermore, simulation ex-
periments show that the business cycle properties implied by our model are
comparable to those measured in the US economy.
The remainder of the paper is organized as follows. Section 2 presents

the basic structure of the production sector of our model, and illustrates
the indeterminacy result on the equilibrium number of active firms. Section
3 introduces the markup formation process emphasized in section 2 into a
dynamic general equilibrium model, and discusses aggregation and coordi-
nation issues. Section 4 provides the simulation results and discusses the
performance of our model with respect to related models in the literature.
Section 5 concludes.

2 Free entry and markup formation

We show in this section that an indeterminate equilibrium number of active
firms may prevail in an economy endowed with a quite standard production
and market structure. Although the structure we use is chosen so as to make
calculations as simple as possible, none of the results here emphasized is
specific to that particular structure. In fact, as shown in d’Aspremont, Dos
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Santos Ferreira and Gérard-Varet (2000), indeterminacy in the equilibrium
number of active firms within perfectly contestable markets may occur under
fairly general conditions regarding the market structure and the type of com-
petition which is involved between firms. A necessary condition is obviously
that returns to scale be increasing, otherwise a finite number of active firms
is incompatible with a free entry equilibrium. However, even a modest degree
of increasing returns to scale, resulting from the mere existence of fixed costs,
may well be sufficient for indeterminacy.
The economy we consider consists of a large numberm of identical sectors,

each one producing a homogeneous good, and such that goods stemming from
different sectors are imperfectly substitutable from the consumers’ viewpoint.
In each sector, a virtually large number N of identical firms are involved in
Cournot competition within a perfectly contestable output market. Each
one of these firms has to decide its output, positive if it chooses to be active,
otherwise zero. We begin by examining partial equilibrium conditions in any
such sector, leaving their general equilibrium counterpart to the next section.
For simplicity, we assume that individual production takes place under a

constant positive real marginal cost c plus a fixed (non sunk) positive cost
φ, incurred in terms of wasted product. In other words, total real costs to
be paid to supply any positive amount y of good are given by6 c (y + φ).
Furthermore, we assume that the demand addressed to any sector i depends
negatively (with unit elasticity) on the price of this sector relative to the
general price level, pi/P , and positively and linearly on an index of sectoral
demand, ai:

yi =
aiP

pi
, (1)

where ai and P are taken as exogenous from the standpoint of any individual
sector i.
Given this set of assumptions, we can study the optimal behavior of any

firm j ∈ {1, ..., N} potentially producing in sector i. Any such firm, anticipat-
ing aggregate real spending ai and a vector yi(−j) = (yi1, ..., yij−1, yij+1, ..., yiN)
of outputs supplied by its competitors, has to solve the program:

6This is the cost structure corresponding to a production function with constant returns
to scale relative to variable inputs, when firms have to pay in addition overhead costs φ,
expressed in terms of their output.
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max
yij∈[0,∞)

(¯̄
¯̄
¯

³
ai

yij+yi(−j)
− c
´
yij − cφ if yij > 0

0 if yij = 0

)
, (2)

where yi(−j) =
P

j0 6=j yij0 is the total amount of output supplied by firm j’s
competitors.
According to this program, the optimal behavior of a firm depends on

the conjecture it makes on other firms behavior. Naturally, the choices of all
other firms are also dependent on the conjectures they make on the former’s
behavior. These strategic interactions underline the concept of free entry
equilibrium, which is nothing else but a qualification of the standard concept
of Cournot-Nash equilibrium:

Definition: An equilibrium in sector i, given the common expectation of
an aggregate sectoral real expenditure ai, is a vector (y

∗
i1, ..., y

∗
iN) ∈ [0,∞)N

such that y∗ij is a solution to producer j’s program (2) under the conjecture
y∗i(−j). It is an equilibrium with free entry if some firms are active, while at

least one other firm optimally chooses not to produce: ∃j ∈ {1, ..., N} , y∗ij =
0, while y∗i(−j) > 0.

Each one of the N firms within the sector is allowed to rationally choose
to be active or inactive, according to its (correct) conjecture of other firms
choices. As soon as one firm at least chooses to be inactive (the equilibrium
number n of active firms being then smaller than N), we may speak of free
entry since there exists a potential entrant which is not hindered by any cost
or product differentiation disadvantage relative to its competitors.
We now show how to compute the admissible interval for the equilibrium

number of active firms. First, notice that any firm deciding to be active must
choose the amount of good it produces according to the first order condition
for a positive solution of program (2):

a

yj + y−j

µ
1− yj

yj + y−j

¶
= c (3)

(where we have dropped for simplicity the subscript referring to the sec-
tor). For y−j > 0, and by concavity of the payoff function in the interval
(0,∞), this condition is sufficient for a global maximum with positive pro-
duction, provided the corresponding solution is profitable, that is, entails a
non-negative profit.
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Observe that the left-hand side of (3), with the same equilibrium level
of sectoral output y∗j + y∗−j for any j, is decreasing in yj, so that a positive
solution yn to (2) is unique and identical to all the n active firms, entailing
the individual output

yn =
1

n

aP

pn
(4)

and the relative price

pn
P
=

n

n− 1c. (5)

Thus, firms set their common price by applying to marginal cost c a
markup which, by the assumption of unit demand elasticity, only depends
(negatively) upon the number n of active firms. This number is endogenous,
and must satisfy, besides the profitability condition that any producing firm
should make a non-negative profit, a sustainability condition for free entry.
This condition is weaker than the zero profit condition that is usually intro-
duced in the macroeconomic literature. It merely imposes that any potential
entrant is deterred from becoming active because correctly realizing that no
output would entail a positive profit, given its conjecture of the sectoral de-
mand level a and of the cumulative sectoral output nyn supplied by its n
active competitors.
Within our framework, the profitability condition is

µ
a

nyn
− c

¶
yn > cφ, (i)

whereas the sustainability condition is

∀yj ∈ [0,∞) ,
µ

a

yj + nyn
− c

¶
yj 6 cφ. (ii)

In particular, the left-hand side of the second inequality expresses the profit
of a potential entrant, gross of the fixed cost. This profit is maximized at
some level of output byn, which is given by

byn =
a

c

r
n− 1
n

Ã
1−

r
n− 1
n

!
, (6)

so that condition (ii) can be given a more tractable, equivalent expression:
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µ
a

byn + nyn
− c

¶
byn 6 cφ. (ii’)

Condition (ii’) simply states that even for the “optimal” level of positive
production, a potential entrant can at best exactly cover its production costs,
thus being satisfied with inaction.
Conditions (i) and (ii’) can now be used to determine the admissible

interval for the equilibrium number of active firms. In particular, using (4)
and (5) to substitute for yn and pn/P , the profitability condition (i) yields

n 6

r
a

cφ
≡ n. (7)

Similarly, using (4) to (6) to substitute for yn, pn/P and byn, the sustainability
condition (ii’) can be expressed as

1−
r
n− 1
n

6

r
cφ

a
,

or

n >
n

2− 1/n ≡ n. (8)

Hence, any integer n in the interval [n, n] can be the number of active
firms at an equilibrium with free entry (there is indeterminacy as soon as
the interval contains more than one integer). The zero profit condition,
picking up the greatest integer in the interval, thus appears as no more than
a particular selection device in presence of indeterminacy.

3 The model

In this section and the following, we study the business cycle properties of
a dynamic general equilibrium model which includes markup formation as
just characterized. Specifically, we build a standard dynamic general equi-
librium model which relies on the market structure described in section 2,
and assume that firms enter any sector according to some form of “animal
spirits”, selecting a number of active firms in the admissible interval. We
think of “animal spirits” as the main mechanism governing entries because,
as already stressed, producers’ equilibrium decisions are strongly dependent
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on consistent, self-fulfilling conjectures about their competitors’ behavior.
We want further to examine whether such an entry mechanism, associated
with extrinsic random shocks on producers’ conjectures (and the correspond-
ing markup formation) can provide a model of economic fluctuations whose
properties are compatible with those observed in the US economy.
The economy is composed by a huge population (formally, a continuum

of unit mass) of identical households maximizing their intertemporal utility,
and by a large number m of sectors producing m imperfectly substitutable
goods, within which a small number of active firms compete in a Cournot
setting. We assume that the utility function of a household is defined, for
each period, over the m different goods, with a unit elasticity of intersectoral
substitution.7 As well known, this specification implies that the total demand
addressing each sector i at time t is given by

yi,t =
Yt
m

Pt
pi,t
, (9)

where Yt = m
hQm

i=1 (yi,t)
1/m
i
and Pt =

Qm
i=1 (pi,t)

1/m are the appropriate

indices of the aggregate output and the price level. Hence, the demand
which addresses each sector depends negatively, with unit elasticity, on the
relative price pi,t/Pt prevailing in the sector, and positively and linearly on
the level ai,t ≡ Yt/m of sectoral demand, as assumed in the preceding section.
Because of the presence of fixed costs in the production function, there

are increasing returns to scale; otherwise, our model (with Cobb-Douglas
preferences and technologies, in particular) is quite standard. But this weak
form of increasing returns is enough to entail indeterminacy of the equilibrium
number of active firms within each sector, so that different levels of activity
are sustainable, even though output markets are all perfectly contestable.

3.1 Households

The representative household is endowed with an initial amount of capital
K0. During each period t, t = 0, ...,∞, it rents its capital stock Kt to the
representative firm at the real interest rate rt, supplies an amount of work
Ht at the real wage rate wt, perceives as a shareholder the real profits made

7As mentioned earlier, a unit elasticity of intersectoral substitution is one of the as-
sumptions made only to simplify calculations. None of our results on the indeterminate
equilibrium number of firms is dependent on this particular assumption.
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by the representative firm Πt, and consumes a volume Ct of the final goods.
The intertemporal budget constraint is

Kt+1 = (1− δ)Kt + rtKt + wtHt +Πt − Ct, (10)

where δ is the rate of capital depreciation. The program of the representative
household is then to maximize the expected utility

E
0

( ∞X

t=0

βtU (Ct, Ht)

)

with respect to {Ct,Ht,Kt+1}t=0,...,∞, given the budget constraint (10) and
the instantaneous utility function (see Hansen, 1985)

U (Ct,Ht) =
1

1− σ
C1−σ
t − B

1 + χ
H1+χ
t ,

where σ > 0 is the inverse of the elasticity of intertemporal substitution, and
χ > 0 is the inverse of the labor supply elasticity. The optimality conditions
can be written as

BHχ
t C

σ
t = wt (11)

and

C−σ
t = βE

t

©
(1− δ + rt+1)C

−σ
t+1

ª
, (12)

which are the traditional consumption-leisure and consumption-saving trade-
off conditions for the household.

3.2 Firms

The profit maximization program of the representative firm j in the i-th sec-
tor can be conveniently described as a two-stage procedure: In the first stage
it chooses, for any given level of production yij,t, the optimal combination of
capital kij,t and labor hij,t which minimizes its production costs rtkij,t+wthijt,
subject to the production function

yij,t = (kij,t)
α (hij,t)

1−α − φ, (13)

where φ is a fixed cost (in terms of output). The optimal levels of capital
and labor are given by

11



kij,t =

µ
α

1− α

¶1−αµ
wt

rt

¶1−α
(yij,t + φ) (14)

and

hij,t =

µ
α

1− α

¶−αµ
wt

rt

¶−α
(yij,t + φ) . (15)

We can deduce from these equations the corresponding level of the real pro-
duction cost (for yij,t > 0):

rtkij,t + wthij,t = Arαt w
1−α
t (yij,t + φ) ≡ c (rt, wt) (yij,t + φ), (16)

where A = α−α(1− α)−(1−α) is a constant related to technology conditions.
Notice that the cost structure which is defined by (16) is the one we have
adopted in section 2. The real marginal cost is constant at the firm level
(wt and rt are taken as given from the individual point of view), but the
fixed cost in the production function implies that increasing returns to scale
prevail in the (weak) form of a decreasing real average cost.
In the second stage of its maximization program, each firm chooses the

price it will charge and the corresponding level of production. It is the de-
scription of this second stage that we have undertaken in the preceding sec-
tion. The optimal pricing decision of an active firm is to apply a markup over
the marginal cost, leading in a sectoral symmetric equilibrium, by equation
(5), to the relative price

pi,t
Pt
= µi,tc (rt, wt) . (17)

The markup depends exclusively, because of constant unit demand elasticity,
on the actual number of firms operating within the sector:

µi,t =
ni,t

ni,t − 1
, (18)

where ni,t takes values in the interval [n, n].

3.3 Aggregation

We have seen that there are in general multiple Nash equilibria in each sector,
with different numbers of producing firms (belonging to the interval [n, n])
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and corresponding different relative prices and levels of activity. Denoting
by dne the least integer not smaller than n and by bnc the greatest integer
not larger than n, there actually exists S ≡ bnc− dne+ 1 different possible
states for any given sector, such that we may associate with any state s
(s = 1, ..., S) a specific admissible number ns ≡ dne + s − 1 of active firms,
and a corresponding markup µs ≡ ns/(ns − 1).
Aggregation can be easily achieved as follows. Denoting by fs,t the pro-

portion of sectors in the economy which are in state s at date t, we can
determine the average number of active firms, nt ≡

PS
s=1 fs,tns, and the av-

erage markup µt, defined as the weighted geometric mean of the S different
admissible markups, using equation (18): lnµt =

PS
s=1 fs,t ln (ns/ (ns − 1)).

Aggregate output can be correspondingly defined, being a weighted geometric
mean of the S different admissible sectoral production levels.
Clearly, the evolution both of the average number of active firms and of

the average markup, as well as that of all the aggregate variables, crucially
depends on the evolution of the vector ft ≡ (f1,t, ..., fS,t), itself determined
by the process coordinating producers’ conjectures.

3.4 Animal spirits

Because of the existence of multiple Nash equilibria within each sector, there
exists a coordination problem between firms, which cannot be solved by
referring solely to current objective economic conditions or “fundamentals”
of the system. Instead, ‘animal spirits’ of competitors may influence entry
and exit decisions, and so become a driving force of the business cycle.
Following a common practice in the literature, we shall consequently as-

sume that firms tackle this coordination problem by referring to some extrin-
sic stochastic process, which may refer to both idiosyncratic and aggregate
components (relevant information is largely sector specific, but the general
economic situation significantly influences the way such information is eval-
uated and interpreted).
Specifically, we assume that at each date t all firms in each sector i receive

a signal si,t ∈ {1, ..., S} suggesting the state which is most likely to be realized
at this date in this specific sector. However, this signal si,t is assumed to be
noisy, so that it can only trigger coordination upon the corresponding state
if its intensity is above some threshold, say ρ in a [0, 1] scale. Otherwise, if
the signal appears too noisy, firms will prefer to coordinate upon the state

13



s∗i,t−1 that has been observed in the previous period.
8

We assume that si,t is the outcome of an independent non-stationary
Markov process, characterized by a transition matrix Πω, common to all sec-
tors and itself generated at the economy level by some stationary stochastic
process with sample space Ω.9 If signal intensities are distributed over the
interval [0, 1] uniformly as well as independently across the different sectors,
we obtain by the law of large numbers the following evolution of the column
vector ft = (f1,t, ..., fS,t)

0:

ft = [ρI + (1− ρ)Πω] ft−1, (19)

where Πω is an (S × S) column-stochastic matrix (the s-th element of the s0-
th column of Πω represents the probability for any firm in a sector of receiving
the signal s at period t, conditional on being in state s0 ∈ {1, ..., S} at t− 1,
when the economy as a whole is in state ω ∈ Ω at t). By pre-multiplying the
two sides of this equation by the row vector n = (n1, ..., nS), we obtain the
corresponding evolution of the average number of active firms

nt = ρnt−1 + (1− ρ)nΠωft−1. (20)

Clearly, as long as the transition matrix Πω stems from a non-degenerate
stochastic process, both the average number of active firms and the average
markup will be continuous random variables over the supports [n1, nS] and
[nS/ (nS − 1) , n1/ (n1 − 1)], respectively.10 Also, the time properties of nt
and µt will crucially depend on the properties of the stochastic process Πω.

Examples

To illustrate our argument, we can think of different sensible coordination
processes implying distinct stochastic processes for the average number of
active firms.

8This assumption, which seems a priori natural, allows us to account for the persistence
in firms’expectations clearly apparent in the data (see Figure 1).

9We may for instance refer to the double chain Markov model, where two Markov chains
are superposed, one controlling the transition process between the transition matrices of
the other (see Berchtold, 1999).
10With a constant (and regular) transition matrix ρI + (1− ρ)Π, the frequency vector

ft would converge to a fixed point f , so that aggregate fluctuations would eventually fade
away.
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As a first example, we can assume that there are two states summing up
the overall opinion about the general tendency of the economy: “good times"
and “bad times". For instance, “good times” may uniformly encourage the
entry of some potential producer, provided profitability is preserved, and
“bad times” may prompt some heretofore active firm to cease production,
provided sustainability is preserved. In other words, all sectors receive the
signal si,t = min {si,t−1 + 1, S} in “good times", and si,t = max {si,t−1 − 1, 1}
in “bad times”. Of course, the degree of reliability of this signal is still
evaluated on the interval [0, 1], triggering a state transition only if it is larger
than the threshold ρ. Under these assumptions, it is straightforward to show
that the number of active firms in each sector follows a random walk with
two delaying barriers n1 and nS (see for instance Spitzer, 1976). As for
the average number of active firms, notice that we obtain in this case for
the product nΠω in equation (20): nΠg = n +

£
1 ... 1 0

¤
if ω = g

(“good times") and nΠb = n −
£
0 1 ... 1

¤
if ω = b (“bad times"). As

a consequence, the aggregate process described by this equation takes the
form:

nt = nt−1 + (1− ρ) (1− fS,t−1) if ω = g (21)

nt = nt−1 − (1− ρ) (1− f1,t−1) if ω = b. (22)

The evolution of the average number of active firms thus looks like a stan-
dard random walk with two shocks. However this is partly misleading since,
because of the delaying barriers, the aggregate process depends upon past
microeconomic information on the proportions f1,t−1 and fS,t−1 of sectors
that were in the two extreme states 1 and S at date t− 1.11
As a second example, we can refer to a case in which present aggregate

information is sufficient to characterize the stochastic process for the average
number of active firms. In particular, we can think of a situation in which
all firms in the economy receive the same signal si,t independently of the
state prevailing previously in their respective sectors, but with a degree of
confidence that remains idiosyncratic. In this case, all the S columns of Πω

are equal to the same (degenerate) column probability vector πω belonging
to the canonical basis of RS, so that equation (20) becomes

nt = ρnt−1 + (1− ρ)ns, (23)

11This is therefore a case in which correct aggregation cannot be done without reference
to the position of microeconomic units, see for instance Caballero (1992).
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where ns ≡ nπω ∈ {n1, nS}. We obtain in this case a dynamic stochastic
equation in the aggregate variable nt, which is a standard AR(1) process with
a finite number of shocks equal to #Ω ≤ S. A simple instance of this case,
that we use in our simulations below, is the discrete uniform distribution
over the #Ω = S possible states.12

4 Model properties

In this final section, we proceed to a quantitative evaluation of the model in
the spirit of the Real Business Cycle literature. In particular, we ask whether
this simple mechanism of entries and exits driven by self-fulfilling changes in
firms’ expectations can generate business cycles that are relatively close to
those observed in the US economy. Testing the business cycle properties
of this model is important since, as discussed below, traditional sunspot-
driven models based on the sink nature of the steady state have encountered
difficulties in explaining some standard features of observed business cycles.
Since our model does not rely on that kind of dynamic indeterminacy, one
can expect its business cycle properties to be quite different from those in
the traditional literature on endogenous fluctuations.
For simplicity, and to allow easier comparison with standard RBCmodels,

we will from now on consider a coordination scheme inducing, as in (23), a
dynamic stochastic equation in the aggregate variable nt, of the form:

nt = ρnt−1 + (1− ρ)ut, (24)

where the parameter ρ ∈ (0, 1) controls the degree of persistence, and where
ut is a discrete random variable uniformly distributed over the interval {dne , bnc}.
Notice that there is a deterministic mean value ň around which the disper-
sion of the number of active firms remains constant. Indeed, specification
(24) implies

12In fact, the assumption that all firms in the economy receive the same signal is only
auxiliary. The important requirement to obtain a dynamic stochastic equation in the aggre-
gate variable nt (independently of any microeconomic information) is that the probability
distribution over the S states be independent of the previous state (or equivalently that
all the S columns of Πω be equal, for any ω ∈ Ω, to the same column probability vector
πω). For instance, if πω = (1− ω, 0, ..., 0, ω)

0
, where ω is uniformly distributed over [0, 1],

the variable nω ≡ nπω is a continuous uniform random variable.
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E (nt) = E(ut) =
dne+ bnc

2
≡ ň

and

Var(nt) ≡ E(nt − ň)2 =
1− ρ

1 + ρ
Var(ut).

Thus, although our model has, strictly speaking, no stationary state (since
ut is uniformly distributed over [dne , bnc]), the dispersion remains constant
around the mean value ň. As a consequence, the general equilibrium model
described below leads to a dynamic system which is ergodic with a bounded
support. This will allow us to log-linearize the dynamic system around the
average equilibrium defined by the mean value ň, and will therefore make our
model comparable to other existing business cycle models which have been
solved and evaluated using similar methods.
Log-linearization results in a three-dimensional dynamic system of the

following form (the hat on a variable denoting percentage point deviation
from the average equilibrium):

⎡
⎣
bKt

bCt

bnt

⎤
⎦ = Φ

⎡
⎣
bKt+1

bCt+1

bnt+1

⎤
⎦+ Γ

∙
bet+1
but+1

¸
, (25)

where bet+1 = bCt+1 − Et

³
bCt+1

´
is the one-step-ahead forecast error of con-

sumption, and but+1 is the “animal spirits” innovation. Of course, all the
other endogenous variables Y , H, w, r and µ can be uncovered by simple
linear functions of the ‘state’ variables K, C and n.
The analysis of the matrix Φ is crucial for determining the properties

of the average equilibrium. The three-dimensional dynamic system (25) in-

cludes two predetermined variables, bK and bn, and one non-predetermined
variable, bC. Hence, if the matrix Φ contains as many eigenvalues with mod-
ulus strictly above one as there are predetermined variables, the average
equilibrium has a saddle-path property. As Benhabib and Farmer (1994)
emphasized, this implies that the forecast error bet is then a deterministic
function of the endogenous disturbance but. If, on the contrary, all the eigen-
values of the matrix Φ have modulus strictly above one, the average equi-
librium is a sink, and the forecast error may then enter as an independent
shock to the business cycle. The properties of the matrix Φ depend of course
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crucially on the specific values which are attributed to the structural para-
meters. In our simulation experiments, and for the reference calibration that
we adopt below, we found that only two of the eigenvalues of the matrix
Φ have modulus strictly above one, so that the average equilibrium around
which we study the local dynamics has a saddle-path property.

4.1 Calibration

Calibration of most structural parameters is done within the range of admis-
sible values which have been used in the related literature. Following Farmer
and Guo (1994), we assume a discount factor β = 0.99, an average value of
hours worked equal to 0.2 (20% of time endowment), a quarterly depreciation
rate of capital δ = 0.025, an elasticity of production with respect to capital
α = 0.3, and an infinitely elastic labor supply χ = 0. Typical estimates of
the inverse of the intertemporal elasticity of substitution range between 0
and 5. We set σ = 2, which is an average value not far from the logarithmic
case. As for the parameter ρ, the threshold below which the intensity of the
idiosyncratic signal is not sufficient to trigger a state transition in producers’
conjectures, we assume ρ = 0.9 in order to get enough persistence.
Finally, a crucial parameter in our model is φ, the real fixed cost in the

individual production function. This parameter is important for two reasons.
First, it determines the admissible interval [n, n] within which the number
of active firms must remain, and second, it controls the degree of overall
increasing returns (the inverse of the elasticity of the cost function) we are
willing to introduce in our model:

γ =
y + φ

y
.

There has been a great deal of empirical literature in recent years that has
attempted to estimate the importance of returns to scale in actual economies.
Since the earlier works by Hall (1990) and Caballero and Lyons (1992), who
reported large IRS in the US manufacturing industry, recent studies by Basu
and Fernald (1995, 1997) and Burnside, Eichenbaum and Rebelo (1995) have
arrived at much smaller estimates, not very far from the assumption of con-
stant returns to scale. However, even those recent papers include differences
which, from the perspective of our paper, are particularly interesting. In-
deed, while Basu and Fernald (1997) end up with nearly constant returns to
scale for gross output as a whole, Burnside, Eichenbaum and Rebelo (1995)
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find evidence of constant returns to scale with respect to variable inputs.
As emphasized by Basu (1995) in his comment, the test of BER (1995) is
actually a test to see whether firms operate under constant marginal costs.
But if there are fixed costs in production activities, then BER’s estimates
are fully consistent with globally increasing returns to scale, provided they
appear under the mild form assumed in equation (13). Building on BER’s
work and adding independent estimates of overhead costs provided by Ramey
(1991), Basu (1995) shows that BER’s estimates are in fact consistent with
28% of increasing returns to scale.
In our simulations, we have chosen γ = 1.23 as a benchmark calibration,

implying that fixed-cost represents 23% of individual net output, and result-
ing in the admissible interval [3, 5] for the number of active firms. Clearly,
given the recent available evidence, we see this calibration as ranging close
to the upper bound of admissible values of increasing returns to scale. For
this reason, we have also considered a second calibration with a much more
conservative value for γ, and tested the robustness of our results against this
alternative setting. Specifically, we assume in this second experiment that
γ = 1.05, the value suggested by Basu (2002) to calibrate a production func-
tion similar to ours. For this value, a simple computation shows that the
admissible interval for the number of active firms is [11, 21].

4.2 Empirical properties

We now compute the second order moments for the main variables of our
model, and compare them to their empirical counterparts.13 Tables 1 and 2
report the relative volatilities and cross-correlations with output of the main
variables as measured in US data, and as implied by our model, under the
two different assumptions regarding the size of increasing returns to scale.
The most obvious observation from these tables is that the kind of busi-

ness cycles implied by the model resemble closely that of the US economy. In
particular, Table 1 shows that for the two calibrations considered, the model
easily reproduces the weaker volatilities of consumption and real wages rela-
tive to output, and the larger volatility of investment. The volatility of hours

13To compute the theoretical moments, we generated 100 series of 150 innovations uni-
formly taken on the support {dne , bnc} and constructed the series for all endogenous
variables. The average moments are reported in Table 1, after the series have been fil-
tered by the Hodrick-Prescott filter. Empirical moments are taken from King and Rebelo
(1999).
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Table 1 - Absolute and relative standard deviations

σY σX/σY
Y Variable (X) C H I w
1.81 US Data 0.74 0.99 2.93 0.38
1.79 Model (γ = 1.23) 0.62 1.54 2.57 0.08
0.35 Model (γ = 1.05) 0.71 1.76 2.13 0.09

is somewhat larger than in the data, but this is a natural feature of models
which do not introduce external effects on labor or exogenous shocks to factor
productivity. In addition, Table 2 shows that the model also accounts for the
strong procyclical movements of consumption, employment and investment
that are typical of real economies.
To understand how fluctuations in the equilibrium number of active firms

generate such fluctuations in real variables, it is useful to consider the pseudo
impulse-response functions to a positive “animal spirits” shock that we dis-
played in Figure 3. Figure 3 plots the expected behavior of the main variables
(expressed as percentage point deviations from the average state) when it is
assumed that the current realization of ut is 5 and all future values are 4, the
mean value of the admissible interval [dne , bnc]. Note that given the cali-
brated value of ρ = 0.9, this realization of ut implies that the average number
of firms increases by only 2.5% (i.e., raises from 4 to 4.1). Following the entry
of new firms, there is an immediate and persistent reduction in the average
markup, which generates in turn an instantaneous and sustained increase in
the demand addressed to each sector. Firms meet this increased demand
by raising output, investment and employment. With a labor demand curve
shifting along an almost invariant horizontal labor supply curve (remember
that the wage-elasticity of hours is infinite), real wages also increase dur-
ing the boom, albeit only slightly during the first periods. With consumers
working more at a higher wage, consumption also rises persistently.
Obtaining simultaneous procyclical movements of output, consumption

and investment is particularly important in our model since, as pointed out
by Benhabib and Farmer (1999), standard models of indeterminacy via a sink
stationary equilibrium have encountered significant difficulties in explaining
this feature without relying on large markups or large increasing returns
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Table 2 - Contemporaneous correlations with output

Corr(Yt, Xt)
Variable (X) C H I w
US data 0.88 0.88 0.90 0.12

Model (γ = 1.23) 0.99 0.99 0.99 0.19
Model (γ = 1.05) 0.99 0.96 0.99 -0.60

through declining marginal costs.14 This is because with a constant demand
for labor and conventional slopes for the labor demand and labor supply
curves, any shift in the labor supply schedule necessarily implies counter-
cyclical movements of the real wage, and thus generally leads to decreased
consumption.
In that respect, a key feature of our model is that positive “animal spirits”

(leading to the entry of new active firms) induce a decrease in the average
markup and thus an outward shift in the demand for labor. This increase in
labor demand may be strong enough to offset the depressing effect of labor
productivity on real wages, so that real wages eventually rise in response
to a positive sunspot. Although this simple mechanism is similar to the
countercyclical markup models of Galí (1994) and Schmitt-Grohé (1997),
the main obvious difference is that we do not have to require extremely large
markups or increasing returns to make them fluctuate endogenously.15 In
fact, as shown in Table 2, the model still generates procyclical movements of
consumption with 5% of increasing returns (γ = 1.05).
Hence, by the standards of the business cycle literature, the model does

pretty well at accounting for the main features of US postwar fluctuations.
Interestingly, most of these results are robust to the different calibrations on
the degree of returns to scale γ. In fact, as shown in Table 1, the only signifi-

14See amongst others Benhabib and Farmer (1994), Farmer and Guo (1994), Benhabib
and Farmer (1996), and Schmitt-Grohé (2000) for additional details. An interesting ex-
ception is the two sector model with home production of Perli (1998), in which an “animal
spirits” shock both increases output and market consumption, because of an (unobserved)
fall in home production. However, calibrated versions of this model imply that the de-
gree of increasing returns to scale must be set to 20% in order to generate procyclical
consumption and sufficient autocorrelation in output.
15For example, in Galí (1994), values for the markup above 2.0 are necessary to obtain

an indeterminate equilibrium. Galí even uses a markup of 2.8 to generate good results in
his simulations.
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Figure 3: Pseudo impulse response functions for the benchmark model.

cant differences concern the contemporaneous correlation of output with the
real wage (with γ = 1.05, the real wage decreases in the first period before
rising up, so that the instantaneous correlation is negative) and the absolute
volatility of output. With γ = 1.23, this volatility is similar to that observed
in the US economy, which might be considered as implausibly high for a
model with a unique source of disturbances. With γ = 1.05, this variance is
still around 20% that of the US economy. Hence, considering large or small
degrees of increasing returns to scale mainly influences the potential of the
mechanism we emphasized in this paper to account for a significant part of
actual output fluctuations.
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5 Conclusion

The idea that endogenous changes in the beliefs of economic players may
influence the level of economic activity has been revived by the recent research
on business cycles. In particular, dynamic general equilibrium models with
a sink stationary equilibrium have shown that endogenous changes in beliefs
can be self-fulfilling, and hence consistent with individual optimization and
rational expectations.
In this paper, we have explored another way of generating such endoge-

nously driven fluctuations by exploiting the idea, put forward in the micro-
economic literature, that different levels of economic activity sustained by
different numbers of active firms may be consistent with conditions of free
entry and perfect contestability within each sector. We have shown that
a simple economy displaying this kind of indeterminacy may be subject to
large fluctuations due to endogenous changes in the animal spirits of firms
and in their willingness to enter and compete within existing markets. Fur-
thermore, these fluctuations have properties similar to those observed in the
US economy.
Finally, because our model does not rely on the sink property of the

steady state to generate indeterminacy, it avoids some difficulties that are
encountered in recent related models, such as the requirement either to im-
pose large increasing returns through declining marginal costs, or to trade
lower increasing returns against countercyclical movements of consumption.
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