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Abstract

We characterize endogenous market structures under competition in prices and quantities
with endogenous entry in a DSGE model. Short run markups vary countercyclically because
of the impact of entry on competition. Long run mark ups are decreasing in the discount
factor and in productivity, and increasing in the exit rate and in the entry costs. Dynamic
inefficiency can emerge due to excessive entry under competition in quantities. Positive
temporary shocks to productivity and government spending attract entry, which strength-
ens competition so as to temporary reduce the prices: this competition effect creates an
intertemporal substitution effect which provides an extra boost to consumption. The inter-
play between the dynamics of the number of firms, sunk entry costs and strategic interactions
among producers improves the ability of a flexible prices model in matching impulse response
functions and second moments for U.S. data.
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1 Introduction

The neoclassical theory of the business cycle, which is well represented by the work of Kydland
and Prescott (1982), is based on perfect competition, constant returns to scale and the
absence of fixed costs of production. In this environment goods are priced at the marginal
cost, there is no room for extraprofits and the structure of the markets is indeterminate (i.e.:
mark ups are zero and the number of firms and their individual production are irrelevant).
The New-Keynesian theory, starting with Blanchard and Kiyotaki (1987), has introduced
product differentiation and imperfect competition in general equilibrium models with nominal
frictions to study the effects of aggregate demand and supply shocks. Most of this literature
departed from the neoclassical framework assuming monopolistic competition ¢ la Dixit-
Stiglitz (1977) between an exogenous number of firms producing differentiated goods. This
approach rapidly became the standard framework for the analysis of macroeconomic policy,
with a focus on monetary policy. Nevertheless, it also leads to an exogenous market structure.
As such it neglects the role of strategic interactions between firms of the same sectors, it
neglects the endogeneity of the number of firms, and it neglects the impact of entry on the
same strategic interactions. The result is that the structure of the sectors of the economy
remains a sort of “black box” whose main components, mark ups and number of competitors,
are exogenous.

Building on recent important works by Ghironi and Melitz (2005) and Bilbiie, Ghironi and
Melitz (2007, BGM henceforth) we open the “black box” of the market structure and link the
endogenous behavior of firms at the sectoral level with the general equilibrium properties of
the economy, and in particular with its business cycle properties. Our aim is to characterize
the endogenous market structures in general equilibrium, and in particular the mark ups
(and the number of firms) as functions of the structural parameters of the economy and
study their role in the propagation of shocks - with particular reference to the impact on
profits and mark ups, which are necessarily neglected in the neoclassical framework.

We consider an economy with distinct sectors, each one characterized by many firms
supplying goods that can be imperfectly substitutable to a different degree, taking strate-
gic interactions into account and competing either in prices (Bertrand competition) or in
quantities (Cournot competition). As in Ghironi and Melitz (2005), who gave new life to
an interesting literature on the role of entry in macreoconomic models,?> we introduce sunk
entry costs to endogenize the number of firms in each sector. However in our context the
number of firms affects the short run equilibrium mark ups in each sector. Therefore, mark
ups are endogenous and depend on the form of competition, on the degree of substitutability
between goods and on the number of firms.

While the market for goods is characterized by imperfect competition and endogenous
entry, the rest of the economy operates as in a standard dynamic flexible price model. In
this context, a temporary supply shock induces a novel propagation mechanism: it initially
increases profits, which attracts entry of firms, this in turn strengthens competition reduces
the mark ups and (through a general equilibrium effect) increases the real wage. The tempo-
rary reduction of the mark ups and increase in real wages induces a stronger intertemporal
substitution effect in favor of current consumption and labor supply, which magnifies the ef-
fect of the shock compared to a perfectly competitive model. Finally, the temporary increase
in demand has a positive feedback effect on profits which keeps the propagation mechanism

2Early contributions to this literature are Chattejee and Cooper (1993), Devereux et al. (1996), Cooper
(1999), Devereux and Lee (2001). More recent development are instead BGM (2007, 2008a,b), Bergin and
Corsetti (2008), Lewis (2008), Elkhoury and Mancini-Griffoli (2007), Etro (2007) and Jaimovich and Floetotto
(2008).
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Figure 1: Cyclical component of GDP, New Incorporations and Price Markup. Shaded areas
represent NBER recessions.

alive. Our framework can be augmented with a standard process of capital accumulation to
nest both our basic model and the traditional RBC model.

There is convincing macroeconomic evidence in support of the business cycle implications
of our approach. Bils (1987), Rotemberg and Woodford (1999) and Gali et al. (2007)
forcefully document price mark ups countercyclicality. Early references on the procyclicality
of firms’ entry are Chatterjee and Cooper (1993) for the U.S. and Portier (1995) for France.
BGM (2007a,b) emphasize, instead, the procyclicality of real profits.

To provide further support to these empirical findings we performed an additional VAR
analysis on U.S. data. We constructed a labor share based measure of the price markup for
the U.S. along the lines suggested by Rotemberg and Woodford (1999) in their analysis of
cyclical markup behavior.? Figure 1 plots the series of detrended GDP, the price markup
and the number of new incorporations at a quarterly frequency from 1948:1 to 1995:3.* In
line with the evidence reviewed above net business formation is procyclical and negatively
correlated with the price mark up, which is countercyclical. The contemporaneous correlation
between GDP and new incorporations is positive and equals 0.11, while that between GDP
and the price mark up is -0.42.5

Next we considered a VAR(2) model including our mark up measure, labor productivity,
which we take as a measure of technology, consumption, GDP, profits, and the number of

3The procedure used to derive our price mark up measure is described in Appendix C together with the
data used in the remainder of the paper.

4Variables have been logged. Since we use these variables in subsequent time series analysis we opt for a
polynomial of time to detrend variables instead of the HP filter, as suggested by Gall et al. (2007). However
the signs of contemporaneous correlations between our measures of entry and the price mark up with output
are unchanged when variables are detrended using the HP filter.

5The contemporaneous correlation between GDP and the index of net business formation is positive too
and equals 0.45. We do not report the cyclical component of net business formation in Figure 1 because the
number of new incorporations is closer to what we considers as new entrants in the remainder of the paper.
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Figure 2: Impulse response function to a labor productivty shock with 95% confidence bands.



new incorporations. We identify the technology shock by imposing a recursive structure on
the system. In our baseline specification variables are ordered as listed above.® The ordering
is naturally suggested by our theoretical framework. The technology shock affects output
and consumption, this leads, for given markup, to a change in profits which affects the entry
decision of firms. The resulting number of competitors will finally lead to a mark up change.

Figure 2 shows the estimated responses to an expansionary shock to labor productivity.
The responses of output and consumption are similar to those found in Dedola and Neri
(2007) and other works in the literature. Most relevantly for our purposes, both profits
and firm entry respond positively to the technology shock, while the price mark up declines
significantly. This endogenous reaction is consistent with the hypothesis formulated in our
approach.

Our work is related to some recent contributions studying the role of firms’ entry and the
creation of new products for the business cycle. Recent empirical works on the manufactur-
ing sector by Broda and Weinstein (2009) and Bernard et al. (2008) have emphasized the
importance of the extensive margin in the process of product creation or innovation. For this
reason BGM (2007) design the entry process as a process of creation of new products with
limited substitutability which may depend on the same number of available products. This
relation between number of goods and their substitutability can be microfounded through the
translog preferences introduced by Feenstra (2003), which are characterized by demand-side
pricing complementarities. While driven by different mechanisms, both the BGM demand
side explanation and our supply side explanation deliver dynamic responses of mark ups and
profits to a technology shock which are consistent with the VAR evidence presented above.

Early works of the New Empirical Industrial Organization literature starting with Bresna-
han and Reiss (1987) and more recent works by Manuszak (2002), Campbell and Hopenhayn
(2005), Manuszak and Moul (2008) and others have provided convincing evidence in support
of the competition effect on mark ups and the number of firms. However, while this em-
pirical literature refers to a supply-side explanation for countercyclical mark ups, its results
are also consistent with the demand-side explanation proposed by BGM (2007). In other
words, the sources of markup fluctuations cannot be distinguished simply using aggregate
data. Future research should try to identify and disentangle demand and supply effects by
means of microeconomic data.

Jaimovich and Floetotto (2008, JF henceforth) have independently developed a flexible
prices model with endogenous market structures. Our analysis differs from that of JF with
respect to both assumptions and focus. For what concerns assumptions, as mentioned above,
we model endogenous entry ¢ la BGM (2007) rather then resorting to a static zero profits
condition as in JF. This allows us to study the interaction between sunk entry costs and
oligopolistic behavior. Also to account for the degree of business destruction we assume that
an exogenous fraction of firms exit the market in each period, which makes the number of
active firms an endogenous state variable. This helps reproducing two relevant empirical
regularities. The first one, already discussed, is the positive correlation between profits and
output over the business cycle, while the second one is the nonlinear time profile of the
correlation between the markup and the cycle. In our framework output jumps on impact a
response to a TFP shock, while, since firms accumulate slowly, the markup does not change on

6The lag lenght has been selected according to a sequential LR test starting with a maximum number
of lags equal to 8. However results do not change relevantly if we consider 3 or 4 lags. For robustness we
experimented with alternative orderings of the variables ordered after the technology shock. Also we have
estimated the dynamic behavior of the model including the index of net business formation described above
instead of the number of new incorporations. In all these cases just minor changes apply to the our baseline
results.



impact and falls more in future periods.” This correlation pattern is consistent with the VAR
analysis presented above.® With respect to the focus, we analyze the interaction between the
form of competition and the endogenous market structures both in the long and the short.
Also we emphasize the role of market structures for the propagation of exogenous technology
shocks. JF consider the effects of market structure endogeneity for the measurement of the
Solow residual. More precisely, they exploit the market structure endogeneity to provide a
decomposition of TFP shocks in an exogenous component and in an endogenous one due
to the variability of mark ups. By fitting a AR(1) process to the exogenous component of
technology obtained with this methodology, they find that the latter has a lower variability
with respect to that estimated using the traditional measures of the Solow residual. Next
they impose the estimated TFP process on in model characterized by strategic interactions
and show that this can outperform the standard RBC model at replicating the variability of
the main macroeconomic variables.

The remainder of the paper is organized as follows. Section 2 describes the model and its
dynamic properties under competition in quantities and in prices. Section 3 calibrates and
simulates the model. Section 4 compares our supply-side explanation for countercyclical mark
ups with the demand-side explanation based on translog preferences. Section 5 augments the
model with physical capital. Section 6 concludes. Technical details are left in the Appendix.

2 The Model

The structure of the economy is extremely simple and standard. Consider a representative
agent with utility:

oo . 1 L;Jrl/w
= E 1 S P — > 1
U o;ﬁ /Oogcktdk v vez0 (1)

where 8 € (0,1) is the discount factor, L; is labor supply and Cj; is a consumption index
for a continuum of goods produced in sectors k € [0,1]. The representative agent supplies
labor for a nominal wage W; and allocates his or her savings between bonds or stocks. The
intratemporal optimality conditions for the optimal choices of C; and L; require:

Py Cry = EXP, for any k (2)

Wt -1
=vlL
(Pkt) th v

Fle

(3)

where EX P, is total nominal expenditure allocated to the goods produced in each sector in
period t and Py is the price index for consumption in sector k: due to the unitary elasticity
of substitution, total expenditure is equally shared between the sectors.

Each sector k is characterized by different firms ¢ = 1,2, ..., Nj; producing the same good
in different varieties, and the consumption index Cy; is:

Nt o1 o-1
Cre= | th(i)9‘| (4)
i=1

"We thank a referee for pointing this out.

8JF circulated an online appendix with a version of their paper featuring sunk entry costs and a dynamic
of the number of firms similar to that adopted in our work. Our work has been developed independently of
their analysis, and had already been circulating when we became aware of their extension.



where C:(4) is the production of firm ¢ of this sector, and 6 > 1 is the elasticity of substitution
between the goods produced in each sector. The distinction between different sectors and
different goods within a sector allows to realistically separate limited substitutability at
the aggregated level, and high substitutability at the disaggregated level. Contrary to many
macroeconomic models with imperfect competition, our focus will be on the market structure
of disaggregated sectors: intrasectoral substitutability (between goods produced by firms of a
same sector) is high, while intersectoral substitutability is low.”

Each firm ¢ in sector k produces a good with a linear production function. For the moment
being, we abstract from capital accumulation issues and assume that labor is the only input.
Output of firm 4 in sector k is then:

ykt(z) = AtLit(i) (5)

where A, is total factor productivity at time ¢, and L, (¢) is labor employed for the production
of the consumption good by firm ¢ in sector k. This implies that the production of one good
requires 1/A; units of labor, and the marginal cost of production is W;/A;.

Since each sector can be characterized in the same way, in what follows we will drop the
index k and refer to the representative sector. Further details are provided in the Appendix.

2.1 Endogenous Market Structures in the short run

In each period, the same expenditure for each sector EX P; is allocated across the available
goods according to the standard direct demand function derived from the maximization of
the consumption index (4):

N’ N_B n o
. pe(7) pe (%) pi(1)'EXP, )
Ct(Z) = Ct < P, ) = Ptlfe C’tPt = Pi 1= 1727 --'7Nt (6)

where P, is the standard price index:

Po= > pli) O (7)

such that total expenditure satisfies EX P, = Zj\[:tl p+(7)Ct(j) = C¢Py. Inverting the direct
demand functions, we can derive the system of inverse demand functions:

1
)" e B X P,
(i) = () PEXE 1,2, N, (8)

N,

N 01
th(J)T
j=1

where x4(7) is the consumption of good i.

We assume that firms cannot credibly commit to a sequence of strategies, therefore their
behavior is equivalent to maximize current profits in each period taking as given the strategies
of the other firms. Each good is produced at the constant marginal cost common to all firms.

9In particular our functional form implies unitary elasticity of substitution between sectors. The same
approach has been independently proposed by Atkeson and Burnstein (2008) in a trade model. Even if
they allow for general substitutability across sectors, their numerical results are obtained assuming a unitary
intersectoral elasticity of substitution.



A main interest of this paper is in the comparison of equilibria where in each period firms
compete in prices and in quantities, taking as given their marginal cost of production and the
aggregate expenditure of the representative consumer.'® Under different forms of competition
we obtain symmetric equilibrium prices satisfying:

p, = MO NYW: (9)

Ay
where (0, Ny) > 1 is the mark up depending on the degree of substitutability between goods
0 and on the number of firms N;. In the next sections we characterize this mark up under
competition in quantities and in prices.!

2.1.1 Bertrand competition

Let us consider competition in prices. In each period, the gross profits of firm ¢ can be
expressed as:
_ [pe(i) = Wi /A pe (i) P EX P,

IL; [pe(@)] = N
Zpt(j)_(e_l)

Firms compete by choosing their prices. Contrary to the traditional Dixit-Stiglitz (1977)
approach which neglects strategic interactions between firms, we will take these into consid-
eration and derive the exact Bertrand equilibrium. Each firm 7 chooses the price p;(i) to
maximize profits taking as given the price of the other firms.!? The first order condition for
any firm ¢ is:

(10)

— Npe ()7 |pe(3) — Y| p, (i)
{pt(i)—e —0 |:pt(i) - Xt] pt(i)—e_l} (1= 0)pi( )Nt [p (4) AJ pe(3)
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Notice that the term on the right hand side is the effect of the price strategy of a firm on
the price index: higher prices reduce overall demand, therefore firms tend to set higher mark
ups compared to monopolistic competition. Imposing symmetry between the N; firms, the
equilibrium price p; must satisfy:

W, W,
e 0 =0 (pe— =L ) O Napy~ 0D = 0 —Vp, % (e — ) p?
At At

100f course, both of them are endogenous in general equilibrium, but it is reasonable to assume that firms
do not perceive marginal cost and aggregate expenditure in the sector as affected by their choices.

H1In related research we have examined other forms of competition including conjectural variations models
of imperfect collusion and Stackelberg models.

12Since total expenditure F; is equalized between sectors by the consumers, we assume that it is also
perceived as given by the firms. Under the alternative hypothesis that consumption C is perceived as given,

we would obtain the higher mark up:
_ O(N: — 1)
P
O,N)= ———————
AEON) = G N, Sy =1

which leads to similar qualitative results. This case would correspond to the equilibrium mark up proposed
by Yang and Heijdra (1993).



Solving for the equilibrium we have p; = Wi (0N +60 — 1)/A (60 — 1)(Ny — 1), which generates
the mark up:'3

1 Ny —1

(0—1)(Ne —1)

The mark up is decreasing in the degree of substitutability between products 6, with an
elasticity e}’ = ON;/(1 — 6 + ON;)(0 — 1). Moreover, the mark up vanishes in case of perfect
substitutability: limg . u* (6, N;) = 1. Finally, the mark up is decreasing in the number
of firms, with an elasticity e, = N/[1 4+ 6(N — 1)] (N — 1). Notice that the elasticity of the
mark up to entry under competition in prices is decreasing in the level of substitutability
between goods, and it tends to zero when the goods are approximately homogenous. Finally,
when Ny — oo the markup tends to /(6 — 1), the traditional one under monopolistic com-
petition (adopted by BGM (2007)): strategic interactions between a finite number of firms
lead to a higher markup than under monopolistic competition.

In conclusion, with competition in prices the individual profits can be expressed in real
terms as:

MP(97Nt) =

G
1+0(N, —1)
which is a decreasing function of the number of firms and of the substitutability between
goods.

(0, N) = (12)

2.1.2 Cournot competition

Let us consider competition in quantities, which has been largely ignored in general equilib-
rium macroeconomic models with imperfect competition. Using the inverse demand function
(8), we can express the profit function of a firm ¢ as a function of its output z(i) and the
output of all the other firms:

0, [n(i)] = [pt@ - At] 22(i) =
2()T EXP, W)

N 0—1 Ay
> ow() T
=1

Assume now that each firm chooses its production z;(i) taking as given the production of
the other firms. The first order conditions:

(991> w(i) P EXP, <99 1) [xz(j)x@f)zxz% _ ZL

for all firms ¢ = 1,2, ..., N; can be simplified imposing symmetry of the Cournot equilibrium.
This generates the individual output:

Zj mt(])eT

(0 —1)(N; — 1) EXP,A,

Ty — 14
ONTW, (14)
13 JF (2008) allow for a general value of the intersectoral elasticty of substitution. In this case the individual
firm also considers the effect of its pricing strategy on the sectoral price level. Setting w =0 and 7 = % in

equation (13) in Jaimovich and Floetotto delivers the markup function (11).



Substituting into the inverse price, one obtains the equilibrium price p; = W;0N;/A:(0 —
1)(Ny — 1), which is associated with the equilibrium mark up:

ON,

WM = T D

(15)

where the index ) stands for competition in quantities. For a given number of firms, the
mark up under competition in quantities is always larger than the one obtained before under
competition in prices, as well known for models of product differentiation (see for instance
Vives, 1999). Notice that the mark up is decreasing in the degree of substitutability between
products 6, with an elasticity eg = 1/(6 — 1), which is always smaller than €: higher
substitutability reduces mark ups faster under competition in prices.

In the Cournot equilibrium, the markup remains positive for any degree of substitutability,
since even in the case of homogenous goods, we have limgy_, o, u? (0, N;) = N;/(N; —1). This
allow us to consider the effect of strategic interactions in an otherwise standard setup with
perfect substitute goods within sectors (which has been traditionally studied only under
perfect competition in the neoclassical tradition).

In the general formulation the markup is decreasing and convex in the number of firms
with elasticity ejc\?, = 1/(N — 1), which is decreasing in the number of firms (the mark up
decreases with entry at an increasing rate) and independent from the degree of substitutability
between goods. Since 6% > €k for any number of firms or degree of substitutability, we can
conclude that entry decreases mark ups faster under competition in quantities compared
to competition in prices, a result that will have an impact on the relative behavior of the
economy under the two forms of competition. Finally, only when N; — oo the markup tends
to 6/(0 — 1), which is the traditional markup under monopolistic competition.

The individual profits in real terms can be expressed as:

WNe+6-1)C

7TtQ(97Nt) = 9Nt2

(16)
which are clearly decreasing in the number of firms and in the substitutability level.

2.1.3 Endogenous Entry

In this model, households choose how much to save in riskless bonds and in the creation of
new firms through the stock market according to standard Euler and asset pricing equations.
Following Ghironi and Melitz (2005) and BGM (2007), the average number of firms per sector
follows the equation of motion:

Nep = (1— 8)(N, + NY) (17)

where N is the average number of new firms and § € (0,1) is the exogenous rate of exit.!?

The real value of a firm V; is the present discounted value of its future expected profits, or

in recursive form:

Vit1 + w416, Niga)
147

where 7; is the real interest rate. We assume that entry requires a fixed cost of production
in units of labor. This implies that technology shocks affect the productivity of the workers

Vi=pB(1-96)E;

(18)

141t would be interesting to endogenize the exit rate as a countercyclical factor: this would strengthen our
propagation mechanism, since it would enhance the countercyclicality of mark ups.

10



that produce goods and also of the workers that create new business: this appears as the
most natural hypothesis, but our main results would go through in case of fixed costs in units
of consumption. Therefore, we assume that the entry cost equals n/A; units of labor, with
7 > 0. In each period entry is determined endogenously to equate the value of firms to the
entry costs. Since the real cost of a unit of labor can be derived from the equilibrium pricing
relation (9) as:

Apy AtNtl/(eil)

(6, Ne) Py (6, Ne)

Wy (19)
where we used the fact that P; = ptNtl/ (=9 in the symmetric equilibrium, the endogenous
value of a single firm must be equal to the fixed cost of entry, or:
1/(6—1
. NN, /(0-1)
/.t(@, Nt)

The representative agent supplies labor which is employed to produce goods and to create
new firms. Market clearing in the markets for goods, labor and credit determines the dy-
namics of the economy, which can be expressed in terms of a system of two equations for the
evolution of Ny and C; (eventually depending on the evolution of total factor productivity
A;). We leave the details of the derivation to the Appendix and report here the equilibrium
relations for the number of firms and for consumption of the representative agent, derived
by substituting all the equilibrium conditions into (17) and (18).

In particular, under competition in prices we have:

(20)

1 ®
B AT (0 —1)(N, —1)N”" Cy
Nt+1 - (1 — 5) Nt + v [1 I G(Nt — 1)] Ct - nNtl/(g_l) (21)
E (m) n(0 — N — DN Cinn _ (0= D~ YN
! C; 1+0(N,—1) 1+ 0(Npgq — 1) B —=0)[1+6(N; —1)]
(22)

which characterizes the corresponding evolution of the endogenous market structures in the
short run. Under competition in quantities we have:

2-60 ¥

AT (0 —1)(N, —1)NF Cy
Nigr = (1-6) | N+~ L — 23
t+1 ( ) t v0C, nNtl/(g_l) ( )
2-0 2-0
g ) (Gt “Hm(0 = (N, — )N/ L (Ne+6—1)Cra | | _ (0 = DN = DN/
K C, 0 ON?, B(1—6)0
(24)

In general, one can show that the dynamic stochastic general equilibrium is saddlepath
stable and convergent to a steady state endogenous market structure. As we will see graphi-
cally in Figures 3 and 4, starting from a situation with a low number of firms, the equilibrium
implies monotonic convergence to the steady state through an increase of both consumption
and the number of firms.

The dynamic systems can be used to analyze the business cycle properties of our model.
However, before doing that, we will derive some preliminary properties analytically.

11



2.2 Endogenous Market Structures in the Long Run

In this section we will briefly analyze the dynamic properties of the model along the transi-
tional path and in steady state. We will assume inelastic labor supply (¢ = 0) and focus on
the deterministic model with A; = A for any ¢. Under these assumptions, the equation of
motion of the number of firms does not depend on the form of competition and boils down
to:

A C;

which in steady state provides a relation between the number of firms and consumption.
Solving it for consumption, we obtain:

0

1 6’[7N*9*1

C* = AN*or Y T
1-6

(26)

At least for low levels of substitutability (low #), this expression for C* is an inverse-U
relation in N* (depicted in Figure 3 and 4): with few firms in steady state, the consumption
index increases with the number of firms because of the love for variety effect, but with a
large number of firms the index is negatively affected by a further increase in the number
of firms due to the high savings necessary to replace the firms that exit in each period.
When substitutability between goods is high, the second effect always prevails and the above
relation is monotonically decreasing; in particular, when goods are homogenous (6 — o0),
we have C* = A — onN*/(1 — 9), which is linearly decreasing in N*.

In the general case of imperfect substitutability, the steady state number of firms that
maximizes steady state consumption, and therefore steady state utility, can be derived as:

NGR:w

5o (27)

where we referred to this as the golden rule number of firms/goods: this is increasing in the
productivity level A and decreasing in the degree of substitutability between goods 6, in the
rate of exit of the firms § and in the parameter of the entry cost 7. Any steady state with a
number of goods larger than N would be dynamically inefficient, in the sense that higher
levels of consumption could be permanently reached by reducing entry of firms.'®

2.2.1 Steady state under Bertrand competition

Under competition in prices the deterministic equilibrium system is given by (25) and (22),
which in steady state becomes:

(0 — p[l — B = §)N*7T(N* — 1)
B(1—34)

These two expressions (26) and (28) can be easily represented in a phase diagram (N;, Cy),
as we do in Figure 3, where we show the phase diagram of the model with the two steady state
relations (in solid lines) and the saddle-path (in dashed line). The first one was discussed
above. The second expression is a positive and convex relation due to the role of the firms

cr =

(28)

15Notice however, that the golden rule number of firms is not necessarily optimal, because the utility
maximizing number of firms may be lower for impatient consumers. Bilbiie et al. (2008,b) characterize the
social planner solution.
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in producing consumption goods. Solving for the steady state endogenous market structure
we obtain the number of firms:

pA—-08)A+n(—1)[1 - B(1—0)]
n{(0—1)[1-p@1-05)]+ B}

Using (11), the steady state is associated with the following markup:

b e OB &A (6 1)(1-p)
W ONT) = T B - 6)A - npd]

which is decreasing in total factor productivity A, in the discount factor 8, and in the degree
of substitutability 6 (which attract entry and therefore strengthen competition for different
reasons), and increasing in the exit rate § and in the entry cost parameter 7.

The intuitions for the impact of the five structural parameters determining the steady
state EMSs are the following. Higher productivity A leads to more business creation, which
increases the steady state number of firms and enhances competition while reducing the mark
ups. When the costs of entry n are high, profitability is low and the long run equilibrium is
characterized by high concentration and high mark ups. When agents are more patient (3
is larger), the interest rate is lower and the discounted sum of future profits is higher, which
attracts more entry, strengthens competition and ultimately reduces the mark ups. When
the risk of bankruptcy is high (9 is larger), there are only few firms in the long run and they
apply a high mark up to their goods. Finally, higher homogeneity between goods (higher )
induces stronger competition and lower mark ups, with a negative impact on the number of
firms.'6 It can be verified that the steady state number of firms is always increasing in 3.
When the discount factor is small N* < N¢% and when 8 — 1 the steady state number of
firms converges to N9 41—1/6. Therefore, taking the integer constraint in consideration, it
turns out that the steady state number of firms can be larger than the golden rule number by
at most one firm, and only in case of high substitutability. Nevertheless, one can show that in
this equilibrium the number of firms is always excessive compared to the welfare maximizing
solution, which BGM (2008,b) have shown to be equivalent to the equilibrium emerging
under monopolistic competition ¢ la Dixit-Stiglitz with constant mark ups p = 6/(6 — 1).
Optimality can be restored with sales subsidies that are inversely related to the number of
firms. In particular, introducing an ad valorem sale subsidy at rate s; financed with lump
sum taxes on the firms as in BGM (2008,b), the optimal fiscal policy requires a countercyclical
subsidy at the rate s§ = 1/0(N; — 1), which is clearly decreasing in the number of firms and
in the degree of substitutability between goods. It is optimal to increase the sale subsidy
when there are less firms than in the optimal steady state, and to decrease it when there are
more firms, which corresponds to a countercyclical sales taxation.

N* = (29)

2.2.2 Steady state under Cournot competition

Under competition in quantities the deterministic equilibrium system is given by (25) and
(24), which in steady state becomes:

e _ ML= B(1—8))(0 — )N"7
B —d)[1+0/(N* ~1)]

16Tn conclusion, notice that the steady state structure of the markets determines the steady state con-
sumption index as well. The impact of changes of the structural parameters on the long run value of the
consumption index under competition in prices is the following: larger labor productivity A, larger substi-
tutability between the goods 6 and a higher discount factor 8 lead to a larger consumption index, while higher
costs of entry 7 and a higher exit rate § lead to a smaller consumption index in the long run.

(30)
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This expression represents a positive and convex relation between the number of firms and
consumption as the one shown in Figure 4. This relation is due to the role of the firms in
producing consumption goods. Notice that when the discount factor 8 increases, this relation
is shifted toward right: more patient agents save more and allow for the creation of more
firms.

The steady state consumption and number of firms, with the associated equilibrium
markup derived from (15), must satisfy both conditions (26) and (30).

It is easy to verify that it can be characterized by dynamic inefficiency when the discount
factor is high enough or the degree of substitutability is high enough.!'” We have represented
this case in Figure 4. Of course, if the discount factor is low enough or substitutability
is limited, the steady state exhibits dynamic efficiency.!® In any case, the equilibrium is
characterized by excessive entry compared to the social planner solution, that BGM (2008,b)
have shown to be equivalent to the equilibrium emerging under monopolistic competition a la
Dixit-Stiglitz with constant mark ups g = 6/(6 —1). Also in this case, full optimality can be
restored with sales subsidies that are inversely related to the number of firms. Introducing
an ad valorem sale subsidy at rate s§ financed with lump sum taxes on the firms as in
BGM (2008,b), the optimal fiscal policy requires a countercyclical subsidy at the rate sf =
1/(Ny — 1), again decreasing in the number of firms.

Finally, given the same structural parameters, the endogenous market structure in steady
state with competition in quantities implies a larger number of firms compared to the case of
competition in prices. Even if, ceteris paribus, Cournot competition generates higher mark
ups, endogenous entry attracts more firms and strengthens competition. This result allows
us to compare the two forms of competition from a welfare point of view. Consider the case
in which competition in quantities generates dynamic efficiency, which requires imperfect
substitutability and low discounting. In such a case, it is immediate to derive that steady
state utility is higher under competition in quantities: this generates more firms and a larger
consumption index.

3 Business Cycle Analysis

This section has multiple purposes. First of all, we wish to evaluate the relative success of
the models considered above at replicating the empirical facts described in the introduction,
namely countercyclical markups together with procyclical profits and procyclical firms’ en-
try. Secondly, we want to identify the extent to which the market structure influences the
propagation of technology shocks throughout the economy.

Calibration of structural parameters is as follows. The time unit is meant to be a quarter.
The discount factor, 3, is set to the standard value for quarterly data 0.99, while the rate of
business destruction, d, equals 0.025 to match the U.S. empirical level of 10 per cent business
destruction a year. The value of v is such that steady state labor supply is equal to one.
In this case the Frish elasticity of labor supply reduces to ¢, to which we assign a value of
four as in King and Rebelo (2000). We set steady state productivity to A = 1. The baseline
value for the entry cost is set to 7 = 1. Our model allows for a large variety of combinations

17 A related case of dynamic inefficiency due to an excessive number of firms in a dynamic general equilibrium
framework emerges in Etro (2004, 2008,a).

18For this reason the comparative statics of the endogenous market structure is not unambiguous; nev-
ertheless, one can easily verify from the two steady state conditions that the endogenous mark up must be
decreasing in the discount factor 8 and in total factor productivity A (which attract entry and therefore
strengthen competition), and increasing in the exit rate ¢ and in the entry cost parameter 7.
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of substitutability between goods (#) and mark up (x), which in turn depends on the mode
of competition. In in the remainder we will take § = 6 as our baseline value since it is in
line with the typical calibration for monopolistic competition and delivers markups levels
belonging to the empirically relevant range.'® Nevertheless, to evaluate the dependence of
the model’s implications on the elasticity of substitution, we consider alternative values of 6.

Notice that the combination of A and n affects the endogenous level of market power
because a low entry cost compared to the size of the market leads to a larger number of com-
petitors and thus to lower markups, and wviceversa. However, the impulse response functions
below are not qualitatively affected by values of 1 within a reasonable range.

In what follows we will first study the impulse response functions to temporary supply
shocks, and then we will evaluate the second order moments.

3.1 Temporary productivity shocks

In this section we show the qualitative reactions of the economy to a persistent technology
shock. Technology is assumed to follow a first order autoregressive process given by le_l =
pA/lt +€at, where py € (0,1) and € 4, is a white noise disturbance, with zero expected value
and standard deviation o 4. Figures 5-6 depict percentage deviations from the steady state
of key variables in response to a one percent technology shock with persistency p4 = 0.9 in
case of alternative market structures; time on the horizontal axis is in quarters.

We report the impulse response functions for different values of 6 under respectively
competition in quantities and in prices. Let us consider the baseline value for the elasticity
of substitution between goods. Under competition in prices and in quantities the market
structure is generated endogenously and the steady state mark ups are respectively 22 per
cent and 36 per cent. As well known, when firms compete in prices the equilibrium mark
ups are lower, which in turn allows for a lower number of firms to be active in the market:
this implies that the model is characterized by a lower number of goods compared to the
model with competition in quantities. Since this requires a smaller number of new firms to
be created in steady state, lower mark ups are associated with a lower savings rate as well.
In spite of these substantial differences in the steady state features of the economy, Figures 5
and 6 show that the quantitative reactions of the main aggregate variables to the shock are
surprisingly similar in these two models with low substitutability.

Under both frameworks, the temporary shock increases individual output and profits on
impact, which creates large profit opportunities. This attracts entry of new firms, which in
turn strengthens competition and reduces the equilibrium mark ups. Therefore, our model
manages to generate individual and aggregate profits that are procyclical despite mark ups
being countercyclical, in line with the empirical evidence on business cycles. Notice that the
dampening effect of competition on the mark ups is stronger under competition in quantities,
where entry erodes profits margins faster than under competition in prices:2 this justifies
higher entry and lower mark ups under competition in prices. The number of firms and the
stock market value of the representative firm remain above their steady state levels along
all the transition path. While the shock vanishes and entry strengthens competition, output
and profits of the firms drop and the incentives to enter disappear. At some point net exit

190liveira Martins and Scarpetta (1999) provide estimates of price mark ups for US manufacturing indus-
tries over the period 1970-1992. In broad terms most of the sectoral markups defined over value added are
in the range 30-60 per cent, while when defined over gross output they are in the range 5-25 per cent. In the
latter case, high mark ups, over 40 per cent, are observed in few sectors.

20Recall that the mark up elasticity to the number of firms is larger under competition in quantities, as
pointed out in the previous section.
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from the market occurs and the mark ups start increasing toward the initial level.

The impact of these reactions on the real variables resembles that of a basic RBC model,
even if it derives from largely different mechanisms. Aggregate output jumps up and gradually
reverts to the steady state level, being initially fueled by the reduction in the mark ups
associated with entry and by the increase in labor supply associated with higher wages. Part
of the increase in income (from higher wages and profits) is saved because the interest rate
is increased by the sudden improvement of the profit opportunities. Savings are invested in
firm creation, which in turn pushes output up and the interest rate down: the feedback effect
on consumption generates its hump shaped path. However, contrary to standard models,
here the impact of the shock on consumption is strengthened by a new competition effect.
Entry of new firms strengthens competition and temporarily reduces the mark ups, which in
turn boosts consumption.

To sum up, the productivity shock reduces not only the marginal cost (as already happens
in the RBC model), but also the equilibrium mark up (which is zero in the RBC model and
constant in the models with monopolistic competition), therefore the intertemporal substi-
tution toward current consumption is stronger when the market structure is endogenous. In
other words, the impact of a temporary shock on consumption is magnified in the presence
of endogenous market structures.?!

As noticed earlier, our general model should be interpreted as a model of a representative
sector with a potentially high degree of substitutability between goods. For this reason
we consider an elasticity of substitution between goods 6§ = 20. In this case mark ups
are markedly lower then in the previous case, 15 per cent under Bertrand competition and
28 per cent under Cournot competition, but the same qualitative results hold. Also, we
consider the extreme case of homogenous goods (# — ©0), that corresponds to the typical
assumption of the RBC literature: in such a case, our model with competition in quantities
is compatible with positive (Cournot) mark ups and, as we can see in Figure 5, it is able to
reproduce a similar propagation mechanism to the one we have just seen. On the contrary,
under competition in prices and homogenous goods, the model collapses to one where mark
ups vanish and entry does not take place because of the positive fixed costs of production
(therefore we did not display this case in Figure 6). For this reason, and contrary to a
long standing literature, we consider the model with competition in quantities as a more
flexible tool for macroeconomic analysis of the business cycles in the presence of realistic
(and endogenous) market structures.

The above comparison between two models featuring the same structural parameters but
different modes of competition can be interesting in its own, but its interpretation is limited
by the fact that in different markets different forms of competition take place - and most of
the times we are not even able to screen between them. An alternative comparison which
can be useful to understand the implications of endogenous market structures emerges when
models with equal steady state mark ups are studied. In such a case all the aggregate ratios
are the same as well, and different responses to a shock reveal fundamental differences of
alternative modes of competition. To study a comparison of this second type, let us consider
the model with competition in prices under the baseline calibration. (Figure 6). This model
is characterized by a steady state mark up of 22 per cent. Under our parametrization, the
same mark up emerges endogenously in a model of competition in quantities when the goods
are homogenous, that is with § — oo (Figure 5).

21 As well known, this effect is limited by the logarithmic preferences in consumption, which imply a unitary
elasticity of intertemporal substitution. With an isoelastic utility function, the competition effect would be
stronger when the elasticity of substitution is larger than unity.
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Eyeball comparison between the impulse response functions of these two cases with a
mark up of 22 per cent (and therefore with equal steady state values) shows that the effect
of competition on the markup is stronger in the case where firms compete in quantities
and goods are homogenous. This affects the impact response of consumption, which has a
stronger impact response under homogenous goods and competition in quantities rather than
under low substitutability and competition in prices.??

3.2 Second Moments

To further assess the implications of endogenous market structures for the business cycle,
we compute second moments of the key macroeconomic variables. In this exercise we follow
the RBC literature and assume that the only source of random fluctuations are temporary
exogenous technology shocks. We calibrate the productivity process as in King and Rebelo
(2000), with persistence p, = 0.979 and standard deviation o4 = 0.0072.%

We report in Table 1 the statistics on US data (1947:1 / 2007:3) for output Y, consumption
C, investment I, labor force L, aggregate profits IT and the mark up p.?* We computed two
alternative measures of the price markup. Since our model features a sunk cost in term of
units of labor, both of them allow for overhead labor costs. The measure reported in Table 1
is the labor-share based measure considered by Rotemberg and Woodford (1999). A second
one is a model based measure and leads to similar qualitative results but is substantially
more volatile and displays stronger countercyclicality.?®

Table 2 reports second moments of Y, C, I = NV L, II, and mark up g for our model
with competition in quantities and with competition in prices under the baseline parameteri-
zation for the degree of substitutability between goods.?® Both frameworks provide a similar
performance at reproducing some key features of the U.S. business cycle. Endogenous mark
up fluctuations together with endogenous entry deliver a substantially higher output volatil-
ity with respect to the standard RBC model (1.51/1.52 against 1.39),2” almost matching the

22The same holds compared to low substitutability and competition in quantities, as we can see from
Figures 5 and 6 jointly.

23We use the same process as in King and Rebelo (2000) for comparison purposes with the RBC literature
and with BGM (2007, 2008,a).

As discussed in the Introduction, Jaimovich and Floetotto (2008) have prepared a measure of the TFP based
on U.S. data taking into account the mark up variability, fitting an AR (1) process to the constructed series.
While they do not find significant differences from King and Rebelo (2000) in the estimated autoregressive
coefficient, they estimate a lower standard deviation of TFP innovations. Although our results are marginally
affected by a change in o 4, the main message of the analysis is not altered.

24Variables have been logged. We report theoretical moments of HP filtered variables with a smoothing
parameter equal to 1600. Profits include both the remunaration of capital and the extra-profits due to market
power: while we could not distinguish between the two, future research may try to do it.

25The model based measure of the price mark up takes into account that in our model the mark ups
can be expressed as u; = Ct/wi (Ly — L), i.e. as the inverse of the share of labor in consumption beyond
the sunk quantity used to set up new firms (Notice that L{ represents hours required to produced new
firms. See Appendix B for more details). Accordingly, we obtain o(u) = 1.62, E (,ut,,utfl) = 0.81 and
Corr (u,Y) = —0.63. The measure of the labor share used in our computation is given by the ratio of the
compensation of employees in the nonfarm business sector to GDP. None of the cyclical properties we report
are substantially altered using (GDP-PROPRIETORS’ INCOME) instead of GDP. For both the markup
measures we consider, the ratio of the overhead quantity of labor to the steady state aggregate labor input
is assumed to be 0.2. This is within the range of values endogenously delivered at the steady state by our
model under both competitive frameworks.

26Following BGM (2007) we report moments of data consistent variables, i.e. deflated using the average
price index rather than the consumption based price index.

27The benchmark RBC model we consider is that by King and Rebelo (2000). Our utility function differs
from theirs in the subutility from labour supply, but the second moments are equivalent under the same
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Variable o(X) o(X)/o(Y) E(X;,X;—1) Corr(X,Y)
1

Y 1.66 0.84 1

C 1.19 0.75 0.78 0.76
I 4.97 2,99 0.87 0.79
L 1.82 1.10 0.90 0.88
II 8.08 4.87 0.76 0.67
I 0.99 0.60 0.79 —0.28

Table 1: Second moments. US data

one emerging from US data. As emphasized above, we can capture procyclical profits and
entry together with countercyclical mark ups as in the data. Our model provides a good
match for the correlation of profits and mark ups with output, but it underestimates their
variability, emphasizing the need for further work on the microfoundation of the endoge-
nous market structures to better explain the high volatility of both profits and mark ups.
Moreover, mark up countercyclicality allows to strengthen the propagation of the shock on
consumption through the competition effect. Both models display an absolute and relative
(with respect to output) variability of consumption larger than that delivered by the RBC
model (absolute: 0.78/0.78 against 0.6; relative: 0.51/0.52 against 0.43). Since low variabil-
ity of consumption is a well known shortcoming of the RBC theory, the competition effect
delivered by strategic interaction and endogenous entry appears to be a relevant channel to
overcome it. Compared to the RBC framework, our model with endogenous market struc-
tures slightly improves the performance in terms of variability of hours (0.85/0.77 against
0.67).

Finally notice that the variability of output increases further (but that of consumption
goes down) when lower degrees of substitutability between goods are taken in considera-
tion, while it decreases (and the variability of consumption goes up) for higher degrees of
substitutability, under both forms of competition.

Variable o (X) o(X)/o(Y) FE(Xt, Xi-1) Corr (X,Y)
Y 1.52, 1.51 1 0.68, 0.68 1
C 0.78, 0.78 0.51, 0.52 0.77, 0.76 0.94, 0.95
I 5.89, 7.56 3.87, 5.00 0.65, 0.64 0.97, 0.97
L 0.85, 0.77 0.56, 0.50 0.65, 0.64 0.96, 0.96
I 070, 0.74 046, 049 071, 0.72 0.99, 0.98
7 0.15, 0.13 0.10, 0.08 0.95, 0.94 -0.17, —-0.17

Table 2: Second moments under the baseline parameterization. Left: Cournot Competition;
Right:Bertrand Competition

4 Supply-side versus Demand-side explanations for coun-
tercyclical mark ups

BGM (2007,b) have offered an explanation for the empirical correlation of mark ups and prof-
its with the business cycle resorting to a class of translog preferences, introduced by Feenstra

calibration.
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(2003), characterized by demand-side pricing complementarities. In such a framework goods
become closer substitute as the number of varieties produced in the economy increases. Net
entry, which amounts to creation of new products, leads thus to a higher elasticity of sub-
stitution between goods which eventually translates into lower mark ups. For this reason we
will refer to this approach as to a demand-side explanation for mark up contercyclicality as
opposed to the approach adopted in the present work, where countercyclicality results from
strategic interactions on the supply side of the economy.

Notice that the markup function in the case of translog preferences is given by u (Ny) =
1+1/(ocN¢) where o > 0 is a free parameter determining the elasticity of substitution between
varieties, which is given by 1 4 o N;.

The purpose of this section is that of comparing the demand side and the supply side
alternatives from both a qualitative and a quantitative point of view. To economize on space
we will focus on Cournot competition, however similar considerations as those made below
apply to Bertrand competition.?® We set the value of the elasticity of substitution, 6, to
3.8, as in BGM (2007). This delivers a steady state mark up under Cournot equal to 50 per
cent.?? Given our purpose we need to parametrize the value of o for the translog framework.
To do this we will follow two alternative calibration strategies. In the first scenario we select
o as to equate the steady state mark ups and the number of firms to those obtained under
Cournot.

In the second scenario, instead, we will set o as to equate across the two frameworks the
(steady state) elasticity of substitution between goods. Under the selected value of 6, the
latter procedure delivers a value of o and a markup level, equal to 35 per cent, identical to
those in the work by BGM.3"

Figure 7 portraits the response to a temporary, one percent, technology shock of some
relevant variables. Solid lines refers to Cournot competition, dashed lines to the translog case
under the first calibration scheme (named Translog), while dotted lines refers to the second
calibration strategy (named Translog BGM).

Both the demand side and the supply side explanations deliver impulse response functions
consistent with the empirical evidence presented in this and other papers. Independently
of the calibration strategy, Cournot displays a higher and more persistent variation in the
number of firms and profits and the translog framework shows a higher elasticity of the
markup function with respect to the number of producers.>! Table 3 reports the second
moments properties of the main macroeconomic variables under our model and those under
the models with translog preferences. The features of the technology process are unchanged
with respect to the those in the previous section. Again the performance of the two models
is similar in many respects. Volatility of output and hours is closer to that found in the data
under the Cournot specification, while the model with translog preferences fares better at
matching the volatility of consumption.

28Both a graphical and a quantitative comparison between the Bertrand and the Translog framework is
available from the authors.

29 This value of 6 delivers a high mark up level compared to the estimates. We choose is for homogeneity
with BGM. Notice, however, that results, including the relative performance of the models discussed in the
remainder of the section, are not affected by considering the baseline value of the elasticty of substitution.

30BGM choose the value of o as to equate the steady state mark up and the number of firms obtained under
translog preferences to those obtained in the baseline version of their model, which features CES preferences
with parameter 6 = 3.8.

31 As robustness check we also computed the value of the elasticity of substitution under Cournot (equal to
6.37) which leads to the same markup and number of firms as in the baseline parametrization of the translog
model in BGM. However, the relative performance of the models described in the text is unaffected. Results
are available from the authors.
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Figure 7: Impulse response function to a temporary technology shock.

Although based on radically different mechanisms, the two hypothesis produce dynam-
ics which are not distinguishable on the basis of aggregate data. Nevertheless, it is worth
emphasizing that the supply side and the demand side explanation are designed to capture
different effects.

The BGM framework is better suited to describe an economy, or a sector, where entry is
associated to product innovation. Their model identifies the effect on mark ups due to an
increased number of varieties.

In our framework, instead, entry increases competition and affects markups independently
of the degree of sustitutability which characterizes goods provided by new entrants.?? The
entry process in many traditional sectors and especially in the service sectors, which are a
large part of developed economies, are mostly associated with the creation of new businesses
in existing sectors. None of these businesses will affect the extensive margin as defined in the
statistics in terms of new consumer products, but they will be relevant nevertheless.??

Finally notice that in many sectors product innovation coexists with the creation of new
businesses, and both a demand side and a supply side effect on mark ups will be present.
For this reason the supply side and the demand side explanation should be understood as
complementary, rather then alternative, explanations of the macroeconomic evidence we have
tried to address. Nonetheless, future research should try to asses the relative merits of the
two hypothesis by means of a microeconomic-level data analysis.

32Recall that under Cournot competition there is a competition effect even when sectoral goods are homo-
geneous.

33To give an example of our idea, in a boom, profitable opportunities may lead new businesses to start,
new restaurants to open, or new services to be provided, which will increase competition in the respective
markets and reduce the mark ups.
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Var. o (X) o(X)/o(Y) E(Xy, Xi1) Corr (X,Y)
Y 1.59,1.50,1.46 1 0.69,0.69,0.68 1
C 0.72,0.80,0.82 0.45,0.53,0.56 0.77,0.79,0.79 0.94,0.92,0.93
I 552,485,536  3.47,3.23,3.67  0.67,0.65,0.64 0.98,0.96,0.95
L 1.03,0.88,0.76 0.65,0.59,0.52 0.67,0.65,0.64 0.97,0.95,0.94
IT 0.68,0.69,0.70 0.43,0.46,0.48 0.73,0.71,0.69 0.97,0.99,0.99
" 0.20,0.22,0.18 0.12,0.15,0.12 0.95,0.95,0.94 —0.12,-0.20, -0.22

Table 3: Second moments. Cournot Competition (left), Translog (center), Translog BGM
(right)

5 Capital accumulation

In this section we augment the baseline model with endogenous investment in physical capital.
Differently from BGM (2007,b) we assume that capital is used solely in the production of
final goods.>* Let us assume that final goods are produced with a standard Cobb-Douglas
production function of the form:

ye(d) = A (D) L (i)' ° (31)

where 0 < a < 1. New firms are created with the same technology as before.

The representative household holds the stock of capital and rents it to the producers of
the final good.

The stock of capital evolves according to:

Kio1 = (1 - 5’“) K+ IF (32)

where IF is time-t investment and 6" is the rate of physical depreciation. The household
has a further intertemporal optimality condition with respect to the baseline model, which
translates into the following Euler equation:

Ci = BECyi (14 1hy — 0") (33)
where 7F is the rental rate of physical capital.
Firms’ pricing strategy is unchanged with respect to the baseline case, thus the definitions

of the markup functions are not altered. The demand of inputs in the good producing sector
is obtained by cost minimization, which requires:

wmon () (49

KNt /M
i=an () (57)
t t

where M C); are nominal marginal costs.

and:

34The afore mentioned authors introduce capital in the business creation sector as well. We could adopt the
same approach and confirm their result for which the equilibrium exibits a cycling path, which is converging
for high depreciation and diverging for low depreciation. The simpler approach adopted here avoids these
phenomena.
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Figure 8: Impulse response function to a temporary technology shock.

The presence of capital accumulation implies that the new equation governing the dynamic
of the number of firms reads as:

Ay

Ne=(1=8) Ne +(1=0) 7 Lt<

C +If>1“ (34)

A K

while equations governing the dynamic of consumption remains unchanged. Therefore equa-
tion (22), in the case of Bertrand competition, or equation (24), in the case of Cournot
competition, together with equations (32) and (34) fully determine the dynamics of C;, Ky,
and NV;. This model nests our basic model for &« = 0 and the standard RBC model when
1 — 0 and § — 00.3°

JF (2008) have developed an endogenous market structure model with physical capital
accumulation which delivers countercyclical markups. Their baseline model, however, differs
from our in various respects: a zero profit condition determines the number of firms in each
time period, entry costs are fixed while firms are subject to fix costs of production. 3%In
figure 8 we compare the performance delivered by our model to that of the JF model. Both
have been perturbed with the same persistent one percent technology shock. The steady
state mark up and number of firms are held constant across the two frameworks. Since JF
provide an explicit mark up function just for the case of Bertrand competition we will focus
on price competition.?”

35Recall that just the Cournot case can deliver a positive markup when goods are homogeneous (i.e  — co)

36We refer the interested reader to JF (2008) for the formal details concerning their model.

37The comparison is carried out as follows. We consider the baseline value for the elasticity
of substitution between goods 6 = 6. Impose a steady state markup equal to 22%, as in the earlier
analysis of the Bertrand competition case, and let our model determine the steady state number of firms (the

24



Variables o (X) o(X)/o(Y) E(X;,Xi—1) Corr(X,Y)

Y 1.76, 1.31 1 0.70,0.74 1

C 0.57, 0.88 0.32,0.67 0.66,0.83 0.97,0.94
1 4.79, 2.48 2.72,2.72 0.71,0.68 0.99,0.97
L 1.50, 0.44 0.85,0.33 0.7,0.65 0.98,0.86
II 1.75, n.a. 0.99,n.a. 0.65.,n.a. 0.99,n.a.
I 0.16, 0.02 0.09,0.01 0.95,0.74 —0.26,—1.00

Table 4: Second moments. Our model with Bertrand competition and capital accumulation
(left), JF model (right)

The interaction between sunk entry costs and oligopolistic behavior delivers a stronger
propagation mechanism on hours and output with respect to a model where a zero profit
condition holds in each period.?® The JF model implies instead a stronger impact response
on consumption. Treating firms as a state variable, instead, allows to match the nonlinear
time profile of the correlation between the markup and the cycle. Output jumps on impact
while, given the slow accumulation of producers, the markup response is silent on impact
and falls more in future periods. This correlation pattern is consistent with the VAR analysis
presented in the introduction.

In table 4 we provide second moments for the two models under the baseline parametriza-
tion. Clearly our model outperforms the model characterized by a zero profits condition in
all dimensions, but the relative variability of consumption. It has to be said that while the
dynamics of the markup and the number of firms is different by construction, the performance
of the JF model substantially improves when a higher steady state markup together with a
higher elasticity of substitution between sectoral goods is allowed. This, however, comes at
the cost of having a very low number of competitors in the market.?’

6 Conclusions

In this article we have studied a dynamic stochastic general equilibrium model where the
structure of the markets is endogenous and accounts for strategic interactions of different
kinds. The model belongs to the emerging literature on endogenous entry in the macro-
economy started by Ghironi and Melitz (2005), BGM (2007, 2008,a) and Jaimovich and
Floetotto (2008) and it provides further improvements in the explanation of the business cy-
cle compared to the standard RBC framework. The interplay between sunk entry costs and
strategic interactions between producers allows to explain the procyclical variability of the
profits together with the countercyclical variability of the mark ups. Nevertheless, we have

sunk entry cost is determined accordingly). Next we turn to JF model. We set the value of the elasticity
of substitution between goods belonging to different sectors as in their paper (this is slightly larger
that one), and impose a 22% markup. Finally the elasticty of substitution between goods belonging to the
same sector is set as to obtain the same steady state number of firms as in our model.

38JF have extended their model to a setting featuring sunk entry costs. Our work has been developed
independently of their analysis, and had already been circulating when we became aware of their extension.

39We also compared the two models under Cournot competition. In particular we assumed that sectoral
goods are homogeneous such that models features the same markup function. This framework, is also directly
comparable to the RBC framework which typically features homogeneous goods. Both models outperform
the RBC model at replicating the variability of the main macroeconomic variables. The relative performance
of the models is, instead, similar to that described in the case of Bertrand competition. See Colciago and
Etro (2007) for an extensive analysis of Curnot competition with homogeneous goods.
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emphasized a mark up and profit volatility puzzle: further examinations of alternative (static
and dynamic) market structures should be aimed at matching the high levels of volatility
that emerge from the empirical investigation of US mark ups and profits.

Both the BGM demand side and the supply side explanations for countercyclical mark
ups deliver impulse response functions to a technology shock which are consistent with the
empirical evidence we have provided using US aggregate data. Future research should try
to asses the relative merits of the two hypothesis by means of a microeconomic-level data
analysis.

Many other extensions could be studied. The model could be expanded to an international
context (see Ghironi and Melitz, 2005, for a related attempt, in which strategic interactions
were not taken in consideration) to study international business cycle issues and optimal
policy coordination in an open economy context. The model with Bertrand competition could
be also extended with monetary frictions as in BGM (2008,a) or in the simpler framework
of Elkhoury and Mancini-Griffoli (2007), which introduces sticky entry costs: in such a
framework also a monetary shock would attract entry, strengthen competition and reduce
markups so as to enhance the propagation mechanism. Moreover, the presence of strategic
interactions between a limited number of firms would amplify the role of price rigidities. As
well known, strategic complementarity leads firms to adjust less their prices when other firms
do not adjust theirs (a phenomenon that is absent in standard New Keynesian models with
a continuum of firms).

We want to end this work with a limited but hopefully fertile conclusion: endogenous
market structures do matter for macroeconomic issues. While the mainstream approach to
the study of business cycles has been based either on perfect competition, constant returns
to scale and zero mark ups or on monopolistic competition, increasing returns to scale and
positive and constant mark ups, we have shown that the interplay between strategic interac-
tions and sunk costs, leading to a link between entry, profits and mark ups can substantially
affect the way an economy reacts to shocks.
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Appendix A: analytical details

The representative agent maximizes intertemporal utility (1) choosing how much to invest in
bonds and risky stocks out of labor and capital income. Without loss of generality, bonds and stocks
are denominated in terms of good 1. The budget constraint expressed in nominal terms is:

1 1
PiiBiss + / PriVie(Net + NE s 1k + / PatChadl =
0 0

1
=W,L,+ (1 + )Py B + / Piy [m5e(0, Ni) + Vi) Nigsiedk — Py Ty (35)
0
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where B is net bond holdings with interest rate 74, Vit is the value of a firm from sector k, Ng;
and Ng, are the active firms in sector £ and the new firms founded in this sector at the end of the
period, Si; is the share of the stock market value of the firms of sector k that are owned by the
agent, and T; are lump sum taxes, which equate public spending under budget balance.

After solving the budget constraint for consumption of good 1 and substituting in the utility
function, the optimality conditions with respect to Ck and sg41 for each sector, and with respect
to Byt and Ly are:

Pktth = Pqtht for any k, q € [O, 1] (36)
Vit (Nit + NkEt)Pkt — BE { [(Trt4+1(0, Nit1) + V1] Niep1 Priya } (37)
P11Cly P11 1Chi 41
=B +r)E [CR] (38)
W, -~ 1
(P,ft) Cu' = vLf (39)

For each sector k, demand for the single goods is allocated according to (6) in the text. Each good
i =1,2,..., N in sector k is produced by a single firm using labor according to (5). Uniperiodal
nominal profits are given by II; [4(¢)] or IT; [p4(¢)] in the text according to whether competition in
quantities or in prices takes place, and each firm chooses its strategy 2+(%) or p¢(Z) to maximize the
sum of the current profits and the value of the firm Vi (7) taking as given the strategies of the other
firms. Notice that, in the absence of credible commitments to a sequence of future strategies, the
optimal strategy is the one that maximizes current profits because this does not affect the future
value of the firm. Endogenous market structures for each sector as described in the text generate a
number of firms Ny, mark ups (6, Nit), and nominal profits gz = [1 — 1/1(60, Nit)] Pt Chet for
each firm.

Following BGM (2007a,b), we adopt a probability € [0, 1] with which any firm can exit from
the market for exogenous reasons in each period. The dynamic equation determining the number of
firms in each sector is then:

Nitr1 = (1 =6) (Nke + Niy)  Vk (40)

which provides the dynamic path for the average number of firms:

1
New = (1- 5)/ (Nie + NE,) d =
0
= (1-06)(Ne+Ny) (41)
where, of course, we have IN; = fol Nidk and Nf = fol N¢, dk.
Market clearing in the asset markets requires By = 0 for any ¢ in the bond market, and s;; = 1

for any sector k in the stock market. In a symmetric equilibrium, the number of firms, the mark up
and the profits are the same in every sector, which leads to the following equilibrium relations:

Pk:t = Pt th = Ct Vk (42)
Vi(Ny + NP)YC; ' = BE {[mi41 (0, Neg1) + Viga] Neyr O } (43)
Cil =B +r1)E(CLY) (44)

e
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The equation of motion for the average number of firms allows to rewrite the second relation as:

1
Vi = BE; {(1 —9) (CéJtrl) [Te41(0, Neg1) + VZ+1]} (46)

whose forward iteration provides the asset pricing equation:

V, = E{ > Ba-or (gt) i (0, Ns)} (47)

s=t+1
Given the real marginal cost of production wt/At, the equilibrium price in units of consumption
is pt/ Py = (0, Np)wy /A;. Since in the symmetric equilibrium Py = ptN;l/(ail), we have p; /P =
Ntl ©-1 and therefore the equilibrium wage:
A, Ntl/ (6—-1)
Wy = ———————
M(G, Nt)

Let us introduce public spending G financed with lump sum taxation, and let us assume bud-

(48)

get balance in each period without loss of generality (since Ricardian equivalence holds). As cus-
tomary, assume that public spending is allocated in the same way as private spending, so that
total expenditure per sector is EXP; = P, (C; 4+ G;). Since EXP; = N;y:ps, we must have

Oy + Gy = Nyu (po/P) = 5N 07,
Individual profits are:
(10, Ni) — 1) (Cy + Gy)
/.L(e, Nt)Nt

'/Tt(aaNt) =

To endogenize the number of firms, we assume that entry requires a fixed cost of entry which is
proportional to the costs of production. In particular, entry requires an amount of labor force 1/A;
with n > 0, for a total cost F}y = nwt/At. The endogeneity of the market structure requires that
this value equals the fixed cost of entry at each period, V; = F} for any t, or:

Cqwp nNtl/(Gfl)

Vi = A (0, Ny) ()

Labor demand must be the sum of labor in the production of goods, which is equal to L{ =
(Ci+Gy) /ANtl/(e_l)(since Ci+ Gy = ytth/(e_l) = AL?NS/(G_D) and in the creation of new
firms, which must be equal to L{ = Nten/A, By Walras’ law, market clearing in the labor market
is guaranteed.

Since the resource constraint of the economy can be rewritten in real terms as:

Ct —|— Gt —|— Nth = Ntﬂ't(e, Nt) —|— ’U}tLt (50)
we can solve for the average number of new firms:
_ ®
1 1+ N/ 1/(1-6)
Nf=— A ——— | —(C,+Gy)N,
t nl t (vat)ct (Cor GoN:

The above equations fully characterize the equilibrium, and they can be reduced to a system of two
equations representing the dynamics of N; and Cj, namely:

O UG )
U/i(ngt)Ct

Niy1=(1-9) (51)

nNtl/(e—l)
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(0, Nty1) (0, Niy1)Nega B(1 —6)u(0, Ny) (52)

which crucially depend on the mark up functions, and therefore on the form of competition.

Ctr1 B nNtl-s{g@_l) (10, Neg1) — 1) (Ce + Ge) _ 77Nt1/(0_1)
Ey C u + =
t

Finally, we present the log-linearizations of the model. Assume inelastic labor supply for sim-
plicity (¢ = 0). Log-linearizing the general equilibrium system around its steady state we obtain
the system for the local dynamics. Under Bertrand competition we have:

Nepp = (1—5+(7“+5)]§[]*V*_1)>Nt+
(r+6)(6—1)(N*—1) . (r+0)@-1(N*-1)] 4
_ e Ct—|—|:5+ N+ :|At
and:

A 1+7r\ - 1+7r 1 N* N

Crm = (15)“*(16) [01+[1+9<N*1>1<N*1>}Nt+
1 N* (r4+0)ON* N

*[9_1+[1+9<N*—1>}<N*—1>‘(1—6)[1+0<N*—1>}] il

This system can be explicitly solved for the two future variables in function of their current values.
Under Cournot competition we have:

Ny = (1 —5+ —(r;\;f)f;*__l 1)> N+
I o 0
and:
Crrr = GJ—FZ;) Crt GJ—FE) (011 + N*l—l)Nt+
+ {9i1 + N*l— 1 (:jg> Nz*vjf(ea—ll)} Nea

which can be also solved for the two future variables in function of their current values. Stability of
the system can be shown as in BGM (2007b) with standard methods.

Appendix B: Government Spending Shocks

We now consider the impact of a demand shock associated, as standard in the theory of business
cycles, with a change in government spending. We assume that government spending follows the
first order autoregressive process G’t+1 = pGGt + €agt, where pg € (O7 1) is the autocorrelation
coefficient and €g; is a white noise disturbance, with zero expected value and standard deviation
[oFen

Figure 7 depicts the response of key variables to a one percent government spending shock
with persistency pg = 0.9. We report the case of competition in quantities under alternative
parameterizations for the elasticity of substitution between goods. Dotted line refers to the case
where f = 6 with steady state mark up equal to 35 per cent, dashed lines are relative to the case
with homogeneous goods (f — 00) and a 22 per cent mark up and finally solid lines refers to the
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Figure 9: Impulse response to a temporary government spending shock.

case where 0=3 with a steady state mark up equal to 63 per cent. The latter parameterization
delivers an admittedly high markup compared to available estimates, but it allows to show that the
qualitative implications of the model are not altered when a low degree of substitutability between
goods is considered, and also to draw some interesting implications of the model, further discussed
below.

As in the standard neoclassical model (Barro, 1981), the temporary shock to government spending
creates a boom because the initial reduction in private consumption is more than compensated by the
increase in public spending. As a consequence, labor demand for production increases. Consumers
feel poorer and increase their labor supply. In the RBC framework the net effect would be given
by a reduction of the wage rate and by a reduction of consumption, with both remaining below the
steady state level along the entire transition path; meanwhile, the interest rate would jump up and
gradually decrease toward its initial level. In our model, however, there are new mechanisms that
substantially change the impact of the demand shock.

First of all, the shock increases individual output and profits on impact. This attracts entry of
new firms, which has two consequences. The first one is that the demand of labor for the creation
of new firms goes up, which leads to a stronger increase in total labor demand and ultimately
to an increase in the wage rate (the opposite compared to the RBC framework), which promotes
consumption. The second (and possibly more important) consequence is that entry strengthens
competition and endogenously reduces the equilibrium mark ups. Again, this competition effect
makes current consumption more attractive for the consumers. °

The impact of these two mechanisms is to counterbalance the initial drop in consumption. When
substitutability between goods is low, consumption goes above the steady state level after a few
quarters and gradually returns toward its long run level from above, which is in sharp contrast with

40Therefore the model is consistent with the suggested requirement of Rotemberg and Woodford
(1992) of a real wage increasing after a positive demand shock. Nevertheless the reaction of the real
wage is limited, which can help to explain the substantial acyclicality of wages in the presence of
multiple shocks.
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the dynamic response of consumption delivered by the standard RBC model (where convergence of
consumption to steady state is monotonic from below the steady state level) and not too far from the
available evidence."! Owverall, these dynamic paths are radically different from the standard RBC
models and they are potentially more in line with the mixed empirical evidence on the impact of
demand shocks - in particular with the procyclicality of profits and countercyclicality of markups.

Appendix C: data sources

The data derive from FRED, the Federeal Reserve Economic Database of the Federal Reserve
Bank of St. Louis. Below, we report in brackets the mnemonics of each series.

Compensation of Employees (COE): Billions of Dollars, Quarterly, Seasonally Adjusted Annual
Rate (saar), 1947-01-01 2007-07-01.

Gross Domestic Product (GDP): Billions of Dollars, Quarterly, saar, 1947-01-01 2007-07-01.

Proprietors’ Income with inventory valuation adjustment (IVA) and capital consumption adjust-
ment (PROPINC): Billions of Dollars, Quarterly, saar, 1947-01-01 2007:07-01.

Personal Consumption Expenditure (PCEC): Billions of Dollars, saar, 1947-01-01 2007-07-01.

Corporate Profits with inventory Valuation Adjustment (IVA) and Capital Consumption Ad-
justment (CPROFIT): Billions of Dollars Quarterly, saar, 1947-01-01 2007-04-01.

Gross Domestic Product Implicit Price Deflator (PCEC): Index 2000=100, Quarterly, Seasonally
Adjusted (sa), 1947-01-01 2007-07-01.

Hours of all Persons, nonfarm business sector (HOANBS): Index 1992=100, Quarterly, sa, 1947-
01-01 2007-07-01.

Fixed Private Investment (FPI): Billions of Dollars, Quarterly, saar, 1947-01-01 2007-07-01.

To derive the empirical measure of the mark up we use (9) to obtain:

Wy

My = A,
Rotemberg and Woodford (1999) assume the existence of overhead labor so that effective labor for
the production of consumption goods is L§ = Ly — L7 and:
'UJtLt Lt — Lto
,U/ =
CAL - LY Ly

whose log-linearization is:
° .

Py = *mLt -5

where [° = L?/L; represents the average share of overhead labor over total labor input (assumed
to be equal to 0.2), sy = wyL;/As (Ly — LY) is the labor share of income, and hatted variables
indicate percentage deviations from the HP trend. Second moments derived from this measure
of the mark ups are reported in Table 1. We also calculated a second measure of the mark up
based on the existence of labor employed to create new firms in our model and on the fact that

Ct = At (Lt - Lg) Setting Sf = ’UJtLt/At (Lt - Lg) and [¢ = L;’/Lt, we have:

_ e

o=l ¥

Since [¢ is between 15 per cent and 25 per cent in our calibrated economy, we used again a baseline
value of 0.2.

41See Gali et al. (2007,b) for a recent reference.
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