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Abstract

We re-consider the relationship between competition and growth in
a standard neo-Shumpeterian model with improvements in the quality
of products. We focus on the case of non-drastic innovations, and we
model the notion of lower competition by a switch from Bertrand to
Cournot competition. Our main ..nding is that when the size of in-
novations is su€ciently large, the equilibrium rate of growth is unam-
biguously greater with Bertrand than with Cournot competition. For
smaller innovation, Cournot competition may (but need not) create
greater incentive to innovate (hence greater rates of growth). How-
ever, the welfare comparison of the Bertrand and Cournot equilibria
is generally ambiguous.
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1 Introduction

Recent empirical work by Nickell (1996), Blundell, Grid¢ths and van Reenen
(1996) and Aghion et al. (2001) suggests that more competition leads to
faster growth by enhancing the speed of technical progress. This contrasts
with the conclusions of early models of endogenous growth with quality lad-
ders (see Aghion and Howitt, 1992, Segerstrom, Anant and Dinopoulos, 1990,
and Grossman and Helpman, 1991), that predict a negative relation between
competition and growth. In these models, at every point in time the only
active ..rms in each industry is the technological leader. Then, it is natural
to measure the degree of competition by the inverse of the elasticity of de-
mand, which equals the size of the mark-up that the leader charges when the
innovations are drastic.!

In this paper we re-consider the relationship between competition and
growth by focusing on the case of non-drastic innovations, and parametrizing
the degree of competition by a switch from Bertrand to Cournot competi-
tion. This allows us to disentangle the ecects of a change in the degree of
competition from those associated with changes in structural (taste and/or
technology) parameters that ultimately determine the elasticity of demand.
Another interesting feature of the Cournot equilibrium is that several ..rms
are simultaneously active in each industry.2

Our main ..nding is that when the size of innovations is su¢ciently large,
the equilibrium rate of growth is unambiguously greater with Bertrand than
with Cournot competition. For smaller innovation, Cournot competition may
(but need not) create greater incentive to innovate (hence greater rates of
growth). The intuition is that more competition entails lower prices but
at the same time leads to greater productive eCciency in that it lowers
the market share of less productive ..rms (Aghion and Shankerman, 2000).
When ..rms are symmetric only the ..rst ecect is at work and a switch from
Cournot to Bertrand competition reduces the industry pro..ts. However, in
the presence of intellectual property rights technical progress tends to create
asymmetries between ..rms and thus the productive e@ciency ecect becomes
important. Therefore, the emect of more competition on innovators’ pro...ts
is generally ambiguous.

LAn innovation is drastic if the patentee is unconstrained by outside competition and
can therefore engage in monopoly pricing.

2For a dinerent attempt to develop a model with many ..rms in each industry see
Peretto (1996).



However, the productive e€ciency eaect must dominate if innovations are
close to being drastic. To see this, note that the presence of a less eC¢cient
competitor (namely, the holder of the patent on the previous innovation) con-
strains the technological leader but when innovations are almost drastic the
equilibrium price will be just below the monopoly price. As a consequence,
in the Bertrand equilibrium the ecect of competition on the technological
leader’s pro..ts is second order. By contrast, with Cournot competition the
ine¢cient ..rm will hold a positive market share and this has a ..rst order
exect on industry pro...ts.

The productive e¢ciency ewect is well known in the industrial organi-
zation literature, that has examined the relation between competition and
.rms’ incentive to innovate extensively. While most of the early literature
focused on competition in the research sector (see Loury (1979), Lee and
Wilde (1980), Dasgupta and Stiglitz (1980)), in the past decade the exects
of product market competition have come to the forefront. Delbono and
Denicolo (1990) ..nd that Bertrand duopolists have greater incentive to in-
novate than Cournot duopolists when the product is homogenous; however,
Bester and Petrakis (1993) and Bonanno and Haworth (1998) show that this
result can be reversed with horizontal and vertical product di=erentiation,
respectively.> Boone (2000, 2001) generalizes these ..ndings and shows that
the relation between competition and incentives to innovate is generally non
monotone. However, all these papers adopt a partial equilibrium framework.

Other papers try to reconcile endogenous growth theory with the empir-
ical evidence on the relationship between competition and growth. Aghion,
Harris and Vickers (1997) and Aghion et al. (2001) dewelop step-by-step
general equilibrium models of technical progress in which more competition
(as measured by either a greater elasticity of demand or as a switch from
Cournot to Bertrand competition) may be bene..cial to growth. In step-by-
step models, ..rms’ incentive to innovate is greatest when they are neck-and-
neck (which can never occur in leapfrogging models). In such a state, the
incentive to gain a technological lead is obviously greater under Bertrand
competition; however, with Bertrand competition the fraction of industries
in which ..rms are neck-and-neck tends to be lower. Aghion, Dewatripont and
Rey (1997, 1999) introduce agency issues into the picture. In their model,

3While Delbono and Denicold (1990) model technical progress as a patent race, as in
the endogenous growth literature, Qui (1997) assumes that both duopolists can innovate
simultaneously and ..nd that in such a framework the incentive to innovate is greater with
Cournot competition even if the product is homogeneous.
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non-pro..t maximizing managers will delay the adoption of new technologies
until the pro..ts fall below a threshold level. The emect of more competition
is to reduce pro..ts thereby speeding up the adoption process. Finally, in the
quality-variety models of van de Klundert and Smulders (1995, 1997), more
competition reduces the equilibrium number of varieties and increase the size
of active ..rms, which raises their incentive to innovate.

Our model dizers from this literature in that we make no special assump-
tions: we use the standard leapfrogging model with pro..t-maximizing ..rms
and a ..xed number of varieties. Our main innovation is to develop the anal-
ysis under the assumption of Cournot competition; obviously, this analysis
is meaningful only if innovations are non-drastic. In this sense, ours is the
most economical way to reconcile endogenous growth theory with the em-
pirical evidence on competition and growth. More to substance, the ecect
of competition on productive eCciency is both theoretically and empirically
important, and our analysis incorporates it into a general equilibrium growth
model.

The rest of the paper is organised as follows. In section 2, we set up
the model, and in section 3 we derive the model equilibrium under Bertrand
competition. Section 4 covers new ground by developing the analysis of the
case of Cournot competition. Section 5 compares the Bertrand and Cournot
equilibria and proves the main result of the paper. The welfare analysis is
developed in Section 6. Section 7 ozers some concluding remarks.

2 The model

We use a one-sector version of the model of Barro and Sala-i-Martin (1995,
ch. 7), but the main results are more general and can be re-produced in
many other models with quality improvements.
The economy is populated by identical individuals whose mass is normal-
ized to 1. Each individual has linear intertemporal preferences:
YA 1
u(c) = c(teidt D
0

so that the rate of time preference r coincides with the equilibrium rate
of interest. Each individual inelastically ozers one unit of labour. The ..nal
goody isproduced in a perfectly competitive market using labour (which is in
.xed supply) and an intermediate good according to the following production
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function:
yk:jqk®,o<®<1, @)

where

s=0

is the quality-adjusted index of a composite good which combines all past
generations of intermediate goods.

Technical progress takes the form of an increase in the quality of inter-
mediate goods: q > 1 is the size of each innovation and k is the number of
past innovations. In what follows we ..nd it useful to re-formulate kk in the
equivalent form

kk = quk , (3)

where Xy = P::() q81kxs measures the input of the composite intermediate
good in eC€ciency units relative to the last vintage. We assume that inno-
vations are non-drastic, which in the current setting means that ® 1.
Independently of its quality, the intermediate good is produced using the ..-
nal good with a constant marginal rate of transformation that is normalised
to 1. The ..nal good may be consumed, used to produce intermediate goods,
or used in research.

In a stationary equilibrium the price of the intermediate good will be
constant and therefore Ry will grow at rate qu®. Fom (2) it then follows
immediately that % = qﬁ%. This is the growth factor between periods (a
period is the random time interval between two innovations), and we denote
itbyg "~ q%. In a steady state, consumption, the input of intermediate
goods (Xy), and R&D investment will all grow at rate g between periods.

Innovative activity happens at a rate determined by R&D eworts. In each
period there is a patent race. Research can be conducted by any ..rm, which
is currently active in the 'c_;;oduct market, or by outsiders. There is free entry
by outsiders. Let n, =, ny denote aggregate R&D investment, in units
of the consumption good, to obtain the k + 1-th innovation. The innovation
occurs according to a Poisson process with hazard rate zx = hx(nk), where
h(ny) is increasing and weakly concave (concavity may retect the presence



of external diseconomies in research). For simplicity, we specify the aggregate
hazard function as

he(k) = .k, ,0<~ 1, >0 4)

When = 1 one obtains the standard case with constant returns in the R&D
sector. When the innovation occurs, the probability of ..rm i being granted
the patent is —'& The innovator is granted an in..nitely lived patent on his
innovation. There is perfect patent protection, which means that nobody
can imitate the innovation.

In order to guarantee the existence of a steady state with positive growth,
following Barro and Sala-i-Martin (1995, p. 250) we assume that

.gik ©)

Under this assumption, in a steady state the hazard rate zx = _xn, will be
constant across periods. In a steady state the output of the intermediate
good, consumption and R&D investment will all grow at rate g between
periods. The expected rate of growth is z log g.

In what follows, we shall assume that the current leader (more generally,
any currently active ..rm) does no research and is therefore systematically
replaced by outsiders. As discussed at greater length in Denicolo (2001),
this pattern of leapfrogging is indeed an equilibrium of a simultaneous moves
R&D game if the size of innovations is not too small. Since our main result
applies to the case in which innovations are almost drastic, the leapfrogging
assumption is not restrictive.

3 Bertrand competition

In this section we develop the model solution assuming that ..rms compete
in prices. Such a Bertrand equilibrium is standard in the endogenous growth
literature. We dewelop it in some detail in order to get a benchmark to
contrast with the Cournot equilibrium to be analysed later.

With Bertrand competition, the latest innovator will be the only active
.rm in the product market and only the best quality of the intermediate
good will be used, so that the production function reduces to

yk = %% (6)



From the production function (6) one obtains the demand for the latest
generation of the intermediate good:

X = OTizp, TP )

where py is its price. The k-th innovator holds a patent covering the k-th in-
termediate good and will price it so as to maximise its pro..t
(px 1 1)xk. Because innovations are non-drastic and in a leapfrogging equi-
librium the next best quality is available to a ..rm other than the current
leader, the leader is constrained by outside competition. The outcome will
be a limit-pricing equilibrium where the leader prices at pg = q and drives
his competitors out of the market.
The corresponding pro..t is:

S S

Yo = (4 1 1)qiTi®@Tivg (8)

or ¥Bgk, where %B = (q j 1) qiTis®Tis.
Next consider the research industry. At equilibrium, outsiders’ expected
net pro..t must be equal to zero, i.e.:

JKNTE (Vi) = 1 ©9)

where E(Vk+1) is the expected value of the k+1-th innovation. Positing
that the leader will be displaced by an outsider in the next race, E (Vi+1) IS
determined by the following asset condition:

rE(Vi1) = %895 i L kraNas E (Viers) (10)

which says that securities issued by the leader pay the fow pro..t %2, less
the expected capital loss ,kﬂn;ﬂE(Vkﬂ) that will be incurred when the
next innovation is achieved (driving the leader’s pro..t to zero). Equation
(10) can be solved to get:

1/4ng+1

E(Vk+1) = 11

F+ kil
Assumption (5) implies that in a steady state zx will be constant; plugging
(5) and (11) into the free-entry condition (9) and dropping the time index

one obtains:
Y8 _

9z > (12)

-




Since the left-hand side of (12) is decreasing and the right-hand side is in-
creasing in z, there is a unique steady state. Implicit dicerentiation shows
that the steady-state level of research is a decreasing function of the rate
of time preference r and an increasing function both of the productivity of
R&D exort | and the step size between innovations g.

4 Cournot competition

In this section we cover new ground by assuming that ..rms compete in
guantities in the product market. This assumption has two important con-
sequences. First, two or more ..rms will be active at equilibrium, so that
dicerent vintages of the intermediate good will be simultaneously produced
even if older vintages are less productive. This means that the market equi-
librium will exhibit a new type of ine®ciency, productive ine¢ciency. Second,
innovators’ rents will not be terminated by the occurrence of the next inno-
vation, although the market share and pro..ts of the current technological
leader will decrease, and less eCcient ..rms may be driven out of the mar-
ket. We now develop the model solution under Cournot competition and our
maintained assumption that in each period the next innovation is obtained
by an outsider.

To determine equilibrium price, output and market shares in the market
for the intermediate good, it is convenient to measure the intermediate good
in e€¢ciency units as in equation (3), that takes into account that one unit of
the intermediate good of vintage k j s is equivalent to q¥° units of the state-
of-the-art good. The demand function for the intermediate good is obtained
as in the previous section replacing x, with X, and therefore is

— o= ITIE K
X = @®Tiep, U g" (13)
or XgK, where
X = @Tiwp, Ti® (13)

Recall that only the (k j s)th innovator, who holds a patent on his vintage
of the good, can produce the intermediate good of vintage k j s. Under the
assumption that all innovations are obtained by outsiders, no innovator will
hold multiple patents. Innovator k j s’s unit cost of producing one unit
of the intermediate good, measured in period k e¢ciency units, is therefore
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g°>. Thus we can proceed as if the intermediate good was homogeneous but
.rms had dizerent production costs, i.e. 1 for the latest innovator, q for the
penultimate innovator, g2 for the third latest innovator and so on.

Given the demand function (13), it is now easy to calculate the Cournot
equilibrium. Let mg + 1 denote the number of active ..rms in period k. The
equilibrium price is

_l+g+g?Hmagm

Pk = p——ry (14)

The equilibrium number of active ..rms other than the latest innovator,
Mg, is the largest integer such that

1+q+ 0%+ +qMk

my + ® qu+l (15)

and is therefore constant across periods. Let us denote it by M. From (14)
we obtain

c_l+g+g®++qh

16
m+® (16)
Plugging this expression into (13), equilibrium output becomes
P e
2 l+g+g?+ i+ gnine
X, =@mn <, 17
K Lie m+® g (17)
—Lh1++2+"-+ﬁiil_!5 A
or XCg¥, where X© = @Tis L tard . Clearly, the equilibrium

price under Cournot competition is greater than under Bertrand competition;
consequently, (given k) the equilibrium output is lower.

Let 1/4‘53;kand Y%s.x denote the pro..t and market share of innovator k j s in
period k. We have:

i|oC igsit
(1i®pc

that is, market shares are constant across periods, and , %S, = %S$gX, where

Yis =

(18)

i .G
US =%s pC j °Ft XC (19)



Next consider the equilibrium in the research industry. The zero-pro..t
condition for outsiders (9) continues to hold, but now to determine the value
of innovation k + 1 we must keep in mind that innovator k + 1 will be active
(and get positive pro..ts) for M + 1 periods. The asset condition (10) must
therefore be replaced by

_ £ o
rE (Vk+1) :%ggkﬂ i k1M E(Vis1) i E(Vkl+1) (20)

where E(V,},,) is the value of innovation k + 1 after one period, i.e. when
innovation k + 2 is obtained. Equation (20) dizers from (10) because the
capital loss that will be incurred when the next innovation is achieved is the
dicerence between the value of being leader and that of being the second
most e¢cient ..rm in the market, E(V,},;). This is in turn determined by
condition

_ £ o)
rE(Vkl+1) :1/4(1:gk+2 i -k+2Ny ) E(Vk1+1) i E(Vk2+1) (21)

where E (V/2,,) is the value of innovation k + 1 when innovation k + 3 occurs,
and so on. Ewentually, after M innovations, the k + 1-th innovator will be
driven out of the market. This implies that E (V,h;") =0, and hence

rE(VT) = %S0 ™ G e N E (VL) (22)

These equations can be solved recursively yielding

1/ C ok+1 X 1/4ggk+s+1 (. k+h+1Mk+h+1)
E(Vk+1) = al + = (23)
(r + . k+1Nk+1) s=0 (r + _k+h+1Nk+h+1)
h=0

Equation (23) is analogous to (11) in that it says that the value of the k+1-th

innovation is the present value of all future pro..ts that the innovator will get

in the m + 1 periods for which he will be active in the product market. As

usual, the discount factor is augmented to keep into account the probability

that new innovations occur.

In a stationary equilibrium, the free-entry equilibrium condition (9) and

equation (23) give us:
" #
g 14C_|_Xl/4scgszS =Z_7
0 S s
(r+2) _, (r+2)

(24)
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This equation uniquely determines the equilibrium hazard rate, z. Again,
the steady-state level of research is a decreasing function of the rate of time
preference r and an increasing function both of the productivity of R&D
ecort . and the step size between innovations g.

5 Competition and growth

Having solved the model under Bertrand and Cournot competition, we are
now ready to compare the two equilibria. Since the notion of increased com-
petition is traditionally associated with a switch from Cournot to Bertrand
competition, such a comparison o=ers new insights into the relation between
competition and growth. We begin with a simple result.

Proposition 1 If industry pro..ts under Bertrangscompetition are at least as

large as under Cournot competition, i.e. if %48 _ I %S, then the Bertrand

rate of growth will be higher than the Cournot rate of growth.
Proof. Note that the following transversality condition must hold:
r>@ijl)z, ie gz<r+z. (25)

If this condition is violated, consumers have an incentive to postpone
consumption inde..nitely. The result then follows immediately from the com-
parison of (12) and (24) and the transversality condition. m

The intuition is as follows. Under Bertrand competition, the k-th inno-
vator will get industry pro..ts in period k and zero pro..ts thereafter. By
contrast, under Cournot competition an innovator will be active, and reap
positive pro..ts, for m + 1 periods: in the ..rst period he is the technological
leader, in the second period he is the most e®cient competitor of the new
leader, in the third period he is the next best competitor of the new leader
and so on. Note that while his relative position in the intermediate good
market is modi..ed by the advent of each successive innovation, the pro..ts
associated with any of these positions increase across periods by the constant
factor g. Hence, in equation (24), the factor gz adjusts current innovator’s
future pro..ts for both the probabilistic and the growth components related
to the next innovations, while r+ z is the augmented discount factor of these
pro..ts. In a stationary equilibrium the expected length of each period is
constant, and so if gz was equal to r + z, the incentive to innovate would be
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the same as if the innovator got aggregate industry pro..ts in the ..rst period
and zero pro..ts thereafter (Just as he does under Bertrand competition).
But the transversality condition implies that gz < r + z. This means that
the rate of growth under Cournot competition is lower than under Bertrand
competition, for any given level of industry pro..ts.

Next we show that industry pro..ts are in fact larger under Bertrand
competition if the size of innovations is su€ciently large. Recall that we
assume that innovations are non-drastic, i.e. g < é.

Proposition 2 There exists a left neighborhood of é such that if the size
of the innovations, g, lies in this interval, industry pro..ts under Bertrand
competition are greater than under Cournot competition.

Proof. If q is su¢ciently close to <, the following inequality must hold:

1+ 2
50 <q. (26)
This imply that m = 1 so that there are two active ..rms in each period

under Cournot competition. Equilibrium pro..ts under Cournot competition
4
are

4§ (Q) = —— ®ﬁ@u“®ﬂ2”1+qﬂ“(‘®_® 7)
o WETTe 1+q 1+@
4S(Q) = ——@T SRS ETRN (28)
W78 1+q 1+@ !
so that the industry pro..ts are
" #
1S( )_L@)l—% g i ®qﬂ2+uwﬂ2 uﬂﬂiﬁ% (29)
CWETTETY T+ T+q 1+@

On the other hand, we recall that Bertrand equilibrium pro..ts are given
by

%B(g) = @TF (g § 1)qiTm .

“At any stage k of the innovative process, both Cournot and Bertrand equilibrium
pro..ts are multiplied by the common factor g¥. Obviously this factor is immaterial to the
comparison, and hence we ignore it. Also, we introduce the notation "%(q)" to indicate
Cournot and Bertrand equilibrium pro..ts as functions of the size of innovations, q:
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We must compare %2 (q) to %C(q). First of all, note that %8 (%) = %C(2)
and both are equal to the monopoly pro..t associated with the demand func-
tion (13’) and unit marginal costs. Then, it can be easily shown that %8(q)
is monotonically increasing in g, whereas %C(q) is ..rst decreasing and then
increasing in q. Let us calculate

@%@ _ 8 1i@®q
B YTioaeiD (30)
so that %q(q)jq:é_ = 0. On the other hand,
C C ( 2
Be@ _ 4@ 20+0°@il) . _©® (31)
@q (1+9 (@i®*+1i®)  (1i®)
so that nggqu:_é > 0. This means that %C(q) raises more steeply than %8(q)

in a left neighborhood of é. By continuity, it follows that %B(q) > %C(q) in
a left neighborhood of . m

Propositions 1 and 2 implies that the equilibrium rate of growth is greater
with Bertrand than with Cournot competition if innovations are su¢ciently
large. The intuition is that with q = % both the Bertrand and the Cournot
model yield the monopoly solution. Starting from q = %, consider now
the exect of decreasing q. With Bertrand competition, the presence of a
less e¢cient competitor (namely, the holder of the patent on the previous
innovation) now constrains the technological leader that must price at p = q,
but when q is close to the monopoly price % the eoect of competition on
the leader’s pro..t is second order as the pro..t function is fat at p = <.
With Cournot competition a fall in g will reduce the equilibrium price less
than under Bertrand competition, but now the less e¢cient ..rm will hold a
positive market share that increases as q decreases. Since the less e€cient
.rm’s cost is greater than 1, with Cournot competition the ecect on industry
pro..ts of a fall in q is ..rst order, whence the result follows.

It can be shown that as q falls, eventually %B(q) < %€ (q). By Proposition
1, this means that the rate of growth can (but need not) be greater with
Cournot competition if the size of innovations is su¢ciently small.

Numerical calculations show that the interval in which aggregate prof-
its are greater under Bertrand competition, and thus more competition is
associated with faster growth, can be quite large. Figure 1 illustrates.
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6 Welfare

We now turn to the exect of competition on social welfare.
Expected social welfare is given by
1A s !
E(u) = Pr(k;t)yc, dt (32)
o k=0

where Pr (k;t) = €22 js the probability that there will be exactly k
innovations up to time t, and ¢, =y, § X« i Nk iS consumption in period k.

A switch from Cournot competition to Bertrand competition has two
exects on social welfare, a static emect and a dynamic ecect. The static exect
Is unambiguously positive. Indeed, for any given state of the technology, the
price of the intermediate good is lower and output is greater with Bertrand
competition. Further, under Bertrand competition only the most e¢cient
.rm is active in the intermediate good industry (i.e. at each stage of the
innovation process, only the highest quality good is produced in equilibrium).
The dynamic exect, that operates via the incentive to innovate and the rate of
growth, is more complex. As we have seen, more competition may be growth-
enhancing or growth-reducing. In addition, as is well known, the equilibrium
rate of growth may exceed the socially optimal rate, which means that faster
growth is not necessarily socially bene..cial. It follows that the welfare exect
of more competition is generally ambiguous.

However, if innovations are su@ciently large so that Proposition 2 applies,
and if the equilibrium R&D exort is suboptimal, as empirical estimates seem
to indicate, more competition will have a positive ecect on social welfare.

We cannot rule out, however, the case in which the equilibrium rate of
growth is too high and the dynamic erect outweigh the static one, so that
less competition is socially desirable. This possibility was ..rst pointed out
by Delbono and Denicolo (1990) in a partial equilibrium framework, and can
be re-obtained in our general equilibrium model for non-degenerate values
of the parameters (numerical examples are available from the authors upon
request).
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7 Concluding remarks

In this paper, we have re-considered the relationship between competition
and growth in a standard neo-Schumpeterian model with improvements in
the quality of products. We have modeled the notion of lower competition
by a switch from Bertrand to Cournot competition, focusing on the case of
non-drastic innovations.

Our main ..nding is that when the size of innovations is su€ciently large,
the equilibrium rate of growth is unambiguously greater with Bertrand than
with Cournot competition. This result follows from two ecects that our anal-
ysis has highlighted. First, for any given level of industry pro..ts, the incen-
tive to innovate is larger under Bertrand competition because with Cournot
competition part of the innovator’s rents are delayed. Second, when innova-
tions are close to being drastic, the productive e®ciency ecect implies that
industry pro..ts are greater with Bertrand competition.

However, for smaller innovations, Cournot competition may (but need
not) create greater incentives to innovate (hence greater rates of growth).
Even if innovations are large the welfare comparison of the Bertrand and
Cournot equilibria is generally ambiguous.
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Figure 1

- Comparison of Bertrand and Cournot equilibrium profits

as functions of the size of innovations -
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