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INNOVATION BY LEADERS II:
SCHUMPETERIAN GROWTH WITH ENDOGENOUS
PERSISTENCE OF LEADERSHIP”

ABSTRACT

I develop a Schumpeterian model of endogenous growth with realistic features of the market for
innovations as decreasing marginal productivity at the firm level and the possibility of wasteful du-
plications of resources between firms due to congestion at the industry level. Moreover, I consider
the possibility that incumbent patentholders have a competitive advantage in the patent races for the
next generation technologies and hence endogenously invest in R&D: in this case the value of being
a leader is higher and growth driven by market leaders is higher. Technically the paper provides a
complete analytical solution of the general equilibrium model with endogenous persistence of leader-
ship through dynamic programming techniques and undetermined coefficient methods. Moreover,
this framework can be used for other macroeconomic investigations: I show that other sources of
growth may reduce investment inducing a paradoxical negative correlation between growth and
R&D spending, and that price stickiness induces an inverted U relation between inflation and long
run growth.
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I - INTRODUCTION

According to Schumpeter (1942), market power provides the incentives to invest
and innovate and so it stimulates growth. The recent revival of this important obser-
vation, started with the works by Romer (1990) and Aghion - Howitt (1992), has for-
malized this idea of creative destruction. However, the market for innovations is
usually described in a very simple and empirically arguable way: the production
function of new ideas is characterized by constant marginal productivity and a simple
no-arbitrage condition pins down the equilibrium investment in R&D and, conse-
quently, the rate of economic growth. This minimalistic approach does not allow to
open the «black box» of the engine of growth, its microeconomic organization, and
to study how policy affects it.

As noticed by Kortum (1993), Cohen - Klepper (1996) and others, investments in

* 1 benefited from insightful discussions with D. Acemoglu, P. Aghion, S. Anderson, R. Bar-
ro, M. Boldrin, A. Colciago, D. de Meza, J. Harrington, D. Laibson, G. Mankiw, P. Tirelli, J. Zei-
ra and K. Zigic. I am thankful to participants in seminars at Harvard, MIT, CERGE (Prague) and
University of Milan. Contact: Universita degli Studi di Milano, Bicocca - Piazza dell’Ateneo Nuo-
vo 1, U6-360. E-mail: federico.etro@unimib.it
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R&D are characterized by relevant fixed costs, decreasing marginal productivity',
and substantial duplications of resources between firms. In a companion paper, Etro
(2004), I have studied a partial equilibrium model of patent races with alternative
kinds of competition and I have introduced it in a sketched Schumpeterian growth
model.? In the current article I expand, correct and complete that exercise to develop
a fully fledged general equilibrium model of growth with realistic patent races in the
market for innovations and to study its welfare implications. The most important out-
come is that, even if the equilibrium can be characterized by a growth rate below or
above the optimal one, the organization of the market for innovation is always biased
toward too small firms®. Notice that this general conclusion may shed new light on
the problems of countries that do not grow much, are characterized by many small
firms investing too little in R&D and lack large and innovative corporations, notably
Italy.

Another important stylized fact about R&D investment is that a large part of it is
done by incumbent monopolists with patents on the leading edge technologies (see
Blundell - Griffith - Van Reenen, 1999; Aghion - Griffith, 2005)4. It has been
claimed that the engine of global growth is actually in those large corporations lead-
ing research in high-tech sectors which mostly contribute to productivity growth.
This important stylized fact is neglected by the entire literature on Schumpeterian
growth, where incumbent monopolists do not invest in R&D according to the tradi-
tional theory of innovation (Arrow, 1962). In Etro (2002, 2004) I have provided a
new rationale for investment in R&D by monopolists: the crucial conditions are a
leadership of the monopolists and free entry in the patent race for the next technol-
ogy. In a dynamic context, this leads to persistence of monopolies and hence it in-
creases the value of innovations. In particular, when marginal productivity is close to
constant, monopolists deter entry in the patent race remaining the only innovators,

! One of the stilyzed facts pointed out by Cohen - Klepper (1996) is that the number of pa-
tents and innovations per dollar of R&D decreases with the level of R&D. See Griliches (1994)
for an empirical discussion. From a theoretical point of view, notice that, while in most of the
productive sectors there are strong reasons to believe that doubling the amount of input total pro-
duction will double, there no any reasons to believe that doubling the amount of input in the
R&D activity will deliver a double expected amount of innovations or will reduce by half the ex-
pected time to achieve the initial innovations. Decreasing marginal productivity (in the single in-
put) is the standard assumption in the microeconomic theory of patent races.

2 A related task is present in a work by Zeira (2003), whose interest is in the choice of inno-
vators between simple innovations and more difficult but radical innovations and across multiple
research strategies, and especially in Denicolo - Zanchettin (2006).

3 See Minnitti (2007) for related results.

4 Blundell, Griffith - Van Reenen (1999) provide wide evidence based on British manufactu-
ring which is «in line with models where high market share firms have greater incentives to pre-
emptively innovate». In a similar vein, Nicholas (2003) presents an historical analysis on 1920s
America and shows that «firms with high levels of market power tended to innovate more because
they had strong incentives to do so pre-emptively». Ogilvie (2004a,b) provides an hystorical per-
spective on the relationship between barriers to entry, lack of innovation by leaders and lack of
growth.



INNOVATION BY LEADERS II 83

while in the more realistic case of decreasing marginal productivity, they allow entry
but still invest more than any other firm, which implies partial persistence of mono-
polistic positions”. In this case, I show that the engine of growth is more powerful,
in the sense that the value of innovations is enhanced, the aggregate incentives to in-
vest are increased and this speeds up the growth process. This characterization of
growth driven by dominant firms may help explain the persistence of technological
leadership in the US, whose large corporations tend to perpetuate their leadership in
most high-tech sectors and that of US in the world economy. A contribution of this
paper is in the development of dynamic programming techniques to solve analyti-
cally a complex general equilibrium model with Schumpeterian growth and endogen-
ous persistence of leadership®.

The framework developed in this article allows to explore how different factors
and policies can affect the engine of growth. In particular, here I will augment the
model with another generic source of growth, which may just be a traditional exo-
genous technological progress or it may be microfounded in some endogenous way.
This allows to show a surprising result: an increase in growth due to other sources
may reduce the incentives to innovate. Consequently, even if innovation is the main
engine of growth (in the sense that it actually contributes to most of the growth rate),
growth and investment in innovation may be negatively correlated (over time or
across countries). This result is due to the increase in the interest rate associated with
higher growth which may crowd out some firms from the innovation sector: this sug-
gests that empirical tests of Schumpeterian growth theories should separate the direct
positive effect of innovation on growth from the feedback effect of growth on inno-
vation.

Finally, following the new-keynesian tradition, and in particular a recent contribu-
tion by Barro and Tenreyro (20006), I extend the model to a monetary economy draw-
ing some new implications on the relationship between inflation and endogenous
growth. Price stickiness induces an inverted-U relation between inflation and long
run growth which is broadly consistent with available empirical evidence: excessive
inflation erodes the monopolistic profits of innovators reducing the aggregate incen-
tives to invest and hence reducing growth.

In what follows, Section 2 describes the model and Section 3 solves for the equi-
librium organization of the R&D sector and for the general equilibrium. Section 4
derives the optimal R&D policy and Section 5 endogenizes the persistence of mono-
polies. Section 6 discusses a few extensions, while Section 7 concludes. Technical
details are left to the Appendix.

> In a recent important paper, Segerstrom (2007) has developed a model where incumbent mono-
polists invest in R&D because they can use a different innovation technology than the one adopted
by the other firms. This approach basically assumes cost advantages in the innovation activity for the
monopolists and allows to study their persistence, but it does not explain its ultimate source. For rela-
ted dicussions see also Grieben (2005), Denicolo and Zanchettin (2006) - Impullitti (2006a, b).

® In Etro (2004) I could not solve such a problem and had to rely on numerical simulations.
The current study corrects the imprecisions derived within that early investigations.



84 F. ETRO

II - THE MODEL

Let us consider an infinite horizon representative agent with isoelastic utility:

© -1
U:/ —LeP'dt with v>0 (1)
0 -y
where p > 0 is the time preference rate. The agent can consume its income or save
it and finance R&D activities providing a rate of return ’. This implies that con-
sumption grows at the rate:
G r'e—p

< 9 )

Output Y can be used for consumption C, production of intermediate goods X or
investment in R&D and it is produced according to the constant return to scale func-
tion introduced by Barro and Sala-i-Martin (1995, Ch. 7):

N
Y =AL'") (4"X)" (3)
j=1

where A is Total Factor Productivity, L is the fixed labor force, X; is the intermedia-
te good j of quality k;, N is the constant number of intermediate goods, ¢ > 1 and
a € (0,1). The advantage of the Barro and Sala-i-Martin framework is that techno-
logical progress due to innovations realizes independently for each intermediate
good: hence, it allows to think of small and frequent innovations rather than innova-
tions for general purpose technologies.

2.1. The output and inputs markets

The markets for the final good, which is the numeraire, for labour and for credit
(to firms investing in R&D) are perfectly competitive. Each intermediate good is
monopolistically produced by a single firm with a patent on it. I will define 1 + p as
the optimal price for this monopolist (so that p is the mark up on the unitary margin-
al cost), which may be microfounded as the monopolistic price 1/« for drastic inno-
vations, the limit price ¢ for non drastic ones or in other ways (even taking into ac-
count other factors, like taxation). The aggregate quantity produced of intermediate
good j can be determined as:

aA 1/(170/) aries —Q
X = () e @

7 Investment takes place immediately since there is not storage in this economy. One could
extend the model with investment goods and depreciation.
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Substituting the quantity X (x;) from (), we obtain the output of final goods:

a

1 « I-a
Y:A1a<l+u> LO (5)

and total amount of intermediate goods X = [ad/(1 + u)]ﬁLQ, where we have in-
troduced the Barro and Sala-i-Martin aggregate quality index Q = Z]N: 1 q11— The
flow of profit for each intermediate good producer with the sector’s highest quality

rung k; is m(k;) = pX (k;).

2.2. The market for innovations

Every time an innovation is obtained for some intermediate good j, the innova-
tor starts producing it with the cutting-edge technology and new firms begin to in-
vest to find out the next innovation. I assume that R&D requires a monetary in-
vestment, but the Aghion - Howitt (1992) approach using labour as the factor of
production in the R&D sector would not alter the qualitative results. To participate
in the competition for the innovation, or shortly the patent race, each firm i has to
pay a fixed cost F(x;) (which may include an entry fee set by the government)
and spend a flow of resources z;(x;). A constant subsidy rate could be introduced
as in Etro (2006d).

Contrary to the usual literature, which assumes constant marginal productivity -
equivalent to constant returns to scale since there is just one input - in the R&D sec-
tor, I will introduce decreasing marginal productivity in the production of new ideas.
In particular the investment for firm i gives birth to the innovation k; according to a
Poisson process with arrival rate /;(k;) given by a concave function of z;(x;). To ob-
tain closed form solutions, I assume the following specification:

hi(k;) = [(r;)zi(r))° (6)

where the function ¢(k;) expresses how difficult is to discover technology &; and
€ € (0, 1] represents the degree of returns to scale in the innovation sectors or the
elasticity of expected revenue with respect to the flow of investment. This parameter
is unitary in the existent versions of the quality-ladder model (starting with Aghion
and Howitt, 1992, 1998), but empirical research, for instance by Cohen and Klepper
(1996) and Kortum (1993) suggests an elasticity much smaller than 1%. The arrival
rate of innovation «;, will just be the sum of the individual arrival rates of the n(;)

8 Kortum (1993) suggests a range between 0.1 and 0.6 for this elasticity. Segerstrom (2007)
assumes that decreasing returns hold just for the incumbent monopolist, while constant returns to
scale characterize all the other firms. He solves the model through simulations and assumes
e = 0.3 as the average between the values proposed by Kortum.
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entrants’ plus the one of the incumbent, indexed with M:

n(k;)
p(rr) =Y [0(s)zi( )] + [0 ()2 ()] (7)

i=1

Hence, there are decreasing returns both at the firm level and at the industry level,
as suggested by the empirical evidence in this field. Using the properties of Poisson
processes in a standard fashion, the expected net profit of entrant 7 in the patent race
in sector j when the current quality is k; can be written as:

[p(k))zi (k)] V (1) + 1) = zi(r))
r+ p(K;)

IT'(k;) = — F(r) (8)
where » + p(x;) could be defined as the effective discount factor at the time of the
innovation of vintage ; and V(x; + 1) is the value of being monopolist with the
next technology 4; + 1. Since also the incumbent monopolist with the technology ;
can invest to innovate, we need to consider its objective function, which is given by
the Bellman equation:

V() = max

{ [p(k))zm] V(K + 1) + 7(K;) — zm
r+p(k;)

where the fixed cost is paid only if z3, > 0. Deep down, this value of the innovation
is the engine of growth, because what drives investment and growth is exactly the
attempt to conquer this value. In the standard literature, monopolists do not invest,
hence the value of leadership is just the expected profits from the next innovation.
As we will see later on, monopolists invest when they have a leadership and in that
case, the value of the innovation includes also the option value of a persistent lea-
dership, which fundamentally modifies the incentives to invest.

To close the model we will need some assumptions on the functional forms for
¢(r;) and F(k;). We assume that new ideas are more difficult to obtain when the
scale of the sector, as represented by expected production with the new technology,
increases, and that the fixed cost is a constant fraction of the expected cost of pro-
duction with the new technology:

R} O

o05) = X0+ 1) Flog) =D (10)

r+p(kj+1)]
with n € (0, ) to make the problem interesting (otherwise there would not be any
research). I want to capture the idea that the larger is the scale of expected produc-
tion of a firm, the larger are the costs necessary to discover it, to develop the asso-
ciated technology and the infrastructures needed to adopt this technology (think of
new assembly lines, training of workers, construction of prototypes and samples).
These assumptions will deliver a balanced growth path and will avoid scale effects

? In all the paper we will consider the number of firms as a real number greater than unity.
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on the equilibrium growth rate, which is in line with the Jones’s critique to the first
generation of quality-ladder models'’.

Given this set-up, one can make different assumptions on the kind of competition
in the market for innovations. In this paper I will consider the traditional Nash case
and the Stackelberg case (in which the current monopolist has a first mover advan-
tage) with free entry.

II - THE NUMBER AND SIZE OF R&D INVESTORS

In this section I model competition in the market for innovation in the Nash fash-
ion. As a consequence of the Arrow paradox, under free entry the leader does not in-
vest in R&D, because its best strategy is to stay out from the patent race and enjoy
the profits from its current patent until a new innovation will make it obsolete'".
Competition for innovations is just between outsiders and the scope of this section is
to characterize the equilibrium organization of the R&D sector, the number of firms
investing and their size together with the usual macroeconomic variables as aggre-
gate growth.

The lack of investment by monopolists implies that the value of being a monopo-
list with technology &;, (9), boils down to:

M( ag >— .
(k) 1+p
V() = =

o) T o) (1

Each firm chooses its investment in R&D z;(x;) to maximize (8) taking (7) into
account and taking the strategies of the other firms, the value of the next innovation
and the interest rate as given, while the free entry condition sets the expected profits
(8) equal to zero providing the equilibrium number of entrants 7(;). This implies
the investment per firm:

2(ry) = €776 ()T [V + 1) — Fiy)] T (12)

which is increasing in the value of the innovation net of the fixed cost of entry, while
is independent from the interest rate.
Substituting the endogenous value of innovation (11) and using our assumptions

19 See Jones (1995) and Barro - Sala-i-Martin (2004).

! See for instance Etro (2004) for a proof in this same context. The general intuition for this
result is simple. While the gains from an innovation for the incumbent monopolist are just the dif-
ferential between profits obtained with the next patent and those obtained with the current one,
the gains for any outsiders are the full profits from the next patent. Hence the incumbent has lo-
wer incentives to invest in R&D. The expected gains of the incumbent are even diminuished
when the investment of the outsiders increases. And when the latter arrives to the point that ex-
pected profits for the outsiders are zero, the incumbent has no more incentives at all to participate
to the patent race.
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(10) in the expression for investment and in the free entry condition, we can expli-
citly obtain the investment by each firm and the number of firms in this particular pa-
tent race'?. It turns out that the former is increasing in the quality achieved in the sin-
gle sector, since this implies higher demand and hence higher expected profits for
the corresponding intermediate product, while the number of firms and the aggregate
probability of innovation in each patent race turn out to be the same in all sectors.
To see this, it is easy to use the free entry condition setting (8) equal to zero to ex-
press the effective discount rate. Using this to explicit the expected value of innova-
tion (11)'3, and substituting in (12) we can obtain the equilibrium flow of investment
per firm:

2(1e) — en(p —n) ad \TT T (k1)
%) [u—e(u—n)]<1+u> b 13)

which is strictly positive. This investment is proportional to the future scale of pro-
duction and increasing in the degree of returns to scale, ¢, since this makes invest-
ment more productive. For a given scale of production, it is increasing in the mark
up u, which is exactly the core of the Schumpeterian idea that monopolistic profits
drive innovation of single firms'®. The effect of higher fixed costs on investment
can be shown to be non monotonic, positive for 7 low but negative for n high
enough: on one side high fixed costs reduce expected profits for a given life of the
patent, but on the other, they reduce the innovation rate in the future so as to increa-
se the expected life of the patent.

Defining simply p = p(k;) the aggregate arrival rate of innovations in every sector
at each point in time, we can now derive from (5) the growth rate of income which
corresponds to the expected growth rate of the aggregate quality index Q:

Q __ palng
5(g)=e=n )

It is standard to verify that on a balanced growth path consumption and income
must grow at the same rate, which allows to endogenize the interest rate and conse-
quently to fully characterize all the other equilibrium variables, that is the growth

12 In the Barro - Sala-i-Martin (1995) model, the arbitrage equation for the patent race k; pins
down the investment in innovation in the patent race &; + 1 without a clear economic intuition. In-
stead, in our model, the free entry condition for the patent race k; pins down the number of firms
investing in innovation in the patent race k; and, together with their profit maximising choices,
their individual investments in the same patent race.

'3 Notice that the value function of the monopolistic position grows at a constant rate
V(nl,- +1) = V(k;)gr=.

* When the mark up is endogenously given by p = (1=2), the flow of investment is ambi-
guously affected by the factor share of the intermediate products a (or by their related elasticity
of demand, 1/(1 — «)): on one side, the higher is «, the lower the profit margin, which reduces
the incentives to invest, on the other side, the higher is «, the higher will be future production

and the associated profits, which promotes investment.
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rate, the arrival rate of innovations and the number of firms in the R&D sector as
functions of behavioral, technological and policy variables. In particular, we have: :

Proposition 1: Under Nash competition in the market for innovations, the equili-
brium growth rate is:

R LA R

7+ (1—-a)/alng

g= (15)

which is decreasing in n, while it is increasing in .

As one could expect, the more costly are innovations, the lower is equilibrium
growth; increases in the size of the innovations (for instance due to some general
purpose technology which enhances technological progress) or in monopolistic
mark-ups promote growth, while it can be shown that the relation between growth
and e is U-shaped.

The equilibrium arrival rate of innovations is directly proportional to the above
growth rate, while the equilibrium number of firms is:

g [p—du-n)]
"= 5 :Hnm]ln:/{:mgnﬂ 1ol

hence higher size innovations are associated with higher growth but fewer firms
(and less frequent innovations). Contrary to standard models without scale effects,
this one implies that R&D policy, in this case R&D subsidization, has a positive ef-
fect not only on investment in innovation at the firm level and at the aggregate le-
vel, but also on the growth rate.

In conclusion, we have extended the Barro and Sala-i-Martin framework to expli-
cit characterization of realistic patent races. In that framework, the organization of
the R&D sector is indeterminate'”, while here it can be accurately described and used
for welfare analysis, which is the focus of the next section.

IV - OPTIMAL R&D POLICY

I will now derive the optimal organization of the R&D sector and the optimal
R&D policy. I will provide an heuristic solution for the social planner problem with
the purpose to obtain a more intuitive presentation; an equivalent proof can be ob-
tained using standard optimal control arguments.

'S Notice that approaching constant returns to scale in our model (that is when € — 1 and
1 — 0), the investment by each firm and the number of firms become indeterminate, but the equi-
librium growth rate converges to the traditional one (see Barro and Sala-i-Martin, 2004):

g—=(u—p)/y+(0—a)/amlg]
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First of all, it is immediate to derive from the concavity of the arrival rate that it
is optimal to allocate equal flows of investment between all the R&D laboratories
(and in this respect the decentralized equilibrium does the correct thing). Now, we
guess that these flows are linear functions of the future scale of production, let us
say z(k;) = BX(k; + 1) = BgTaX(k;) for each firm in sector j, where 3 is a para-
meter to choose optimally. Let us keep the production of intermediates at the level
chosen by the monopolist in the decentralized equilibrium. As well known, a social
planner would not distort the choice of the input mix, hence we are basically solving
for a second best allocation'®.

The resource constraint of the economy must take into account the fixed costs,
which are paid only at the beginning of each new patent race. Without loss of gener-
ality let us assume that the economy devotes a flow of resources for this purpose in
each sector'”. If the number of sectors N is high enough, one can approximate this
flows, say f;(r;) with those equating their expected present value f;(r;)/[r + p(k;)]
to the fixed cost F(;), that is with f;(x;) = nX(x; + 1). Using the (4) and (5), we
can rewrite the resource constraint as:

N n N

N n
LA M TCIED D IEIED 9 LIRS
j=1 ; =1 i=1

=C+X+n(B+n)gr=X

from which we derive an expression for consumption holding at each point in time.
Under the optimal allocation of resources, growth is determined by the rate of inno-
vation as:

g=n [gb(mj)z(nj)]e% Ing=p° Ing (17)

an
1 - 1 -

(8%

Given a constant growth rate of consumption, intertemporal utility is finite as
long as p > (1 —)g, and can be written as:

B 00 Ctl—w o Cé—“/
v= [ e N T pmy g (18)

Finally, substituting initial consumption and the expression for growth in (18), we
can summarize the social planner problem as:

1 —

a 1=
—n(B+ n)qﬁ]

an_ q}

X()l_v|:

max

(19)
m(1 =) [p —(1=7)p

—

16 The first best allocation would be obtained by subsidizing monopolists in such a way that their
price equates marginal cost. This theorical solution to monopolistic distortions is quite unrealistic.

'7 We may think of a perfectly competitive banking sector specialized in venture-capital finan-
cing. Banks finance the fixed cost for the investment in a new technology and investors commit
to a flow of payment until the new technology is obtained.
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which puts in clear evidence the basic trade-offs. A higher number of firms or a hi-
gher flow of investment per firm imply a higher growth rate of consumption but
with a lower initial consumption level (and the time preference rate and the elastici-
ty of substitution govern this trade-off in a standard fashion), but the weights on be-
nefits and costs are different for the two choice variables. The higher is the fixed
cost parameter 7 the more costly is to increase the number of firms rather than the
flow of investment. Finally, also the size of the innovations ¢ and the parameter «
characterizing the elasticity of demand of intermediate goods influence the trade-off.
If an interior solution exists, the first order conditions for the social planner problem
(19) with respect to 3 and n are:

qﬁ[p—ﬂ‘ (1 —’y)anlnq} _ eaff'Ing {1 -« —n(ﬁ—kn)qﬁ}

l -« 1l -« «

alng

(ﬂmﬁﬁp—ﬁu_wmmﬂzﬁ

l -« o
o { - —Mﬂ+mwa}

1 -«

Dividing one by the other we obtain 3* = en/(1 — €), which implies the optimal
flow of investment in R&D per firm:

3 €en ad \T7 (k+1)
) = _— LgT-a\t 20
209 =12 (1) g (20)

Let us compare (20) with the equilibrium flow of investment (13) for a given level
of expected production. While the equilibrium investment of each firm increases in
the profit margin p, the optimal investment is independent from that and it is positi-
vely correlated with the elasticity of expected revenue with respect to the flow of in-
vestment. Moreover, it is immediate to verify that the equilibrium investment is al-
ways below the optimal level: the decentralized equilibrium with Nash competition
in the market for innovations always implies a sub-optimal flow of investment in
R&D per firm.

In other words, the organization of the R&D activity is biased toward too small
firms. Clearly this does not mean that there is not enough R&D activity, because
there may be too many small firms, but just that the division of total investment is in-
efficient. It would be efficient to increase the investment of each single firm in R&D.
When growth is led by technological progress, a country with an industrial structure
characterized by small firms achieves inefficient results, and in particular it could
grow more (or enjoy a larger welfare) if its firms were increasing in size.

This general conclusion may shed new light on the problems of countries that do
not grow much, are characterized by many small firms investing too little in R&D
and lack large and innovative corporations. For instance, this is the case of Italy,
whose industrial structure is characterized by a large number of small and medium
firms whose innovative capacity is quite limited and whose focus has gradually
moved away from high-tech sectors. The reasons for the lack of growth in the size of
Italian firms have been usually associated with the family based structure of Italian
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capitalism or with credit rationing problems, but the endogenous tendency toward
small innovative firms suggested here may be part of the story (since R&D subsidi-
zation has been always limited in Italy compared to other western countries). Not by
chance, the Italian endogenous response to this problem (without proper equivalents
around the world) has been the delegation of innovative activities to industrial dis-
tricts, that is organizations of more firms investing in the same sector on a larger
scale. Notice, however, that the lack of large corporations in high-tech sectors is also
a problem in other European countries compared to the US'®.

Notice that our analysis of the market for innovations and of the incentives of firms
to invest in R&D is based on expected values of projects and on their expected costs, as
if investors were risk neutral or were able to perfectly diversify their portfolio of R&D
projects (with small projects and idiosyncratic uncertainty). It would be interesting to
consider the role of risk diversification in the investment choices. Some observers think
that the dimensional problem of Italian firms mentioned above generates inefficiency
also because it does not allow enough risk diversification in R&D projects at the firm
level, thus lowering the aggregate amount of resources devoted to R&D'°.

Let us now look at the number of firms investing in R&D, which allows us to ob-
tain a complete view on the organization of R&D investment. From the first order
conditions we obtain the optimal number of R&D laboratories as:

n*zl—a[lz_ p (1—6)] 1)
yae© | ngT+  Ing n

which is decreasing in € at least for ¢ high enough: this implies that when the mar-
ginal productivity of the investment is high enough, it is optimal to have just one la-
boratory investing in R&D. However, let us focus on the case where the optimal
number of laboratories is larger than one. Comparing (21) with its equilibrium coun-
terpart (16), it can be verified that the decentralized equilibrium implies too few firms
for any « smaller than a cut-off. This result has a simple intuition: when ~ is low, it
is optimal to choose a high growth rate of consumption, hence the social value of in-
novations, which is what drives growth, is high. On the other side, the private value
of innovations depends on market features which are independent from consumers
preferences (except for an indirect channel going through the interest rate). Hence,
for low enough ~, the social value of innovations is larger enough than the private
value and the optimal number of firms becomes larger than the equilibrium number.

Finally, substituting 3* and n* in our expression for growth (17), we obtain that
the optimal growth rate is:

() ()] e

'® For recent policy analysis on the benefits of market reforms on growth taking in considera-
tions the market for innovations, see Faini et al. (2006). For other related empirical investigations
see Chaudhuri - Flamm (2005), Johansen - Damm (2005) and Etro (2006b).

19 1 am thankful to a referee for pointing this out.
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which decreases with 1 and is higher than the equilibrium growth rate any vy smaller
than a cut-off.

The optimal growth rate clearly reflects the trade-off between the number of la-
boratories and individual investment. From a policy point of view, the optimal R&D
policy should try to implement the optimal organization of the R&D sector, that is to
achieve the optimal number of firms and the optimal investment per firm. The opti-
mal R&D policy requires two policy tools, an R&D subsidy and an entry fee that are
derived in Etro (2006d).

V - GROWTH DRIVEN BY MARKET LEADERS

An important stylized fact about innovations is that many of them are due to in-
cumbent monopolists and that a lot of the investment in R&D is actually done by
both incumbents and new firms. One of the industry leaders investing more in inno-
vation is Microsoft, the leading firm in operating systems: in 2000, its expenditure in
R&D was 3700 millions $, corresponding to 16.4% of its total sales. In the following
years Microsoft continued to invest at these levels and after almost two decades of
leadership, it still keeps being one of the most successful and innovative companies
in the world, whose innovations have contributed substantially to the global progress.
High investments can also be found in many other major firms of high tech sectors.
In the same year, the R&D/Sales ratio was 15% for Pfizer and 5.8% for Merck, two
leaders in the pharmaceutical sector, 11.5% for Intel, leader in the chips market and
5.8% for IBM, and 5.4% for Hewlett Packard, two leaders in computer technologies
and services, 11.8% for Motorola and 8.5% for Nokia, leaders in wireless, broadband
and automotive communications technologies, 10% for Johnson & Johnson, the
world’s most comprehensive manufacturer of health care products and services, 6.6%
for 3M and 6.3% for Du Pont, which are active in many fields with a leading role,
5.6% for Xerox (mostly focused on the legendary Palo Alto Research Center) and
for Kodak, leaders in the markets for printers and photographs.

Existing models about innovation and growth are inconsistent with this over-
whelming evidence, since under Nash competition and free entry, as we have seen
also in the previous sections, an incumbent monopolist has no incentives to invest in
R&D because of the Arrow (1962) effect: its incentives derive from the differential
of profits between the next and the current innovation, while those of the outsiders
derive from the all profits from the new innovation and are higher, hence under free
entry just outsiders invest.

In Etro (2004), I have rationalized investment of the incumbents in a partial equi-
librium framework showing that monopolists invest in R&D more than any other
firm as long as they are leaders in the patent race and entry is free in the same. This
behavior of the leaders under free entry is a particular case of a much more general
result established in Etro (2002) where I have shown that Stackelberg leaders are al-
ways aggressive (under quantity or price competition or in patent races as here)
whenever the number of followers is endogenous. In our context, the requirement
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that incumbents are leaders in the market for innovations is realistic: after all, it is
reasonable to imagine that they have a credible commitment to invest a certain
amount of resources in R&D. Otherwise, we can imagine that the incumbent mono-
polist can undertake some preliminary investment which affects its profitability from
engaging in R&D activity (like building laboratories, hiring researchers or borrowing
to invest). As [ have shown in Etro (2006a,b), these strategic investments allow to re-
produce similar outcomes to Stackelberg equilibria with free entry: leaders always
overinvest strategically to be able to be aggressive in the market*”.

Let us consider the market for innovation described in Section 2, where (entrant)
and (9) are the objective functions of the entrants and the leader. In this set up, the
partial equilibrium for each patent race is simple to derive (Etro, 2004). When mar-
ginal productivity is close to constant (for high ¢), it is optimal for the monopolist to
deter entry investing just enough in R&D to make unprofitable for any follower to
engage in R&D activities, and this delivers complete persistence of monopolies?'.
This case is examined in the Appendix, while here I will focus on the more realistic
case where entry by outsiders takes place and the persistence of monopolies is only
partial. This requires that investment in R&D faces significant decreasing marginal
productivity, i.e. € is small enough®2.

When the free entry condition pins down the number of followers in each sector,
it is easy to verify that their optimal strategy z(k;) is always independent from the
one of the leader (while the number of followers decreases in the investment of the
leader), hence the effective discount rate » + p(k;) must be also independent from the
leader’s strategy (Etro, 2004). The leader chooses its investment zy/(k;) to solve the
problem (9), where the effective discount rate is independent from its choice and
hence taken as given. From the corresponding first order condition, the one of the
followers and the zero profit condition on the profits of the followers, we obtain:

{e() [V(5; + 1) — F(1)] ™ [ (k) V (5 + 1)] ™
B(ky) d(k;)

Notice that the investment of each follower is increasing in the value of innovat-

z(ky) = <zu(kj) = (23)

20 On the market leaders approach see Wiethaus (2005a, b), Zigic et al. (2006), Cozzi (2007),
Czarnitzki - Kornelius (2007) and Reksulak et al. (2006). For a survey and a discussion of the an-
titrust implications see Etro (2006b, c; 2007).

2 T am thankful to Robert Barro for leading me to realize this fact. In a related research, he
has obtained a similar result considering a different Poisson process generating innovations (see
Barro - Sala-i-Martin, 1995, Exercise 7.4) with a concave function at the aggregate level, 4(Z),
where Z is the total investment in innovation. Barro assumes that each firm investing z discovers
the new technology with instantanecous probability £4(Z), where Z = 3"z, so that there are (ap-
proximately) constant returns to scale at the firm level but decreasing returns at the aggregate le-
vel. Not surprisingly, the Barro’s model with Stackelberg competition implies that only the leader
invests in innovation to preempt entry by outsiders.

22 Segerstrom (2007) has criticized this approach for implying a low persistence of monopo-
lies. In reality, this approach is also consistent with complete persistence (for e high enough). In a
realistic set up, however, monopolies are persistent, but not eternal.
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ing net of the fixed cost, while the investment of the leader is independent from the
fixed cost. The solution for the equilibrium is complicated from the fact that now we
do not know what is the value of being a monopolist, since this is the solution to a
Bellman equation. But this value is what drives the incentives to invest in innovation,
that is the engine of growth.

This problem can be solved using standard dynamic programming methods®. A
contribution of this work is also in providing a way to solve this kind of problems,
which are likely to emerge whenever one is dealing with Schumpeterian models of
growth where incumbent monopolists engage in R&D activity together with outsiders
(see also Segerstrom, 2007). Let us look for a balanced growth path with constant
values for the growth rate, the interest rate, the arrival rate of innovations and the
number of firms investing in patent races.

The two equilibrium equations expressing the growth rate of income and con-
sumption are the same as before and provide a common growth rate directly related
to the effective discount rate:

rtp—p

gz’y-l—(l—a)/alnq (24)

To derive the equilibrium values for the value function V(x;), the functions z(k;)
and z)/(k;) and the equilibrium values for g, 7, p and n, we can adopt the method of
undetermined coefficients. Let us guess a functional form for the value function as:

o X (k)
Vik) = Vi(k — gTa = op Y2 25

(k) (K )q ( rtp (25)
where 1) is a coefficient to be determined which can be interpreted as the rate of re-
turn from leadership. It must be larger than p, otherwise the value of being a leader
investing in R&D would be smaller than the value of being a leader without inve-
sting, or in other words it would be optimal to stay out of the patent race for the
leader. Using this functional form in our expressions (23) we have:

2t9) = (1) X s, () = () (%) T s

r+p (¥ —mn)

Then, substituting in the Bellman equation we obtain:

(¢zu) V(k; + 1) + (k) — zm

- r(f;’) e (rfp) 7 e)an]

whose right hand side contains the sum of the mark up from the current innovation

23 See Stokey - Lucas with Prescott (1989) and Ljungqvist - Sargent (2004).
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and a second term which represents the option value of being the leader and having
the opportunity to remain the dominant firm in the future innovation: this option
has a positive value which directly comes from the leadership. Using (25) and sol-
ving the Bellman equation for the effective discount rate we have:

(1—egr ]
r+p=¢ |:—L:| (0 (27)
Y= ptngte

which provides a negative relation between the effective discount rate » + p and the
rate of return from leadership 1) (for 1) small enough): the higher is the effective di-
scount rate, the shorter is the lifetime of an innovation, and hence the lower is the
value from being a leader.

Moreover, the zero profit condition for the followers provides another expression
for the effective discount rate which is analogous to the one derived in the case of
Nash competition:

wlzgten ﬂ - (28)

r+p= [e(w—n)]e{ ;

This is a positive relation between the effective discount rate » + p and the rate of
return from leadership : the higher is the value of being a leader, the larger will be
the investment in R&D and hence the probability of innovation and the effective dis-
count rate.

Equating (27) and (28) we obtain the equilibrium value for ) which provides all
the equilibrium relations. An implicit expression for v is given by:

a 1
— T—a )T "
Y=p+ u :)nq : —ngTe > p (29)
(¥ =) [Y(1 —€) +en]

An immediate conclusion derives from the fact that ¢ > p:** the effective dis-
count rate and hence both the aggregate probability of innovation and the growth rate
must be higher than under Nash competition®. The incumbency advantage adds a
turbo to the engine of growth because it endogenously increases the value of innova-
tions associating with them an option to persistent leadership, which increases aggre-
gate investment and hence growth:

** When o = e = 0.5, this reduces to ¢ = u+ gn*/(1* — 1?). Then, assuming ¢ = 1.1 and
n = 0.1, a mark up of 20% implies a return from leadership of about 23%. Then the equilibrium
growth rate without incumbency advantages would be 1.58%, the one with growth driven by mo-
nopolists 1.92%, even if the optimal growth rate would be 8%.

25 This does not need to be the case when incumbents find optimal to deter entry (that is for
high enough ¢). In that case, their entry deterrence investment in R&D may be below the equili-
brium investment under Nash competition in the patent races, and consequently growth driven ex-
clusively by monopolists may be lower (as in the model with exogenous investment by the mono-
polists in Barro - Sala-i-Martin, 1995).
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Proposition 2: Under leadership by incumbent monopolists in the R&D sector,
the return from leadership is higher than under pure Nash competition because of
the option value of monopoly persistence.

Moreover, we can easily verify that both the return from leadership ) and the ef-
fective discount rate and hence the growth rate are increasing in the mark up p. An
increase in the fixed cost of innovation through 7 decreases the effective discount
rate and hence the growth rate of the economy, but it has ambiguous effects on the
value of being a leader. In conclusion, we have:

Proposition 3: For € small enough, under Stackelberg competition in the market
for innovations, monopolists invest in R&D more than any outsider and the equili-

brium growth rate is:
1 1—e _a 1—e€
5 o]
n Y= ptngTe (30)

v+ (1—-a)/alng

g:

where 1) is given by (29), and it is decreasing in 1 and increasing in j. Moreover,
growth is higher than under pure Nash competition.

Clearly, when the engine of growth is given by persistent monopolistic positions as
in this model, the investment by each firm increases. It can be shown that the optimal
allocation of resource can be achieved with a positive subsidy for the entrants, a smaller
one for the incumbent monopolists and an appropriate entry fee to discipline entry?°.

In conclusion, a model of Schumpeterian growth which incorporates some realis-
tic features of the market for innovation like decreasing marginal productivity of in-
vestment, fixed costs and a first mover advantage for the incumbent monopolist, deli-
vers realistic implications for the patterns of innovation. Monopolists do invest in
R&D, even more than any other single firm, and their leadership persists with a cer-
tain probability, but sooner or later they are replaced by an outsider firm. This envir-
onment enhances growth and the aggregate probability of innovation.

The large investments in R&D by American firms, both leading corporations and
smaller start ups in each sector, are probably at the source of much of the economic
success of US and of its persistence. But US is also the leading economy in the
world, whose innovations are spread around the world and whose market leaders are
often global leaders. This increases further the value of innovations explaining the
larger investment in R&D by American firms and especially by American main cor-
porations.

6 This is in contrast with the message of Segerstrom (2007), whose model of R&D invest-
ment by monopolists due to an exogenous technological advantage delivers the optimality of a ne-
gative R&D subsidy, even if the intuition for this outcome is unclear. This may show the impor-
tance of endogenizing monopoly persistence in a proper way.
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VI - EXTENSIONS

The framework analyzed in this paper can be used for a number of macroeco-
nomic investigations, and in this section I will try to provide the flavour of some of
them (for a more extensive treatment see Etro (2006d).

I first focus on the same relation between growth and innovation. While a close at-
tention has been paid to the effects of investments in innovation on growth, little inter-
est has been captured by the opposite direction of causality: economic growth may af-
fect the incentives to invest in R&D. This appears quite important for the empirical ana-
lysis on the determinants of growth (a serious critique to Schumpeterian growth models
relies on the absence of a clear relation between R&D and growth) and also for growth
accounting purposes’’. I will address this issue augmenting the previous models with
an external source of growth, which may just be the traditional exogenous technological
progress or it may be endogenized through accumulation of human capital, public capi-
tal or other externalities increasing TFP. Then, I will evaluate the impact of this other
source of growth on the incentives to invest and finally derive the nature of the relation-
ship between overall growth and innovation. A surprising result emerges: even when in-
novation is the main engine of growth (in the sense that it actually contributes to most
of the growth rate), growth and investment in innovation may be negatively correlated.

Assume that our parameter 4 grows at an exogenous rate x = 4/4: even if we re-
fer to this as TFP, we may think of any source of growth which does not derive from
endogenous innovation, for instance growth of foreign countries which spills over to
the country. Now the expected discounted value of the profits with innovation k; at

time 7 becomes:
1
k-aA T—a
u(SEA) T
V. (k) = ’

(ki) = 5 (31)
r+p(k;) —

1l—«

which is clearly increasing in x. Under this extension, the growth of output, as a
function of the new source of growth, can be derived as g(x) = 0/0 + x/(1 — «),
where the rate of technological progress is still defined by (14) but depends on x as
well. As before, one can easily derive the equilibrium organization of the market for
innovation under Nash or Stackelberg competition: now investment by each firm in-
creases over time at a constant rate, while the number of firms is fixed and endoge-
nously depends on the new source of growth. On the balanced growth path output
must still grow at the same rate as consumption, which is given by the Euler equa-
tion (2). Hence, the equilibrium growth rate can be derived as:

x(1—a+alng)
(1-a)(1 —a+~alng)

g(x) =g(0) + (32)

7 See the pathbreaking work by Jones (1995) and the survey by Aghion - Howitt (1998,
Ch.12) on empirical tests of the Schumpeterian growth theory and Barro - Sala-i-Martin (2004,
Ch. 10) on its implications for growth accounting.
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where g(0) is the growth rate in absence of other sources of growth and the right
hand side is increasing in x. Finally, we can residually derive the endogenous rate
of technological progress as:

Q

0 g(0) + (
Hence, when v < 1, an increase in growth due to other factors than innovation in-
creases R&D investment: this happens through an increase in the number of firms
investing in research (while the investment per firm does not change). However,
when ~y > 1, the increase in growth reduces entry and total investment in innova-
tion. This surprising result is due to the effect of the endogenous adjustment of the
interest rate on the value of innovations (31). When output growth increases, the in-
terest rate must go up to raise savings and allow consumption growth to increase as
well. The increase in the interest rate has a negative affect on the value of innova-
tions and hence on entry of firms investing in R&D, and this negative effect must
be compared with the positive direct effect exerted by the increase in x on the value
of innovation. When the intertemporal elasticity of substitution is high (v is small),
a small increase in the interest rate is needed to clear the credit market and R&D in-
vestment unambiguously increases, but when the intertemporal elasticity of substitu-
tion is low (v is large), the opposite happens and an increase in x reduces invest-
ment and technological progress. Summarizing, we have:

(I =y)xalng
l-—a)(l —a+~yalng)

(33)

Proposition 4: An increase in the growth rate due to other factors than innova-
tion reduces (increases) the number of firms investing in innovation and total invest-
ment in innovation when vy > (<)1.

When the paradoxical negative relation between other factors of growth and inno-
vation occurs, the empirical implications are quite dramatic: even if investment in in-
novation is the main engine of growth, the correlation between growth and invest-
ment/GDP ratio should be negative. Since realistic values for the intertemporal elasti-
city of substitution imply  close to unity, we should not be surprised to find out that
there is not a strong correlation between growth and R&D investment. In general, fu-
ture empirical research on the relation between R&D and growth should take ser-
iously the feedback effect of growth on R&D activity: the absence of a positive cor-
relation between growth and R&D is not by itself a defeat of the Schumpeterian hy-
pothesis. Etro (2006d) has extended the model to an open economy, providing impli-
cations for R&D policy coordination®®.

Finally, another interesting extension concerns the relation between endogenous
growth and inflation. Endogenous growth models are well equipped to face monetary
issues in growing economies, but they have been rarely used for this purpose. Here,

28 See also Impullitti (2006a, b) on this. On related models of strategic export promotion see
Kovac - Zigic (2006) and Boone - lanescu - Zigic (2006).
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building on an important contribution by Barro and Tenreyro (2006), I show that an
inverted-U relation between inflation and long run growth emerges when monetary
frictions affect the engine of growth.

Consider a closed economy, and introduce real money balances M /P, where M
is nominal money issued at the growth rate o = M /M and P is the price level for
the final good, which is perfectly flexible and evolves with the rate of inflation
7 = P/P. Adopting the Sidrausky approach with money in the utility function
C7/(1 —~) + x(M/P)' /(1 = €) with £ x > 0, standard optimization shows that
the optimal consumption growth is still given by (2), while money demand is
M = P[xC"/(r+ 7r)]1/ *. Equating the latter and the money supply delivers the equi-
librium price level at each point in time. This implies that on a balanced growth path
the endogenous level of inflation is constant if and only if:

r=o- % (34)
3

In general equilibrium, monetary policy and hence inflation may affect the return rate
and the growth rate. This is not the case when the prices of the intermediate goods per-
fectly adjust to changes in the price level of final goods: then inflation is superneutral. In
such a case, the optimal monetary policy is always given by a generalized Friedman
Rule which sets the nominal interest rate as close as possible to zero implying the opti-
mal rate of money growth o = gv(1 — &) /£ — p (which is positive for v small enough).
However, when prices of intermediate goods are sticky in the newkeynesian tradi-
tion, new consequences emerge for equilibrium growth and we will focus on them.
Before doing it, however, notice that, as emphasized by Barro and Tenreyro (2006),
a surprise inflation temporary increases demand of intermediate goods and hence
production. The effect of inflation in such a model suggests problems of time-incon-
sistency for a policy of price stabilization, as in the Barro-Gordon framework. How-
ever, our model generates a good reason for commitment to rigorous monetary rules:
the reason is that inflation creates other effects on investment and these effects have
permanent consequences on long run growth. There are many ways to formalize
price stickiness. Following the newkeynesian literature, it is convenient to assume
staggered pricesetting ‘a la Calvo, where the opportunity to adjust prices follows a
stochastic process for each firm. However, our model provides an easy and realistic
way to endogenize price adjustments assuming that they coincide with the introduc-
tion of new goods in the market. In particular, an innovator at time 7 sets the price
of its good at a level P.(1 + u) and keeps it at this level until a new vintage is on
the market with a new price. Then, the expected discounted value of the profits with

an intermediate good £; at time 7 can be derived as:

1
[ adgbeP, \ T L(1 + p)P, — PJe 0]
) / <<1+M>PT> P, e (35)

where P, = P,¢™"~7). Developing the integral, it can be verified that this value is an
inverted-U curve in the inflation rate and it is maximized at some level 7, which is
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positive if p is large enough. Competition to innovate is driven by (35) as before
(even if firms now decide their real investment flows and change the nominal ones
over time with inflation). Since the equilibrium effective discount rate, the aggregate
investment and the growth rate of output are directly related with this value of the
intermediate goods (35) by the free entry condition in the market for each innova-
tion, they inherit the same non-monotonic relation with inflation. Hence, price stic-
kiness, generates an inverted-U curve linking the inflation rate and the endogenous
growth rate’:

g=g(n) with g'(m)20 for s (36)

The balance growth path is characterized by (34) and (36) for a given policy of
constant money growth ¢>°. Summarizing, we have:

Proposition 5: In the presence of price stickiness, there is a long run inverted-U
relation between inflation and growth due to the effects of expected inflation on the
incentives to invest.

Notice that this result is in contrast with the Mundell-Tobin effect for which infla-
tion stimulates investment and growth: here, this happens only for low levels of in-
flation, while high inflation erodes expected monopolistic profits and hence it re-
duces investment and growth. The last outcome may provide a channel for the nega-
tive relation between inflation and growth emphasized in the empirical literature at
least for high levels of inflation.

While the newkeynesian theory has mainly focused on the short term conse-
quences of inflation in presence of price frictions, little attention has been paid to the
long run consequences, which can be even more important from a policy point of
view. In our context, the utility maximizing policy can be quite complex, but if prop-
er policies can solve the inefficiencies in the allocation of investment, the optimal in-
flation rate must be between the Friedman rule level and the growth maximizing le-
vel. Clearly, when x — 0, so that the welfare costs from not implementing the Fried-
man rule under full price flexibility are negligible, the optimal policy tends to the
growth maximizing one. Interestingly, the latter boils down to a policy of zero infla-

29 This effect may be quite relevant. Imagine that prices are constant for a year, mark up is at
20% and inflation at 5%. Then, assuming « = 0.5, after one year the flow of profits is reduced
by more than 20%. If the average life-lenght of an intermediate good is one year (or prices are
changed every year), inflation reduces the value of innovation by about 10%. As in the newkeyne-
sian literature on businness cycles, small price frictions imply that demand shocks can have large
macroeconomic consequences: however, here the consequences are permanent.

30 For intermediate levels of money growth there are two equilibrium growth paths and the
inefficient one is characterized by high inflation and low growth. This self-fulfilling stagflation
has a simple intuition: if high inflation is expected, firms reduce investment decreasing output
growth, which generates a low growth rate of consumption and money demand, which creates
high inflation. However, such a path is unstable, and in what follows I focus on the stable path.
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tion when pricing strategies are optimally chosen by monopolists*'. If it is optimal to
maximize the value of innovation and growth, the associated optimal rate of mone-
tary growth is o = vg(0)/£ > 0. Hence in this case we can conclude that when
x — 0 the optimal policy satisfies the Friedman rule under perfectly flexible prices
but it requires price stabilization under sticky prices. For instance, an explicit solu-
tion for the long run growth rate as a function of the inflation rate can be obtained
when « = 1/2 and € — 1:

T+1/24+\/1/4—71—p
v+ 1/Ing

which holds for small enough inflation and is clearly maximized by a policy of pri-
ce stabilization.

The bottom line of this discussion is that whenever policy affects the value of in-
novations even marginally, it affects long run growth and hence it has permanent
consequences. Here I focused on monetary policy, but fiscal policy affecting the
monopolistic mark-ups or the return rate can have similar role as well.

g(m) = (37)

VII - CONCLUSIONS

In this article I have developed a model of creative destruction where the engine
of growth is in the microeconomic structure of the market for innovations as devel-
oped in the companion article Etro (2004). A main new result is about growth driven
by market leaders which endogenously invest in R&D and persist in their leadership
when facing free entry in the race for innovations: in such a case, growth driven by
leaders is higher than growth driven by outsiders. This suggest that leading firms in
high-tech sectors, like Intel for chips, Microsoft for software, IBM, Sony and Nokia
for different kinds of hardware, and many others, have given and will give a funda-
mental contribution to technological progress and global growth, a point already
made by Segerstrom (2007) in a related article about what he calls the Intel econom-
ics.On one side, this implies that the protection of intellectual property rights for

31 To see this, notice that the optimal monopolistic mark up in sector j is:

= (1 —a)[r+pk+1)]
alr+plk+1) —7/(1 - a)]

which is increasing in the inflation rate. The value of innovation then becomes:

T 1
[r+p(kj+l)71—oj

1 — o
VT(K,) _ ( - a) (aquhia)H‘LPT o —
[r +plki+1) —1—]1’“

e’

which is maximized by 7 = 0.
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high-tech sectors is crucial to promote adeguately the incentives to invest in R&D to
conquer the leadership and generate what I have called growth driven by market
leaders. On the other side, antitrust authorites should be more careful in associating
persistent leaderships in a high-tech sectors with dominant positions. In these sectros
where competition is mostly for the market (rather than in the market), it is natural
that better products conquer large shares and, exactly when entry is free, incumbent
patent-holders have more incentives to invest and their leadership is more likely to
persist. Hence there is no basis to relate in a significant way market shares and mar-
ket power in dynamic sector. As I have emphasized elsewhere in a more general dis-
cussion (see Etro, 2007), industrial policy should primarily promote, and possibly
subsidize, investment in R&D, while it should be less relevant whether the incum-
bent leaders or new comers invest in R&D and innovate once the competition for the
market is open to entry.

Appendix: Growth with Full Persistence of Technological Leadership

In this appendix I provide further details on the model with Stackelberg leader-
ship for monopolists in the R&D sector. The equilibrium derived in the text allows
to derive the number of firms n(e) as a function of € and the equilibrium invest-
ments:

1

N — 677@‘”) (0414 )1_ T2 (k+1)
=y \Tew) T

zu(Ky) =

_a %t 1
GW — u+nq :&] l < ad ) lfﬂqu‘ja(/{,H)
(1 —e)grTa L+ p

The first is still smaller than the first best level, while the second one not necessa-
rily. Moreover, the investment of the monopolist is increasing with ¢ and actually
converging to oo for € — 1. This implies that there is a cut-off € such that n(é) = 1.
Then for € > ¢, the optimal strategy for the leader is pure entry deterrence (this ap-
plies a more general result in Etro, 2002). To derive the equilibrium under this re-
gime of complete persistence of monopoly, notice that the investment of the leader
must be slightly above the level at which the free entry condition allows entry by just
one follower. Such an investment allows the leader to be alone in the patent race
and, using the usual guess for the value function, it implies:

1 — 1—e¢
r+p—e€< ; 6) (¢ —mn)

which using the equilibrium expression for the growth rate of consumption and in-
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come provides:

o In
p{l—i—fy q]—i—p
-«

< 1—e¢ > 1—e
EE
Ui
This is a standard positive relation between the probability of innovation and the
return from leadership. Since the leader is alone in the patent race, the probability of

innovation is simply p = [(b(l’c‘,»)zM(kj)]6 which implies zy (k) = p''/) /p(k;). Now
the Bellman equation expressing the value of leadership becomes:

Y =mn+

(¢z0) V(K + 1) + 7(k) — zm

V() = g —F(x)) =
X(K&j) |: o 1/) a 1 a :|
— I—a + —gl-ape — T—a
r+p q'—p r+p H=q'—=p nq

which, using the guess value for V(x;), provides:

a 1 a
[ gTepT —ngTe alng
= 1
v (1-1)palng {p+p{+71—a}}

1l —«

whose denominator must be positive under the transversality condition
p > (1 —~)g, which requires 7 large enough. This implies a negative relationship
between the probability of innovation and the return from leadership due to the en-
try deterrence constraint: the larger is the investment in R&D needed to deter entry,
the smaller is the value of being a leader. The two conditions above define the equi-
librium values for 1 and p and hence for the interest rate r, the effective discount
rate and the growth rate:

U
v+ (1—a)/alng

g:

which are all decreasing in 7 and increasing in pu. It can be easily verified that ap-

proaching constant marginal productivity, the traditional case considered in the lite-

rature, that is for ¢ — 1 and 1 — 0, the return from leadership ¢ tends to p and:
H—pP

v+ (1 —a)/alng

g|_e—>17n—>0:

which is the same as under Nash competition in the market for innovations, a point
already noticed by Robert Barro (2000, personal communication) and Cozzi (2007).
When marginal productivity is constant in the R&D sector, incumbent monopolists
with a first mover advantage in the patent races perfectly crowd out outsiders’ in-
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vestment resulting in no changes in the aggregate variables. A monopolist can deter
entry in a patent race with constant returns to scale, but it will have to exhaust all
the gains from a possible persistent leadership. This is not necessary under decrea-
sing returns, that is way the return from leadership increases.

Under decreasing marginal productivity of R&D investment, the leader is invest-
ing just enough to deter entry, while it could marginally reduce its investment and al-
low entry by one follower, which would increase the aggregate probability of innova-
tion, the effective discount rate, and hence also the growth rate. This implies that in
the regime of entry deterrence, the equilibrium growth rate could be well below the
one emerging without leaderships. As usual, it will be suboptimal if v is small en-
ough.

FEDERICO ETRO
University of Milan,
Department of Economics,
Intertic and ECG.
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