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Schumpeterian Growth Theory: An Overview

Elias Dinopoulos

Since the early 1990s, several studies have provided an elegant formalization
of economic growth through creative destruction. The Schumpeterian features
of the new theory are presented, and a basic formal model is developed to
highlight its analytical structure. The implications of Schumpeterian growth
theory are briefly discussed.

Introduction

The traditional theory of growth, pioneered by Solow (1956), which focused
on economic expansion caused by exogenous population growth, has come
under increasing scrutiny. Its main implication that policy cannot affect long-
run growth rates was at odds with recent country experiences. Under the
heading of endogenous growth, new approaches to growth theory have
emerged. These approaches have brought technological progress to the center
of growth theory and have demonstrated how economic policies can affect
long-run growth. The impact of the new theories has been profound. The
concept of growth, as well as the theory of growth, have undergone a perma-
nent transformation. Economic expansion might be a better term for the type of
growth that neoclassical theory has analyzed for the last 35 years. Economic
progress can characterize the component of growth that is based on endoge-
nous technological change.! The present chapter is concerned with Schum-
peterian growth theory, which has formalized Schumpeter’s (1942) insights
into endogenous technological change that in turn leads to economic progress.

This paper was prepared for a lecture at Osaka City University in September 1993. An
carlier version of the paper was originally published in Osaka City University Economic Review
29:1-21, January 1994. I would like to thank Patrick Conway, James Oehmke, Paul Pecorino,
Costas Syropoulos, Paul Segerstrom, Peter Thompson, Doug Waldo, two anonymous referees,
and participants in seminars at the University of Florida and Osaka City University for useful
comments and suggestions.

1. Schumpeter (1928) has used this terminology and emphasized the distinction between
economic expansion caused by accumulation of factors of production and economic progress,
which is based on endogenous technological change.
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If, in fact, Schumpeterian growth theory formalizes Schumpeter’s de-
scription of technological progress, why did it take so long to develop? One
answer to this question is that the analytical tools that were necessary for the
development of the new theory only became available in the mid-1980s. It
was not until the 1970s that dynamic game theory and industrial organization
developed analytical tools for the study of dynamic imperfect competition.2 In
the early 1980s, trade theorists pioneered in the development of general
equilibrium models with imperfect competition that examined issues related
to patterns of trade.3 The next important step was taken by Romer (1986,
1990), who constructed models based on dynamic imperfect competition and
focused on technological externalities as a mechanism of economic growth.
Other studies quickly followed and identified a variety of endogenous growth
patterns. Lucas (1988) developed a model where human capital accumulation
and external economies provide the engine of growth. Young (1991) analyzed
learning-by-doing mechanisms of endogenous growth. Grossman and Help-
man (1991), Feenstra (1996), and Rivera-Batiz and Romer (1991), among
others, analyzed endogenous growth through the accumulation of new vari-
eties of goods.

The development of Schumpeterian growth theory started with two
studies. Segerstrom, Anant, and Dinopoulos 1990 was the first study to model
the process of Schumpeterian growth in a dynamic general equilibrium model
of North-South trade. This study modeled sequential innovation races that
resulted in growth through product quality improvements. New products re-
placed old ones and were imitated after an exogenous imitation lag. Aghion
and Howitt (1990) developed a closed-economy model of Schumpeterian
growth based on stochastic R&D races that resulted in process innovation.
New and better intermediate products endogenously replaced old ones. These
two studies have been extended and generalized in several important dimen-
sions.4

The next section of this chapter makes an attempt to identify the Schum-
peterian characteristics of what Cheng and Dinopoulos (1992) and Romer
(1994) have called the neo-Schumpeterian approach to growth. The third
section develops a simple model of Schumpeterian growth. The fourth section
presents an overview of the implications of the new theory for international

2. Reinganum (1989) provides an excellent survey of the industrial organization literature
on innovation.

3. Krugman (1979a, 1979b) developed general equilibrium models of the product cycle
and of monopolistic competition and intraindustry trade. Eithier (1982) analyzed issues of exter-
nal scale economies and international trade.

4. The fourth section of this chapter presents the contributions of other Schumpeterian
growth studies. For a recent survey of Schumpeterian growth models, see Aghion and Howitt
1993.
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economics, macroeconomics, and empirical research. The final section pre-
sents my conclusions.

Growth through the Process of Creative Destruction

Schumpeter described the mechanics of economic progress (i.e., growth) in
detail in two studies: “The Instability of Capitalism” (1928) and Capitalism,
Socialism and Democracy (1942). Instead of stating the basic features of
creative destruction, let me present Schumpeter’s thoughts through his own
words

Economic progress, in capitalist society, means turmoil. And, . . . in
this turmoil competition works in a manner completely different from the
way it would work in a stationary process, however perfectly competi-
tive. Possibilities of gains to be reaped by producing old things more
cheaply are constantly materializing and calling for new investments.
These new products and new methods compete with the old methods not
on equal terms but at a decisive advantage that may mean death to the
latter. This is how “progress” comes about in capitalist society. (Schum-
peter 1942, p. 32)

The introduction of new methods of production and the new commodities
is hardly conceivable with perfect competition from the start. And this
means that the bulk of what we call economic progress is incompatible
with it. As a matter of fact, perfect competition is and always has been
temporarily suspended whenever anything new is being introduced.
(Schumpeter 1942, p. 105)

What we, unscientifically, call economic progress means essentially put-
ting productive resources to uses hitherto untried in practice, and with-
drawing them from the uses they have served so far. This is what we call
“innovation.” (Schumpeter 1928, p. 64)

Successful innovation is, as said before, a task suis generis. It is a feat
not of intellect, but of will. Its difficulty consisting in the resistances and
uncertainties incident to doing what has not been done before, it is
accessible for, and appeals to, only a distinct type which is rare. . . . Itis
this entrepreneur’s profit which is the primary source of industrial for-
tunes, the history of every one of which consists of, or leads back to,
successful acts of innovation. And as the rise and decay of industrial
fortunes is the essential fact about the social structure of capitalist soci-
ety, both the emergence of what is, in any single instance, as essentially
temporary gain, and the elimination of it by the working of the competi-
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tive mechanism, obviously are more than “frictional” phenomena, as is
that process of underselling by which industrial progress comes about in
capitalist society and by which its achievements result in higher incomes
all around. (Schumpeter 1928, pp. 66—67)

Segerstrom, Anant, and Dinopoulos (1990) and Aghion and Howitt (1990)
developed the first two models of Schumpeterian growth, which captured
three main features of the process of creative destruction. First, both studies
built models using a dynamic general-equilibrium framework. Second, prod-
uct obsolescence based on quality improvements, coupled with imperfect
competition, formalized Schumpeter’s notion of temporary market power.
Third, R&D races were used to capture the entrepreneurial risk and uncer-
tainty that are inherent in the process of innovation. These three features
constituted the skeleton of all subsequent Schumpeterian growth studies.

I would like to emphasize that the new theory does not claim exclusive
rights to all of Schumpeter’s thoughts. Indeed, several normative implications
of the new theory do not always coincide with views advocated by Schumpe-
ter. However, this theory is closer to Schumpeter’s notion of creative destruc-
tion than any other existing approach to economic growth.

A Simple Model of Schumpeterian Growth

This section develops a simple closed-economy model of Schumpeterian
growth by combining the taste structure of Segerstrom, Anant, and Dino-
poulos (1990) with the R&D structure of Aghion and Howitt (1990). The
analysis in this section follows the spirit of Grossman and Helpman (1991,
chap. 4), who integrated the two original studies.5 There is only one final
good, whose quality can be improved through the introduction of better prod-
ucts. Labor is the only factor of production; it is supplied inelastically and the
aggregate endowment of labor is fixed over time. In other words, unlike the
neoclassical growth model, there is no population growth in this model. Labor
can be allocated between two economic activities, manufacturing of the high-
quality goods and R&D services that are used to discover new products of
higher quality. There is instantaneous free mobility of labor between manufac-
turing and R&D services, which ensures that the wage rate is equalized across
the two activities. For simplicity of exposition and notation, I assume that one
unit of labor can produce either one unit of manufacturing output or one unit

5. The basic model differs from the “quality ladders” model developed by Grossman and
Helpmaninatleasttwoimpmtantaspeds.ﬁrst,itabsmmfmmtheoontinuumofindustics
framework. Saeond.itinuodtminstanmwousdiminishingwmmsmm.m&mfcam
enhanoesdxehhﬂﬁveundemﬂndmgofthemwtymdauowsmcmfocusonhowﬁmcial
mrkeudealwimaggvgamunoendnq.msmndfummhashnpliuﬁomfmmewe!fm
properties of the model that differ from the original “quality ladders™ model.
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of R&D services. Using labor as the numeraire, I can normalize the wage rate
to unity.

The process of endogenous innovation is modeled through stochastic and
sequential R&D races. Individual firms hire labor that performs R&D ser-
vices. By devoting more resources to R&D, each firm participating in a race
increases the probability of discovering the next higher-quality product. The
sole winner of each R&D race enjoys temporary market power until it is
replaced by the firm that wins the next R&D race. The arrival of innovations
follows a Poisson process whose intensity depends on resources devoted to
R&D. The random time intervals between innovations, which follow the
exponential distribution, serve as market-determined “patents” for the win-
ners of R&D races. This formalization of Schumpeterian innovation has two
desirable features: It captures the risk associated with discovering new goods
and it formalizes the notion that increasing resources devoted to R&D
shortens the expected time between innovations, which results in higher
Schumpeterian growth.

R&D investment is financed through consumer savings. Consumers allo-
cate their income between consumption and savings by maximizing their
discounted lifetime utility. There is a stock market that channels consumer
savings to firms engaged in R&D activities. The instantaneous interest rate
clears the stock market at each instant in time.

The preference structure of the model is captured by the following stan-
dard intertemporal utility function of the representative consumer

U= f et In [z(-)]dt 1)

where p > 0 is the consumer’s subjective discount rate and z(-) is a subutility
function that takes the following form:

(X Xy Xy v o » )= Z aix,, a> 1. (2)
q=0

The subutility function (2) introduces product obsolescence, which is essen-
tial for Schumpeterian growth. In this economy, there is a countably infinite
set of products {x,, x;, X5, - - .}. The parameter a > 1 captures the degree of
quality improvement of a product relative to its immediate predecessor. The
functional form of z(-) implies that products are perfect substitutes.

To illustrate the product replacement mechanism embodied in (2), as-
sume for the time being that each product is priced at marginal costs. At time
zero, the economy starts with good x,, because the rest have not yet been
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discovered. The consumer maximizes z(x,, 0, 0, . . .) = Xo- When good x, is
discovered, the consumer maximizes 2(xg, X1, 0, . . .) = xy + ax,. If both
goods command the price of unity, then no consumer buys good x,: one unit
of good x, gives a > 1 units of utility, whereas one unit of good x, gives only
one unit of utility. The endogenous substitution of higher quality products for
lower quality ones allows the economy to shift resources from old uses to new
ones. Unless the new products are better than the old ones, growth cannot be
sustained in the long run.6

The above reasoning can be readily applied to the case of goods x, and
X4—1- Because goods are perfect substitutes, consumers allocate their con-
sumption expenditure E on a single good. Thus X = Elp; and x,_, =
E,_\/pg—., where p, and Pq—) are prices of goods x, and X4—1> Tespectively.
Consumers switch to good x, from i W20, . . ., Xy o) >0, .. ..,
Xz—1, 0, . . .). Substituting x, and x,_, into (2) we obtain the following
product replacement condition:

apq—l > pq' (3)

Thus, the price of the state-of-the-art quality product cannot exceed the price
of its immediate predecessor times the quality increment a. I will assume that
even if (3) holds as an equality, each consumer switches her expenditure to the
higher quality product, although formally she is indifferent.

Innovation, which results in higher-quality products, is modeled through
sequential R&D races. Denote with L the aggregate amount of labor devoted
to an arbitrary R&D race. Then u(L)dt = Ldt is the probability that if the
next higher-quality product has not been discovered at time t, it will be
discovered at time (¢ + dr), where dr is an infinitesimal increment of time.
The returns to R&D races are assumed to be independently distributed over
time. The parameter 0 < y < | captures the degree of instantaneous diminish-
ing returns to R&D.7 In the balanced-growth equilibrium, the duration of each
innovation race is exponentially distributed. This implies that the expected

6. Stokey (1988) has an excellent discussion of the importance of obsolescence in models
of growth through the introduction of new goods.

7. The standard argument for constant returns of scale, which is based on replication of
plants, does not apply to R&D. Replicating an R&D plant creates the possibility of duplicating
the effort of the existing plant. Strong diminishing returns to R&D investment are required for
sensible comparative steady-state analysis in Schumpeterian growth models with a continuum of
industries and linear manufacturing technology. Over time, each R&D race is characterized by a
common pool problem that arises from the “winner takes all” assumption. This property implies
thhgmmmR&DinvmntbecausewhmaﬁminamcsiuR&Dmvm,ﬂu
aggregate hazard rate increases and every firm in the race faces a shorter expected duration. When
y is strictly less than unity, dlcreisalsoasimilaroommonpoolpmpcﬂyacrossrivalsalmh
instant in time, which captures possible interdependencies of R&D strategies. Instantaneous

iminishi grcuunst&Dmbegcnmtedbyindustry-speciﬁcfacm. Houser (1994) and
Segerstrom (1995) provide more details on issues related to diminishing returns to R&D.
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time of innovation arrival becomes shorter with the more resources devoted to
R&D.8

The preceding paragraphs described the structure of tastes and technol-
ogy of the model. I will concentrate on the balanced-growth equilibrium,
defined as the equilibrium path in which the allocation of resources remains
constant over time. Consider the product market first. The winner of an R&D
race becomes the only firm that knows how to produce the state-of-the-art
quality product. The demand for that product is

= ifp, = a
£, = 4 Py @)
0 ifp,>a

where E is consumer expenditure and p, is the price of good x,. Because
product x, is competing with product x,_,, condition (3) implies that the
producer of x, can charge at most a price that is « times the marginal costs
(equal to unity by assumption) of its closest competitor.

The maximum instantaneous profit for the winner of an R&D race is

E_(a-1
Py «a

7= (pg— 1) E, ®)
where p, = a is the maximum price that drives the immediate predecessor out
of business.

Let p;dr be firm j’s instantaneous probability of discovering the next
higher quality product. Then p(L)dt = (Z;u)dt = Ldt is the aggregate
probability of success. Let L; be the amount of labor firm j devotes to an R&D
race. Then L = Z,L; is the aggregate amount of labor in R&D. Assume that
each firm participating in a race behaves competitively and treats the aggre-
gate labor in R&D as given when it chooses its own R&D labor level. Assume
also that p;/pu = L,/L, which states that firm j’s relative instantaneous proba-
bility of success equals its share of R&D resources. These assumptions imply
that firm j’s instantaneous probability of success is p;dt, where p; = L;u/L =
L.LY Y, '

) Denote with V() the expected discounted profits of a successful innova-
tor, which serves as a reward to R&D investment. The expected discounted
profits of a typical firm j in an R&D race are

VL,Lv-\dt — Lydt. ©6)

8. The arrival of innovations is governed by a Poisson process with parameter p(L). The
interarrival time of innovations is exponentially distributed with mean 1/p(L) and variance
1/[p(L)]?. The expected number of innovations from time zero to time ¢ equals p(L)t, which
equals the variance of the number of innovations as well. Taylor and Karlin (1984, chap. 5)
provide an exposition of the Poisson process.



378 Behavioral Norms, Technological Progress, and Economic Dynamics

Firm j earns V with instantaneous probability L;L v~ dr and incurs L; costs (the
wage of labor serves as the numeraire) for a time interval dr. Each firm in the
race is infinitesimally small, and chooses L; to maximize equation (6), taking
L as given. Thus there are constant returns to scale in L; for each individual
firm, but decreasing returns to scale for the industry as a whole. Following the
Schumpeterian growth literature, assume that there is free entry into each
R&D race, which implies that equation (6) becomes zero

V(t) = L1-. @)

The free-entry condition renders the size of each firm L; indeterminate, but
establishes a positive relationship between the reward to innovation, V(t),
and the aggregate amount of resources devoted to innovation, L.°

The next step is to establish a relationship between V() and 7. Follow-
ing Segerstrom, Anant, and Dinopoulos 1990, let me introduce the stock
market, which plays a pivotal role in financing the R&D investment. Each
firm participating in an R&D race does not eamn any revenues for the duration
of the race, and each needs to borrow in order to pay its R&D workers. At
each instant in time, each firm issues a risky Arrow-Debreu security that pays
the flow of monopoly profits if the firm wins the race instantaneously and pays
zero otherwise. Although from the point of view of each firm there is uncer-
tainty, from the point of view of the economy, firm-level risk remains idio-
syncratic. The representative consumer knows that there is a single firm that
earns profits, 7, and that there are many firms engaged in R&D to discover a
better product. If a new product is discovered, only the identity of the firm
earning profits changes, and nothing else.!0 Because the utility function is
logarithmic and the uncertainty is industry-specific, there exists monetary
separation in portfolio allocation.!! Thus, it is possible to construct many
mutual funds, each of which yields the same return, r(¢), in every state of
nature, with () remaining constant over time.

For simplicity of exposition, let me construct an economy-wide (indus-
try-specific) mutual fund with a riskless rate of return. At each instant in time,
the mutual fund manager lends L amount of dollars, which cover the R&D

9. Consider the case of ¥ = L, which corresponds to constant returns of scale in R&D in the
presence of linear R&D costs. Condition (6) becomes (V — 1)L;dt, and implies that each firm has
an incentive to engage in infinite R&D if V > | and in zero R&D if V < 1. Segerstrom (1995) has
shown that in the case of ¥y = 1| and in a continuum of industries framework, the unique
symmetric steady-state equilibrium with L > 0 is unstable, and all stable equilibria result in a no-

11. For more details on separation theorems, see Cass and Stiglitz 1970.
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costs of all firms in the race. Because in the steady-state equilibrium one of
these firms will discover the new good, the net income flow of this portfolio is
a — L, which equals r(z)NA, where A is per capita wealth. If and when an
R&D race ends, the mutual fund manager finances the next R&D race. At the
steady-state equilibrium, the net income flow, = — L, can be obtained with
certainty and does not vary over time. The riskless rate of return, r(¢) = (7 —
L)/AN, is independent of which firm wins the race. Any mutual fund that
invests in all firms engaged in R&D obtains the same rate of return as the
economy-wide mutual fund.!2

At each instant in time, there are two types of firms in the economy. The
existing dominant firm and firms engaged in R&D to discover the next higher-
quality product. Portfolio efficiency requires that the expected return to the
security of the existing monopolist be equal to the riskless rate of return,
which equals the instantaneous interest rate. Consider the stock market valua-
tion of the firm that produces the state-of-the-art quality product. Over the
time interval dt, the shareholder receives a dividend equal to 7(¢)dr and the
value of the firm appreciates by V(t)dt = (8V(tr)/dt)dr. Because the firm is
targeted by other firms engaged in R&D to discover the next higher-quality
product, this shareholder suffers a total capital loss of V() if further innova-
tion occurs. The latter event occurs with probability pu(L)dr = L¥dt, whereas.
the former event occurs with probability 1 — L¥dr. The sharcholder could
have earned the riskless rate of return r(#)dt, and it must be that

(1) ¥, ,
V—(;')' dt + m (1 LYdt)dt [

Y(LV)(;_O ]LTJz = r(f)dr. ®

Taking the limit as dr goes to zero we obtain

%+%=rm+m. ©)
Equation (9) states that, in the steady-state equilibrium where V(t) = (, the
rate of return of a dollar invested in the existing monopolist exceeds the
instantaneous interest rate by a risk factor that equals the probability that
the monopolist will be replaced by the next innovator.

The next equilibrium condition is derived from the requirement that, at
each instant in time, the amount of labor demanded by firms engaged in R&D

12. One can check the consistency of the above analysis by considering the GNP identity E
= r(1)AN + N, which states that aggregate consumption expenditure equals income from assets
plus wages at the steady-state equilibrium. Substitute r(¢) = (@ — L)/AN to obtain £ = 7 + (N
— L), which states that GNP equals aggregate profits plus manufacturing costs, which is the
goods-market definition of GNP.
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and the firm manufacturing the final good must equal the aggregate endow-
ment of labor,

L+Z=N_ (10)

RIMm

where (E/a) is the quantity of a typical product produced and equals the
number of workers engaged in manufacturing. N is the aggregate endowment
of labor. Equation (10) is the resource constraint of the economy and defines a
trade-off between consumption, E, and investment, L, at each instant in time.

The solution to the consumer intertemporal maximization problem deter-
mines the supply of savings. Denote with C(r) = E(t)/N the per capita
consumption expenditure. Substituting z(-) = [e@C(t)/ ] into equation (1), I
can express the consumer problem as

max {[ e~ #*In C(t)dt + Exp f e PFg— D a dr} :
C(r) 0 0

subject to A(#) = r(t)A(r) + 1 — C(z). The term Exp denotes the expecta-
tion operator, A(¢) stands for consumer assets, and r(r) is the instantaneous
interest rate. Because the second integral does not depend on consumption
expenditure or assets, the consumer problem is equivalent to maximizing the
first integral, subject to a differential equation describing the evolution of
assets.

Since there is no aggregate risk, I can use standard optimal control tech-
niques to solve the consumer problem. Define the current value Hamil-
tonian

H=1InC(t) + A2)[r(n)A(r) + 1 — €1, (11)

where A(?) is the multiplier. The necessary conditions for a maximum are

oH 1

g Ame (12a)
and

- i i{ = = ]

A =p. 3A PA — r(HA; (12b)

equations (12a) and (12b) imply
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C=2-r0-». (43

In the balanced-growth equilibrium, consumption expenditure is con-
stant over time and equation (13) implies that r(z) = p. In other words, the
instantaneous interest rate equals the subjective discount rate.

Substituting r(t) = p, 7 from equation (5) and V(t) from equation (7)
into equation (9) with V(1) = 0 we obtain the R&D equilibrium condition!3

(¢ — DE = pal'=7+ oL, (14)

which defines a positive relationship between R&D investment L and con-
sumption expenditure E. The resource constraint (10) and the R&D equilib-
rium condition (14) determine the market equilibrium values of L and E.
Figure 1 illustrates the balanced-growth equilibrium in the R&D investment
and consumption expenditure space. The full employment of labor condition
(10) defines a negatively sloped line, NN, and equation (14) defines the
positively sloped locus, OR, which starts at the origin. The intersection of the
two curves at point A defines the unique market equilibrium values EandL.

What are the properties of the balanced-growth equilibrium? The incum-
bent monopolist does not have any incentive to engage in R&D investment to
discover the next higher-quality product. This result depends on the free-entry
condition for each R&D race and on the absence of differences in the technol-
ogy and costs of R&D between the incumbent and the challengers.!4 The
values of R&D investment, consumption expenditure, and assets are all con-
stant when measured in units of labor. New products are discovered through

13. Equation (14) can be derived by calculating the net expected benefits of winning an
arbitrary race discounted to the beginning of the race, and setting the expression equal to zero
because of free entry. See Cheng and Dinopoulos (1993) for this alternative methodology.

14. The argument for the absence of incentives for the incumbent to engage in further R&D
can be summarized as follows: Suppose the incumbent were to win the next R&D race. This firm
would be two quality levels above its immediate competitor and could have charged a price equal
to a?, earning an instantaneous flow of profits equal to 7’ = [1 — 1/a?]E, whichis higher than o
= [1 — 1/a]E. However, a fraction of 7’ equal to 7 has to be paid as a dividend to investors who
have financed the first of the two R&D races the incumbent won. Thus, the additional R&D
investment by the incumbent has to be justified by the difference in profits, ' — 7 = %=
1/a)(E/a), this firm would make if it won the next R&D race. Each challenger, on the other
hand, obtains profits 7 if it wins the next race and zero otherwise, and consequently the difference
in profits is = = [1 — 1/a]E, which exceeds ' — . Thus, each challenger has an incentive to
invest more in R&D than the incumbent firm, given symmetry in R&D technology and costs
between challengers and the incumbent. Reinganum (1985, proposition 5) has shown this result
under more general market-structure conditions than those of the present chapter. The free-entry
condition in each R&D race implies that a challenger makes zero discounted expected profits.
Consequently, an incumbent makes negative discounted expected profits if it engages in the next
R&D race.
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Fig. 1. Social optimum and market equilibrium

R&D races, old products are replaced by higher-quality ones, and firms are
born and die. Temporary monopoly profits fuel innovation and technological
progress. The arrival of new products is governed by a Poisson process whose
intensity depends positively on R&D investment. The random time intervals
between innovations are exponentially distributed.

There are no transitional dynamics in this simple model of Schum-
petenan growth. At time zero the economy jumps immediately to point A in
figure 1 because consumers choose E and firms choose L instantaneously.
Thus, point A is the unique perfect foresight steady-state equilibrium consis-
tent with optimizing behavior of consumers and firms. Dinopoulos (1994,
appendix) provides a formal analysis of perfect foresight dynamics. This
simple model captures all basic features of Schumpeterian growth through
creative destruction: Firms chase temporary economic profits and face consid-
erable uncertainty. In the meantime, every time a new product is discovered
the utility of the representative consumer jumps by an increment equal to In a.

I can obtain simple expressions of Schumpeterian growth and welfare by
concentrating on the steady-state behavior of the economy. The indirect sub-
utility at time ¢ is given by z() = a%E/a, where g(¢) denotes the number of
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innovations between time zero (when the economy jumps to the steady-state
equilibrium) and time r. Taking logarithms and denoting with F(t,E) =
Exp[in (z)] the expected aggregate instantaneous utility at time ¢, I obtain
F(t,E) = In E — In a + In ofExp (g)] because aggregate expenditure is
constant over time. The number of innovations is governed by a Poisson
process with intensity L, and therefore Exp(q) = rL~, and

F(tE)=InE-—-—Ina+ tL7In a. (15)
The long-run Schumpeterian growth is defined as

g =———ng; g =L*Ina, (16)
which equals the expected growth rate of the quality weighted index of con-
sumption. In other words, g is the expected growth rate of subutility z(-)
defined in equation (2).

The expected growth rate of the economy increases in the quality incre-
ment, a, and in the amount of R&D investment, L, and decreases in the
degree of instantaneous diminishing returns to R&D, which is related to 7.
The dependence of the expected growth rate on R&D investment generates
the endogenous growth feature of the model. A variety of policies (trade,
investment, or consumption taxes) can alter the equilibrium level of R&D
investment and long-run growth. Because the population in the economy is
fixed, g represents the per capita expected long-run growth. Finally, notice
that L7 is the intensity of the Poisson process that governs the arrival of
innovations. The higher the R&D investment, the higher the “frequency” of
innovations per unit of time, and the lower the expected lifespan of each new
product.

Comparative statics results can be obtained easily by totally differentiat-
ing equations (10) and (14), or by utilizing figure 1. An increase in N shifts the
NN curve to the right, resulting in higher £ and L. An increase in N should be
interpreted as an increase in market size and not as population growth. Larger
economies experience higher growth rates and higher consumption per capita.
More complicated versions of the simple model can demonstrate that interna-
tional trade has a similar potential effect on long-run growth. Trade results in
larger market size, which increases profits and R&D investment. An increase
in a rotates both curves OR and NN clockwise and results in higher £ and L.
Economies facing larger technological opportunities experience higher long-
run growth. An increase in p rotates the OR curve counterclockwise without
affecting curve NN. Economies that value the future less invest less and
consume more. Finally, an increase in y rotates the OR curve clockwise,
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resulting in higher investment and long-run growth and in lower consumption
expenditure. The lower the degree of diminishing returns to R&D, the higher
the level of Schumpeterian growth.

The above-mentioned comparative statics results are remarkably intu-
itive. However, the policy implications of the present model are more compli-
cated. How does the market solution compare to the socially optimal one?
Aghion and Howitt (1990) provide an excellent analysis and discussion of the
nature of the distortions inherent in Schumpeterian growth models. The fol-
lowing discussion follows the spirit of their analysis.

Substituting equation (15) into equation (1), I obtain a simple expression
for the expected welfare discounted to time zero

U= fo e PtF(1, E)dt
(17)

=1(1nE—1na+
p

L7In a)

Expression (17) was obtained under the assumption that each manufacturing
firm charges a price equal to . In principle, there are two ways of viewing the
government’s problem: The government can maximize equation (17) subject
to the resource constraint (10). This approach confines the government to the
use of instruments that alter the market incentives faced by firms. Following
the analysis of existing Schumpeterian growth models, I will present the case
of private R&D. Alternatively, the government can engage in R&D and
finance it through lump-sum taxes. The present model allows the analysis of
public R&D as well. Because in this case the government engages in mar-
ginal-cost pricing, the second term inside the parentheses in equation (17)
becomes zero, and the resource constraint (10) becomes N = L + E.
Because U is an increasing and concave function of consumption E and
investment L, the solution to the government’s problem can be obtained and
illustrated with the use of welfare indifference curves. Totally differentiating
equation (17) and setting dU = 0, I obtain dE/dL = =(yEln a)/(pL1-7) <0,
which states that welfare indifference curves are downward sloping and con-
vex to the origin in the consumption-investment space. At the social opti-
mum, the slope of an indifference curve equals the slope of the market
resource constraint (10), which is dE/dL = —a, and therefore I have

(yIn @)E
e e — :a

T (18)
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Equations (18) and (10) determine the optimal consumption £ and R&D
investment L. The right-hand side of equation (18) can be thought of as the
market rate of technical transformation, and it is equal to the monopoly price,
a. In the case of public R&D, the right-hand side of equation (18) equals
unity. The left-hand side of equation (18) is the marginal rate of substitution
between consumption and investment.

To compare the socially optimal solution to the market equilibrium for
the case of private R&D, note that the resource constraint (10) is identical for
both problems. The market R&D equilibrium condition (14) can be written as

(a — 1)E

(p+ LMLa-» il (19)

The right-hand side of equation (18) is identical to the right-hand side of
equation (19). The social planner allows each firm to charge a monopoly price
in order to allow product replacement to take place. However, there are three
differences between equations (19) and (18).

First, the parameter y < 1, which captures the degree of diminishing
returns to R&D, appears in the numerator of equation (18) but not in equation
(19). The social planner takes into account the fact that, at the margin, the
social value of R&D diminishes as more resources are devoted to R&D. In the
market equilibrium, each firm in an R&D race is small, so this effect is
ignored by the firms. Thus, the higher the degree of diminishing returns to
R&D (i.e., the lower the value of ), the higher the bias of the private sector
toward R&D investment.

Second, the numerator of equation (19) has the term (@ — 1), whereas
the numerator of equation (18) has the term In « instead. This is the monopoly
distortion effect. The winner of each R&D race is concerned about the profit
margin, a — 1, associated with each new product, whereas the social planner
is concerned with the change in consumer surplus due to an innovation that
equals In & < a — 1 for a > 1. This effect tends to create a private sector bias
toward R&D investment.

Finally, there is the intertemporal spillover effect, which is reflected in
the denominators of equations (18) and (19). The social planner discounts
each innovation by using p instead of p + L7, which is the private discount
rate. The social planner takes into account the fact that the benefits of an
innovation continue forever, whereas private firms discount future profits by
taking into account the probability that these profits will disappear. This effect
tends to increase the level of R&D investment of the planner relative to the
market solution at each level of expenditure.
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The above discussion and analysis are illustrated in figure 1. The down-
ward-sloping line NN is the resource constraint (10), and the upward-sloping
concave curve OSAR is the market R&D equilibrium condition, with point A
being the market equilibrium. The positively sloped concave curve OSBG is
the graph of equation (18), and its intersection with NN at point B determines
the optimal consumption and investment levels. Point B corresponds to the
tangency of a welfare indifference curve U, and the resource constraint, NN.
It is easy to see that the graph of equation (18) lies above the graph of equation
(19) for low values of R&D investment, and below the graph of equation (19)
for high values of R&D investment. !5 Point S corresponds to the intersection
point of the two curves. If the resource constraint NN just happens to pass
through point S, then the market and social solutions coincide. There is no
scope for government intervention. Thus, point S is loosely associated with
Schumpeter’s view of no government intervention in the absence of various
macroeconomic frictions. At point S, however, it is simply the case that the
various externalities and distortions exactly offset each other. Small econ-
omies should move resources toward more consumption and avoid risky R&D
investments. Economies with lots of resources should encourage even more
R&D investment than the market is willing to undertake.

One lesson from this simple Schumpeterian growth model is that, de-
pending on the parameters of the model, either R&D taxes or subsidies are
optimal. This insight has been robust in more general versions of the model,
and it is similar in spirit to that of static models with imperfect competition.

Accomplishments and Implications

Many studies have constructed more sophisticated versions of the basic
Schumpeterian growth model to address a variety of issues. These studies
have increased the number of analytical techniques and have provided valu-
able insights into the mechanics of Schumpeterian progress. Because the
Schumpeterian growth literature is still evolving, it is premature to provide a
complete survey. I will confine my attention to several representative studies
that highlight the accomplishments and implications of the new theory.

A popular version of Schumpeterian growth theory is the “quality lad-
ders” model of economic growth developed by Grossman and Helpman
(1991, chap. 4) and refined by Segerstrom (1991, 1995) and Houser (1994).
Instead of one sector, the quality ladders model has a continuum of industries

15. Dividing equation (18) by equation (19), I obtain £/E = [(a — 1)/yIn a][p/(p + L7)].
The first bracket is always greater than one. For L close to zero, £ > E. As L increases, E/E
declines monotonically, and approaches zero as L approaches infinity.
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and no aggregate uncertainty. Thompson and Waldo (1994) formalized an-
other version of Schumpeterian growth based on Schumpeter’s notion of
“trustified capitalism,” where innovating firms are infinitely lived and com-
pete in market shares through the introduction of better products.

Several studies constructed multisectoral dynamic general equilibrium
models to analyze the implications of Schumpeterian growth theory for pat-
terns of trade, gains from trade, and trade restrictions. Segerstrom, Anant,
and Dinopoulos (1990), Grossman and Helpman (1991), Dinopoulos,
Oehmke, and Segerstrom (1993), and Taylor (1993), among others, have
analyzed dynamic patterns of trade and investment through the perspective of
Schumpeterian growth models. These studies emphasized the sectoral compo-
sition of aggregate growth and the relevance of comparative advantage to
dynamic trade patterns. Segerstrom, Anant, and Dinopoulos (1990), Gross-
man and Helpman (1991), Taylor (1994), and Dinopoulos and Syropoulos
(1995) analyzed the effects of trade liberalization and tariffs on Schumpeterian
growth and/or welfare. These studies revealed the complex general-equilib-
rium interactions between trade restrictions and growth based on intersectoral
shifts of resources caused by trade intervention. Romer (1994) and Dino-
poulos and Syropoulos (1994) highlighted the risks of trade intervention by
recalculating the costs of protection using neo-Schumpeterian models of
growth.

The area of macroeconomics has also benefited from developments in
Schumpeterian growth theory. Aghion and Howitt (1990) and Cheng and
Dinopoulos (1992, 1993, 1996) have applied the insights of the new theory to
issues of economic fluctuations. These models managed to provide a unified
framework to study the interactions between long-run Schumpeterian growth
and economic fluctuations. The latter are generated as a result of multiple
perfect foresight equilibria, or can emerge in the presence of asymmetric
technological opportunities in the form of technological breakthroughs and
improvements. Aghion and Howitt (1994) introduced frictions in the labor
market and analyzed the interactions between long-run Schumpeterian growth
and involuntary unemployment.

Finally, several empirical studies have tested implications of the theory.
Phillips (1993) reported a positive correlation between R&D investment and
technological change measured by Solow residuals. Thompson (1995) has
utilized U.S. firm-level data to estimate a Schumpeterian growth model of
trustified capitalism. Arroyo, Dinopoulos, and Donald (1994) introduced pop-
ulation growth and neoclassical physical capital accumulation in the model of
the previous section and estimated it using U.S. macroeconomic data. These
studies provided very encouraging signals for the empirical relevance of
Schumpeterian growth theory.
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Conclusions

In the preface to Japanese edition of “Theorie der wirtschaftlichen Ent-
wicklung,” Schumpeter (1937) was searching for a theory of endogenous
technological change

There must be a purely economic theory of economic change which does
not merely rely on external factors propelling the economic system from
one equilibrium to another. It is such a theory . . . that I have tried to
build . . . [and that] explains a number of phenomena, in particular the
business cycle, more satisfactorily than it is possible to explain them by
means of either the Walrasian or the Marshallian apparatus.

Fifty years later, Schumpeter’s description of endogenous growth through
creative destruction was formalized using state-of-the-art modeling tech-
niques.

The goal of the present chapter was to describe the basic features, devel-
opments, and implications of Schumpeterian growth theory. The autonomy of
the new theory is based on the distinct features of creative destruction.
Schumpeterian growth models utilize a dynamic general-equilibrium frame-
work, model temporary market power through dynamic imperfect competi-
tion, and focus on the risks associated with endogenous introduction of better
products and processes. Although the spirit and basic assumptions of Schum-
peterian growth models are definitely Schumpeterian, as the extensive quota-
tions in the second section establish, several normative implications of the
new theory do not always coincide with Schumpeter’s views. The new theory
has provided one of many possible formalizations of the process of creative
destruction, and it is more Schumpeterian in spirit and implications than other
existing models of economic growth.

The Schumpeterian growth theory is still evolving, following the general
law of creative destruction. Better new models replace old ones, empirical
testing modifies the original assumptions of some models, and more powerful
analytical techniques push the boundaries of the new theory. More research is
needed on the stability properties of Schumpeterian growth models with state
variables such as physical or human capital accumulation. In addition, inter-
national transfer of technology, unemployment caused by business fluctua-
tions, personal income distribution, multiproduct firms, and empirical testing
of Schumpeterian growth models are unexplored important issues that await
further research.
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