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R&D in a Model of Search and Growth

By DEerek LAING, THEODORE PaLivos, AND PING WANG*

Just how important a determinant of eco-
nomic growth is the efficacy with which
markets are organized? It is clear that in
order to answer this question it is necessary
to have both a well-articulated theory of
economic growth and a precise notion of
what it means for one market to be better
organized than another. The newly devel-
oped theory of endogenous growth
(pioneered by, among others, Paul M.
Romer [1986], Robert E. Lucas [1988],
Nancy Stokey [1988], and Gene Grossman
and Elhanan Helpman [1991]) has equipped
economists with a rigorous microeconomic
foundation of the growth process. Since its
original inception, research in this area has
bifurcated: one strand of work has contin-
ued to emphasize the importance of capital
accumulation (both physical and human) in
environments in which agents are competi-
tive price-takers; the other strand has a
distinctly “neo-Schumpeterian” flavor, in
which firms are price-setters and purposive
innovative activity leads to technological ad-
vancement.

But what of the role played by market
organization? The growth literature has re-
mained relatively silent on this issue. The
reason is that the canonical growth model is
one in which trade—either competitive or
monopolisticly competitive—is coordinated
by the Walrasian auctioneer. Given that
ex hypothesi trade is frictionless, it is mean-
ingless to use this framework to discuss is-
sues pertaining to improvements in market
organization. However, beginning with the
seminal ‘contributions of Peter Diamond
(1982), Dale T. Mortensen (1982), and
Christopher Pissarides (1985), economists
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have begun to construct models that dis-
pense with the auctioneer’s coordinating
function. In this setting it is possible to
make precise the notion of an improvement
in market efficacy, since search and bargain-
ing frictions are explicitly incorporated as
an integral part of the trading environment.
Yet, it is only very recently that this litera-
ture has begun to explore the consequences
for perpetual economic growth.

I. Search and Growth

A limited number of papers have looked
at the effect of search and bargaining fric-
tions in environments with perpetual growth.
Recently, Phillipe Aghion and Peter Howitt
(1994) have studied the effects of technolog-
ical advancement on unemployment. In their
model two basic forces determine the level
of unemployment. First, the rate of job
destruction depends (positively) upon the
rate at which technological advancement
renders incumbent firms obsolete. Second, a
greater rate of technological advances pro-
motes job creation, by raising the return
from production and thus stimulating the
entry of new firms. Aghion and Howitt show
that either effect may dominate, since the
level of unemployment can initially rise and
then decline with the innovation rate. In an
extension of their work, they consider en-
dogenous learning-by-doing. This intro-
duces a feedback effect between unemploy-
ment and the innovative activity, which gives
rise to the possibility of multiple steady-state
equilibria.

Charles Bean and Pissarides (1993) also
explore the link between unemployment and
growth by incorporating job search into an
overlapping-generations variant of Romer’s
(1986) knowledge-spillover model. The
young are deemed to be workers, while the
old are entrepreneurs. Establishing a va-
cancy is costly, and the contact rate between
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firms and workers depends positively on the
number of participants on each side of the
market. Search frictions give rise to rents,
which are divided according to a Nash bar-
gain upon a successful match. A reduction
in the vacancy setup cost promotes entry
and lowers unemployment. An increase in
workers’ bargaining strength has an ambigu-
ous effect on economic growth, since an
increase in wage income promotes growth
but (induced) higher levels of unemploy-
ment reduce savings and growth.

In Laing et al. (1995), we also explore the
link between unemployment and growth.
Workers are assumed to choose their
schooling effort before entering the labor
market in search of employment. Unem-
ployed workers and vacancies are randomly
brought together via a stochastic matching
technology, and upon a successful en-
counter, a wage will be negotiated. Impor-
tantly, education is deemed to affect each
worker’s stock of knowledge and the ability
to accumulate additional human capital
once employed (on-the-job learning). The
possibility of multiple steady-state growth
paths is established. Specifically, a thick la-
bor market encourages workers to invest in
costly schooling, which raises the surplus
accruing to a successful match. A higher
surplus induces entry by additional firms,
which makes for a thick market (with low
unemployment and high growth). A thin
market (with low growth and high unem-
ployment) can also be an equilibrium for
similar, but opposite, reasons. A reduction
in market frictions promotes growth and
can eliminate all but the Pareto dominating
equilibrium.

In a companion paper (Laing et al., 1994),
we construct a neo-Schumpeterian model in
which vertical improvements in product
quality represent the primary engine of eco-
nomic growth and in which search and bar-
gaining frictions are an integral part of the
trading environment. The possibility of
product diffusion is established (i.e., more
than one variety of the quality-differenti-
ated product is traded at one time), and the
pricing structure of each good on the prod-
uct ladder is fully characterized. A reduc-
tion in market frictions enhances trade and
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spurs on innovative activity, which raises the
rate of economic growth and, by quickening
the pace of Schumpeterian creative destruc-
tion, shortens the length of the product
cycle. Aggregate-demand management poli-
cies, by increasing the thickness of the mar-
ket, may have a beneficial effect on welfare.

II. An Illustrative Model

Consider a discrete-time economy in
which there are two theaters of economic
activity: a goods market (characterized by
search and matching) and an innovative sec-
tor, which (vertically) improves the quality
of the traded product. The level of R&D
expenditure determines the “contribution”
made by each new innovation. Successful
innovators license their blueprint to con-
sumer-producers and accrue royalty income
from each unit traded. We use this frame-
work to establish the possibility of multiple
Pareto-rankable equilibria and examine the
long-run growth consequences of a reduc-
tion in market frictions.

The intuition underlying our findings is
simple. First, consider a thick-market/
high-growth equilibrium. A “thick” product
market, by virtue of the large volume of
trade, encourages innovative firms to con-
duct costly R&D activity. In turn, high lev-
els of R&D activity (by raising the value of
trade) induce agents to search intensively
for trading partners, which then makes for a
thick market. A thin-market/low-growth
configuration can also be a steady-state
equilibrium for analogous reasons. Second,
consider a reduction in the severity of trade
frictions. This lowers the cost of search,
which induces agents to increase their search
intensity. The induced greater volume of
trade raises the returns from holding a
patent, which enhances R&D activity and
stimulates growth. The rest of this section
formally sets out the model.

The goods market is populated by a
continuum of infinitely-lived integrated
consumer-producers of mass C who have
access to a production technology which
enables them to produce (instantly) a unit
of an indivisible and perishable good at the
beginning of each period. Once production
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occurs, agents enter the product market
whereupon they search for a trading part-
ner. After a successful match, trade is in-
stantaneous and is quid pro quo. The prob-
ability of contacting a trading partner
depends positively on: (i) each individual’s
search effort / and (ii) the average search
effort of all other individuals in the market
¢'. Assumption 1 describes the matching
technology,

ASSUMPTION 1: The probability of match-
ing in each period is m=0f(¢,¢") where
0> 0 and f(-) is a function which is strictly
increasing and strictly concave in each argu-
ment and satisfies: f(0,0)=0, f,, >0,
f(¢,00=f(0,¢')=0, and the Inada condi-
tions (ie, lim,_  f, = and lim,_ . f,=0
where z= (¢, ¢").

The term 6 parameterizes the market’s
trade frictions. An increase in 6 raises the
likelihood of matching and hence corre-
sponds to a reduction in the severity of
trade frictions. According to Assumption 1,
search effort displays strategic complemen-
tarity, since an increase in others’ average
search effort /' raises the marginal returns
to individual search. This reflects the notion
that trade occurs either if an agent locates
or is located by a trading partner. With this
formulation, individuals can increase the
probability of trading and consuming, in any
given period, if it proves profitable for them
to do so.

We assume that R&D is the main driving
force behind economic growth. In order to
make our arguments as clear as possible, we
model this sector parsimoniously. The R&D
sector is contestable (implying that ex ante
innovators earn zero expected profits), and
in each period a single firm wins the patent
race (inconsequential emendations follow if
the innovative process is stochastic). The
successful innovator licenses the blueprint
to each producer-consumer and accrues
royalty income on each unit of output
traded. R&D expenditure determines the
final gains from trade y, according to

(1) ye=a(x)[y(x)]"
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where a(x) is the scale of output and
y(x)—1 is the rate of economic growth.'

ASSUMPTION 2: The functions a(x) and
v(x) are strictly increasing and strictly con-
cave in each argument; y(x) satisfies the
boundary conditions y(0) =y, >0 and
lim, _  {r —[y(x)—1]}>0.

The successful innovator earns royalty in-
come from each successful transaction of
250a(x)[y()) 1, where s, €(0,1).

Search and R&D activities are accompa-
nied by real costs. More specifically, the
cost per unit of search effort equals 7[y(x)]'
and the cost per unit of R&D expenditure
equals k[y(x)I, where k,>0.?

We now specify the value V, to being a
trader (which under Assumption 2 is
bounded). From Bellman’s equation,

(2) Vi={6£(¢, ¢ )a(x)(1~so)— 7o £}y (X))
+(A+7r) Wi

The first term is the expected value from
consumption net of search costs; the second
is the expected discounted future value of
trade. Since all variables grow at the rate
v(x)—1, it is convenient to transform (2)
into an equivalent stationary problem by
dividing through by [y(x)]'. The value in
“effective units,” V, is given by

- [0f(¢, ¢Ma(x)(A—s9)— 7ol J(1+71)
r—[y(x)-1] '

(3

The denominator r —[y(x)—1]<r is the
effective discount rate in an economy with
ongoing growth.

"More precisely, the size of each innovation is
y(x)=T(x,R) where T exhibits constant returns to
scale (CRS) and the (exogenous) stock of research
capital is normalized to unity. As in Aghion and Howitt
(1992), the CRS assumption allows us to equate each
R&D firm’s optimization problem with that of an ag-
gregate problem involving a single firm.

’The term y(x)* appears in each expression to
ensure the existence of a balanced steady-state growth
path.
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FiGURE 1. STEADY-STATE EQUILIBRIA

We next turn to the individual’s optimal
choice of search intensity. Each consumer-
producer, taking /' and x as given, seeks
to maximize their utility net of search costs:
max ,{V — 7,/¢,0}. The first-order condition
is

(4)  0f,(¢,¢)a(x)(1—-5y) <7

(with equality if # > 0), which says that the
marginal benefit of search activity, the first
term on the left-hand side of (4), equals its
marginal cost, 74, at an interior maximum.
Notice that only symmetric equilibria, in
which /=/¢' (= /¢%*) are admissible. In
addition to the trivial no-search, no-trade
equilibrium, we can show that for each x
there exists a unique /Z* > 0 that solves (4).
In Figure 1, we represent this relationship
by /* = ¢(x;0). Totally differentiating (4),
it is easily verified that: ¢, >0 and ¢, > 0,
indicating that either higher R&D activity
or reduced market frictions, by increasing
the returns to search, enhance search effort.

In order to close the model, it is neces-
sary to characterize the R&D firm’s optimal
choice of expenditure x. The R&D firm
seeks to maximize its present discounted
value: y(x)a(x)2[somCI1+ r)~! = kyx,
taking the matching rate, m=0f(/,?¢’), as
given. Assuming that a(x)y(x) is strictly
concave in x the first-order condition for an

MAY 1995

interior solution can be written as
(5) {v(x),a(x)+7v(x)a(x),}

XOf(¢,¢0")Cso(1+r) ' =ky/2.

Letting ¢ = ¢' = ¢*, equation (5) can be
used to derive the economy’s (inverse) R&D
schedule: /* =¢(x;0,C) (see Figure 1).
Totally differentiating (5) implies: ¢, > 0,
¥, <0, and ¢ <0, indicating that, by rais-
ing the volume of trade, a reduction in
market frictions or an increase in the mass
of consumers enhances R&D activity.

Using the properties of the ¢(+) and ¢(+)
schedules it is possible to establish the fol-
lowing proposition.

PROPOSITION 1: Under Assumptions 1
and 2, there exists at least one (and possibly
multiple) nondegenerate steady-state equilib-
rium growth path(s).

Figure 1 displays the possibility of multiple
steady-state growth paths.? It is straightfor-
ward to show that the zero-search-effort
solution corresponds to the low-R&D/low-
growth equilibrium (x;), while the high-
search-effort solution corresponds to the
high-R&D/ high-growth equilibrium (x ). It
may be noted that more than the three
illustrated steady-state equilibria may exist,
since the ¢(-) and ¢(-) loci may intersect
at a number of points.

Finally, standard comparative-static exer-
cises yield the second proposition.

PROPOSITION 2: In the neighborhood of
the high-growth equilibrium, either an im-
provement in market efficacy resulting from a
larger 0, or an increase in the mass of traders,
C, raises the endogenous growth rate

y(x*)—1.

Intuitively, an increase in either 6 or C
enhances search activity. Higher search ac-
tivity, promotes trade, which in turn raises
the royalty income that accrues to success-

3An example is: f(+)= #%%¢0% a(x)=1In(x),
y(x) =10+ x%%; r=20, T70=10, s0=05, k=20,
6=90, and C=1. Then, in addition to the trivial
no-trade equilibrium #* = 0, two interior solutions for
x* are: x* €{1.92,7.28}.
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ful innovators. This encourages R&D activ-
ity, leading to a higher rate of economic
growth. In this way, our model captures an
intimate nexus between market develop-
ment and perpetual growth.

II1. Concluding Remarks

The model developed in Section II above
illustrates some important channels linking
market organization and economic growth.
In particular, with endogenous search effort
and R&D activity, a reduction in trade fric-
tions generates a higher growth rate. De-
spite its great simplicity, the framework is
rich enough to capture the possibility of
multiple steady-state equilibria and the
growth-enhancing effects of a reduction in
trade frictions. However, precisely because
of its simplicity, a number of interesting
issues cannot be addressed. Specifically, dy-
namic interactions between the innovative
process and market participation are not
permitted. More importantly, the assump-
tions made about R&D activity imply that
only one good is traded at any point in time.
As a consequence, the model captures nei-
ther the possibility of product diffusion nor
the induced dispersion of prices. These and
other issues are explored in Laing et al.
(1994).
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