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1. I ntroduction

Theoretica studies of the interdependency between market structure and innovation
fdl into two classes. The fird is the partid equilibrium andlyses that view innovetion as
generated by in-house R&D expenditures. A semind paper in this literature is Dasguptaand
Stglitz (1980). The second class is associated with endogenous growth theory. Thisliterature
condders the generd equilibrium implications of innovations when knowledge spillovers
between firms are important (Romer, 1990; Barro and Sda-I-Martin, 1995). This literature
often reglects the srategic implications of firm interaction that arise from an in-house R&D
perspective.

There have been a few attempts to integrate the strategic implications of in-house
R&D into generd equilibrium modds. The work of Van De Klundert and Smulders (1995,
1993) and Perotti (1995) represent examples of this. They confirm the generd conclusion of
the indudtrid organisation and growth literature that average innovation is too low and
concentration too high relative to the socid optimum. However, each of these papers
generates this result assuming a very specific form of R&D technology — the production of
in-house knowledge is purely labour intensive.

In this paper, we show that this concluson is not robust. Using a static genera
enuilibrium modd, it is shown that, the average levd of innovation can exceed the socid
optimum. This is because we assume that R& D uses find goods rather than labour. Thisis
the “lal-equipment” specification of Rivera-Batiz and Romer (1991). This assumption means
that greeter R& D, rather than depleting the resources available for find good production and,

therefore, reducing effective narket sze, simulates demand. Hence, it is possible that even
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the duplication of R&D expenditures under competitive stuations can raise the incertives of
firms to conduct R&D. This, however, represents a Stuation in which the private returns to
entry exceed the socid returns and hence, the average as wdl as the totd leve of innovetion

can exceed socidly optimd levels.

2. Basic M odel

This section presents the basic set-up and notation for the andyssto follow. Note
the specific sectord structure assumed here could easily be manipulated without dtering the
results to follow. We choose this specification as we bdieve it to be the smplest form to
cgpture the interactions between innovation, competition and labour or resource market

equilibria

2.1. Sectoral Structureand Technology

We modd a closed economy that consists of two production sectors — an upstream
and a downgtream sector. Since our focus is on the market sructure implications of
innovetion, we assume (as does Arrow, 1962), tha the downstream sector is perfectly
competitive with al firms being price takers. These firms produce a homogeneous find good
denoted Y, using a Cobb-Douglas technology, employing both labour, L, and a composite of
intermediate inputs, X:

Y=X1%?, 1>a30.



This production function exhibits constant returns to scale?! In addition, it is assumed thet the
downstream sector is competitive with al firms being price takers. Thisfind good isassumed
to be the numeraire.

Households consume find goods not used in production and supply one unit of labour
indatically for which they receive a competitive wage, w. Thetotd labour endowment is [ .
The existence of this labour constraint means that the parameter, L, isauseful proxy for
examining market size effects.

Intermediate inputs are produced in the upstream sector. In this paper, we assume

that these inputs are homogeneous. Thetotd levd of intermediate inputs produced is:

P
X=ax,

i=1

wherei indexesafirmand N is the total number of upstream producers.
Profit-maximisng find goods producers will choose ther labour and intermediate
input demands to sty the following condition (using the Cobb-Douglas assumption):
w, _1-a
PX a
where P isthe margind cost of producing a unit of the composite, X:

-1

afgg

From this we can determine individud firm demand,

P= mln Nlap)ﬁ

QIQ

where use is made of the assumption of constant returnsto scae in final good production.

' The Cobb-Douglas assumption is not critical here. The results could also be presented using ageneral
constant returns to scale production function with the restrictions discussed by Ciccone and
Matsuyama (1996).
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2.2. Research Technology

Firms in the upstream sector are potentid innovators. They produce goods usng only

labour according to asmple linear production function:

A

o _
YEY
F. represents the leve of process technology for firm i. The choice of F, itsdlf, isassumed to

be endogenous. Higher choices of F, mean alower labour reguirement; thet is, Y ¢ F) <0
with a choice of zero fixed costs making production prohibitively codtly, ie., Y (O) ® ¥ as
F ® 0.2 We follow the assumptions of Dasgupta and Stiglitz (1980) and Gans (19983,
19980), by having arich technology space, with T A*.2

By choosing higher levels of F, firms raise the fixed cost incurred. We assume that
innovating to a level, F, requires the use of F, units of the find good. Thus, the research
technology assumed here is akin to RiveraBatiz and Romer’'s (1992) “lab-equipment” modd
— the production of technology usesinputs with the same intensity asfind good production.*

It is convenient to specify afunctiond form for Y:

Y(F)=F".

This is the form used by Dasgupta and Stiglitz (1980), which is convenient because q
describes the dadticity of unit cost reductions with respect to research expenditures.

An dterndive specification for moddling the impact of research and development

would be b congder product innovation. This would be done by assuming that research

? Each result to follow requires only that the marginal labour requirement when F, = 0 be some positive
constant.

: Dasgupta and Stiglitz (1980) and Vassilikas (1989) analyse continuous mechanisms for technological

choicebut in very different contextsto that here.

* The implications of this assumption on the nature of fixed costs is robust to alowing the firm to
choose the intensity with which labour and final goods are used in R& D (Gans, 1997).



resulted in products of higher qudity (Grossman and Helpman, 1991; Sutton, 1995). Such a
gpecification is equivaent to the process innovation story here and S0 it Smplifies matters to
focus on one dimendon exdusively.®

The presence of fixed costs, while being endogenous, means that the upstream sector
cannot be perfectly competitive. That said, the competitiveness of that sector is ptentidly
diverse. Therefore, below we consder arange of market structures ranging from those with
exogenous entry barriers to those with no entry barriers. Using the common framework here
we can then andyse the welfare implications of dternative structuresin agenerd equilibrium

SHting.

3. Equilibria

We begin our discusson of the dternaive implications of market structure by looking
a the case of homogeneous products. Intermediate inputs are perfect subgtitutes for one
another. Because of this, to Ssmplify matters, we will assume that there are no (explicit) Sart-
up cods to entry by any firm. In this setting, we can contrast the Cournot (with and without

entry barriers) and Bertrand (contestable natura monopoly) outcomes.

3.1. Cournot Conjectures (Fixed N)

We begin with the dtudion in which N is fixed. Since the find good sector is
perfectly competitive, factor dlocations in this sector mugt saisfy the Cobb-Douglas

optimisng condiition above. Given the labour market clearing condition:

L=1L+L,

° Athey and Schmutzler (1995) consider both product and process innovation and find that both types
of innovationare complements at afirm decision level.
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that price equals margind cost across sectors (ie,, P =w) and the fact that wages equd the
meargina product of labour in find good production, then:

w=(l-a)XxLse.
From this we can obtain the dlocations of labour and intermediate inputs in the find sector in

terms of an aggregate of upstream innovation choices,

L, =C(&2+A)"(22), X =C(2+A)" and L, =L (2 +A)

a a

1

A.

where

A=3 Y (F).
i=1
Suppose that both potentid entrants and incumbent firms hold Cournot conjectures regarding
the behaviour of others. They determine their quantity and innovation decisions Smultaneoudy
halding those of others as given. Their profit functions are;
Pi =('-v (E=)(x+a % )-1' Y (Fi))"‘“ - F.
When firm i makes its choices, in addition to holding fixed the quantities and innovation levels

of other firmsj 1 i, it holds wages and labour demand in the find good sector as fixed. Under

these assumptions (as in Dasgupta and Stigiitz, 1980), the optima price and innovetion levels

ae determined by:
1
P =§_9L- e%% wY (F)
-wWYqF)x =1

Note that the sectord inverse dadticity of demand, e, is

oy PEX) _
e(X) xp(x) 1.

Moreover, suppose (following Dasgupta and Stiglitz, 1980) thet the equilibrium is symmetric.

Inthis case, X=Nx, where x isthe symmetric individud firm quantity produced. In this case,



P =(%) wY (F),
whereF isthe symmetric choice of innovation.

Using this (in conjunction with labour market dearing) we find thet:

L =) () () ) +1) v X =T (F) (5) () +1)
From this we can find equilibrium wages as a function of the innovation levd and industry
concentration, N:

w=a (1-a ) (82)' ¥ (F)".

Observe that wages rise with the average level of innovation among firms and with the
number of firms in the indudtry. Thisis because both of these raise the demand for [abour by
intermediate input firms.

Once again, in order to obtain comparable results it e ps to use a functiond form.

Using thefunctiond formfor 'y above, firms choose the following leve of innovation:

(ot (-a) (()(5) 1) ) 5 TP T

where it should be recaled that F is the symmetric choice of innovation by dl firms

Interetingly, maximisng out for price-quantity choices individud innovation levds are
increasing in the level of innovation chosen by other firms (F) and the market sze (L ). This
srategic complementarity comes from the fact hat wages and the industry demand curve
are determined endogenoudy. When wages and the industry demand curve are fixed (i.e,
indugtry production does not have economy-wide resource effects), then the first-order
effects of other firm’sinnovation level an the returns to own innovation are zero. However, to
the extent that a decison to raise own innovation is complementary with raising output, snce
output decisons are drategic subditutes, this indirectly reduces the returns to innovation.

When wages and industry demand are endogenous, the demand-crestion effects of innovetion
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outweigh these Cournot effects Ultimady, grester innovation raises the incentives for
further innovation.

On the other hand, increased competition lowers the returns to innovation. Thisis
because new entrants take market share from incumbents and this is not compensated for by
the increase in wages and hence, industry demard that competition stimulates. This can be
more clearly seen by looking a the equilibrium innovaion levd:

Fo=(ar (1-a) () )y () 1)
It is quite easy to show that if N > 2, as N rises, the equilibrium amount spent on research
fals (regardiess d the other parameter values). Therefore, despite the additional wage effect,
the condusions of Dasgupta and Stiglitz (1980) regarding the negative effects of competition
on average innovaion remain.

In a homogeneous product indudry it is socidly optima to have low concentration
given the increasing retur ns associated with innovation. Nonetheless, we can respect the entry
bariers implicit in the fixed N assumption and suppose that the planner chooses the leve of
innovation subject to those congraints. In this case, consumption is:

N R =T () (5 +1)™¥ () () () +2)" - N
Thesocidly optimd leve of innovation is determined by the first order condition:
FEE0 =(a" (12 () +1) () 4T

Itisvery easy to seethat F°°(N) > F°(N), fordl N > 1. Hence, thereis underinvestment

in innovation.
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3.2.  Cournot Conjectures (Free Entry)

What happens when N is determined endogenoudy ly dlowing for free entry and exit of
firms? Observe that in the previous case equilibrium profits are:
p(N)=(P- wy (F®))x- F°
= () (L) (2 ¥ (FO) " 4 T(() () ¢ - P

Setting this equd to zero, we can determine the equilibrium N:

NC = 1+q

q
Thisresult is exactly the same as the partid equilibrium result of Dasguptaand Stiglitz (1980).

They show that, when g and e depend on industry output X:

N© =e(xC)W,
where e isthe dadicity of industry demand. This is a generd pheromenon in modds with
endogenous sunk costs: that firms will “escaate’ research in order to forestal entry (Sutton,
1995). Concentration is higher, the more efficient is the research technology. Moreover,
equilibrium concentration is independent & industry demand ard factor price considerations.
As such, it is clear why, by making these endogenous in a generd equilibrium sting, this
independence reault is preserved. Nonetheless, observe that the size of the market (L) and
the efficiency of the research technology ¢), both raise the equilibrium average leve of

innovetion:

PO =(a® (1) ((50) (52) +1) (&) &)

Dasgupta and Stiglitz (1980) found that under free entry, average innovation was less than the
socid optimum but that industry research expenditures could exceed the optimd leve. Thisis

because average innovation mattered for efficiency and this expenditure was duplicated
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among firms. This latter effect was a social cost. In our modd, here, if 3 = 1 and labour is
not usad in findl good production, then it is easy to show that average innovation in equilibrium

islessthan the socid optimum. That is,

N &
=(qL)" >gLLj =F°.

(1+a)" 3
However, when a <1, it is possible thet the average leve of innovation aswell asthetotal

FSOC

research expenditure could exceed thesocidly optimd leve. By putting F<into the first order
condition for a socid optimum, and examining when this vaue is negative we can determine
the range of parameters for which there is average overinvestment in innovaion. Based on

numerica resultsthis range of parametersis depicted in Figure One.

Eigure One

FC> FoC

FC=F<C(low L)

FC< FC

FC= FC(high L)

D

1

The intuition behind this result is subtle. When a = 1, as the market size rises, there are
increased incentives to “escdate’ innovation to forestdl entry. However, while this does
prevent further entry, the desired expansion in output is congrained by the fixed labour supply

to the industry. When a < 1, this congraint is lifted and firms in the indugtry are free to



compete labour away from the fina goods sector in order to raise output and innovation. This
dlows equilibrium industry demand to exceed its optimd levd because of the resulting
digtortion in factor prices from the competition in the upstream sector. This effect isstronger,
the more efficient is the research technology alowing for escaation in responseto entry. This
offsets other effects caused by faling prices and leads to innovation thet is grester than the
socid optimum. To be clear, it isthe generd ecilibrium sructure of the mode that dlowsan
over-innovation result, so that competition can ditort the sectora dlocation of scarce factors.
This result hinges critically on the “lab equipment” nature of R& D investment. What
this means is tha greater tota R&D expenditure has a demand increasing effect as opposed
to a pure resource depleting effect aswould occur if R&D were purely [abour intensve. Van
De Klundert and Smulders (1993) use this latter formulation and preserve the conventiona
under-investment result. Given this difference in results, it becomes important to look a a
more reasonable specification for R&D investment. In Gans (1997), the choice of inputsinto
R&D is endogenised and it is shown that as the market sze grows, R&D becomes more
find good & opposed to labour intensve. Thisis because the relative price of find goods to
wages fdls a larger scales of production. This property would be preserved for the reult of
this paper. Therefore, since over-invesment is more likdy a high market szes it can be

concluded that thisis arobust concluson.

3.3. Bertrand Conjectures (Free Entry)

When firms hold Bertrand conjectures, because of the increasing returns nature of
production, only one firm will survive in a homogeneous product indugtry. Thus, the outcome
is &kin to a contestable naturd monopoaly, s long as there is one potentid entrant.  In this

case, prices are equa to average cost:



F
P=wY (F)+—.
(F) ~
In this case, the leve of innovation will be the same as the socid optimum. The reason for
this is the incumbent firm will be forced to raise the leved of innovation so long as there are
effidency gans to be had in the downstream sector. This mirrors condusions of Moriguchi

(1994)8

4. Conclusions and FutureDirections

There are a number of interesting diredions this paper could head in. Firdt, as Sutton
(1995) notes, indugtries in which firms have high R&D intengties tend to be characterised by
product differentiation. Therefore, a natural extension walld be to consder a differentiated
products modd for intermediate inputs and repeat the exercise conducted in this paper.
Second, the grategic use of innovation to deter entry in a dynamic game could dso have
interesting generd equilibrium effects. Findly, it would be interesting to investigete the
possibility that innovation and competition in one sector could digtort the level of innovation

conducted in order sectors that are perhaps organised with regulated monopolies.

® Note, however, the contrary predictions of Gans and Quiggin (1997) when there exists an

entrepreneurial fringe.
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