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I. INTRODUCTION

PAPERexplores the scope for, and effect of, strategic behaviour by firmsin
an industry where the product market is "competitive" in the usual sense that
firms are effectively price-takers. Traditionally the literature on imperfect
competition has concentrated on the product market, employing the notions of
the Cournot equilibrium or monopolistic competition. The model presented
shows that even if firms are unable to obtain any such market power in the
product market, they can still influence the market outcome through investment
behaviour which determines their actual cost structure. The ability of firms to
thus influence the market outcome is directly related to their market share. This
is a result which is not only of theoretical interest. It is sometimes argued that
for some industries concentration does not lead to welfare loss because the
mnarketmay be competitive even with only a few producers (see Fisher et al.
THIS

[I983,

pp.

24-25]

for the U.S. computer

industry and I.B.M.).

The message of

this paper is that even in such competitive industries concentration still matters
since firms can still behave strategically with factors such as investment and
R&D.
This paper considers a model of strategic investment in the context of a two
stage dynamic equilibrium with two factors of production, capital and labour.
In the first "strategic" stage, firms choose their capital stocks. In the second
"market" stage the capital stocks are fixed, and a competitive equilibrium
occurs. The two stages of the model can be seen as capturing the distinction
between the long run and the short run. The equilibrium rests on the reasonable
assumption that the capital decisions of firms are irreversible in the market
stage. We are thus implicitly assuming that there is no rental market for capital.
In the competitive market stage the price equates supply with demand. In
essence, the choice of the capital stock in the strategic stage determines the
supply function that the firm has in the market stage. Thus firms are able to
influence the market equilibrium to their favour through their choice of capital
stock. The resultant equilibrium can be interpreted as a Nash equilibrium in
supply functions (see for example Grossman [ I 98 I], Dixon [I 984a]).
In evaluating the welfare consequences of the model, it is necessary to realise
that the cost structure of the firm is endogenous. The choice of capital
* This is part of my D.Phil thesis. I would especially like to thank my supervisorJim Mirrlees
for his guidance, and George Yarrow for useful comments and encouragement. Paul Geroski
and an anonymous referee were also extremely helpful. The financial assistance of the ESRC is
acknowledged.
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determines the firms "short-run" cost function. If we were only to consider the
actual cost structure of firms, then, since price equals marginal cost in the
competitive market stage, the standard welfare analysis would tell us that there
was no restriction of output, and no loss of consumer surplus. However, since
investment alters the firm's actual cost structure, welfare considerations need to
concentrate on possible rather than actual costs. In equilibrium we find that
firms are able to restrict investment and output so that the price exceeds least
cost, and there is a loss of consumer surplus relative to the socially optimal
outcome. This is not the only source of welfare loss.
Because capital is used strategically in this model, there is an asymmetry
between capital and labour. In equilibrium the strategic use of investment leads
to a bias away from capital, so that there is undercapitalisation and an excessive
labour-capital ratio. This results in inefficient production, in the sense that the
actual costs of producing the firm's output are in excess of the minimum
technically required.
The result of undercapitalisation provides an interesting contrast with
existing models of the strategic use of investment. The model which most closely
resembles ours is Brander and Spencer's model of R&D expenditure [i983].
The crucial difference between the models is the assumption made about the
market stage: they assume that it is Cournot. Under this assumption, they show
that there is the opposite factor bias, with overcapitalisation in equilibrium.
Furthermore, whereas strategic behaviour improves social welfare in the
Brander and Spencer [I 983] model as compared with the non-strategic case,
in the model presented it leads to a loss in social welfare. Overcapitalisation can
also occur in Dixit's model of strategic entry deterrence [ I 980, pp. I 03-4].
The assumption of a competitive market stage, coupled with constant returns
to scale gives the model a particularly tractable and intuitive form. In section
I of the paper the basic framework is presented. In section II we explore the
general properties of the equilibrium. We show that the profit to sales ratio that
is, the price-cost margin) is inversely related to the elasticities of demand and
supply. In section III two specifications of the general model are presented.
First we derive an explicit solution to the model in' the case of identical firms
with Cobb-Douglas technology and constant elasticity industry demand. This
example enables us to relate the strategic investment model with the standard
(one stage or non-strategic) Cournot equilibrium. Furthermore, depending on
the technical parameter, the strategic investment equilibrium has Cournot and
Bertrand outcomes as limiting cases. We also provide a linearised model in
section III, which is particularly useful for explicitly analysing the welfare
properties of the model. We are able to show, in this case at least, that the
welfare loss due to strategic inefficiency may be large relative to the standard
welfare "triangle".
The main body of this paper treats the number of firms as given: there is a
given set of active incumbents. However, the impact of entry on the model is
briefly discussed. Entry adds an additional welfare loss to the model, since sunk
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set-up costs will in general lead to more firms than are socially optimal in the
industry.
I. A MODEL OF STRATEGIC INVESTMENT

We present the general model in this section, and will consider more specific
cases in section III. All functions are assumed to be differentiable when
required.
Firms have a standard two-input constant-returns production function:
Each firm's production function f : R
one and strictly concave in each input:

AI:

Xi =fi(ki,Li)

fk,L

>

-+

R+ is homogeneous to degree

0 >ILL,fkk

where ki and Li are capital and labour inputs of the ith firm.
This assumption is stronger than required, but it simplifies the analysis. We
can then define the firm's cost function in the standard manner taking the factor
prices w and r as parameters.
(a) Long-RunCostfunction: a *x
a(x) = min (w L+r.k)

subjectto

f(k,L)-x

o

L,keR,

= a,x
where a is (constant) least average cost.
(b) Short-RunCostFunction: k *c(x/k)
C(K,x) = min (w.L+r

k)

subjectto

f(k,L)-x

> o

LeR,

Under constant-returns we can define k .c(x/k) = k *C( I, x/k).
Concavity off in L implies that c is convex in output-per-unit-capital x/k.
Given the technology, we can then define the "short-run" supply function,
again taking advantage of constant returns.
(c) SupplyFunction: k*s(p)
S(k,p) is the output which solves:
max [p.x-w.L-rk]

subjectto

f(k,L)-x

> o

X,LER2

Under AI this can be written as k *s(p).
Thus s(p) is the profit-maximising output-per-unit-capital. Obviously, the
strict convexity and differentiability of c(x/k) imply that s is strictly increasing
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in p, and its second derivative s" will be positive or negative depending on c"'.
In effect, through its choice of ki, the ith firm chooses the supply function it will
have in the market-stage.
We consider a two stage model. In the first "strategic" stage, firins precommit
their capital stock. In the second "market stage", firms' capital stocks are fixed,
and a competitive equilibrium occurs. In order to define the competitive price
we need to state our assumptions about the industry demand function.
Industry demand F: R +
decreasing when positive.

-

A2:

R+ is bounded, continuous,

and strictly

The competitive price 0 which occurs in the market stage is defined implicitly
by the relation:
n

(I.I)

F(0)-

E ki
i~ 1

si(0)

=

o

We can thus define the implicit function which gives the competitive price 0
ruling in the market stage to the n-vectors of capital stocks k chosen in the
strategic move, 0: R'+ R+
(I.2)

0

= 0(k)

Total differentiation of (i.
(I3)

I)

i

<

n=

F'-

yields:
O

kj *s
j-1

where primes denote derivatives with respect to price, which are evaluated at
0(k). The numerator si will vary between firms, whilst the denominator is
common to all firms, and reflects the fact that as the price falls, firms' outputs
will fall. If firms are identical then (I.I) and (I.3) simplify, since 0 will depend
only on the total capital stock Ykj, as will a0/aki.
We are now in a position to define the firm's payoff function Ui, giving the
profit earned as a function of the capital stocks chosen in the strategic move.
First, however, we define the firm's profit-per-unit-capital conditional upon
0, 7t:R-+ R
(I

.4)

7Er(O)= 0 S(O)

-C(S(O))

Thus ir is the nett or supernormal rate of profit on capital, once the
cost-per-unit-capital r has been covered (since r is included in c( ), from
definition (b)). We now have the firm's profit-function Ui: R-+ R.
(d) ProfitFunction: Ui (k) = ki *7t(0(k)).
Having defined firms' payoffs in terms of their choices of ki in the strategic
move, we can define the equilibrium in the two stage model as a Nash
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equllibrium {k*,0*} in the game [R+, Ui: i = I ... n]. The Nash equilibrium
assumptionseemsperfectlynaturalhere, since the capital decision is irreversible,
so that firms are unable to react to each other. Whilst the model is formally
defined as a Nash equilibrium in capital stocks, it is really a Nash equilibrium
in supply functions.We will have more to say about this subsequently.

II. THE PROPERTIES

OF THE; EQUILIBRIUM

Supposing an equilibrium k* to exist, what does it look like? We will restrict
ourselvesto those equilibria where all firms are producing, that is, k* >> o, and
we shall denote the equilibrium market price 0* = 0(k*). Then k* will be a
Nash equilibriumif for all firmsi = I ... n:
(2.

)

Uki I k* =

ni (0*) + 0

do *

=

where Uki is the partial derivative of Ui with respect to ki (since we shall never
need cross-partials,this notation should be unambiguous). We can define the
elasticityof 0 with respect to ki as:
(2.2)

?i = def

ki

ao

aki

substituting(2.2) into (2.
at k*:
(2.3)

I),

and noting that by Hotelling's Lemma d7r/dO= s(0),

. Si(0*)
0*Si(()

Note that the LHS of (2.3) is the ith firm's profit to sales ratio. Hence in
equilibrium,each firm'sprofit to sales ratio will be equal to the elasticity of the
market price with respect to its own capital. Clearly, the profit to sales ratio
must equal the price-average-cost-margin,and when we expand the LHS of
(2.3) we obtain:
0*
(2.4)

c(s(0*))
s(0*)

where c(s(0))/s(0) is average cost. It should be noted that we have made no
assumption of average-cost being equal to marginal cost to derive (2.4): the
LHS is in principle a directly observable variable (if we leave aside problems
of measuringprofits,of course).
It is easily shown that the equilibrium price 0* in the market stage will be
greater than the long-run (least) average cost ai for all firms that produce in
equilibrium.If 0* < ai, then the ith firm will make a loss if it produces anything
at all, and if 0* = ai it will earn nothing. Since we restrictourselvesto k* >> o,
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the price must be greater than or equal to ai. But if 0* = ai, then the firm could
reduce ki slightly, thus increasing0 and hence earn positive profits.
In the case of identical firms (2.3) simplifiesfurther. Since (00/ki is then a
function of total capital only, and so is identical acrossfirms:
(2.5)

a=( - s(6)

j= I ...n

so that from (2.2) and (2.5) we have:

k I I

(2.6)

where es and
BS= (OlS)

then (2.3)
(2.7)

are the familiar price elasticities of supply and demand,
(0/F) F'. Hence if all firms have an identical technology,
becomes:
Ed

S', Ed =

7r(6*)

n

8a)

Thus the profit to sales ratio equals the reciprocal of the sum of demand and
supply elasticities (evaluated at 0*), divided by the number of firms. In an
= I, and fifteen firms, the profit to sales ratio would be
industrywith es =-8d
I /30 th.

Equation (2.7) is clearly similar to the equilibrium condition in the CournotNash model. As we argue in Dixon [I984a], perhaps the most natural and
convincing interpretation of the standard Cournot model is that firms precommit both factorsof production, so that in the strategic move firms choose a
capacity, and in the marketstage a competitive equilibrium (occurs that is, the
price clears the market).Hence the symmetricCournot equilibriumis given by:
(2.8)

OC-a
fwc

=

- I
-B

Comparing (2.8) with the equilibrium condition for the strategic investment
case, we can see that they differin two important respects.First, on the LHS of
(2.8) the price cost margin is given as a mark-upon a. Second, the RHS of (2.8)
and (2.7) are directly comparable, and might lead us to expect that the profit
to sales ratio in the strategic investment case will be less than in the Cournot
case. However, even if this is so, we cannot infer that the equilibrium price will
therefore be lower in the strategic investment case. For any given price 0, the
Cournot profit to sales ratio is larger, since average costs are at their minimum.
It is thereforequite possible that 0* > Oceven though the inequality is reversed
for the respective profit to sales ratios. No general comparison is presented in
this paper.' However, in the linear model in section III, the Cournot price will
always be the higher of the two. It can also be shown in the case of
For a general treatmentsee Dixon [I 984b, chapter 6, Theorem 6. I].
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Cobb-Douglas firmsand constant elasticitydemand, that a sufficientcondition
for O > 6* is inelastic demand (Ed >i). The presence of ?Sin (2.7) reflects
the fact that in choosing its capital stock, the firm takes into account not only
the downward slope of the demand curve, but also the reduction in (all) firms'
outputs as 0 falls. In the Cournot case, of course, these outputs are treated as
constant.
An implication of the fact that 0* > ai is that firmswill employ an inefficient
technology, and incur costs in excess of ai. The reason for this is that the firm is
on its short-run cost curve in the market stage. Hence it will only employ
least-cost technology if 0* = ai. If 0* > ai, then the firm will not be on its
long-run cost-curve,and will in fact be undercapitalised:
the firm'soutput capital
ratio s(0*) is higher than the cost-minimisingratio s(a), so that the firm employs
an excessively labour intensive technology. Although the firm is maximising
profits, the strategic structure of the model-and the resultant asymmetry
between the firm'schoice of capital and labour-implies that the firm does not
employ the least-costtechnology.
In order to bring out even more clearly the nature of the distortion, we can
telescope the firm'sdecision into a simple optimisationprogramme:
(2.9)

max O(ki,k-i) *xi-w

L,-r

ki

subject to

f (ki,L) -xi > o

ki ,Li ,xi

The firm chooses xi and Li freely as in the standard competitive case. The
strategic nature of the firm's investment decision is captured by making 0 a
function of ki (and k - i). The first-orderconditionsyield
(2.10)

fL
=w
r fk -SiS~(0)

fL

>1k

From (2.9) and (2. IO)we can see that the dependence of the competitive price
in the firm's capital stock reduces the "marginal revenue product" fromfk to
fk s(0), and hence leads to a lowercapital-labour ratio than required for
least-cost production. When choosing ki, the firm takes into account both its
effect on the subgame price, and its effect on costs via the capital-labour ratio.
At k*, if any firm were to increase its capital stock, the gains from a lower
output-capital ratio in termsof reducing average costs would be outweighed by
the resultant fall in 0. It should be clear from this simple treatment that the
undercapitalisationresult is general in this model, and does not depend at all
on the assumptionof constant returnsin Ai.
The symmetricindustryequilibriumis depicted in Figure I. The equilibrium
price 0* is determined by the intersectionof the industrydemand function and
the supply function which resultsfrom the capital stockschosen in the strategic
stage. The U-shaped industry "short-run"average cost curve is marked AC.
The strategic inefficiencydue to under capitalisation is representedby the fact
that average cost AC* is less than marginal cost in equilibrium. The industry
profitsSk* 7r(0*)are given by the area A. The profit to sales ratio is given by
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Price,

F. ki si(H)

0*

-

t

-

|

Ek*. si(H*)

~~~~~~~~~~~~~~~~
Output

FIGURE I

Welfare Loss
the ratio of area A to areas A, B, D. We shall now briefly consider the welfare
losses in this framework employing the familiar consumer surplus approach, as
in the "social costs of monopoly" literature (see Marshall [I920],
Harberger
Cowling and Mueller [I978] inter alia). Whilst this approach is open to
[I954],
serious criticism, it provides a useful first guide. In this model there will be two
sources of lost consumers' surplus. Firstly we have the standard welfare loss
given by the "triangle" under the demand curve, area C in the figure. Secondly
we have the welfare loss due to strategic inefficiency, which is represented by
area B in Figure I, being the lost profits to shareholders (AC* -a) *F(O*). It
should be noted that this strategic inefficiency is totally different in origin to the
X-inefficiency as in Leibenstein [I966] and Comanor and Leibenstein [I969].
In the strategic investment model presented here the inefficiency is due to the
dynamic structure of the model, not the fact that the best monopoly profit is a
quiet life. In the market stage, the managers minimise costs: the inefficiency
stems from the constraint the managers have imposed on themselves by their
choice of capital in the strategic stage. In section III below, we show that in a
linearised model (Case 2), the welfare loss due to strategic inefficiency may well
be larger than the conventional triangle. This is not surprising, since the
efficiency loss is AC* - a multiplied by the entire industry output.
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We have now explored the propertiesof the strategicinvestment equilibrium.
Even if the product market is perfectly competitive-or at least approximately
so-the possibility of strategic commitment of capital would lead to prices
above least-averagecost.
The second important property of the model leads firms to choose undercapitalised technologies that are economically inefficient. It should be noted
that this result only occurs because the firm is forced to separate its choice of
capital and labour, and cannot choose them simultaneously. As we discuss in
Dixon [1984a], were firms able to precommit both factors of production, and
hence their capacity, then there would be no strategic factor bias, and the
equilibriumof the two stage game would be Cournot. The strategicinefficiency
is also related to the nature of the technology. Even in the case where firms
precommit only capital, if the technology is Leontief or putty-clay, then in
effect output and labour are thereby precommited, so that there will be a
Cournot outcome with no strategic inefficiency. We should also note that the
undercapitalisation result stems from the particular nature of the market
subgame: had we assumed a Cournot equilibrium in the market stage,
we would have obtained an overcapitalisation result, as in Brander and
Spencer [I983].2
III.

SOME EXPLICIT

SOLUTIONS

TO THE MODEL

In order to explore the mechanisms of the model more closely, it is useful to
consider some specific functional forms. We will consider two cases. In case I
we will explore the model in the case of identical firms with Cobb-Douglas
technology, and constant elasticity demand. In case 2 we explore the model
when firms may be different, but demand and supply functions are "linear".
The second case is particularly simple for exploring the welfare loss due to
strategic inefficiency. Considerationof these examples also gives us some ideas
about existencein the model, since in both cases an equilibriumwill exist under
fairlyweak conditions.
CaseI: Constant
Elasticities:Cournot
andBertrandOutcomes
as LimitingCasesof theStrategicInvestment
Model
In the case of identical firms,we recall the simple equilibriumcondition (2.7):
I

7r(O)
0 .s(O)

n(s-

Ed)

Since the RHS of the equation is expressed in terms of Es and Cd, we first
considerthe model when these are parameters. It will be recalled that es is the
elasticity of supply-per-unit capital s(O) with respect to the market price.
2

The market stage can be generalised to allow for a wider range of market outcomes. Yarrow

[I 985] has allowed for a conjecturalvariationsmodel.
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Cobb-Douglas technologiesyield constantelasticitysupplyfunctions.Formally,
if we specialiseA5 to:
AI(a):

x=E

(? < OC< I)

as=OCI0

We also specialiseA2 to constant elasticity of demand:
A2(a):

F(p)=P p

(Ed=-

f)

Under Ai (a) and A2(a), the profit to sales ratio will be uniquely determined
by the three parameters of the model: n, a and ,B.Before proceeding to the
explicit solution, however, it is necessary to consider whether or not an
equilibriumexists: equation (2.8) merely tells us that the first order conditions
are satisfied. Under AI-2 we know that there is a unique vector k* which
satisfies(2.8), in which all firms capital stocks are the same (kV*= k* for all i).
Define 4 where:
= (n- I)

(3.I 0

*k*lk.

and ka is the competitive level of the capital stock (a = 0(ka)). Given that the
other firms choose k*, firm i will never want to choose its own capital stock so
that the price is less than a, so we can restrictour attention to ki < (i -) ) ka.
Under what conditionswill k* so defined be an equilibrium?Proposition I gives
a sufficientcondition for the payoff function to be quasi-concave.
i (AI (a), A2 (a)) A unique
existsif
Proposition
symmetric
equilibrium
I

I-Ed+2

2* (Es

I-

es
Ed)

The proof is given in the appendix. A sufficientcondition for Proposition I to
be satisfiedis that demand is elastic. If there are more than a few firms, 4 will
be close to unity, so that we can be reasonablyassuredof existence.
Under Ai (a) the profitto sales ratio is given by:
(3.2)

0 s(0)

-

We can now express (2.7) in terms of our parametersand solve for 0*.
(3 3)

[

n *(ocx+(I -oe) * )

(3.3) is particularly useful if we wish to compare the strategic investment
equilibrium with the Cournot equilibrium. Recall that in Dixon [i984a] we
interpret the Cournot equilibrium as correspondingto the case where the firm
precommits both factors of production, and hence chooses its capacity in the
strategic move. In this case, firms will always choose a cost minimising capital
labour ratio. Since there are constant returns to scale, the resultant Cournot
equilibriumis:
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Comparing (3.4) and (3.3) it can be seen that since o < c < i, a sufficient
condition for the Cournot price Octo exceed 0* is that B < I.
Having computed the equilibrium values {k*, 0*} under AI (a) and A2(b),
we shall briefly consider how the equilibrium varies with the technological
parameter oc.When the firm chooses ki in the strategic move, it chooses the
supply function it will have in the market subgame. The parameter ac
determines the elasticity of the "short run" supply function s(0): as o -? I,
Bs + oo; as oe-), es-+o. Thus accan be interpreted as representing the
flexibility of production in the market stage. With Cobb-Douglas technology
the limiting cases of cx= I or cx= o are not in themselvesinteresting, but they
can act as a guide to the intuition for cxclose to o or I . If oc= o, then x = k (for
L > o), so that output is totally determined by investment in the strategic
move. We would thus expect a Cournot outcome, where the profit to sales ratio
is - I/Cd. If ac= I, then x = L (k > o), so that precommitment does not affect
the shortrun supply function, which would be perfectlyelastic at 0 = w. In this
case we would expect the Bertrandcase of a zero profitto sales ratio.
The reasoning from these two cases is indeed correct, since from equations
(3.3) and (3.4) it follows that:
cxf- I

cxo o

implies
implies

a

-+

[I-1

= I

(n >

2)

"Bertrand"

n_
a I -_

(n . > I) "Cournot"

(Note that a itself varies with ac.)Thus, depending on the elasticity of supply,
the markupof price over least cost has the Cournot and the Bertrandvalues as
limiting cases.
More can be said about the relationshipwith the Cournot case. If firmshave
constant returnsLeontief technology, for example, then the output (or rather
capacity) will be tied down in the strategic stage, and hence the Cournot
equilibriumwill occur. A furtherinterestingpropertyof the Leontief case is that
there is no strategic inefficiency since, given its capacity, the firm will not
employ labour over and above the minimum technically required, whatever
the market price. Indeed, there will be no inefficiency for any technology for
which the capacity is determined by the choice of capital stock. For example,
if technology is putty-clay, then the capital labour ratio will be efficient, and
the strategicinvestmentequilibriumwill be the Cournot equilibrium.
Case2: TheWelfareLossin a LinearModel
In this section we show how the model works out in the linear case, where the
supply and demand functions in the market subgame are linear. Linearity of
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the firm's supply-per-unit-capitalfunction s(p), can be seen as arising from a
symmetric Cobb-Douglas technology (where the exponents on capital and
labour are both o.5). This is a special case of assumptionAI (a), if we allow for
non-identicalfirms:
Ai (b): xi = k? S L? s
From this specificationof the production function we can derive the functions
s(0), 7r(0).These are best expressedusing the parameterv, where v is defined as
the least-costor efficientoutput-capital ratio, so that s(a) = v.
(3.5)

s(0) = - 0

(3.6)

7E(0) =

a

v

2a (02

- a2)

On the demand side we give a special case of A2:
A2(b):

F(p) =max [o,fl-p]

Thus we assume linearity and normalise so that F'

=

-

i.

Under these

assumptionsthe marketstage equilibriumcondition implies the simple relation
between capital stocksand price:
(3.7)

0(k) =

where

+

Wi = Vi/ai

Substitutionof (3.7) into (3.6) yields the payofffunction:
J2
wik.
(3.8)

Uik

=-*

-zc

:

r k,

Thus Ui is strictly concave in ki in this linear case. Hence an equilibrium exists.
It can be shown that the equilibriumprice is less than the Cournot price (Dixon
[I984b, Theorems 5.I and 6.I]).
One of the properties of the strategic investment equilibrium is that production is inefficient. The rest of this section of the paper is devoted to deriving
explicit termsfor this inefficiencyin the linear case.
The excessivelabour-capitalratio leads to average-costsin excessof minimum
average costs a. Hence the strategic-inefficiencyin productioncan be measured
by:
(-)
=
AC-a
(0 -)
(3-9)
20

We are now in a position to derive an expressiongiving the total welfare loss in
the strategic investment game as a function of 0*. There are, we recall, two
sources of "lost" consumer's surplus in the strategic investment model, as
depicted in Figure i. First, we have the standard.welfare-loss given by the
"triangle"under the demand curve, area A.
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(0-a)2
2

Second, we have the additional efficiencyloss given by area B. This reflectsthe
consumer surplus lost to shareholders due to average costs exceeding their
minimum.

(3

I I)

From

this area is given by:

(3.9)

f~lW2JI~lI)
= F()
AW2

-

5(0))
s(0)

=

]
J2

-

0

Hence the total welfare-loss Aw = Aw1 + AW2is given by:
(3.I2)

AW = (a)

0

ft
2

It is quite clear that the total welfare loss is strictly monotonic for 0 > a.
However, whilst the standard welfare-loss triangle increases with 0, the
strategic inefficiency Aw2 is not monotonic. From (3.I I) we can see that the
strategic inefficiency is equal to zero both when output is zero (0 = f ), and
when AC = a (0 = a). We could reasonably expect that the welfare loss due to
strategic inefficiency might be rather large relative to the standard welfare loss.
If we compare (3.10-3), then:
AW2

=

- [AWl/led]

Thus the consumer surplus lost through strategic inefficiency equals the surplus
lost via the triangle divided by the elasticity of demand. For Ed > - i, the
strategic inefficiency will represent the more important welfare loss. This is not
so surprising, since the welfare loss due to strategic inefficiency is the excess cost
multiplied by the entire industry output, so that even if the average cost is only
slightly in excess of the minimum, it will be considerably magnified. The
importance of strategic inefficiency in this model is not peculiar to this
specification.

IV. STRATEGIC

INVESTMENT

AND ENTRY

The main body of this paper has assumed that there is a fixed set of active
incumbents in the industry, with no entry or exit. This section provides a simple
example of how entry might be modelled, and its welfare implications. It needs
to be made quite clear from the outset that this section is more an outline than
a detailed formal analysis. The special case considered provides an interesting
illustration that is reasonably typical.
There are many ways of treating entry, depending on when entry is allowed.3
We shall consider the simplest case: we add an extra entry move prior to the
3 In effect, the treatment presented does not allow for entry after the investment decisions have
been taken. This contrasts with models of entry deterrence where entry may occur after the
incumbentshave made their investmentdecision (e.g. Dixit [i980]).
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strategic stage of the model. Firms incur sunk set-up costs u > o. There is an
infinite set of identical firms, which make their entry decision in some preordained order. Given the number of firms that decide to enter, a strategic
investment equilibrium occurs. No entry occurs after the initial entry move. In
evaluating the profitsfrom entry, firmshave perfectforesight.
With strictly positive set-up costs and constant returns to scale production,
the model is of course the rather special case of natural monopoly (since the
industrycost structureis super-additive (see Baumol et al. [I982]). Whilst this
makesthe analysisvery simple, the qualitative resultsare generally valid.
Considerfirst the social optimum in this industry, which we shall take to be
the Ramsey solution, which maximises the consumer surplus subject to the
self-financing constraint. The Ramsey solution is the triplet {n,,ar,kl},

the

optimal number of firms, price, and capital stock respectively. Since the
industry is a natural monopoly, the analysis is very simple, since we know that
nr= I. Furthermore,it will be socially optimal to produce efficiently, with the
output capital ratio v. Since demand is downward sloping, the Ramsey optimal
price and capital stock are those which maximise output subject to the finance
constraint:
(4. 1)

max F(ar)

(4.2)

subject to

(4.3)

F(ar)

=

kr*v *(ar-a) >u

kr *V

How does the strategicinvestment equilibrium with entry compare with the
Ramsey optimum? Let us denote this equilibrium by the triplet {n*,K*, 0*},
where K* is the industrycapital stock, and 0 = 6(K*) (since firmsare identical,
the equilibriumis symmetric). These values are determined by the equilibrium
condition (2.7) between the active incumbents, plus the entry condition. Both
of these conditions can be summarised using the "outcome function" Ql(n),
giving profits net of entry costs when there are n firms in the industry. For a
broad class of standard models Q is a uniquely defined, strictly decreasing
function of n, and from (2.7) Q -+ o as n s-+ o. The number of firms n* is
determined by Q(n*) > I > Q(n* + I). This will in turn define the equilibrium
capital stock in the industry.
Given this skeletal outline, we have enough information to compare the
strategic investment equilibrium with the Ramsey optimum. There are four
points of contrast which are of interest:
(i) Excess Ent?y: n* > nr. Unless entry costs are large, n*

>

nr.

To see why, note that if Q( i) > u, there will be more than one firm. Entry in
excess of the social optimum will occur unless entry costs are large, where

"large" means that a >

Q(2).

(ii) Inefficiencyin Production:We know from the analysis in section II that the
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method of producing output will be inefficient, being under-capitalised.
This is unchanged by entry, since 0* > a for all finite n.
(iii) Excessive
Price:0*

>

ar.

This must be so if the incumbents are to cover their entry costs It. From (i),
fixed costs in the industry n* *It are at least as great as in the Ramsey case. But
for 0 > a, production is inefficient by (ii). For any given price, therefore,
industry profits are less than in the efficient Ramsey case (see (4.2)). Hence the
equilibrium price 0* must exceed the Ramsey price.

K* < Kr. There is less investment in the industry than in
(iv) Underinvestment:
the Ramsey case.
This follows from (ii) and (iii). Since 0* > ar, industry output is less than
optimal. But s(0*) > v from (ii), so that K* < Kr.
In the strategic investment model with entry, there are too many firms which
underinvest and are inefficient. In essence there are too many firms producing
too little output with too little capital. As should be quite clear from the
analysis, the conclusions (i)-(iv) will apply beyond the case of fixed set-up costs
plus constant returns technology. However, the case of natural monopoly is
rather special.
What happens if firms have the more standard U-shaped long run average
cost curves? These can be seen as arising from a diminishing returns to scale
production function with strictly positive fixed or sunk costs. All comparisons
Price,*
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(i)-(iii) will still be directly valid. The only important modification concerns
comparison (iv). If we ignore the integer problem, in the Ramsey solution each
firm will produce at the bottom of its "long run" average cost curve. This
implies a certain capital stock for each firm, denoted ka. However, in the
strategic investment equilibrium the zero profit entry condition will mean that
firms will produce at below the least cost capacity, as depicted in Figure 2,
which depicts a symmetric equilibrium as in Figure i, except that the LRAC is
U-shaped. Thus we can extend (iv) to include the standard "Chamberlinian"
undercapacity result. Not only are firms off their LRAC as in the constant
returns case, but the output is below the minimum economic scale (k* < ka).
With the introduction of a U-shaped cost function, we have a rather paradoxical
result. Given the capital stocks chosen in equilibrium, there is overutilisation of
capacity, an excessive output-capital ratio. This is due to strategic inefficiency.
The entry condition, however, implies that the capital stock is too small, being
less than the "capacity" level ka.

V. CONCLUSION

There may still be a relationship between concentration and welfare loss even
in an industry where conditions in the product market are competitive. Firms
can employ such variables as investment to influence the market outcome, and
their ability to do so is directly related to their "market share", interpreted as
the firm's share in the industry capital stock. This leads to a price which is
higher than the price that occurs when investment is not employed strategically,
and there is a corresponding welfare loss due to the resultant restriction of
output. The strategic use of investment in this way also gives rise to an
additional inefficiency in production, since the technology will be too labour
intensive. In the simple linear model presented in section III, the welfare loss
due to this strategic inefficiency may be larger than the loss due to the price
being too high. This suggests that the evaluation of monopoly power needs to
go beyond a simple analysis of the conditions in the product market and the
actual cost structure of firms, and to take into account such strategic behaviour
and the distortions to which it gives rise.
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APPENDIX
i
Proofof Proposition
We show that Ui is strictly quasi-concave in ki. A necessaryand sufficientcondition for
quasi-concavityis that if Uki = o then the second partial Ukki is non-positive.Now,

Uki =

(O) +ki s(O0) -=l

Uk~~~~~k

(0 *s(O) *a)

(0)-

Oki

Bs-ed

where
'6=-k

Ki

(j= i...

n),

a being the ith firm'scapital share. If Uki

=

o, then

a

Os(O)

If we evaluate Ukki when Uki

=

o we find aftersome manipulation that:

aUi2=

il uki =

s?

o

kj[S

This will be non-positiveif
I Iaf

But af <

I -0

d+r2

Bes

2 - ('6s _'d)

(for

profitsto be positive).

f

d(

)

