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ABSTRACT: Noncooperative collusion is more likely to be
sustainable, all else equal, the greater the degree of product
differentiation. In the presence of product differentiation,
market share is biased downward as an index of market power; |
analyze the extent of the bias. The impact of product
differentiation on market performance in the long run depends on
whether firms set prices or quantities and on the extent to which
market size increases as product differentiation increases.
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1. Introductionl
Product differentiation, as described by Chamberlin [1933,
p. 56], is ubiquitous:

A general class of product is differentiated if any
significant basis exists for distinguishing the goods (or
services) of one seller from those of another. Such a basis
may be real or fancied, so long as it is of any importance
mwhatever to buyers, and leads to a preference for one
variety over another. ...

Differentiation may be based upon certain
characteristics of the product itself, such as exclusive
patented features; trade-marks; trade names; peculiarities
of the package or container, if any; or singularity in

quality, design, color, or style. It may also exist with
respect to the conditions surrounding its sale. In retail
trade... these conditions include such factors as the

convenience of the seller’s location, the general tone or

character of his establishment, efficiency, and all the

personal links which attach his customers either to himself
or to those employed by him. In so far as these and other

intangible factors vary from seller to seller, the "product"
in each case is different...

In view of the ubiquity of product differentiation, it
behooves economists to understand the implications of product
differentiation for market performance.2 In this paper, |
examine the implications of product differentiation for certain

aspects of market performance in the short run and in the long

I show that for a given number of firms, increases in
product differentiation increase the likelihood that
noncooperative collusion will be sustainable, all else equal.
Second, | show that for a fixed number of firms, market share is
biased downward, as an index of market power, in the presence of
product differentiation, and indicate the extent of the bias.

1. Material in Section Ill appeared in Martin [1988c]. An
alternative approach to the material treated in Section IV
appeared in Martin [1985].

2. For a recent survey of the literature on product
differentiation, see Ireland [1987],



Third, 1| show that in the long run the impact of product
differentiation on market performance depends on the extent to
which market size increases as product differentiation increases.
Il. Product Differentiation and Non-cooperative Collusion
A. Modeling Product Differentiation
It is natural to approach product differentiation by
generalizing a model of homogeneous-product oligopoly. An
obvious starting point (Spence [1976a]; Carruth [1978]; Waterson
[1983]; Deneckere [1983]; Majerus [1988]), is the Cournot model
of quantity-setting oligopoly with standardized products.
Suppose n firms operate in a market with linear inverse
demand curve

(1) p=a-bhbQ=a- * g2 * - *gh e

Then a unit of output of any variety is a perfect substitute for
a unit of output of any other variety. If each firm operates
with constant average and marginal cost ¢ a natural measure of
market size is

)] S - .

the quantity which would be demanded if price were equal to
marginal cost.

In contrast to (1), if varieties of a product group are
differentiated, they are imperfect substitutes. Each variety has
its own inverse demand curve. Sale of an additional unit of
other varieties should have a smaller effect on pi than sale of
additional unit of variety i. These intuitive relationships can
be captured by modifying the inverse demand curve (3) to a system

of inverse demand curves
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where p( is the price of variety i, q( is output of variety i, t is the

average output of all other firms, and 0 is a product differentiation
parameter which converts units of output of other varieties into
an "equivalent" number of units of output of variety i.

Let 0 <8 < 1 0=1 corresponds to the homogeneous

product case, while products are completely differentiated if

8 - 0.3

Provided that all prices are nonnegative,4 the demand curve

3. 0 < 0 would model complementary goods. In the most
general case, one could specify a parameter 0,j as the
coefficient of variety j in variety i's inverse demand equation.
This is sensible for empirical work (Martin 1988b) but too
general for analytical tractability. In such a model,

0(j > 1 could be interpreted as case in which variety j

were of higher quality than variety i.

4. The case in which the nonnegativity constraint applies is
discussed shortly.



for variety i implied by (3) is5.6
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where p- is the industry-average price. Thus demand for variety

i is inversely related to its own price and to the excess of its
own price over the industry average price.

It is convenient to use reaction curves to illustrate
single-period Nash equilibrium, joint profit maximization, and
the temptation to depart from a noncooperative joint-profit-
maximizing configuration.

B. Non-cooperative Single-period Equilibrium

Quantity-Setting Firms

The inverse demand curve (3) gives the price of variety i
when all prices are nonnegative. When this condition is met, the

equation of firm i's reaction curve is

5.  Write the system of inverse demand equations as
p - al - b[Q - 61 & 03J]q
where J in an n x 1 column vector of ones and | the n x n
identify matrix. The inverse of the matrix in brackets on the
right is
rretl- 1 *f2- nedd]
and the solution for the demand equations follows.

6. Written in this form, the demand curve is strikingly similar
to those of the Shubik [1980, p. 89]

a = - PMp, *yCp, - to] } -

By introducing the constant ”~, Shubik maintains a
constant market size as the number of varieties changes.
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For graphical purposes, it is convenient to condense the
equations of the inverse demand curves and reaction curves from n
arguments to 2. Supposing that all firms except firm 1 set a

common output and price, the condensed inverse demand curves are
(6a) p. - a- blal + (n - neq.1

(6b) p - a- b{[l + (- 28]

where the subscript 1 refers to firm 1 and the subscript -1

refers to the common value of output or price for all other

firms. From (6a) and (6b), the regions in which p] and p are

nonnegative are

(7a) s *b - qgi * (n" 130tl_1
and
(7b) S eg >[1 & (n - 2)6]lg ¢ 6q

respectively.
From (6), the equations of the condensed reaction functions,
provided all prices are nonnegative, are
(8a) 2q( + (n - NH8gq - S
(8b) 6gi - [2 ¢ (n - 2})8]g - S
The reaction curves and borders of the nonnegative price
regions are graphed in Figure 1. For concreteness, consider firm

I's output decision. As q j rises from 0, firm I's profit-

maximizing output falls, moving along (8a). When q " reaches



Figure 1: Quantity Reaction Curves

q-i

3

Notes: drawn for three firms, a - 10, b = ¢ l, e 4

the intersection of (8a) and the border of (7b), firm 1 is no
longer able to move along (8a); to do so would make p-1 negativec
As q-i rises from this point, firm 1 is constrained to move along
the border of (7b). Corresponding to this kink in firm 1's
reaction curve is a kink in firm 1's residual demand curve.7 In
like manner, there is a kink in the condensed reaction curve of
all other firms, at the where further movement along the

unconstrained reaction curve would make pi negative.

7. Deneckere [1984]; Majerus [1988]. For simplicity, | suppose
in this section of the paper that fixed costs are zero. If not,
firms may shut down either along the unconstrained reaction curveé
or along the price-negativity constraint. If fixed costs are
sufficiently large, a symmetric equilibrium may fail to exist.



The symmetric single-period Nash equilibrium occurs at the
intersection of the two kinked reaction curves. Equilibrium

values are (Carruth [1978]; Majerus [1988])

@B Pg-c-2etS- 16 “ng=2+(f- D0 "ng =b[2  (if- 0]

Price-Setting Firms

From equation (4), when all quantities are nonnegative in

the flexible-size model, the equation of firm i's price reaction
curve is
(10) 211 ¢« n - 2)0Kpt - ¢) - (1 - ObS - (n - DHO(p_( - ¢)

Condensing demand curves to two arguments, the regions in
which quantities are nonpositive are given by

(11a) L * M- 20](p] - ¢) >(@ - ObS * (n - H8(p_] - ©)

(lib) pj-c>(@ - 0)bS & 0@t - c)

Firm 1 is a monopolist on the border of the region described by
(lib). All other firms have a joint monopoly - firm 1 is out of
the market - on the border of the region described by (11a). As
might be expected, the borders of these regions intersect where
pi = p-i = a, the prices which make all quantities demanded equal
to zero.

The equations of the condensed reaction functions, provided

guantities are nonnegative, are

(12a) 20 * (- 2)0](p -¢c) =@ - 0bS * (n- NO(P - ©)

(12b) [2 (- 20]Pj-c) - (1 - 0bS * 0P - c)



Figure 2: Price Reaction Curves

p-1 pm

Notes: drawn for three firms, a - 10, b -¢ - 1, 0 - J?

The unconstrained reaction curves and monopoly lines are
graphed in Figure 2. For interpretation, consider the price
decision of firm 1. As p-i rises from zero, firm I's profit-
maximizing price rises along its unconstrained reaction curve.
When p-1 reaches the level at which the unconstrained reaction

curve intersects the g-i =0 line, firm 1 becomes a monopolist.



From this point, firm 1 cannot move along its unconstrained
reaction curve; to do so would require g-i to become negatives.
Nor can firm 1 charge the monopoly price, which would move the
market back into the region in which g-1 is positive. From the
intersection of the two lines, firm |'s profit-maximizing course
is to raise price along the gq-1 =0 line, until pi equals the
monopoly price. If p-1 were to rise from this point (although
g-1 would remain fixed at zero) firm |’'s profit-maximizing price
would remain the monopoly price. There are thus two kinks in
firm |'s reaction curve, the first when output of all other firms
falls to zero and the second when firm |'s constrained profit-
maximizing price reaches the monopoly price. The condensed
reaction curve of all other firms has a similar shape.

The symmetric single-period equilibrium occurs at the
intersection of the two kinked reaction curves. Equilibrium

values are (Majerus [1988])

. @ - 6)bS .. 1-(n- 29 s
cm2+ (n- 3)6 Vb * 1+ £n- lie 2 ¢ (n - 3)0
(13)
1
nb - (1'6)*’1:8 M l-r (n-30] -

C. Joint-Profit Maximization

The joint-profit maximizing configuration is

-c-ébs

1
Paoim 4intm 1 ¢ - 10 2

(14)
.2
“him i & Q- 16 (')

From equation (3), equilibrium output of all varieties is

equivalent to an output of

CIS) g, - €?igj - U * (n - 1)8]gj7im - f
J*
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units of variety i. But this is monopoly output in a market with
standardized products. When products are differentiated, joint
profits are maximized if the equivalent output of each variety
equals the standardized-product monopoly level of output.

In Figure 1, the joint-profit maximizing output pair lies on
a 45° line through the origin, closer to the origin than the
single-period Nash-Cournot output pair. In Figure 2, the joint-
profit maximizing price pair lies on a 45° line through the
origin, at the intersection of the two monopoly price lines,
farther from the origin than the single-period Nash-Bertrand
price pair.

D. Product Differentiation and the Stability of Noncooperative
Collusion®

| examine here the impact of product differentiation on the
stability of noncooperative collusion supported by trigger
strategies of the kind analyzed by Friedman [1971]. In a

repeated game, firms are tempted to cheat from a single-period

joint-profit maximizing configuration. The benefit from cheatiig
is the one-period gain in profit. If cheating occurs, other
firms revert to the noncooperative Nash equilibrium. The costiof

cheating is therefore the difference between the present-
discounted values of the joint-profit maximizing and Nash

equilibrium income streams.8 The cost of straying from the

8. Allowing for differences in notation, the stability
conditions reported here are functionally equivalent to those of
Majerus [1988], who writes the stability conditions in terms of
the discount factor rather than the inverse of the interest rate.
Majerus does not investigate the sensitivity of the stability
condition to changes in the degree of product differentiation.

9. There are, of course, other strategies which may support
noncooperatively collusive equilibria; see Friedman [1986] and
Segerstrom [1988].
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joint-profit maximizing configuration will exceed the benefit
and noncooperative collusion will be stable - if

1 ~ ANicheat "

(19) )
r nlj7tm “ nlnash

where r is the interest rate used to discount future income.
Quantity-Setting Firms
In the quantity-setting model, firm |'s individual profit
maximizing output, if all other firms produce the joint-profit
maximizing output, is given by firm |I’'s unconstrained reaction
curve. Firm 1’'s resulting price, output, and profit are
. . 2* (- 16 bS _ 2 e(- 18 S
~g,ch 1 w(n- 1)8 4 ~g.ch I +(n - 1)8 4
(17)

|
"g.ch b

=
=N
* %
—_
S
v
e
© 0
~0n

Substituting (9), (14), and (17) in (16), noncooperative
collusion can be supported by reversion to the Nash-Cournot
equilibrium if

1 12+ G- 1)8]2
C18) r 2 4 i +h - ile =

The derivative of the fraction on the right with respect to 8 is

(19) ] (2*(n- ~ [1 +V - 18j" »0

As product differentiation increases, 8 falls, and the
right-hand side of (18) becomes smaller. It follows that for a
given interest rate and number of firms, noncooperative collusion
is more like to be stable - inequality (18) is more likely to be

met - the greater the degree of product differentiation.
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Price-Setting Firms

If all other firms set the joint-profit maximizing price,
firm 1 will maximize it's individual profit by lowering price
along its reaction curve. This may mean setting a price along
the unconstrained reaction curve, or it may mean setting a price
along the g-1 =0 line. A defecting firm 1 will fall back on the
g-1 =0 line if the joint-profit maximizing price is greater than
the vertical-axis coordinate of the first kink in its reaction
curve. Otherwise, it will defect to the unconstrained reaction
curve.

Defection to the unconstrained reaction curve

If firm 1 sets price along its unconstrained reaction curve;
while all other firms set the joint-profit maximizing price, its
single-period price, output, and profit are

[n - 3)6 bs . 2-(-36 1 S

2 -
1+ (M- 20 4 Schori * 1 &« (n - 1)6 1 -6 4

rp,ch.rf
f?0)

{[2 & £ - 3)6]]}
"pchrf * 1 - 6 [1 * (n - 1)6]1 * O - 2)6]

Substituting (13), (14), and (20) in (16), noncooperative
collusion can be supported by reversion to the Nash-Bertrand

equilibrium if

1 >
(21) r

i 1 [2 Mn - 3)6]2
- 41-0 1+ (

n - 2)6
The derivative of the term on the right in (21) with respect
to 6 is

2

(22) 12 & (n - 3)0]] > 0.

( n- 1
@ oI * ;- 28]
Once again, decreases in 0 make it more likely that the

stability condition will be met.
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Defection to the rival-shutdown curve

A defecting firm 1 will set price along the rival shutdown
line if
23 n -1
(23) (3n - 5)

As n goes to infinity, (23) approaches, from above, the condition
0 > 2/3. Thus if a defecting firm fails back to the rival shutdown

line, 0 is greater than 2/3.

If all other firms set the joint-profit maximizing price,
and firm 1 prices along the g-1 =0 line, its price, output, and

single-period profit are
29 - 1 bS JL
Pp.ch.rsd ! e 2 20
(24)
“p.ch.rsd m (20 * " b( a]

2 Lo
where the fact that 0 > ensures that price is

greater than marginal cost and economic profit is positive.

In this case, noncooperative collusion will be supported if
(25) i >[@2n - 3)02 - (n - 3)0 - 1][2 + @ - 3)0i2
r“ n - 12A
The derivative of the right-hand side of (25) with respect
0 is
(26) [2 & (n - 3)9ianz - 14n & 21)6Z * 8(n - 3)8 ¢ 8)

;- 1)205

(26) is generally of ambiguous sign, although positive for n
> 5 For n < 5 (26) is positive for 0 near j, but becomes

negative as 0 approaches 1.
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In price-setting oligopoly, increases in product
differentiation increase the likelihood that noncooperative
collusion will be stable, provided rivals would remain in
operation after defection. Even if defection would induce rivals
to shut down, increases in product differentiation make stability

more likely if there are five or more firms (and perhaps with

fewer firms, if 8 is not too much greater than '%O

Interpretation

The traditional industrial organization analysis of product
differentiation and collusion is that product differentiation
makes collusion more difficult, all else equal. In the presence
of product differentiation, cartel members will have to agree on
price differences, not just a single collusive price level.
Anecdotal and episodic real-world evidence is consistent with
this analysis (Martin [1989]).

Combined with the results presented above, the traditional
analysis suggests that product differentiation affects the
reaching and the sustaining of collusive configurations in
fundamentally different ways. Product differentiation reduces
the incremental profit to be had by departing from a joint-profit
maximising configuration, because product differentiation
insulates rivals’' markets and reduces the extent to which a
single firm can lure rivals’ customers into its own market.
Although product differentiation makes it harder to achieve a
collusive configuration, once such a configuration is reached,

product differentiation makes it more likely to be sustained.
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111. Market Share as an Index of Market Power in the Presence of

Product Differentiation
A. Policy Background

In policy decisions, market share is commonly employed as an
index of market or monopoly power. This is clearly the case with
U.S. antitrust policy, from the earliest decisions to the
present.

In the U.S. Steel case, a majority of the Supreme Court
pointed to a decline in market share as a factor in the
conclusion that U.S. Steel was not guilty of monopolisation with
the meaning of Section 2 of the Sherman Antitrust Act.10 The
role of market share in Section 2 cases is emphasized by Judge
Hand's oft-quoted Alcoa guideline thatll

That percentage [ninety] is enough to constitute a monopoly;

it is doubtful whether sixty or sixty-four percent would be

enough; and certainly thirty-three percent is not.

Market share likewise plays an important role the treatment
of mergers under the Celler-Kefauver Act. Brown Shoe'sl12 is on
the post-merger market shares in various local geographic
markets. The designation of market share as the critical element
in the diagnosis of market power under Section 7 of the Clayton

Act is made explicit in Philadelphia National Bank’13

10. U.S. v. United States Steel Corporation, 251 U.S. 417
(1920), p. 439, footnote 1 (quoting Judge Woolley's District
Court opinion).

11. U.S. v. Aluminum Company of America, 148 F. 2d 416 (2d Cir.
1945), p. 424.

12. Brown Shoe Co., Inc. v. U.S., 370 U.S. 294 (1962); see pp.
342-344.

13. U.S. v. Philadelphia National Bank 374 U.S. 321 (1963), pp.
362-363.
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We noted In Brown Shoe...that "[t]he dominant theme
pervading congressional consideration of the 1950 amendments
(to S 7] was a fear of what was considered to be a rising
tide of economic concentration in the American economy.”
This intense congressional concern with the trend toward
concentration warrants dispensing, in certain cases, with
elaborate proof of market structure, market behavior, or
probable anticompetitive effects. Specifically, we think
that a merger which produces a firm controlling an undue
percentage share of the relevant market, and results in a
significant increase in the concentration of firms in the
market, is so inherently likely to lessen competition
substantially that it must be enjoined in the absence of
evidence clearly showing that the market is not likely to
have such an anticompetitive effects.

Market share holds a similarly central role in the analysis

of market power under other U.S. antitrust statutes. Thus, from

a recent decision involving an allegation of tying in violation

of Section 1 of the Sherman Act:14

Seventy per cent of the patients residing in Jefferson
Parish enter hospitals other than East Jefferson. ...Thus
East Jefferson’'s "dominance" over persons residing in
Jefferson Parish is far from overwhelming. The fact that a
substantial majority of the parish’s residents elect not to
enter East Jefferson means that the geographic data does not
establish the kind of dominant market position that obviatés
the need for further inquiry into actual competitive
conditions.

Market share has thus assumed the primary - one might even

say dominant - position in the analysis of market power under the

U.S.

B.

antitrust laws.

Related Topics

The central role of market share in the analysis of market

power under the antitrust laws has lent great importance to the

process of market definition. A variety of ad hoc standards have

14.

Jefferson Parish Hospital District No. 2 v. Hyde, 104 S.Ct.

1551 (1984), p. 1566. A footnote, omitted here, cites decisions
in which market shares similar to those involved in Jefferson
Parish were taken to indicate the likely absence of
anticompetitive conduct.
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been used for market definition,15 and economic approaches,
incorporated in recent Department of Justice Merger Guidelines,
have also been suggested (Boyer [1979]). So long as market share
is the primary index of market power in antitrust cases, market
definition is critical to the process and the result. But the
argument made below - that market share is biased downward as an
index of market power in the presence of product differentiation
- holds even if product and geographic markets are satisfactorily
defined. | therefore leave aside the question of market
definition.

Economists have also debated the sufficiency of market share
as an index of market power.16 Economists agree that factors
other than market share ought in principle to be incorporated in
the analysis of market power, but disagree on the competence of

courts to evaluate entry conditions and the force of potential

competition. This is an important debate, and one to which in
the end the analysis presented here may have some relevance. For
this analysis, | examine the use of market share as an index of

market power, holding all other factors constant.

15. See Elzinga, Kenneth G. and Hogarty, Thomas F. [1973, 1978],

16. See Landes, William M and Posner, Richard A. "Market Power
in Antitrust Cases,” [1981], and four comments in the June 1982
issue of the Harvard.Law.Review, particularly Schmalensee’s
[1982, pp. 1799-1800] discussion of product differentiation. See
also Areeda, Phillip and Turner, Donald F. [1980],
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C. Market Share and Market Power

Standardised Productsl?

With demand curve (1), the quantity supplied to the market
can be writtenI8

@7 - Q =g *CL

with qi the quantity supplied by firm 1 and Q1 the total
quantity supplied by all other firms. Because the slope of the
inverse demand curve is -b, the price elasticity of demand at any

point along the demand curve is
(287 eQp = by’
The demand curve is
(29) o-g¢q 70- " 5"E

and it is this total quantity, qgi + Q-I, which is used to compute
the market shares of individual firms at any price p.

Firm 1’'s conjectural marginal revenue is

(30) MR - p - b(gi + ctQ.,)
where
+ 30-
31 '
Gy 0-, 3
is firm |'s expected elasticity of other firms’ output with
respect to firm I's output. To maximize profit, firm 1 will

select an output which equates its marginal cost to its

conjectural marginal revenue, so that

17. See Clarke and Davies [1982].

18. Neither linearity of the demand curve nor the assumption of
constant marginal cost is essential to the results which follow.
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(32) p - ba( + aQ_) =c,

Substituting (28). this becomes the familiarl3
p - c a * (1 - a)s,

(33) b o

Market share si is

(34) ..

In this model, the firm-specific degree of market power is
function of market share, conjectural variations, and the price
elasticity of demand.

Differentiated Products

Now let inverse demand be given by equation (3), so that, it
refers to the variety produced by firm 1 alone, for which the

varieties produced by other firms are only imperfect substitutes

For 6 between zero and 1, other varieties are equivalent
to something less than one unit of variety 1. Although firm 1
produces but one of a number of differentiated and competing
varieties, the demand curve (3) is formally equivalent to that
faced by a firm producing a standardized product In a market with

effective demand

(35) oca) - g + so., - 3 b P-

The price elasticity of effective demand at any point on this

demand curve is@®

19. For functionally equivalent expressions which give the firm
specific degree of market power in terms of market share and
cross-price elasticities of demand, see Landes and Posner [1981,
equation (3)], and Ordover, Sykes and Willig [1982],
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p
(365 6q6)p " Bole)
With this Inverse demand curve, firm I's marginal revenue Is

(37) MR =p - blI™ + aQ(8)_]
and by equating firm 1’'s marginal cost to its conjectural
marginal revenue, firm |’'s degree of market power is seen to be

P, " ci a* @ - a)s,(0
- Ry o 4374 - A0

Pi eQ6)p

where firm I's market share is defined in terms of the effective

output with which variety 1 competes:

(39) SX8) m g, A a_,

Equation (39) has implications similar to those of equation
(33). Market share is an index of the degree of market power,
albeit an incomplete index. But an additional implication of
(38) is that market share should be measured relative to the
portion of the market with which a differentiated product

effectively competes, not the entire market.20

If market share is measured with respect to the entire
market rather than the portion of the market with which a variety
competes, effective market share - the market share which is
relevant for the assessment of market power - will be
understated. The extent of the understatement will depend on the

magnitude of 8 - on the extent of product differentiation.Q

20. It is tempting to pursue the development of models of
oligopoly and product differentiation in which market share is
defined in terms of revenue rather than quantity or equivalent
gquantity terms. For an attempt, see Clarke, Davies, and Waterson
[1984], Their equation (7) is an expression for the firm-
specific degree of market power. It has the implication that the
degree of market power falls as market share rises.
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Table 1: s(0) For Various Values of s and O

s .1 .2 .3 .4 .5 .6 .7
.9 11 .22 .32 .43 .53 .63 72
.8 .12 .24 .35 .45 .56 .65 .74
7 .14 .26 .38 .49 .59 .68 .77
.6 .16 .29 42 .53 .63 71 .30
.5 .18 .33 .46 .57 .67 .75 .82
.4 .21 .38 .52 .63 .71 .79 .85
.3 .27 .45 .59 .69 e .83 .89
.2 .35 .56 .68 .77 .83 .88 .92
.1 .53 71 .81 .86 .91 .94 .96

Note: table shows value of s(8) for various combinations of s
(columns) and 8 (rows).

Table 1 illustrates the relationship between market share
and effective market share for varying degrees of product
differentiation. The nine columns of Table 1 have market share
increase, by ten-percentage point increments, from 10 to 90 per
cent. The nine rows of Table 1 have 0 decrease, by decrements
of one-tenth, from .9 (nearly complete standardization) to .1
(nearly complete differentiation).

Effective market share rises, all else equal, as product
differentiation increases - as 0 falls. It is apparent that
even firms with low market shares can have quite high effective
market shares - and therefore, high degrees of market power - if
product differentiation is sufficiently great. A firm with a

market share of as little as 10 per cent will have an effective

.82

.83

.85

.87

.89

.91

.93

.95

.98

91

.92

.93

.94

.95

.96

.97

.98

.99
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market share of over 50 per cent if 0 = .1. Firms with
moderate market shares (10 to 30 per cent) will have effective
market shares which are quite high if product differentiation is
great (0 in the .4 to .1 range). Firms with intermediate
market shares (40 to 60 per cent) will have quite high effective
market shares in the presence of even moderate product

differentiation (0 in the .7 to .4 range).

D. Implications for the Use of Market Share as an Index of
Market Power

Courts have recognized that market power is a complex
phenomenon, reflecting many aspects of market structure and firm
conduct. But courts have focused on market share as an index of
market power as a way of clarifying policy and simplifying
antitrust proceedings. The policy implication of the analysis
presented above is that market share will systematically
understate the likelihood of market power, all else equal, in the
presence of product differentiation.

It is sometimes suggested that geographic markets should bg
defined very broadly [Landes and Posner, 1981, p. 963]:

...if a distant seller has some sales in a local market, all

its sales, wherever made, should be considered a part of

that local market for purposes of computing the market share

of a local seller.
But location of supplier is a recognized basis for
differentiation (Chamberlin [1933, p. 56, quoted above]). Unless
products are absolutely standardized and transportation costs are
minima], such an inclusive approach to market definition will
substantially understate effective market share, because it will
include in the total market units of output which do not really

compete for local sales.
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If market, share is to serve as a reliable index of market
power, courts should examine "practical indicia" of the extent of
product differentiation - the nature and extent of advertising
and non-advertising sales efforts and product-differentiating
research and development. Where practical indicia suggest the
importance of product differentiation, courts might follow one of
two alternative approaches. Markets might be defined broadly, in
which case courts should conclude that market power is likely for
market shares substantially lower than would be the case if
products were standardized. Alternatively, markets could be
defined quite narrowly, with a finding of market power only if
market share is high in a narrowly defined market. In any event,
the mechanical calculation of market shares without evaluation of
the extent of product differentiation will result in a false
certainty which will often fail to find market power when market
power is likely.

IV. Product Differentiation and Long-Run Market Performance

A. Product Differentiation and Market Size

Equation (4) gives demand for variety i, given product

differentiation, when all prices are positive. In symmetric

equilibrium, p( « p, and the price-deviation term on the

right in (4) disappears. As product differentiation increases,

8 goes to zero, the fraction outside the braces on the right
in (4) goes to one, and the demand curve for variety i (written
for convenience in inverse form) approaches

(40) p( - a - bq(.

But this is identical in form to the inverse demand curve of

the standardized product model - equation (1). As product
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differentiation increases in the linear demand model of product
differentiation, each variety inherits a market fully as large as
the entire standard.ized-product market.

For some classes of differentiated products, it may well be
the case that market size increases as product differentiation
increases. This will be the case when the introduction of
differentiated varieties attracts mainly new consumers into the
market. Examples might be rock music and classical music, or
Harlequin romances and paperback science fiction novels. For
other classes of differentiated products, however, total market
size is likely to be more or less fixed, regardless of the extent
of product differentiation. The market for breakfast cereals,
for example, may increase somewhat as the number of brands of

breakfast cereal increases, but surely not in a one-to-one ratios

It is interesting, therefore, to examine the impact of
product differentiation on market performance for the case in
which market size is fixed as the number of varieties increases.

From (4), if demand for variety in the flexible market case is

scaled down by -—* ~ so that demand for

variety i is

(41) q

we will have ng* « S if p - ¢ for all i

Thus for demand curves of the form (41), market size is
constant in the sense that total quantity demanded, at a price
equal to marginal cost, is constant, as the degree of product
differentiation changes. As will appear presently, when market

size is constant in this way, optimal net social welfare in the
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fixed-market case is identical to that of the standardized-
product linear demand model. For demand curves of the form (411,
market size is constant in the sense that optimal market
performance does not change as the degree of product
differentiation changes.

Demand in the fixed-market size model is a proportionally
scaled-down version of demand in the flexible-market size model.
In the absence of fixed costs, price reaction curves are
identical in the two models, and quantity-reaction curves differ
by the proportionality factor. Reaction curves will differ in
the presence of fixed costs, since shutdown regions will differ
in the two models. For a fixed number of firms, equilibrium
prices are the same in both models, while equilibrium outputs and
profits differ by the proportionality factor. Structure-
performance relationships which depend on ratios of output or of
profit are therefore unaffected by the market-size product
differentiation relationship, when it takes the proportional form
modeled here. This includes the previous discussions of
stability of noncooperative collusion and the use of market shafe
as an index of market power. The product differentiation-marke®
size relationship, however, has implications for market

performance in the long run.
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B. Short-run/Long-run Equilibrium with Standardised Products2l

Let the firm cost function be

(42) CCy = F + cq

The short-run (given n) quantity-setting configuration with

standardised products is

bS
(43) n * l qu * (o] *
The short-run profit or loss of a single firm is
v2
(44) =gs - cKs - F- b(irl-r) -

In the absence of entry barriers and entry-deterring
behavior, entry should force firm profit to zero in the long run.

The long-run quantity-setting standardized product equilibrium is

- i s
(45) o @ = C M I o

As the cost function (42) exhibits economies of scale for
all q, the optimal configuration is to have a single plant
produce S units of output.22 Optimal and long-run quantity-

setting market equilibrium net social welfare are

21. These results are well known, and are presented for
comparison with the product-differentiation model. For more
complete discussions, see Shubik [1980, pp. 50-67]; Friedman
[1983, Chapter 2]; Martin [1988a, pp. 104-117; and Tirole [1988,
pp. 218-221.

22. If F is so great that n™* in (45) is less than 1, it is not

profitable to produce the product. If F is so large that NSV\(I)SF,)
in (46) is negative, it is not optimal to produce the product.
Similar qualifications apply to the product differentiation
models discussed below.
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“6)

respectively.
C. Product Differentiation/Quantity-Setting Firms
Flexible Market Size

The long-run quantity-setting equilibrium values are

Pdi ®mcC + 'IbF

Comparing (45) and (47), long-run equilibrium price and
guantity are the same in this model and the quantity-setting
model with standardized products. The relation between the long-
run equilibrium number of varieties with and without product

differentiation is
(48) 1
The equilibrium number of varieties with product differentiation

is inversely related to 0, and rises as product differentiation increases.

In symmetric equilibrium, net social welfare in the n-

variety linear product differentiation mode! is28
(49)

Maximising (49) with respect to n and g, one obtains the

optimal values for the product-differentiation model:3

23. (49) is obtained by summing incremental net welfare due to
each variety, then imposing symmetry. See specifically Spence
[1976a,b] and Carruth [1978], and more generally Wildman [1984).
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@ V--neHIl  "an-1*e(” - 1]

Comparing (47) and (50), it is evident that long-run
guantity-setting market output per variety is always less than
optimal output per variety. The long-run quantity-setting market
number of varieties may be greater or less than the optimal
number of varieties (Spence [1976a]; Mankiw and Whinston [1986]).

Fixed Market Size

With demand curves (41), the short-run market equilibrium

values are

*sr - (n - 16 S *sr

1 bS
(51) ggd " 2 - (n - 1)6 n 2 +(n- 1)0

The long-run number of firms, which makes profit-per variety

zero, is a solution of the cubic equation

2 - 82- 60~ (1 - 9)0o°

52 n3 - 2<2¢€¢ *»n2 & n

(52) 8 e2

where Although not in general susceptible to analytic

solution, (52) can be solved numerically. (51) can then be used

to evaluate the long-run equilibrium output and price.
When market size is invariant to the degree of product

differentiation, net social welfare is

(53) NSW*(n,q) = bng(*S - ~nqJ - nF .

It follows immediately from (53) that”™4

24. Substitute Q = ng in (53) to reparameterize NSW* as a
function of Q and n. The result is maximized when Q = S, and is
a negative function of n. n should thus be made as small as
possible, which is 1.
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In the fixed market size product differentiation model it is
optimal to product a single variety product the amount, of that
variety which would clear the market at a price equal to marginal
cost (provided fixed cost is sufficiently small so that it is
optimal to produce at all).

By taking a demand curve which is a weighted-average of the
fixed- and flexible-market size demand curves, one obtains a
model in which market size, and the optimal number of varieties,
expands as the degree of product differentiation increases, but
less rapidly than in the flexible-market size model. The
analysis which follows focuses on the polar cases.

Relative Market Performance25

Given the functional forms of the demand and cost functions;
market performance depends on fixed cost and the degree of
product differentiation. Increases in fixed cost tend to reduce
the equilibrium number of varieties, while increases in the
degree of product differentiation tend to increase the
equilibrium number of varieties.

Here 1 examine the relative market performance - net social
welfare in long-run equilibrium as a fraction of optimal net
social welfare - for different levels of fixed cost and product
differentiation. (47), (49) and (50) generate results for the
flexible market size model and (51), (52) and (54) for the fixed

market size model.

25. The BASIC computer programs which produce the numerical
results reported here are available on request.
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Table 2: Variable/Fixed Market Size Relative Market Performance
Quantity-setting oligopoly

F = 1 2.5 5.0 7.5 10

0.99 0.82/0.81 0.73/0.72 0.65/0.64 0.60/0.59 0.56/0.56
0.75 0.90/0.78 0.84/0.70 0.76/0.60 0.70/0.55 0.64/0.52
0.50 0.94/0.74 0.89/0.63 0.84/0.54 0.78/0.50 0.73/0.47
0.25 0.96/0.66 0.93/0.53 0.88/0.45 0.83/0.42 0.77/0.41
0.01 0.97/0.30 0.95/0.29 0.90/0.29 0.84/0.31 0.76/0.33

Notes: intercept is 10, slope is - 1. marginal cost is 1; fixed
cost and degree of product differentiation vary as indicated.

Relative market performance equals long-run equilibrium net
social welfare as a fraction of optimal net social welfare.

First number gives relative market performance in variable market
size model, second number gives relative market performance in
fixed market size model.

It is evident that the impact of product differentiation on
market performance depends critically on whether or not market
size increases as the degree of product differentiation
increases. When market size rises with product differentiation,
the market works well when 8 and F are small (toward the lower
left-hand corner of Table 2). When F and 0 are low, there are
many varieties, and each variety brings with it additional
consumer surplus. Holding fixed cost constant, relative market

performance in the variable market size model rises as 0 falls.
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In contrast, when market size is invariant to the extent of
product differentiation, the market works best when F is small
and 6 large (toward the upper left-hand corner of Table 2).
When market size is fixed, relative market performance rises, for
any level of F, as products become more standardized (as 6
rises). When market size is fixed, each additional variety means
an additional social charge - fixed cost - against a constant
potential consumers' surplus. Less product differentiation means

fewer varieties and better market performance, holding F constant.

Table 3: Variable/Fixed Market Size Market Number of Firms,
Quantity-setting Oligopoly

F = i 2.5 5.0 7.5 10

0

0.99 8.1/8.0 4.714.7 3.0/3.0 2.3/2.3 1.9/1.8
0.75 10.3/8.9 5.9/5.1 3.7/3.2 2.7/12.4 2.1/1.9
0.50 15/10.3 8.4/5.7 5.0/3.5 3.6/2.5 2.7/2.0
0.25 29/13.0 15.7/6.7 9.1/3.8 6.1/2.6 4.4/2.0
0.01 701/20.1 370/8.1 203/4.0 130/2.7 86/2.0.

This diagnosis is confirmed by Table 3, which compares the
equilibrium number of varieties in the flexible and fixed market
size models. Where flexible market size relative market
performance is high, the number of varieties is higher, all else
equal. Where fixed market size relative market performance is

high, the number of varieties is lower, all else equal.
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B. Price-Setting Firms
It is often the case that structure-performance
relationships are different in quantity—setting and in price-
setting models.26 Thus it is of interest to examine the
sensitivity of the product-differentiation/market performance
relationship to the specification of firms' choice variable.
Flexible Market Size

The short-run price-setting equilibrium values are

ri- (- 261 S sr l-e_ ps
L2 +n- 30J1 + (n - 1)0 pPd 2 + (n- 3)9

The long-run equilibrium number of firms is a solution of

the cubic equation

, S 70 - (2 - 38X4 - 50) - ol 1 - 9X2 - 30)2 - (1 - 29)0,
C56) n3 « y V e 5 N e 5 -

e e

where Op = (1 - 8)™p- . Numerical
solutions o f,(56), substituted in (55), yield long-run

equilibrium values for the flexible market size price-setting

model.
Fixed Market Size
The short-run price-setting equilibrium values are
7 asr = * m..-.,218 1.8
@7 L3+ R38ig Rd n - 3)9°S

26. Cournot and Bertrand models of standardized-product
oligopoly yield very predictions about the relationship between
market concentration and market performance. The impact of
mergers on market performance also depends critically on whether
firms set quantities or prices (Davidson and Deneckere [1985]).
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For given n, the short-run equilibrium price is the same in
the flexible- and fixed-size markets. This follows from the fact
that the demand curves in the fixed-size market are
proportionally-scaled down versions of the demand curves in the
flexible-size market.

The cubic equation which determines the long-run equilibrium

number of firms is

2 - 3er
(58) 2(2 § 36)n2 ( . 202

By substituting numerical solutions of (58) into (57), one
obtains long-run equilibrium values for the fixed market size
price-setting model.

Table 4: Variable/Fixed Market Size Relative Market Performance,
Price-setting oligopoly

F = 1 2.5 5.0 7.5 10

0

0.99 0.99/0.98 0.99/0.98 0.98/0.98 0.97/0.97 0.96/0.95
0.75 0.98/0.89 0.96/0.84 0.93/0.79 0.89/0.75 0.84/0.7%
0.50 0.98/0.81 0.96/0.72 0.92/0.64 0.88/0.59 0.83/0.56
0.25 0.98/0.69 0.95/0.58 0.91/0.49 0.86/0.45 0.81/0,43
0.01 0.97/0.30 0.95/0.29 0.90/0.29 0.84/0.31 0.76/0.34
Notes: intercept is 10, slope is - 1, marginal cost is 1; fixed

cost and degree of product differentiation vary as indicated.
First number gives relative market performance in variable market
size model, second number gives relative market performance in
fixed market size model.

Relative Market Performance

Table 4 compares relative market performance in flexible-

and fixed-market size price-setting oligopoly. For the fixed-

size model, the product differentiation-market performance
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relationship is similar to that shown in Table 2 for quantity-
setting oligopoly. In the fixed-size price-setting model,
relative market performance falls, holding fixed cost constant,

as product differentiation increases.

For the flexible-size model, the product-differentiation
market performance relationship in Table 4 is opposite that of
Table 1. For given F and 0, flexible market size relative
market performance is higher in Table 4 than in Table 1, unless
0 is quite small. Further, holding F constant, relative
market performance in the price-setting market falls as 0
falls, while in Table 1 relative market performance rises as 0
falls [F constant).

These relationships reflect the fact that price-setting
oligopoly is more efficient that quantity-setting oligopoly
fVives [1985]). Comparing Tables 3 and 5, there are fewer
varieties in long-run equilibrium, for given F and 6, when

firms set prices than when firms set quantities. In the fixed

Table 5: Variable/Fixed Market Size Market Number of Firms
Price-setting oligopoly

F = i 2.5 5.0 7.5 10

0

0.99 1.5/1.5 1.2/1.2 1.1/1.1 1.07/1.07 1.05/1.05
0.75 5.8/5.2 3.6/3.3 2.5/2.3 2.0/1.9 1.7/1.6

0.50 11.2/8.0 6.5/4.7 4.1/3.0 3.0/2.3 2.4/1.8

0.25 25.6/11.9 14.1/6.3 8.3/3.7 5.7/2.6 4.1/2.0

0.01 699/20.1 369/8.1 203/4.0 129/2.7 85/2.0

market.--size model, the market number of varieties produced is

always more than the optimal number of varieties (which is one)
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Producing fewer varieties reduces this inefficiency, improves
market performance, and reenforces the product differentiation-

relative market performance depicted in Table 2.

There are fewer varieties produced when firms set prices in
the flexible-size market as well. When 6 is large, so many
fewer varieties are produced in price-setting oligopoly that
relative market performance exceeds any levels reported in Table
1. As 0 falls, the number of varieties increases, although
always less in Table 5 than in Table 3. As 6 falls and the
number of varieties produced in flexible market size equilibrium
increases, relative market performance in the price-setting
market approaches relative market performance in the quantity-

setting market.
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V. Final Remarks

Product differentiation has fundamental and subtle
implications for oligopolistic market performance. Because
product differentiation means goods are imperfect substitutes,
market share is biased downward as an index of market power.
Because product differentiation reduces the gain to departing
from a noncooperatively collusive equilibrium, increases in
product differentiation increase the likelihood that such
equilibria will be sustainable, all else equal.

In the long-run, increases in product differentiation worsen
relative market performance in markets where firms set price.
Increases in product differentiation improve market performance
if firms set quantities and market size expands with the degree
of product differentiation- If firms set quantities and market
size is invariant to the degree of product differentiation, then
increases in product differentiation worsen relative market

performance.
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