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Annais of Economic and Sacial Measuremem. 61 1977

THE MEASUREMENT OF CONCENTRATED INDUSTRIAL
STRUCTURE AND THF SIZFE DISTRIBUTION OF FIRMS

By Joun C. Hause

The Herfindall (Hi concenratian index is 1heorcticelly appropriwee far studving price-cost
margins of indusiries in Caurnar- Nash equitibrinm. This paper argzes thar the H index pro-
vides a luwer bouitd for reasanable cancemtrarian measnres. since the C-N equilibrivny ignores
passible large-finu collusion dependem on 1he size distribmian, Strong  resirictions on
theoretically acceptable cancentration indices are deduced. Two new indices sarisfving these
restrictions are proposed, and hasic defects af current measnres are idemified. Swedish and
Japnuese dara yield correlatians berwecn the widely 1sed 4-firm concenrarian ravio. Cq. and
H ranging fram 13 1 79 far highly cancentrated indusirics. This demansirares Cyis a poor
proxy for theoretrically superiar measurcs in the cmpirical swdv af highly  concemrared
indistrics. despite widespread belief 10 the canirary,

[. INTRODUCTION

Two central assumptions of the competitive market model are (1) a large
number of (2j independent{v acting producers and (buyers). These assump-
tions assure that no discrepancy between price and marginal receipts is
perceived by individual producers in their attempt to maximize profits,
and leads to the equality of price and marginal cost. The markets of the
real world difter greatly in the number of firms and their relative size.
American manufacturing includes such industries as primary aluminum
with seven firms and a four-firm concentration ratio of .96 and wood fur-
niture (not upholstered), with 2,927 firms and a concentration ratio of
.11." One of the ongoing embarrassments of economic theory (and there
are several) is the absence of a persuasive model that links the number of
firms and their relative size with the expected degree of competition in an
industry. Nature and students of industrial organization (and others)
abhor a theoretical vacuum, and a plethora of thoroughly ad hoc indices
have been proposed for measuring industrial concentration.

The “degree of competition in an industry™ has no widely accepted

*1 am indebted to George Stigler’s (1968) stimulating article. ~The Measurement of
Cencentration,” for my tnitial interest in this problem. Herbert Mohring's substantive and
stylistic comiments have been very bencticial. The gencrous cooperation of Gunnar Du Ricis.
who painstakingly asscmbled the industrial data for his own studics. and of Lars Wohlin.
director of the Iadustricns Utredningsinstitut in Stockholm. made possible the empirical
results reported in Scetion 1V of the paper. bdward Fagerlund cificiently carried out the
main calculations. Reactions from seminar prescntations of the paper at Texas A& M. Stan-
ford. UCLA, and the University of Minnesota materially improved the study. Proprictany
responsibility for any errors resides with the author. -

'See U. S. Senatc, Committee on the Judicizry, Subcommittee on Antitrust and

Mounopoly Report, Cancentration Ravias in Mamdacturing Indistry: 1963, Part 1, Washing-
ion. D. C., 1966.
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picaning in the cconomics literature. Itis defined in this study as a measure
determined by persistent discrepancy between price. p, and marginal costs,
MC., in an industry. Consider first a monopolized mdustry. The Lerner in-
dex, defined hy the ratio (p — MC)/p, has been widely (but not uni-
versally) accepted by economists as a usefu! quantitative characterization
of monopoly power. The index is sometines defined as the ratio of
monopoly rent, (p — MC)g. to the monopolist’s total receipts, pg. The
equivalence of the two definitions is appurent since the monopolist's out-
put, g, cancel out in the latter ratio. For a single-price monopolist, it is
well-known that profit maximization by the monopolist leads to a value of
—1/n for the Lerner index, where n is the elasticity of demand for the
product.

The second definition of the Lerner index is readily extended to in-
dustries containing n firms by the definition L = (3., (p — MC)y,j/
iS:2., pg.). i.c., by the ratio of the sum of the monopoly rents to all tirms
in the industry to total industry receipts.? This definition assumes a
homogeneous (single-product) imdustry, and a single price, p, at which
the product is sold. In this equation, ¢, and MC; are the output and mar-
ginal cost, respectively, of the i firm.

An index of industrial concentration is a function of the size distribu-
tion of tirms in an industry; the purpose of the index 15 to explain (in con-
junction with other relevant vartables characterizing an industry) an im-
portant dimension of industry performance.’ A concentration index
should be considered “theoretically reasonable™ only if a plausible
theoretica! link has been established between the functienal form of the
index and the way in which it determines the industry performance
characteristic of interest. This study considers only the degree of com-
petition in an industry, as measured by the L index. The reader should
bear this in mind in interpreting statements about “theoretically reason-
able measures of concentration™ in the sequel. in prinaple, a theoretically
reasonable concentration index may depend on the specific measure of
industry performance under study, although it seems plausible that such
indices of concentration are highly correlated with cach other.

Section 11 presents notation and some general considerations useful
for the analysis of size distributions and industrial concentration. Section
IIT argues that the theory of Cournot-Nash (C-N) equilibria provides
strong restrictions on the class of theoretically acceptable measures of in-

ZF_quivaIcmly. L can be defined as the weighted average of the individual tirm ratio of
price less marginal cost to price, where the weights are the firm shares of industry output,
But the definition suggested in the text for 1. is related more transparently to the empirical
price-cost margin literature.

Fora concentration index to make any sensc in this context. the sizc distribution musi
earrespond to some sort of industry equitibrium. 1T tirm shares are essentially random and
demonstrate extreme and rapid Ructuations in magnitude. it is dilticult to sce why a con-
centration index woutd he related to any phenomenon of interest to cconomists.
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dustrial concentration. The argument establishes that the Herfindahl in-
dex (H) (sum of the squared shares of firms in an industry) is related in an
extremely simple way to the Lerner index at the C-N equilibrium, and
provides a useful fower bound on reasonable industrial concentration
measures, since it ignores cooperation between the firms, based on their
perceived interdependence. Several new concentration indices are pro-
posed, based on criteria for reasonable measures that follow from this
line of argument. Section 1V presents cross-sectional correlations between
several industrial concentration measures, along with intertemporal corre-
lations of the indices for samples of Swedish and Japanese manufacturing
industries. These calculations contradict the widespread belief that con-
centration indices are so highly correlated that they are likely to be in-
distinguishable in empirical studies. Previous work suggests that industrial
concentration is most likely to be associated with departures from com-
petition primarily at fairly high levels of concentration. Yet it is pri-
marily at high levels of concentration that the mcasures differ most from
each other. The results show that the correlation beiween the widely used
four-firm concentration ratio (C,) and the Herfindahl index (H) is only
614 when the sample is restricted to Swedish industries with H greater
than .16.° Thus the study of the effects of industrial concentration on sig-
nificant dimensions of industry performance may be substantally in-
fluenced by the specific concentration measure used, when attention is
focussed on “highly concentrated” industries. This important conclusion
is discussed in more detail in the following paragraph. The empirical
results also suggest that H is likely to be a substantially better measure of
concentration than C, for determining competitiveness of an industry.
Finally, Appendix A discusses the main concentration measures that have
been introduced into the literature, including C4 and the entropy index,
and the serious way in which they violate the theoretical criteria is demon-
strated.® Appendix B describes briefly the concentration data and presents
the various indices for 45 Swedish manufacturing industries.

Because of the important implications of this paper for empirical
studies of industrial concentration, it is desirable to be more explicit about
the current professional folklore. There seems to be a belief among some
economists that further attempts to refine concentration measures are

4The appropriateness of the Herfindahl index for restricting the industry sample will
become apparent in Section 111. Here one simply notes that all industries with a Cq of .8
or greater are included by this criterion. AH industries in which the targest firm has a share
greater than .4, where the largest two firms have a total share greater than (566, or where
the largest three firms have a total share greater than .693 are also included by it.

5This study is concerned primarily with the measurement of economically relevant in-
dustrial concentration from the firm size distribution. See G. J. Stigler (1968. pages 29-38).
for a broader critique of the defects of current measures including the arbitrary time period
of one year generally used for measuring the firm size distribution. For other reviews of
concentration measures, sce G. Rosenbluth (1955). G. J. Stigler (1953). C. Marfels (157}),
P. Hart (1971). See T. R_ Saving (1970) for an earlier iheoretical discussion.
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likely to be an academiv cxercise, in the peiorative sense.® This belief is
hased on two sorts of evidence. First. a number of studies have reported
very high cerrelations between alternative meenres. R.oscnblnlh (1955)
caleulated Spearman rauk correlation coctlicients ranging from 979 1,
981, between the three-firm concentration ratio, H. and the number of
firms required to produce 80 percent of industry oul-pul. for 96 Canadian
manufacturing industrics. Scherer (1970) found a simple correlation ¢o-
efficient of 936 between Cy and H for a sample of 9} four-digit United
States census industries, using data assembled by Ralph Nelsen. Bailey
and Boyle (1971) tabulated simple correfation coellicients ranging from
96 10 .98 between Cyand estimated H indices for all 417 census industries
in 1963, Sccond, studies relating industrial concentrition  (nsually
measured by ;) and measured profits or prics: behavior have generally
reported a rather weak empirical association. Given these findings of
very high correlations between concentration indices, but much fower
(simple and partial) correlations between the indices and price-cost dif-
forentials or profits, it might seem unlikely that any empirical tests will
establish much justification for choosing between concentration measures,
Hence. one might conclude, one should rely on the widely available C,
measures without purist apologies for their theoretical demerits tn carry-
ing out empirical studies.

There are several reasons for rejecting this conclusion. Some em-
pirtcad evidence suggests that €, has little associat:on with profits unii
C, is fairly high, say .50 or .80.* But it is preciscly in this range of high
concentrition levels that substantial differences in the relative size of the

Geherer (1970, page 32) states. “Fortunately . the chances of making a gricvous analstic
crror in the choice of a market structure measure are slender. for the principal concentra-
tion indicators all display smilar patterns. For maost intenindustey comparnison purposes.
then, it s senscless 1o spend sleepless nights worryving ahout choosing the nght concentra-
tian measure.” D Bailey and S Bayle (1971, page 705) write. “Approximately the same
results are ohtained for both the Herfindahl Index and the simple concentration ratio ...
Although rescarchers will seldom know the actual firm distribution in each industry. the
results indicate that this information would gencrally beirrelevant,”

G 1. Stigler (1968, page: 33 34) comments. A considerable histors could be written
on the scarch for high corrclations between these conceniration ratios and (purported
measures of competitive performance). The main finding has heen disappointment: scldom
have good relationships heen found bpetween the concentration ratio and these potential
indexes of monopoh.™ L. Weiss (19710 page 36Y) after reviewng same 32 studies relating
to concentration and profits. concludes. “The typical result of cancentration-profits
studies, expecizily those based on firms. has been a significant bat fuirh weak positise re-
lationship.™

See G . Stigler (1964, page 39). “In gencral the data suggest that there is no re-
Lationship between profitability and concentration if H s less than 0.250 or the share of the
four largest firms is less than about 80 percent.”™ See 1. Weiss (1971 pages 371 372) for a
brief review on whether there is a “enitical leve! of concentrativn™ that leads to significamly
stronger association of profits and concentration levels. 1. Telser (1972, page 322) finds
that four-iirm concentration Jevels excecding 5 have larger slopes when tryving to determinc
the ciect of concentration on profits.
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largest firms are most likely to affect the degree of industry competitive-
ness. Disclosure rules govern most otficial statistics on industry concentra-
tion. and crude estimates of alternative concentration indices {other than
Cy. Cy. and Cy) are likely to exaggerate the correlation between various
indices. Among the corrclations based on Canadian and U.S. data cited
above. only the one reported by Scherer is based on the actual size dis-
distribntion of the firms. And if onc recomputes the correlation, restrict-
ing the sample alternatively to industries for which €y exeeeds 50 and
70 the Cy — H correlation cocflicients fall to 866 and .705. which arc. of
course. substantially smaller than Scherer’s correlations. Section 1V pre-
sents for the first time the correlation matrices of all the concentration
measures that have been widely discussed in the literature. based on the
actual size distributions of firms, and allows the rcader to assess for him-
self the modest correlations between some of the measures. especially in
samples of highly concentrated industries. These findings confirm that if
C, is used as a proxy for a theoretically more satisfactory concentration
index in statistical work, the proxy is an extremely imperfeet one.

I1. CONCENTRATION MEASURES AND THE SIZE
DisTRIBUTION OF FIRMS

This section develops some notation and general considerations use-
ful for thinking about size distributions and industrial concentration. As-
sume there are n firms in a well-defined industry. let 5; denote the share
of the i™ firm in industry sales (or some other measure of relative size).
where the firms have been ordered by size so thats, 2 ... 5,2 ... 5,. By
definition. £ s, = 1. An index of industrial concentration is a function ¢
of {s;}. the set of shares that define the firm size distribution. Highly con-
centrated industrics take on a higher value for the index, and are ex-
pected to be closer to the monopoly end of the spectrum from monopoly
to competition than industries with low values for the index. taking due
account of other industry characteristics that are expected to play a major
role in affecting the ““degree of competition™ in the industry.

If an #-firm industry is made up of equal-size firms. then s, = 1/n for
all firms. In this special case. the concentration index is denoted €~ (n).
It is assumed that C~(n) is a monotonically decreasing function of n. re-
flecting the belief that the structural competitiveness of an industry should
increase as the number of firms increases from one (pure monopoly) to
very large n. The expected behavior of €7 (n) is discussed more precisely
in Szction HI.

In general. the relative sizes of firms in an industry differ sub-
stantially. The important concept of the equivalent number of equal-size
firms, n,, is defined in the following way. Let the concentration index as-
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sume the value K, for a specific size distribution js;}. ic, C({s}) =
K, If C(n) is a strictly monotonically decreasing function of n. and is
defined for all real numbers # = 1 (not just the positive integers). C= has
aninverse. C=~'and n, = C=7'(K,), i.c., 1,15 the value (gencrally not ap
integer) such that C~(n,) = K,. Two distinct concentration indices  and
C* are said to be dispersion-isomorphic if the n, corresponding to any
specific size distribution is the same for Cand C*.

Most measures of industrial concentration considered in this paper
give rise to a strictly decreasing monotonic function €~ (n) for all real
numbers # 2 1, not just the integers. Since n usually denotes the integer
number of firms that belong to an industry in this paper. the argument n,
is used in the function C~(n,) whenever the behavior of the function ¢
is discussed. unrestricted to intcger values. Thus €™ (n,) is identical to the
original concentration function C(is,]). where n, corresponds to the size
distribution {s;}. as defined by the concentration measure.

For example. consider n, for the r-firm concentration ratio C,. the
fraction of industry sales accounted for by the largest » firms in the in-
dustry. This index can be written C, = (rX,)/(nY,). where Y, is the aver-
age sales of the largest r firms. and X, is the corresponding mean for all
firms in the industry. If the industry were actually made up of equal-size
firms. then X, = X,: so C, = r/nand n = r/C,. Thus for firms of un-
equal size. n, = r/C,. (This paragraph assumes n > r.)

This discussion indicates that a concentration index possesses two
distinct. important characteristics. The first is the cardinal behavior of the
function C~(n), i.e.. how rapidly the index decreascs with increases in the
number of equal-size firms.' The second is how the index maps arbitrary
size distributions into n,. If a proposcd measure seems to behave reason-
ably with respect to this second property, but not the first. a modified con-
centration index could be obtained by using the original index to calculate
n.. and one could then take a monotonically decrcasing function of n,
that provides more satisfactory behavior for the first characteristic. The

For most size distributions, K, will not correspond preciscly to the value of the in-
dex for some integer nuinber of equal-size firms, i.c.. there is no positive intcger n such that
CT01) = K,. Nevertheless. there will generally be positive integer m such that
C™(m) 2 K, > C™ (m + 1). One then says that the n, corresponding 1o the concentration
indc.vtoC and the firm size distribution [, lics between mand (n + 1).

Some students of industrial organization have waived the cardinal significarce of the
concentration index in empirical rescarch by introducing onc or more dummy variables
corresporrding to intervals of 1he concentration index s independent variables to explain
profits or other performance variables. For example. Bamn (1951) divided his industries into
two classes. depending on whether the eight-firm concentration ratio Cy s larger or smaller
than 7. Dichotomizing industry by concentration fevels in this way s probably responsible
for several empirical attempts to determine whether there is 2 “enitical concentration” level
required to make concentration a significant factor in determining industry profit r:tes.
There is little theoreticai basis for expecting 2 strong discontinuity 1n the effect a concentra-
tion measure has on any performance characteristic. and it 1s desirable to construct con-
centration measures in which the cardinal propertics sne taken seriously,
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modified index is thus the composite function of the size distribution cor-
responding to these two operations. The idea of computing n, for com-
paring alternative concentration measures is useful, because it clarifies
whether the major differences between them lie in the values they give for
n, or in the way the equal-size function C*(n) behaves for the alternative
indices.

Most measures of industry concentration that have been proposed
can be expressed as a weighted sum of the shares of firms in the industry,
where the weights are functions of the share and/or the firm rank, o(s,, ¢).
In this situation, C{{s;}) = Z s, ¢(s,, i). For example, ¢(s;, i) = 1 for
i < r,e(s;, i) =0fori> rfor the r-firm concentration ratio, C,. For H,
e(si, i) = 5;. If ¢ isonly a function of s5; and is strictly monotonic in s,,
n, is easily obtained. In this case, one immediately obtains n, = 1/¢7'(K,),
where o' is the inverse of the weight function ¢, and X, is the value
of the index for the size distribution in question.'

11I. CRITERIA FOR THEORETICALLY REASONABLE INDUSTRIAL
CONCENTRATION MEASURES AND THE COURNOT-NAsH EQUILIBRIUM

This section discusses first the Cournot-Nash (abbreviated C-N)
equilibrium and shows how its use in the Lerner index of monopoly power
leads quite naturally to the Herfindahl index as the measure of industrial
concentration. Then it is argued that the C-N cquilibrium provides a
reasonable upper bound on the expected output of an oligopolistic in-
dustry, given the industry demand function and the firm cost functions.
This conclusion suggests that the Herfindahl index provides a lower bound
for “theoretically reasonable’ industrial concentration indices that range
from zero for pure competition to one for pure monopoly. From this re-
sult, one can deduce several properties that a theoretically acceptable
measure of industrial concentration should possess. None of the concen-
tration measures discussed in the literature satisfy these conditions. and
two new families of concentration mcasures are proposed that do possess
the desired characteristics.

The introduction pointed out that the competitive model assumes a
large number of independently acting firms. Cournot’s model for
homogeneous oligopoly considers the equilibrium that wouid be obtained
if the large numbers assumption is rejected, but a certain kind of in-
dependent (noncooperative) behavior is imposed that assumes each firm
chooses its output as if other firms will hold their output constant. (This
restriction is relaxed later in the discussion.) It is assumed that no entry
takes place. There are n firms in the industry that are assumed to have
strictly increasing marginal cost functions, which need not be identical.

. . i -1
Yproot:  For equal-size tirms, Z" s b)) = nft/ne(ijm} = K, and so n, = l/¢
(K.
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Industry demand is represented by the strictly decreasing function p =
f(g), where pis price and total industey output iS¢ = 200 4, (g, is output
of the i firm . The firms attempt noncooperiatively to maximize their own
profits. The profit function of the P hrmeis [pg, - £ _(l{;)!_~ where ¢ (g,) s
the cost function of the firm. The eguilibrinm condition for the i"™ firm is
obtained by maximizing its profits with respect to ¢,
(N p+ qdf/dp[l + D g, /g = MC,
et

In this cquation MC, is the i firm’s marginal cost. o the Cournot
model, the 1™ believes all other firms will hold their output constant when
it changes its own output: henee the terms the snmmation on the LHS
of cquation (1) arc zero. With this assumption, cquation (1) can be re-
written in the familiar form:

(2) p(l + 5. /n) = MC,

where g is the clasticity of demand for the indastry and v, = ¢,/¢, the
i firm's share of industry output at cquilibrium. I the firms have identi-
cal marginal cost functions, 5, = 1 /n for all firms. ... the firms have cqual
shitres in cgnilibrinm and the siame level of marginal cost. Note that if the
firms have difterent shares in the C-N equilibrium, the equilibrium levels
of marginal costs arc highest for the firms with the smallest shares. This
sittation is consistent with copirical cvidence that indicates the argest
firms in an indostry tend to have higher rates of return and thus provides
a theorctical rationale for some tindings by Demsctz (1974).

Now consider the relationship between this equilibrium and the
generalized Lerner index of monopoly power L. defined in the introduc-
tion. The L index assismed the following value at the C-N equilibrium:

(3) P:(p . M(f.)q.»] 204 = = 2 (s./ms, = (= 1/mH

1 1 1

where Hois the Herfindah! index. defined by the suns of the squarced shares
of the firms in the industry. and g is the clasticity of demand. Thas the L
index for the C-N cquilibrium is the product of two factors: The Her-
findah! index (Which depends only ou the firm size distribution) and the
absolute value of the reciprocal of indostry demand clasticity.™ This re-
sult shows that the H index is theoretically appropriate as an industrial
concentration index for determining the degree of competition i an -
dustry it the industry cquilibrinm corresponds to the Conrnat medel. This
result also indicates the appropriate functional form for explaining price-

Since writing the initial drafl of this paper. | ohave discovered thist 1 number of
ceonomists have recently become aware of the intimate relationship of H and L. ander
Cournot cquilibrium condivons, See T Rader (1972, p. 2210 R Spann (19760, WAL
Helley, Jro (1970, Dansby and Willig (19769,
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cost differentials as o function of industry concentration and demand
clasticity.

We now argue that the C-N cquilibrium yields an upper bound on
cquilibrium industry output (assuming one ¢xists) and @ tower bound on
the Lerner tndex for an oligopolistic industry. Since the H index is ap-
propriate for measuring industriad concentration for the C-N cquilibrium,
this argument implies that the H index provides a lower bound ior
theoretically: reasonable mcasures of industrial concentration that arc
scaled to have a maximum value of one for purc monopoly {(onc firm) and
aminimum of zero for perfect competition,

In this discussion two interpretations of the Cournot model are dis-
tinguished: () it represents a single-decision, one-period game, and (b) it
represents an iterated game. Consider first interpretation (a). Given the
strategies available to the firms, a noncooperative Nash cquilibrium exists
if it is not profitable for any firm to change its strategy, given the equi-
librium strategies of the other firnis, In the one-period model, the strategies
correspond to the selection of output by cach irm. Nash (1951) has r:ro-
vided an important game-theoretic argument which implics that Cournet's
solution is a noncooperative Nash cquilibrium to the one-period Cournot
model.” The completely cooperative solution, which would muaximize
joint protfits to the firms in the industry, requires the marginai costs of ali
producing firms to be cqual to marginal receipts to the industry at the
cquilibrium level, and would entall a reduction of industry output from
the C-N equulibrium. To the extent that a cooperative solution is feasible,
one expects the firms to achieve an outcome no worse than the nonco-
operative solution, for which the H index is theorctically appropriate.t!

13See Telser (1972, pages 132 135} for a discussion suggesting that the Cournot model
should be interpreted as a single-decision modet,

Hrwo remarks are in order. First, if the finms have different marginal cost functions,
the C-N equilibrium will generally correspond 1o firms with different shares of industry
outpul. and hence different eguilibrinm miarginal costs, as indicaled in cquation (2). Sup-
posc the firms cooperated by feallocating production among themsclves such that total
oulpul remained constant, but thai cach Hirm has the same waiginal cost under the alterna-
tive arrangement. This form of cooperation would increase joint profits. Hence ore can
inagine a less cooperative arrangemest in whick joint profits are greater than at the C-N
equilibrium, firms have Lthe same marginal cost, bul industry oulput is greater than in the
original C-N equilibrium. Although this result contradicts the lext assertion that in-
complete cooperaticn should reduce outpul below the C-N cquilibrium. such an oulcoine
seems extremely implaiesible. The degree of protit-sharing that v.ould be required Lo induce
the firms 1o produce al equal marginal costs would surcly make it feasible for them 1o ob-
win 1 superior outcornie by reducing total output.

Sccond. if the terms dg;/dg; in equatior (1) are negative, the summation ol these
terms in equation (1} would make the lefthund side of the cquation a larger positive number,
and henee requires a higher output by the lirm 1o reestablish equality. The term dy, iy,
is called the “conjectural variation™ (sce Fellner (1949, pages 71 77)) iniiruj's outpul per
unit change in firm i's outpul anticipated by firm 7, and which firm / takes into account when
trving 1o choose its optimal outpat. Thus a negative conjecteral variion g, by,
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We turn now to the interpretation of the Cournot model as ap
iterated game and show again the relevance of H as a lower bqund for a
theoretically rcasonable coneentration index. The iterated version of the
mode! has heen thoroughly denounced by Fellner (1949), Stigler (1968,
page 36) and other prominent economists. Thts line of cntugsm maintains
that joint maximization of industry profit is thc appropriate theoretical
goal for firms in an oligopolistic industry, and 1s cgnccr.ncd. with dentify-
ing and elaborating on those factors th.ut prevent this ObjCCIlYC from being
achieved. Since joint profit maximization requires cooperation, this view
considers oligopoly a cooperative game. This criticism is persuasive. Un.
fortunately, there is no consensus on the appropriate model for char-
acterizing cooperative oligopolistic equilibrium.'* Henee one again con-
siders the theoretical implications of noncooperative equilibriuin for the
unspecified cooperative model.

Noncooperative iterative models are still undergoing considerable
theoretical elaboration, and it is premature (0 assert what consensus will
be reiched on them. The traditional dynamic mechanism that has been
postulated to attain the C-N cquilibrium point is an extremely myopic
process, in which cach firm chooses its output for period (£ + 1) so as to
maximize its profits, under the assumption that the rest of the firms main-
tain the output level of period 1. This is equivalent te saying that the firms
all attach a probability of one that the current output of all other firms
will be the same as the preceding period’s output. Of course, if all firms
adopt the sanie strategy and do not start out at the ¢quilibrium point, they
all discover in the next period that their forecast has becn falsified. It is
hard to imagine that even noncooperative louts would fail to learn that the
constant output assumption is incorrect and inappropriate as the game is
iterated. However, some recent theoretical work considers far more palat-
able adjustment processes. Robert Deschamps (1975) has applied the
game theory algorithm “fictitious play” (F.P.), to homogeneous oliogop-
oly, and shows that under suitable restrictions on the industry demand

would imply that tirm j expects tirm j to contract its output if firm i expands ils outpul.
Itis readily showu that with perfect cooperation. the sum of the conjectural variations in

cquation (1) is pesitive. and equals {1 — s5;)/s;. where s5; is the i tirm’s share in this situa-

tion. With any degree of cooperation, the conjectural variations should be positise. There
is no satisfactory theoretical basis for deducing negative conjectural variations for each
firm in a single-period noncooperative model. nor is there any justitication for assuming
!hcm. Hence the Cournot assumption of zero conjectural variation provides the bounds on
industry output and prolits claimed in the text. Conjectural variations are discussed further
when 5comsidcring “dominant firm™ models below.

“There is even debaie about whether useful theoretical models can be produced that
generate such equilibria, We do not examine this issue in the present study, and assume -
stead the existence of cooperative cquilibria to which noncooperative equilibria provide one-
sided bounds.
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function and the firm cost functions, the firm output choices converge
over time to the one-period C-N equilibrium point.!* The F.P. process
starts out with arbitrary ouiput decisions by the two firms in period 1. In
period (¢ + 1) each firm considers the sequence of outputs of the other
firm from period | through period 1, and assumes that these empirical out-
puts define the probability distribution of output that the other firm will
choose in period (r + 1). Thus the optimizing strategy of firm | in period
(1 + 1) (to maximize expecied profits) is to choose an output g:{t + 1) that
maximizes:

(1/:).2 (@t + 1), g,(1)

where ¢,(7) is the output actually produced by firm 2 in period i, and
71(¢1, g2) denotes profits of firm 1 as a function of the output of the two
firms. Similarly, permuting the subscripts for firms 1 and 2 gives the de-
cision rule for firm 2’s output in period (+ + 1). This model converges
(with appropriate restrictions) to the C-N equilibrium point by a simple
dynamic learning process that is far more plausible than the traditional
dynamic Cournot model."

18} am indebted to David Schmeidier for calling my attention to Deschamps’ study.

Deschamps points out that it is not necessary to assume that firms take the unadjusted
frequency distribution of the other firm’s outputs as the probability distribution of the other
fiem’s output in period (1 + 1). He gives an example of another set of weights that give
heavier weight 10 recent outputs of the other firm which also lead to convergencs at the C-N
equilibrium point. Lester Telser (1972, pages 149-154) reports similar results for an a-firm
oligopoly model. where each firm bases its expectations of industry output from the other
firms on a weighted average (with fixed weights) of the observed outputs of firms from pre-
ceding periods. This work is primarily concerned with restrictions on the weights that would
lead the process to converge 1o the C-N equilibrium point. A major limitation of this
analysis is the assuntption that the n firms have identical constant marginal costs. Further
work is required to determine necessary and suflicient conditions on the demand function
and the marginai cost functions of an n-firm oligopoly for the existence of a unique C-N
equilibrium point in the one-period model. and on expectation-generating mechanisms that
converge to this equilibrium.

Another argument by Luce and Raiffa (1957, pages 97-100) and applied by Telser
(1972, page 141) to the noncooperative duopoly problem. concludes that iterating a nonzero
sum game a finite number of times can lead to the choice of the same C-N equilibrium point
each period. This counterintuitive result comes about essentially by showing that the choice
in the last period will be the same as in a one-period model. and reasoning backwards.
period by period. to the first period. This austerc modcl contains no convergence mechanism
—each firm must know the industry demand and the other firm’s cost function in order to
select the equilibrium point on the first move. It seems desirable to incorporate some learn.
ing mechanism into these models. since this would be an essential component of models
with stochastic variations in demand and tirm costs.

83




The discussion so far has assumed a basic symmetry in the behavior
of firms. There is a class of models that rejects this assumption, and postu-
lates that some firms act according 1o the Cournot hypothesis and take ug
given the output of other firms in choosing 1hcir.0ut;.)ut. \\'l?ilc at feast one
firm takes this behavior into account in choosing its optimum outpug '*
This class inclndes “dominant firm™ models, and the relevance of such
medels for this study is now considered."” Given the industry demand
function, @ dominant firm realizes that other firms adapt their ontput in
the current period as if the rest of the industry holds constant its output
level from the preceding period. In formal terms, the non-dominant firms
have a reaction function, which gives the ontput that would maximize
their profit, given the industry demand function, the level of output of all
other firms in the preceding period, and cach firm’s marginal cost fung-
tion. The dominant firn: then maximizes its profits, subject to its marginal
costs and the reaction functions of the other firnis. In general. the crucial
feature of such models is that firms do not simultariconsly assume that all
firms but themselves choose ontput according to a reaction function, singe
no cquilibrium usually exists under thiat assumption.*

A major objcction by Fellaer (1949, pages 66 69, 116 119) and others
to dominant firm modcls in the context of static demand conditions lics
in the arbitrary asymmetry between the dominant and subordinate firms,
It is often assumed that the largest firm is the dominant firm. but this is
an ad hoc specification that lacks theorctical support. If the kirgest firm s
dominant, it usually (but not nccessarily) turns out that in comparison
with the C-N cquilibrium, the dominant firm s larger and has higher
profits. the subordinate firms are smaller and have lower profits, and
industry output is greater (which mmplies industry price is lower) and
the allocational loss from monopolistic restriction is lower.?' But why
should the smaller firms acquiesce to the largest firm if it lowers their
profits? The claim that the dominant firm is “more powerful™ does not

] agsame that one could impose the “fictitious play™ mechanism instead of the tra-
ditienat Cournot assumption if one interpreis the dominant firm model as an iterated game,
Far hievity. discussion in the toat ases the traditional statement of the Cournot hypothesis.

Y1 am indebted to Herbert Mohring and Michacl Darhy for cxpressing dissatisfaction
al the neglect of dominant firm considerations in an carlicr version of this paper.

Howcever, it is possible to construct models with a consistent hierarchy of dominance,
possessing well-detined equailihria. Suppose the industry can he partinoned into 1 sets of
firms (which may consist of single tirms) with the faltowing property: cach firnn i set i makes
the Cournot assumption ahout any other Grm helenging to set 7 and 1o all tirms belonging
tosets 1. 20007 — L1t chooses 1ty output to maxintize s profits, given the reaction
functions of firms w sets ¢ + 1. ... oz and its own marginal cost tenction. Finn Kydhand
(1976) alludes to this extension of domant firm models in a2 dynamic setting.

The reader familiar with the duopoly theory developed hy Stackelherg and disonssed
by Fellner (19495 is aware of the uncomfortable varicly of resalts that cap he produced by
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bear scrutiny. Even it true (whatever it meins), the relevant question 1§
whether the present value of the dominant firm would be greater by in-
vesting to teach other firms it intends to maintain output at the dominant
firm cquilibrium level or by accepting the C-N cquilibrium.

Despite these serious doubts about the relevance of the dominant
firm equilibrinm, some economists find once version of the dominant firm
model more persuasive when there is a competitive fringe of quite small
firms that might passively adjust 1o whatever output level the large tirms
choose. Suppose the firms in the competitive ringe are so small that they
regard price and marginal revenue as equivalent. How should this as-
sumption be incorporated into the expected ratio of monopoly profits to
industry revenue? If all other firms in the industry correctly perecive the
supply curve of the competitive fringe, they can obtain the derived de-
maund net of the amount supplied by the competitive fringe by the funetion
q(p) — 9.p) = g*(p), where g(p) is the industry demand tunction, g.(p)
is the quantity supplied by the competitive fringe, and ¢*( p) is the net de-
mand for the rest of the industry. Suppese the rest of the firms in the in-

the dominant firm model. As an itlustration. considzr o duopoly model with firms @ and 5
possessing unit elastic marginal cost funcitons MCy(g,) = g,/ .8 and MCylgy) = gp/.2.
and assume the industry demand function ¢ = (g, + g4) = /. The following table shows
equilibrium outputs and profits for cach tirm. and equilibrium industry price under three
alternative equitibria: C-N. tirmy a dominuat, and firm b dominant.

Equilibrium Values

Solution qu qp Tg T L Ty P
Cournot 4216 2108 5556 2222 Ad44 it 1.581
Firm a Dominant 4595 2068 BAYAL 2035 4236 0964 1.500
Firm b Dominant 4154 A58 3774

2237 4696 4327 1.650

*7 i 18 detined by monopoly rent of tirm 2 (p - MC;)g;

Retative 1o the C-N equilibrium. if firm 2 is dominant. a’s output and profit is in-
creased. and A's output and profit is decreased. total ouiput increases. and industry price
falls. This result conforms to the claim in the text. But il & is dominant. then cempared
with the C-N equilibrium. both g and b have lower output and higher profit: indeed. in this
case the subordinate tirm @ has higher profits than it attains if it is the dominant firm. A
condition that assures the comnionly expected result that expansion by the demirant firm in-
duces an octpul contrzction by the suhordinate firm is the following: The subordimute
firm’s marginal receipts curve falls when the dominant firn's output increases. R.G.D.
Allen (1942, pages 345 347) expresses the coudition as dpjdg + qpld p/dqz) < 0. where a
is the dominant firm and & the subordirate tirm. An alternative condition that may be
more convenient is (dMR/dg)qp — (4a ~ ¢p) {dpjdg) < 0.
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dustry attain the C-N cquilibrium, taking into account the suppiy by the
competitive fringe. One readily determines that the Loindex for the in-
dustry, given these assumpuons, is:

- [/t = (1 = k)HIH

where y is the industry demand clasticity, £ is the competitive fringe sup-
ply elasticity, k, = ¢*/g, the fraction of equilibrium industry output from
the non-fringe firms, and H is the Herfindahl index for the industry 2
Thus taking into account the competitive fringe modifics the relevany
elasticity that appears in the L index, but does not alter the use of the H
index as the relevant industrial concentration measure.?® To simplify ex-
position in the rest of the paper, the competitive fringe model will not be
considered again. However, the reader should keep in mind the adjust-
ment that should be made to the industry demand elasticity when the
fringe model is relevant.

The chief conclusion from this analysis is that the Herfindahl index
provides a lower bound for theoretically reasonzble measures of industrial
concentration intended to explain the L index of an industry. It is a lower
bound because it does not allow for explicit or tacit cooperation by the

2proof: First one determines the demand elasticity collectively facing the firms not in the
competitive fringe. Let ¢( p) = g.(p) + g*(p) denote industry output as the sum of com-
petitive fringe supply and output by the nonfringe firms. Then the demand elasticity col-
lectively facing the nonfringe part of the industry n* = (p/g*)d(qg — q.)dp = (1/ky)
(n - (1 - ky)E). where ky = g*/q. Now let s} = g;/4*. the output of a noniringe firm as a
fraction of output by all nonfringe firms. The equilibrium condition for the /™ firm is the
analogue of equation (2): p(1 + 5¥/9%) = MC,;. From equation (4) monopoly rent as a frac-
tion of total receipts of the nonfringe tirms is (- [ /9*)H*. where H* = Ys*°. Hence mo-
nopoly rent as a fraction of total industry receiptsis (~k;/n*)H*. Let s; = g;/q the output
of the i nonfringe tirm as a fraction of industry output. Since s¥ = s,/k;. H* = H/kf.
where H is the ordinary Hertindahl index for the industry. (This last step assumes the in-
dividual firms in the competitive fringe are so small that they make a negligible contribu-
tion to H.) Substituting the expressions tor H* and »* into the Lerner index (- &) /p*)H?
viclds the evpression given in the text. It may be that the (ringe modcl is usclul for
analyzing industrics exposed to signiticant foreign competition in their home market. The H
function could cither be based on the domestic share of domestic producers and foreign
supply would be incorporated in the demand curve perccived by the domestic producers
as a group. Or the sharc of foreign producers could be included in H. and foreign pro-
ducers could be treated as a competitive fringe. as in the text.

Of course, the cquilibrium and allocational propertics of the equilibrium do depend
on whether the industry equilibrium with a competitive fringe is C-N, or whether the com-
petitive fringe reacts passively to output decisions by nonfringe firms (and the nonfringe
firms realize it). For example. consider an industry with demand function ¢ = 1/p (hence
n = -1). and suppose there is one large firm with marginal cost function MC* = (2¢%)'/
and 2 competitive fringe with aggregare marginal cost function MC, = (2478 The
cquilibrium share of the large firm. industry price, Lerner index. and Herfindah! index are
shown for the ditfcrent marginal cost elasticities £ in the foilowing table For the C-N
equilibrium and the dominant firm equilibrium modets.
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additional restrictions on reasonable concentration indices follow from
this conclusion. An index should approach the H index in the limit as the
number of firms increases indefinitely, and the share of the largest firm
tends to zero. Indeed, an even stronger restriction on reasonable indices
seems appropriate. Suppose that the largest firn’s share, s, is held con-
stant, and the rest of the industry output is supplied by an extremely large
number of firms, all very small. In the limit, the H index is s{, the squared
share of the largest firm.?! It scems reasonable that departures from the
C-N equilibrium (in the direction of greater monopoly) should occur only
if there are two or more “large’ firms in the industry. It has been widely
argued that the costs of collusion rise with the number of (equal-size)
firms. Since many of the little firms would have to collude with the large
§irm for there to be any feasibility of higher profits for the colluders, it ap-
pears that the H index is again the correct limit for a satisfactory con-
centration index for one *“large™ firm, and an indefinitely large number of
small ones. A corollary to this argument is that the index should roi ap-
proach zero as the number of firms in the industry increases indefinitely,
if there are one or more *'large” firms in the industry. This condition also
implies that the n, of a theoretically reasonable concentration index wili

x®

s 14
Model I3 (large firm share) (industry prices) L Index H Index
Cournot-
Nash 1 3820 1.1118 1459 1459
2 317 1.1092 1009 1009
3 2755 1.097¢ 0759 0759
5 2219 1.0765 .0492 0492
Dominant
Firm i 4227 1.0622 1132 1786
2 4007 1.0508 .0730 .1606
3 .3904 1.0425 0539 1524
5 .3805 1.0210 .0353 1448

This table indicates the significant fall in the Lerner index as the supply elasticity of the
competitive fringe increases for both the C-N and the dominant firm equilibria. The share
of the large firm declines much more slowly with increases in the marginal cost elasticity in
the dominant firm model than in the Cournot modei. It is worth noting that even though the
H index is larger for the dominant firm model than the Cournet case (given £), the opposite
is true for the Lerner index. This result shows the importance of taking into account both
the H index and the relevant demand elasticity for predicting the L index.

MWhether the industry equilibrium with a competitive fringe should be expected to
conform to the Cournot model or the dominant firm model is moot. If one believes the
latter is relevant, one can adjust the demaad elasticity in the Lerner index, as indicated
in the text, without modifying H. There is a technical difficulty in relating the two models
10 handle sequences of industries which subdivide a group of firms until they are treated as
a passive competitive fringe by the rest of the industry. This problem is not explored in
this study.
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be finite if the share of the fargest firm does not go 1o zero, regardless of
the number of firms in the induostry.

The industrial concentration function i< defined as the cumulative dis-
tribution function of industry output, with firms ordered from the largest
to the smallest in the industry, i.c., F () =2 s for 1 < j < n, where
nis the number of firms in the industry, and the a subscript denotes a
specific industry. 1t is convenient to define industry a as siricthy lesy con-
centrated than industry b il F,(j) < Fy(j) forall j, and #,(7) < Fp()) for at
least one j.2* In words, the concentration curve of a must lie strictly below
the concentration curve of hat one point or more, but can never lie above
the concentration curve of A, 1t follows immediately from this definition
that an n-firm industry with cqual-size firms is strictly less concentrated
than anv other size distribution with # firms. 1t also follows from the
deﬁnilio'n that if two (or more) firms in an industry merge, and no change
takes place in the individual shares of the remaining firms, the size distri-
bution of the pre-merger industry is strictly less concentrated than the
post-merger distribution .’ It is readiiv verified thai if one distribution is
strictly less concentrated than another, it necessarily has w smaller value
for its Herfindah! index. There is aothing in the Cournot model, nor in
feasibility of collusion consideraitions, to suggest that any reasonabiy de-
fined me;]surc of industrial concentration should not tuke a smaller value
for strictly less concentrated size distributions, and this property should be
veritied when examining any newly proposed concentration measures.

The H index constdered as a function of n,.1s 1/n,, a convex function
that dectines with ., but at a declining rate. In the absence of a plausible
theory of the relationship between collusion and the size distribution that
implies a concentration index that violates this condition, it also seems
reasonable feature to expect froni a satisfactory index.”

The most unsatistactory aspect of this entire development is the luek

BThe definition of “strictly less concentrated”™ corresponds 10 the concept of
“stochastic dominance™ thal has been widely used by ecanomists in the analysis of risk.
Jack Meyer's commenlts on an earlier drafl have greatly simplified the discussion in this
paragraph. Se¢c Hunoch and Levi (1969) and Rothschild and Stighitz (1970) for exiensive
discussion of stochaslic dominance and several equivalent definilions.

Of course. if the marginal cost functions of the merging firms arc unaltered. the share
of the rerged firms would he smaller in the new equilibrium than the sum of the premerger
shares in the initial equilibrium. This accurs because the marginal revenue perceived by the
merged firm al the premerger level of output is lower than the murginal revenue for eiiher
firm in the premerged equilibrium.

7E. M. Scherer (1970, page 183) bas suggesied, ~As a very crude general rule, if evenly
matched firms supply homogeneous products in a well-detined market. they are hkely 10 be-
gin ignoring their influence on price when their number exceeds ten or twelve. It is more
difficult to generalize when the size distribution is highly skewed.” This claim might be
mterpreted as implying that €™ (n,) may have a nonconvex region over an intervaj of
small vatues of n,. since it suggests an ahrupt decline in 74,y when the firms begin 1o
ignore their interdependence. Te my knowledge. no theorcticel argument or cmpincal o
dence is availthle that would suppart the first sentence in this claim.
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of a convincing cooperative model that puts significant restrictions on the
departures that may be expected from the C-N equilibrium, and of
making these departures a fanction of the firm size distribution. {y,].
Stigler's important article (1964) on the theory of oligopoly indicaes ;‘m
interesting approach for attacking this problem. although the ellect of in-
equality of firm size on the feasibility of collusion has hardly been touched
npon.

In summary, the criteria for theoretically reasonable industrial con-
centration measures that have been deduced from consideration of the
C-N cquilibrium, the corresponding Lerner index implied by it.and a few
extremely natural assumptions abont the lTeasibility of collusion and the
size distribution of firms are as follows.

[. If the two largest lirms in an industry size distribution cach have
shares greater than a strictly positive constant. the concentration
index should take on a valuc greater than H. This simply reflects
tacit or explicit cotlusion, which leads to a Lirger value of the index
than indicated by the C-N equilibrinm.

2. 1f the largest firm is greater than a strictly positive constant. and
one considers a sequence of industrics where the rest of industry
outpui is produced by an increasing number of firms such that the
share of the second largest firm in the industry approaches zero.
the concentration measure should converge to si, the squared
share of the largest firm.

3. Asthe number of firms in the industry increases. and the share of
the largest tirm approaches zero, the concentration measnre
should converge to the Herfindahl index. For the special case of
equal-size hrms, this implies the index approaches the function
1/n as nbecomes large.

4. If the cumulative size distribution of onc industry is strictly flesy
concentrated than another, the former industry should have a
lower value for its concentration index.® As corollaries, the index
should attain its minimum, given n, when firms are equal-sized:
and the merger of two or more firms should increase the valie of
the index if the share of all other firms remains the same.

5. The index should be a decreasing, convex function of n,, the
equivalent number of equal-size firms implied by the index.”

Finally, the following normalization convention is adopted:

6. The index should equal unity if n, = 1, and should approach zero
as n, increases withont bound. This convention follows naturally

%The definition of “striciy less concentraded™ is given earlier in the texi. Essenually.
it requires the cumulative size distribution of the indusiry to lie stricily below the other
industry size disiribution at icast al one poini, and never 1o lie above the other distribution.

PThe decrease in the index as a function of n, follows immediately from the iheoretical
argumenis: the convexily condition does noi. but seems highly plausible.
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if one considers that a theorctically satisfactory index shoulq 5.
sentially be an H-index, adjusted to allow for collusion. This nor-
malization facilitates companison of alternative measures: i only
theoretical significance is that 1t suggests that  concentratjon
indices should have a bounded range.

These criteria do not define a unique index. which is hardly .
prising, since an adequate theory of collusion has not yet been devised.
But they arc much more restrictive than others that have been proposed
in the literature, and they follow immediately from the analysis of the C-N
equilibrium, moditied to allow for collusion.*

As far as | know, the measures of industrial concentration that haye
appeared in the literature all fail to satisfy onc or more of these criteria.
The appendix indicates the ways in which the most widely discussed
measures violate them. This section concludes with the introduction and
brief discussion of two new measures that are theoretically acceptable in
terms of the analysis. Both depend on a single parameter that allows for
the effects of collusion; both measures converge 1o the H index as the
parameter increases without bound. These mecasures were devised pri-
marily by considering simple functions of {s;} that satisfy the first four
criteria, then restricting them to satisfy the fifth.

1. The multiplicatively-modified Cournot measure of industrial con-
centration (with parameter «) is defined by the equation

(4) Ho(i {si}) = Lsl-tat-shil (a2 .15)

In this formula, H is the ordinary Herfindahl index for the size distribu-
tion. The expression raised to the a power always lies between zero and
2(1/3)"* (<1), and so the exponent on s, always exceeds one.® If the firms
are cqual-size, the index takes on the value (1/n)(1/n)~ 1" which
converges to the H index, 1/n for large n. It is straightforward to verify
that this index satisfies conditions 1-6 in the text, except for the convexity

*M. Hail ard N. Tideman (1967) proposed the following properties for an index. It
should be a (1) scalar function of (2) sll the firm shares that (3) should decrease if part of
a share is transferred from a larger to a smaller firm, (4) should decrease by ihe factor 1k
if there is a k-fold increase in the number of firms while holding consiant the relaiive size
distribution, and (5) should decrease with n for distributions of equal-size firms. Property 4
is rejected by our theery, which modifies the Cournot theory 1o allow for collusion. The rest
of the Hail-Tideman criteria follow from our analysis. C. Marfels (1972) reports an a-
tempted axiomatic approach by Johnk (1970), which proposes (1) symmetry of the index
with respect to firm shares, (2) continuity with fespect to share changes, (3) an increase if
part of a share is transferred from a smaller to a larger firm. (4) if A is the index and
=¥ =(-u), [K(w) - K(»)] > (K(v) - K@)}, and (5) the index should ringe over the
Q — linterval. The arguments of X are vectors of firm shares. This condition is apparently
intended to imply convexity of the index although the formulation is unclear. These condi-
tions are all implied by the criteria developed in the main text, and are much less restric-
tive inl defining permissibie indices than the arguments in this paper.

The upper bound 0!'2(]/3)1'5 15 obtained in a two-firm industry
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TABLE 1
The INDEX H, {a:{s;}) FOR EQUAL-S1ZE FirwMs

24
" 15 25 5 i 2 o
| ! ! 1 ! 1 1
2 830 755 638 545 505 5
3 701 591 449 362 335 g
4 603 475 338 267 251 250
5 522 395 267 211 200 200
10 3 203 124 102 100 100
2 168 097 058 050 050 050
100 032 016 0105 010 010 01
1,000 0023 0012 0010 001 001 001
*Herfindahl N

condition in 5. The restriction a 2 .15 was found necessary to assure con-
vexity. Table [ compares this index for several values of a, and with the H
index (o« = =) for distributions with equal-size firms. It is clear from the
table that the tendency toward competition as n increases is much slower
for low values of « than the H index implies.

2. The additively-adjusted Cournot measure ot industrial concentra-
tion (with parameter ) is defined by the equation

(5 H,(B:{s}) = Lsi + [s:(H = sH? B>0

Again, Il denotes the ordinary Herfindahl index for {s,}. If the firms are
equal-size, the measure becomes [n™' + n' =% (I — n~')"]. The restriction
8 > 1 is required to obtain the required convergence behavior for large n
to satisfy condition 3.7 It can be verified that with this restriction, the
index H,(8; |s.}) satisties conditions 1--6. Table Il compares H, for al-
ternative values of 3 and the H index (8 = x) for equal-size firm distribu-
tions.

Further theoretical and empirical work is required to determine
where H,, or some other index is clearly better than H, as well as the value
for the parameter « that seenis most appropriate.” In principle, it seems
plausible that the parameter « should be industry-specific, since it reflects
the feasibility of collusion which surely depends on industry characteristics
besides the size distribution. If it is desired to create an index that uses the
same paramelter for all industries, the parameter value should presumably

21¢8 = 1, the measure converges to 2/n, instead of [/a. and conrverges 4s l/nd
for3 < 1.

33 Although the values of the H, index differ substantially from the H index for small 3,
the empirical results in Section IV indicate that Ha(8) and H have very h‘lgh cgrrelullon
even in this case. Thus the statistical results using H, would presumably differ dittle from
those obtained v:ith H.
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TABLE {1}
Tue Inpex H,(8; s} rOrR EQUAL-Sizt Firms

i

n 1.0} 1.10 1.25 1.50 2 3 ot

| 1 ! 1 1 ! 1 ]
2 745 703 649 SRR 531 .504 500
3 550 508 449 .394 349 335 333
4 432 .388 337 291 259 250 250
S 155 RIK) 268 229 .205 200 200
10 186 156 128 109 01 100 100
20 {095 076 0060 .05 050 050 030
100 M9 014 Ot 010 010 010 010
1.000 0019 0013 .001 001 .001 001 001

*Herfindahl

reflect in some sense the average level of interdependence that is present

in the individual industries. Appendix A demonstrates the serious theo-

retical deficiencies of the four-firm concentration index, entropyv. and
several other indices that have been introdueed into the literature.

A very recent article by Cowling and Waterson (1976) suggests an
interesting way of analyzing the reiationship of price-cost margins and
concentration which doesn’t require an a priori choice between the
Cournot model and the dominant firm class of models. Cowling and
Waterson propose the use of time series and cross-sectional data in this
approach. They attempt to generalize the Cournot model by assnming
that firms in an industry have stable. but possibly nonzero. conjectural
variations about output responses of other firms to their own output
changes. The equilibrinm condition for the individual firms is

(2) plt + sl + A)/nl = MC,.

where A, = Z,aq,/aq,., the conjectural variations expected by the jth firm
in response to its change in output. It is readily verified that the Lerner
index corresponding to the industry equilibritim is given by

) L= H({ + N/(-n.

where X = 3 As2/H. a weighted average of the expected conjectural
vanations, where the weights are the squared shares of the firms.

If the across time coeflicients of variation of the industry demand
clasticity, n, and of the adjustment factor for conjectural  varttion,
(! + A). are both substantially smaller than the across time coeflicient of
variation of the H index. then the ratio of the Lerner indices for an in-
dustry at two points in time is approximately equial to the ratio of the H
indices for the same two points in time. Cowling and Waterson thus sug-
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gest taking the ratio of the pricc-cost margin in an industry (which is
equivalent to the ratio of the Lerncr indices) at two points in time as g
way of getting rid of the difficult-to-measure parameters nand X. They re-
port some regressions of the log of the price-vost Margin ratio on the log
of the H index ratio and several other variables, and compare the results
with those obtained with the log of the ¢, ratio replacing the H index
ratio. As the theory suggests, the H index ratio d4ppears o give a better
(although low) statistical fit.

Although Cowling-Waterson do not refer to any models that make a
specific, nonzero assumption for the expected conjectural vartations, \,
the dominant firm models obviously belong to this class. If there is a sig-
nificant difference in a priori beliefs about the relative plausibility of the
Cournot-Nush equilibrium und « dominant firm equilibrinm, the Cowling-
Waterson paper suggests that some empirical results of intercst may still
be obtained by using the ratio of price-cost margins at two points in time
as the dependent variable and the corresponding H ratio as an indepen-
dent variable. If the assumption about the relative magnitude of the co-
efficients of variation of H, 5, and (I + ) holds. this procediire enables us
to get rid of the latter two parametcrs.

IV. CrOSS-SECTION AND INTERTEMPORAL CORRELATIONS OF
INDUSTRIAL CONCENTRATION INDICES -~ SOME EMPIRICAL RESULTS

This section presents and discusses correlations between various con-
centration indices based on employment for 45 Swedish manufacturing
industries in 1968, as well as the correlation of the individual indices be-
tween 1954 and 1968. The industries contain the metal, metal-working,
and plastic sectors, and include 4247 firms with ubout 405,000 employees
in 1968 (about 48°; of manufacturing cmployment). The indices for the
individual industries are given in Appendix B.

The indices that have been discussed in the literature, their defini-

tions, and their values for equal-size firms are as follows:

I. Four-firm concentration vatio Cy = S35, Ci(n) = 1 if n £ 4,

Ci(n) = 4/nifn 2 4
2. Herfindahl index H = Y} "¢}, H*(n) = 1 /n:
3. Entropy index™ E = s, i, E“(n) = 1/n:

“Entrop_v. as defined in physics and informatiorn theory is —~In(k), and is obviously
not normed properly for a concentration index even it the sige is changed so that it is or-
dered in the correct dircction. The entropy index as u measure of industry concentration is
mentioned by Stigler (1968) and Marfels (1971). Sce M. O. Finkelstein and R. M. Friedberg
(1967) for an early discussion of using entropy as a concentration index. Although the
eatropy index has serjous theoretical deticicncies in terms of our criteria, this specitic trans-
formation of entropy at least hus the merit of yvielding a measure of cencentration that is
consistent with the Cournot model for industries with equal-size firms.
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4. Rosenbluth index® R = [(2X"is)) — WL R () = ijn
S. “Comprehensive industrial concentration index™® CICT - 5+
iy 2 Fyd
s (2 - s CICl=(n) = 3n* = 3n = D)/

The two new cencentration indices Ho (e 153 and Hu(8: t5,h de.
fined in Section I arc also included in the corrclation matrices for 4 -
15, .25,.50. and .75, and for & = LI

Table 111 shows the corrclations between these ten indices. The off.
diagonal entrics give the intercorrelations for I‘)_(n& while lhc_ilalicized
diagonal entries give the intertemporal cor_rclalmn for cach index he.
tween 1954 and 1968. The first matrix is restricted to the subsample of 23
industries with H = .16; the sccond matrixis restricted to the 32 industries
with H > .09: and the third matrix is for the entire sct of 45 industries,
The mean and standard deviation of each index are given in columns ag-
jacent to the corresponding correlation matrix.

Consider first the sample of 22 highly concentrated industries with
H > .i6. Ifan industry is in C-N equilibrium, this restriction includes only
those industries for which the ratio of monopoly rent to tetal receipts is
16 percent or more of the ratio that would exist under pure monopoly
(assuming the demand function has constant elasticity). Four features of
this table are particularly worth noting. First. the corrclation between €,
and H is .614, a quitc modest value when cempared with the professional
folklore mentioned in the introductory section. The fact that €y accounts
for only 38 percent of the variance of H contradicts the assumption that
C,is a good proxy for H for the study of highly concentrated industries.
H,,(.15) is the theeretically acceptable index having the highest correlation
with C,. .887. Hence C, accounts for about 79 percent of the variance in
H,,(.15). still considerably less than the level of association between con-
centration measures widely assumed. It should be remembered that « =
15 is neariy the extreme permissible value for the H,, measure. Second.
H,(1.1). the additively adjusted Cournot measure, has a correlation of
9% with H. Since 8 = .l is near the extreme permissible value for H, to
be a theoretically acceptable measure. this empincal result suggests that H
is a statistically adequate proxy for the whole fumily of H,(3) concentra-
tion indices. Third, if @« = .5. H and H,(«) have a correlation 2 .986.
The lowest correlation between H and H,,(«) in the table is 899, and
oceurs for the extreme value o = .15, This result suggests that only the
parameter range .15 < a < .50 for H,.(a) has much chance of producing
statistical results that can be distinguished from those that would be ob-

*The Rosenbluth index is mentioned in Marfels (19714) who credits G. Rosenbluth
(1961) with ils iniroduction into the literature. Hall and Tideman (1967) independently re-
discovered it and proposed the measure in 1 publication more readily aceessible to American
econ?gmsts.

The CICT index was originally proposed by J. Horvath (19705,
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tained by using the Herfindahl index as an explanatory variable ¥ Fourth,
the intertemporal correlations between 1954 and 1968 for the alternative
concentration indices range from 905 for H, (.15) to 810 for |1 Cy has
the second highest intertemporal correlation, %98 These results confirm
the widespread beliel that concentration indices measure an aspect of the
firm size distribution that tends to change slowly over significant periods
of time. However. it may be that the C4 index exaggerates the inter-
temporal stability, since the family of H,(«) indices have lower inter-
temporal corretations than Cyfor oo > 25,

The correlation matrices for the less restricted sample of 32 industries
with H 2 .09, and for the entire saumple of 45 industries, show similar
patterns. Most (not alt) of the correlations become larger, as one would
expect. Even so, it is interesting to note that ¢y accounts for only 63 per-
cent of the variance in H in the 33-industry sample, and 69 percent in the
full sample, providing further evidence of the substantial statistical dif-
ferences in these indices. ™

Some empirical studies have been more interested in the relationship
between the change in industrial concentration and the change in some
other industry characteristic than in level of concentration and the in-
dustry characteristic. Table 1V shows the simple correlations between the
changes of the various concentration indices between 1954 and 1968. The
bottom linc shows the correlation between the various coneentration
index changes and the industry growth rates in employment between 1954
and 1968, defined by p = [log(1968 employment) -~ log(1954 emiploy-
ment)}/14. The correlations between the various index changes arc sub-
stantially smaller than the index level correlations reported in Table 111,
For example, the correlation between AC, and AH is 417, thus only 179,
of the variance of changes in the H index is accounted for by changes in
the Cyindex. The correlation between the H index change and average in-
dustry growth rate is small (~.22), but twice the size of the (; change and
growth rate. It is not surprising that the change correlations are lower
than the level correlations, but these results provide further evidence on
the substantial differences in the statistical characteristics of many of the
concentration indices.

M This assertion assumes thal lhe concentration index is not highly corrclated with
other independent variabics in regression analyses inlended 10 estimate the partial effect
of concentration on the dependeat performance variable.

*Ihere are three reasons why the correlation between Cy and H is so much smaller for
the Swedish uniestricted sample than for the unrestricted calculation reported by Scherer
(1970) for Am=>rican manufacturing. First. Census disclosure rules prevented reporting of
H (and thus its use) for industries where H is very large. Sceond, the absolute size of the
American markel is much larger than the Swedish markel. and concentration indices for
mos! industries are significantly higher in the Swedish market and have less dispersion.
Third. the sumple of Swedish industrics 1ended to include those industries with above-
average leveis of concentration.
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TABLE Vv

CORRELATION., MEANS, AND STANDARD DEVIATIONS of Cy AND H Ixpiy W
roR  HIGHLY CONCENTRPATED MANUFACTURING 1SDUSTRIFS I8 Jmfm" K

Corretition Mean

Standdard Prvition
Level of Number of beiween T e T e e
H Index Industries Hand (' H Oy H Cy
H= .36 31 127 484 975 1100 D485
Hz .26 87 449 o6 932 1129 0705
Hz.16 165 701 287 X635 183 1014

H = .09 250 882 230 77 1247 453

#1972 data from Jupancse Fair Trade Commission (1975),

The Japanese Fair Trade Commission has recently published detailed
data on the H index and coneentration ratios for the largest 3. 4. 5. 8. and
10 firms for some 350 manufacturing industries. These data make it pos-
sible to compute the simple correlation coetlicient of H and ' tor highly
concentrated industries, using Hoas a cut-off criterion for dehining diﬂ'c}cn‘l
tevels of **highly concentrated ™ industries. Table V shows the meuns, stan-
dard deviations, and correlation between H and €y for four levels of high
concentration. [t is worth noting that €y accounts for fess than 2 percent
of the variance in H for very highly concentrated industries (H = 36).
white € still accounts for shightly iess than half the variance in H with a
much lower cut-off eriterion (H 2 .16). These caleutations clearly reveal
that Cyis a very poor statistical proxy for H in samples of highly con-
centrated industries.

Both the Swedish and Japancese data strongly support the conclusion
that there is little justification for the bland. atmost monolithic reliance on
the widely available ¢ concentration measure for the empirical study of
concentration and industry performance, particularly in ihe analysis of
highly concentrated industrics.

Concentration indices, of course, are only part of the story of the con-
ditions that lead to competiive behavior, The simple Cournot-Nash
model explored in this paner attaches high importance to the industry :
clasticity oi' demand. and much more remains to be done in establishing
the empirical significance of entry. But 1t does secm clear that cconomists
should be able to do better than the casual theorizing about coneentration
and the equally casnal choiee of a concentration index for empirical work
that dominates the hiterature,

APPENDIN A

Theoretical Defects of Curreni Measares of Industrial Concentration
This appendix considers five measures of industrial concentration
that have been discussed in the literature and estimated in Section V!
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Cs. HUE, Ry and CICI. It determines the extent to which they satisty the
criteria developed in the text for theoretically acceptable concentration
indices. Table VI assesses these indices in terms of the six theoretical
criteria developed in the text.

Table VI shows that none of the mcasures satisfy all three of the
especially important theoretical criteria 1, 2, and 3a. The implications of
these failures for cach of the measures are discussed below.

The concentration ratio Cy is by far the most widely used index of in-
dustrial concentration, and dominates cross-sectional studies of American
manufacturing, since it has been computed and made available by the
Census Bureau for a large number of industries and product classcs since
1947 A major theoretical defcct is that changes in the relative size of the
targest four firms have no eftect on the index. so long as their total share
remains constant. It seemis implausible that it makes no difference for in-
dustry behavior whether the top four firms each have a 20 percent share,
or whether one firm has a 78.5 percent share and the next three firmis each
have only .S percent. its value does exceed the H index if there are two or
more large firms (criterion 1), but does not behave reasonably for many
different configurations of relative size of individual firms, including
possible mergers of moderate size.

The Herfindahl index satisfies all of the criteria except the first, which
it obviously must fail. This generally favorable performance is hardly sur-
prising, since the text argued that the H index arises naturally out of the
Cournot model. Its major theoretical defect is that it makes no allowance
for tacit or overt collusion il several firms have large shares, a situation
which makes a C-N equilibrium rather implausible. Whether such collu-
sion would be expected to obtain high returns depends, of course, on other
industry characteristics not captured in the size distribution data, such as
the demand elasticity, the ease of entry, and the feasibility of high rates of
expansion by other firms in the industry. And in a study of firm or in-
dustry profit rates these other factors should be taken into account, as
well as the concentration index.

The entropy index, E, fails all three of the important critena 1, 2, and
Ja. It is always less than the H index. except for equality if the industry is
composed of equal-size firms. Thus it does not in general yield an index as
large as that produced by the Cournot model which ignores the additional
effect of collusion. An equally serious defect is the overwhelming influence
that a large number of very small irms can have on the index. It is easily
demonstrated that if one firm has a 99.99 percent share of industry sales,
if the remaining sales are from an indefinitely large number of small firms,
the equivalent number of equal-size firms tends to infinity, ie.. industry
structure becomes perfectly competitive ** For the entropy index to be a

¥proof: Let the largest firm have share sy, let the remaining #1 firms have cqual share
k{m,wherek = (1 — 5;). Then
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reasonable measure of industrial concentration for studying the degree of
competition in a sumple of industries, one would have to discard con.
pletely the Cournot theory, moditied to allow for collusion. Perhaps one
could argue that it an industry includes an extremely large number of
small firms, this indicates that entry is very casy, and so even if tndustry
sales are largely due to one or several large firms, the potential entry will
make the industry completely competitive in price and output. There may
he some truth to the case of entry argument, but this alternative theory
essentially says that the size distribution is irrelevant; the only relevant
dimension to the problem is the ease of entry. But this alternative theory
has nothing to say about the relevance of the size distribution if entry s
not extremely casy. Henee the entropy index seems to have highly un-
reasonable theoretical properties as a measure of industry coneentration.

The Rosenbluth index R suffers all of the theoretical defeets of the
entropy index, except that its behavior seems to be dominated even more
strongly by small firms in summarizing empirical size distributions. Its
usefulness in the analysis of highly concentrated industries for departures
from competition seems highly dubious.

The CICI was developed in a highly intuitive way by Horvath
(1970), in order to obtain a measure that refined what he considered to be
the desirable characteristics of the H index. The CICI does indeed satisfy
the first criterion of being larger than the H index if there are two or more
firms, since it is larger term-by-term than H. However, it fails to satisfy the
tmportant conditions 2, 3a, and 3b. It exaggerates the role of the first firm
if only one of the tirms is “large” relative to the Cournot theory, since it
takes the share of the firm. and not its square (condition 2). Its order be-
haves according to the Cournot theory, although it converges to a value
three times the size of the H index as the share of the largest firm ap-
proaches zero, and as the number of firms increases without bound. The
asymmetry of its leading term generates several bizarre characteristics,
since in a two-firm industry, the index minimum oceurs when the shares
are (2/3, 1/3) and not when the firms are of equal size, each with sales of
/2. Furthermore, the index is decreasing, but concave, for values of n,
in the interval from one to two.® There is no underlying economic theory

m+
E- HS:, = sit (k/m)k.
i=1

1 1

E  sik/mt

and
. 1
lim — _
mosx sk i)t
10 . . ..
Marfels (1972) also notes the nonconvexity and odd behavior of this index.
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to justify these odd properties, they just happen to be among the implica-
tions of the formal definition of the index. They do suggest the logical
hazards of an intuitive approach to the definition of measures. since it is
cusy to include by accident anomalous properties.

On balance, all of the indices of industrial concentration discussed in
this appendix have signiiicant theoretical deficiencies. The H index seems
most satisfactory from most standpoints, except for the way it ignores
collusion. The concentration ratio Cyis larger than H, as scems reason-
able, but completely ignores the relative size of the large firms. The multi-
plicatively-moditied Cournot measure H,.(a: {s.}) and the additively-
adjusted Cournot meusure H,(8; {s;}) detined in the main text satisty all
of the theoretical criteria presented here. Section IV shows that the
statistical behavior of the H, index difTers very little from the H index in a
sample of Swedish munufucturing industries. Hewever the H, («) family
may prove to be a usctul peint of departure for theorizing about the size
distribution and collusion and for empirical experimentation. to see
whether it performs significantly better thun €, or H in studies of in-
dustrial concentration and the degree of competition.

APPENDIX B

Alternative Coucentration Measures for Swedish Manufacturing Iuclustries

Table VII presents various concentration measures for 15 Swedish
manufacturing industries. A more detailed description of the data on
which they are based is provided in Du Rietz (1975). Several industries
were modified somewhat from the official industry classifications used for
Swedish manufucturing statistics.

University of Minnesota
National Bureau of Fonomic Research
Submitted March 1976
Revised September 1976
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