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Can Market Power be Estimated?

In the last decade and a half, several new approaches to estimating or testing
market structure were developed. We examine how well three of the besﬁknow"n and
widely-used approaches — structural models, Panzar and Rosse (1987), and Hall (1986)
— work,

The mefhods differ in thelr data regquirements and the types of assumptions one
must mcémqén. T_he structural model requires more data and more explicit assumptions
thdn.’rhe d?hé? twc; mé?hods. If correctly épecﬁ'ifi-ed, .i? is the mo_s’r flexible and powerful
opbrodch, There is no-way of knowing; of course, if it Is cqrrec:ﬂy specified. A§
anyone who has tried to estimate such s-ys’rém knows, the estimate of market power
is exiremely sensitive to small changes in specification. Moreover, frequently the
necessary dafta are not available. Thus, alternative approaches that require less data
and are less sensitive to specification error would be very useful.

All three rhe’rhods are infernally consistent and mofhemcﬂcalty correct, Our
guestion, however, concems whether they are practical and powerful. We examine
all three methods using sirﬁula-‘réén models. We then apply the Panzar-Rosse and Hall

methods to actual data to determine if they produce similar answers.

The Three Approaches
All three approaches can be used fo test whether a market is competitive, The
structural approach and one version of Hall's method can be used fo obtain a
measure of the gap between price and marginal cost: a direct measure of the

market structure.



Structural Model
The structural model approach is widely used.! It requires one fo estimate all
the underlying structural equations of the market. If only aggregate data are avail-
able, one might estimate a demand equation, an aggregate cost equation, and an
equilibrium condition.
To. illustrate this approach, suppose the demand curve Is -

ol : T Ll e
T ; faer)

wh'ere!p..is pri.c'__a. Qis rhar_ket oufpu?, and Z ié-c: vector of other relevant variables such

as income, prices of substitutes, and so forth. . |
We can use a parameter A to nest various market structures (Just and Chern

1980, Bresnahan 1982, and Lau 1982). For example, we can define an "efféctive”

marginal revenue function as

MR(Y) = p + Apg &, - @

where pg, is the slope of the demand curve. If A = 0, marginal revenue equdls price
and the market is competitive; if A = 1, marginal revenue eguals the marginal revenus
of a monopoly: if A lies between 0 and 1, the degree of market power lies between
that of monopoly and competition. With n identical firms playing Coumnot, A equals
1/n.

The optimality or equllibrium condition is that the industry sets its effective

marginal revenue equal to its marginal cost,

' For a fist of many studies that used structural models see Bresnahan (1989) or
Cariton and Perloff (1994) chapter @.
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MROY = p + Apg @ = MC(@: W), | 3

where ‘MC is a function of output and other variables, w2

This approach has two chief weaknesses. First, one must correctly specify all
the underlying structural equations. Second, as Bresnahan (1982) and Lau (1982)
show, A Is not identified for some speciﬁc'oﬁons (including linear and log-linear

demand curves).' In our simulations, we pick specifications where A is identified.

Hall

e

“ chff‘;(l 986); me‘fﬁod .is véry clever and wtdely uséd.3 ;18 W-L.;s;es corﬁparczﬁve
s‘rctic.s results ‘ré 'fesf for market power where the null hypothesis is competition. The
key weakness of his approach, which he discusses at length, is ‘rhcn‘ one must mainfain
the assumption of constant returns to scale (CRS). Thus, his fest is actually a joint test
of both compeﬂﬁc_)n and CRS. We examine how well his approach works under CRS
and under increasing or decreasing returns to scale.

Hall uses two approaches. In his "instrument test," he tests whether the market is
competitive by examining whether an instrument (variable) is correlated with the

Solow residual, 8. The estimated equations are of the form

2 The most obvious interpretation of & is a summary measure of the gap between
p and MC. That is, & Is the outcome of some unknown game. Alternatively, some
empirical researchers estimate a related conjectural variation parameter, Bresnahan
(1991) and Carlton and Perloff (1994) discuss the alternative interpretations.

8 Shapiro (1987) and Domowitz et ai. (1986, 1988) and others use Hall's estimation
methods. Shapiro (1987) discusses some of the conceptual limitations to his approach
and possible solutions.
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where 1is the Instrument (such as the change in the level of military spending, price of
crude oll, mon-ey supply, or population). This approach does not provide any informa-
hon cxbou’r ’fhe marke’r sfrucfure if fhe market is no’r compe’rmve

in hzs “eshmcmon me?hod "“he esf;n;d’;és the markup ¢ = p/MC Ussng this
me’fhod The tes’r for compe‘nhon is whether U= - 1. For exampte, one might estimate

the equation -
S R £~ L ' M
—_— Aln o |+ —— [+ E,
| | AEn(KJ u[a n(KJ ﬁAin[Kﬂ | €

where Lis labor, Kis capital, M is the material input, o = wl/pQ is labor’s share In
output value, B = mM/pQ, and m is the price of materials. If the market is notf
competitive, p > 1, however, it is difficult to interpret 1 unless one has additional

information such as demand elasticities (Shapiro 1987).

Panzar-Rosse
Rosse and Panzar (1977) and Panzar and Rosse (1987) present an extremely
clever method for testing for market power. Thelr work has been very influenfial in the

development of other Gppi’OGChGS.4

4 The method is applied in Rosse and Panzar (1977) and Shaffer (1982). Other
important approaches that bear some resemblance to this one include three studies
of the cigarette industry by Sumner (1981), Sullivan (1985), and Ashenfelter and Sullivan
(1987).
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To conduct the fest, one estimates a reduced-form revenue function and then
colculates @ ?es’f statistic, H, which is the sum of the elasticities of revenue with respect
to each of the factor prices. For certain specific models, Rosse and Panzar (1987)
sHow: '
. | Monopoty Rent i-fypo’rhesis: Under monopoly, H is nonpositive.
. Market EqutEtbnum Hypo?hesas (symmetric Chamberlinion monopolistic

Lem e oy e s -
PR Y

compehhon) If ﬁrms maximize profits c:nd There are market forces (entry)
) ?hcﬁ drtve profn‘s fo zero, H <1
- . Compaﬁﬁon Hypofheszs: For firms in long-run competitive equilibrium with
free entry, H= 1. |

As Panzar and Rosse point out, fo conduct their test, one must develop
alternative models. For example, they illustrate how one can test for monopoly versus
various competitive and oligopoiistic alternatives. Based on their analytic results, it s
not possibte to distinguish monopolistic competition from either competition or
ménopoh).

Wé ran info two prbbtems using thelr test. First, for most demand and cost
functions, the correct reduced-form revenue function is extremely complicated and
nonlinear: hence, it is difficult to estimate. Estimating "approximate” reduced-form
equations can lead to biased resulis of course. In our simulations, we calculate the
frue H statistic and use an approximation of the revenue function to estimate an
approximate H statistic,

Second, as Panzar and Rosse note, the test is inherently powerless for the

Cobb-Douglas specification. In our simulations, we generalized the standard log-

linear, Cobb-Douglas specification to include some interaction terms, however, that
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does not eliminate the difficulty. - The problem is that the test statistic is independent of
the.market structure parameter,” as we show below.

" Given our choice of simulation models, it may appear that we are slanting our
experiments c:gc:‘ins’r this approach; however, doing so was not our infention. Indeed,
because this testis relatively easy to use, if it were powerful, it would certainly be

extremely attractive. -~~~ -

| Sifnu!aii.on Modei |
We exc;ir.’r;iné. These oppr@ac}hés to estimating and festing market power using
two simulation rﬁod_éis: a Cobb-Douglas model and a linear model. Little additiondl
information is ggz.ined for the structural and Hall approaches from using both models,
SO we éonéen?rc’re on only one of these models, the Cobb-Dougias. The linear model
is describéd in the Appendix 1.
All the équations in the Cobb-Douglas model are log-linear. The production

function is

Q = AL®KPet, )

where g is a random variable, which is related to the random variables discussed
below. The scale parameter, y equals a + B (where a and B are not the same as in
the discussion of the Hall model above unless the market s competitive).

The corresponding cost function is

i o 8 1

c Aﬂ?y("w"}? (“r}? QT efc = cret )
a) B
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where g- ~ N(G. 02)"Gnd' a """ indicates the systematic part of a variable (C* is the

systematic portion of costs that does not depend on g~). The marginal cost is

o '-l . B 1oy
MC=A YWT[ITV Q@ 7 &= mcrete, ©)
o) B
The factor demands are
1 o B 1 .
L=A TIEWWPT [y gYelt = 1% 6%, @
wllw) B _

h - (®)

As a result,

The demand is also log-linear:

INp=8s-@ +8Z)INQ +egp=1Inp* + ¢p, )

where pis ptice, Zls a variable that rotates the demand curve (such as the price of a

substitute, a proxy for taste changes, or income), and g ~ NG, 02).5 The slope of the

demand curve is p' = pg = (P/Q)(8, + 8,4,

5 As Bresnahan (1982) and Lau (1982) show, A is not identified in a log-linear model
without such an inferaction term that rotates the demand curve,



~ - The effective marginal revenue is’

CMROY = p 3 Ap/@ = pll -G, + 520 (10)

For effective marginal revenue to be posltive (for the equilibriumn to make sense),
A8, + 8,2 must be less than one. That is, the inverse of the "effective elasticity of de-
mand," which Es. A Timés the inverse of the absolute value of the elasticity of demand,
must be less than one. )

The equ.ilibrium condition ié that e?fef:ﬁve marginal revenue equals morgéndl

cost, or

In MR =In p + In[1 = A(8; + 3,2)] = In MC. an

Subsfituting for MC from Equation (6) and for p from Equation (9), ocutput demanded is

8 +In(1 - AG +8,2)) ';llnAﬂﬁm(ﬂ)-ﬁm(i)wg—gc
nQ = ¥ v_\e) v (B

1-v

4;=“.ir¥@*+ . Ep - E¢C )
8-|+822+3-—y
Y

Thus, given specified parameters, &' is obtained using Equation (9). By
substituting &* into Equations (7). (8), and (9), L, K*, and p* are cbiained.
Panzar and Rosse require that we estimate a reduced-form revenue equation,

In this model, the logarithm of revenue, in R=Inp+In & is



INR=8g +ep~(8) +8,2)

N0 =M 48,2 + LInA - -En(} 13
8g +In (1 - A&, 2))Yﬂ Yn(G]YnﬁgD C. (13)

1+

1-y
8] +822+
Y

That is, in R’ is imeor in The Eog of ?he foctor prtces (for guven Z) ond noni;neor sn Z
Mora tmpor’tanﬂy The coefﬁcxen‘rs on The fccfor prlces do no’r depend on A Thus the
Pcnzar~Qosse ?est sfoﬁsﬂc H a(lra I?]/a(In w} + a{in f?}/a(!n r] ES zndependem of k cnd

ccnno? be used fo dzsfmgu;sh mcrkef s’rruc’rures For this model

(5} + 622 - ‘E)({l + S)

YA : 14
7(61 v 8yZ + VJ (
Y

H =

In contrast, His a function of A in the linear model as shown in Appendix 1.

: Si_muiation Results
We consider three market structures: competition (A = 0, u = 1), four-identical
Cournot firms (. = .25), c:nd”cc'jllusiop (& = 1). The parameters in the simulations are A =
12 a=1/3, B=2/3, 8;=18 8, = 1.2, and §, = -0.5. The errors e~ and e, are distribut-
ed 0.1N(0. 1). There were 35 observations in each simulation. The simulations are
based on the wage, w, and the user cost of capitadl, r, for U. S. manufacturing 1947-
1981 (Bemdt and Wood 1986). The producer price index for processed foods and

farm products, Z is from the Economic Report of the President.

Structural Model
As expected, the structural model works well if it is correctly specified (Cobb-

Douglas model) and does not work as well if it is incorrectly specified (linear model),
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When correctly specified, no particular problems are associated with the scale
parametsr y so we concentrate on the model with constant returns ?o. scale (y= 1)
That model is estimated using nonlinear three-stage least squares, where the instru-
ments are w, r, z and the instruments described below.

The structural model simulation results are sensitive to the size of the error terms.
In Table 1, The vcficnce of price for fhe model bcsed onec Gnd &p orrors that are
dls‘rributed 0 1N(0 1) is vﬁuoiiy idem‘ical ’ro that of the mcmufc:cfunng sec?or (aﬁer
hormcﬁ;znng 50 Thcl’r fhe means of ‘fhe ?wo series are equcﬂ) The vofgénce of prsce for
the modei bczsed on eiror ’ferms z‘haf are Ten t;mes larger, N(O, 1). is 13% larger.

We use t-statistics to test whether the estimated market structure parameter A
equals 0, 0.25, or 1 (competition, four-firm Cournot, and collusion). The results for both
the true Cobb-Douglas model and the misspecified linear model are shown in Table 1
based on 1,000 simulation of each example. The table shows the percentage of
simulations in which we cannot rejecf ("dccepf“) each hypothesis about A based on a
standard two-tail test.®

| With the smaller errér terms, in the correctly specified (Cobb-Douglas) model,
we reject the false hypotheses in ail cases. We fail 1o reject the correct hypothesis in
95.5% of the. 1,000 simulations when the market is competitive (A = 0), 94.6% when
there are four identical Cournot firms (A = 0.25), and 97.6% when the market is
coliusive (A = 1).
If we use the incorrectly specified linear model, we cannot distinguish clearly

between the hypotheses. We fail 1o reject all three hypotheses when A is 0.25 or 1.

° Some might argue for using one-tailed tests, especially when testing the compet-
itive and collusive hypotheses. The same pattern of results, however, would be
observed.
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When the model s compéﬁﬁve, we fail 1o reject the true hypothesis that A = 0in 83.3%
of the simulations; however, we dlso fall foreject A =025in 81.2% and A = 1 in 57% of
the simulations. v ¢
Where the model s misspecified, the results are very sensitive to the scale
parameter . With vy = 0.2 or 1.1, we reject all the hypotheses in almost all cases.”

- Whenthelarger error ?@rﬁws. cre-—usédﬁ. with the correct specification. the
probability of incorrectly accepting false hypotheses rises, as one would expect. The
pmbdbﬁ’rtw of*dCCep%mg troe hypotheses ﬂré'about the same as in fhésmodef with fhe
smalier werrd:r'te-fmsr'exeep‘r for me*cbiiusion#modef, where the probability of accepting

the true hypothesis drops by-11.7 percenfage points.

Hall

in both éf Hall's approaches, one can test whether the market is competitive
(given constant returns to scale). In the estimation method, after estimating the price-
margincxl .cos? markup . one uses t-stafistics to test the hypofhésis thatw =1, Inthe
instrument test, one uses instrumental variables to test the competitive hypothesis.

In the ésﬁmaﬂon method, If the market is not competitive, u is greater than
one, but the relationship between y and particular market structures is not known
unless one has addifional information such as the demand elasticity (Shapiro 1987). In
Table 2, the second column shows the average estimate of p across the simulations
for each of the three market structures. The third column shows the average price-

marginal cost ratio based on the true simulation model. When the market is competi-

’ The exception is when A = 0.25 and y = 0.9, where we fail to reject the hypothesis
A =0in 81.9% of the simulations and A = 0.25 in 43.4% of the simulations.
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five, the average estimate of u is 1. When the market is not competitive (A = 0.25 or
1), however; the mean-value of u is less than the frue price-marginal cost ratio.”

The last two columns .show the percentage of simulations in which we fail to
reject varlous null hypotheses using the smaller error terms: 0.1N(, 1). The test for
Compeﬁﬁon_ is the test that u = 1. Hall's test comectly fails to reject ("accepts”) the
hypothesis- 98:4% of the Hime when the merifet is competitive; however it incorrectly
falls to:reject in 12.1%: of the simulations when:d = 0.25 and 6.2% when A = 1. The last
column tests whether fhe'eszﬁmmed ipequals the-average p/MC (which; of course, -
one coui_d_:_:not--knowr-inc real-world probflem).-‘ ‘Again, it-shows that the estimated pinv
the boEEusive case is very low.

Unlike the structural model, Hall's model is very sensifive to the size of the errors.
When the larger errors are used, N, 1), we fail to reject competition in virtually ail
Ccases. |

As Hall discusses at length, his test is cc?ucf!y G test of the joint hypotheses of
competition .ond.cons’ron‘r returns to sc“cle. To see how sensitive this approach is to
devic;riba;ws from éonsfdn’r ré?urﬁs &3 scale, we aliow y to range between 0.8 and 1.2
using 0.1 increﬁxérﬁs. For each v, the model is simulated 200 times.

The thick, solid line in Figure 1 shows how the mean of the estimates of p varies
with y when the true model is price taking (A = 0).8 When there are decreasing
refurns to scale (y < 1), the estimate of p is well above 1; and, with increasing returns
to scale (y > 1), p is well below 1. Also shown in Figure 1 are two dotted lines that

show, for a given v, the mean p plus or minus 2 standard deviations. Based on this

8 The competitive model does not make sense for A = 0 when there are increasing
returns to scale; however, one can imagine that this equilibrium Is the cutcome of
Bertrand (price taking) behavior by oligopolists, which leads to A = 0.
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example;-relatively small deviations from constant returns can affect hypothesis tests
of compe-’riﬁonrsubs_’fcnﬁaliy. Hall's test works well, however, with constant returns fo
P P e

Figure 2 shows the same thick solid line for the mean u for the & = 0 model as in
Figure 1. It also shows the comresponding lines for the average pwhen A =0250r A =
1. The average. pline for the.collusive. mo,dg_ei is slightly lower than the dotfted line
showr} in Figure 1 for-the ‘average p for the - = 0. model plus 2 standard deviatfions.. As
_ _Figuféz 2 -sﬁows;?wi%hfinéreasing returns to:scale, d collusive market couid be misfaken
fora ,cempéﬁa‘ivé“ one: Simllarly, with d.ecrec}sihg returns-1o scale, falsely rejecting
compeﬁ?ion.bé__comes more likely. |

We also examine Hall’s instrumental variable test of the competitive hypothesis,
It is not obwvious how we should construct the instrument. Following a suggestion on
how fo choose instrument’s from Hall's paper, we use an insfrument, [ that is the
welghted average, vAn + (1 - w), of arandom error term, £ ~ NG, 0.1), and the
change in the logarithm of the labor/capital ratio, n = IN(L/K).?

The outcome of these experiments using o = 0.1, 0.5, and 0.9 are shown in
Table 3. The table shows how the instrument is correlated with An and with the Solow
residual, 8. Based on this test for all o, we almost never reject the competitive
hypothesis when the true model is competition. We are likely to fail to reject ("ac-
cept the competitive hypothesis incorrectly when the instrument is not highly
correlated with An and 8. We do reject competition correctly if the instrument is highly

correlated with Anand 6.

? We aiso experimented with instfruments created by using random error terms that
were correlated with the errors in the labor equation. This approach, however, did
not work well,
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I Figure 3 where w'= 0.2 and A = 0 (competition) pre'sen?s various tests of -
competition. The Thick, solid line shows the percent of cases in which competition is
rejected based on a standard two-tailed t-test. As Hall notes, however, there is no
plausible interpretation of a negative correlation, so one might one want fo use a
one-tailled test (shown as a dashed line). The dotted line shows the actual number of
negative correlations. ‘Again, .with-constant refurns fo scale, Hall’s test works well.
With- decreasing. returns: 1o scale,. competition-is incotrectly rejected in a higher
Défcerﬁ ofcases: ™ nure e -

Fo-r."imrger'-m, the two-tail test fejec?scompeﬁ’rion- in virtually all cases for any v
much ‘cﬁffér’en? than <1, For-example, if © = 0.5, the compeﬁﬂve hypothesis is accept
virtually alf of the time when v £ (0.98, 1.02) and rejected in virtually all simulations for
other y.

With increasing returns o scale, finding an implausible negative correlation
beftween the Solow residual and the inshument is very likely, Based on a one-tailed
test, one would not reject competition: howeﬂler, based on a two-tailed fest, one
might incorrectly reject competition because the correlation is too negative. Figure 3
shows that the probability of getting a negative correlation is virtually zero for y much
below one, and the probability is virtually one for y more than slightly greater than

one,

Panzar-Rosse
it is not obvious how to conduct a "fair® test of the Panzar-Rosse approach. If
one estimates the true structural model (and the model s one in which the market

structure is identfified), then the Panzar-Rosse test has the properties that they show
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analyticdlly. . Onthe other hand, if one estimates the tfrue structural model, there is no
need to conduct thelr test as one has an estimate of the actual market structure.

-Panzar and Rosse suggest estimating a reduced-form revenus equation, which
is substantially easler and requires less data than estimating a full sfructural model.
Unfortunately, there are practical problems with this approach. First, as mentioned
above, forsome specification (such as.the Cobb-Douglas), their tests do not discrimi-
nate b'eMeen‘- themarket structures; Second, even with the fairly simple Cobb-
Dé-u.glc:ts or linear models, the correct reduced-form revenue equation is highly
nonlinear and-complex. if one uses asimpler re‘duc‘ed form, the estimates mczy' be
biased. . o

We use the linear example described in Appendix 1.19 The actual H (the sum
of the factor cost elasticities) statistics are -3.48 when A = 0, -6.90 when A = 0.25, and
-12.31 when A = 1. In other words, Hvaries with X but is always negc:t%ve.” This result
Is consistent.with Panzar and Rosse’s theorem that H is negative for the monopoly
case. Unfortunately, for this model, His also negative (though closer to zero) for less

collusive market structures including c:onn]:xa{fﬁ*ic:'n.]2

0 The parameters are o= =10, y= 0 (CRS), ¢5 =40, ¢, =2, ¢, = 1.5, and n = 0.
The errors, £~ and {, are distributed 0.1N(0.1).

"' In contrast, as we showed analytically, His a constant with respect to A for the
Cobb-Douglas model. In the model with the larger errors, H = -2.10 for all A.

12 A test more favorable to the Panzar-Rosse approach would have the property
that H < 0 for collusion and H is positive (or even better, equal to a specific positive
value) for competition. Unfortunately, we could not find a simple model (one that
can be analytically solved) that had this property and let us nest many market
structures in a single parameter.



16

With the linear model, we estimate the H statistic using these two approximate
reduced forms. We use a simple-linear and a log-inear approximation of the reduced

form:
R$¢0 F W 0T+ 032,

and

In !? = 4,’__0 * ¢; i_p w + 4o Z Inw + %in r+ %zip_r_ + o5Inz + dgZin z.

sy e e e e

- We use Mdf’r'qiied t-tests to cornpare:H 1o 0 and 1. -Based on the two approxi-
mation .specif.iccﬁons, we always fail to reject ("accept™) that H is negative for the
competitive model. That is, we accept a condition that Panzar and Rosse show is
necessary but not sufficient for the market to be monopolized. The hypothesis that A =
1 (free-entry competition) is always rejected.

'When A = 0.25, both the hypotheses (H < 0, H = 1) are rejected for the linear
approximation. For the Eog%inear opproximctﬁoh, the H < 0 hypothesis never is
rejected, and the H = 1 hypothesis always is rejected. Strangely, both hypofheses are

rejected for the collusive model (A = 1), using either approximation,

Empiricai Studies
We tried to compare the three methods using four-digit Standard Industrial
Code (SIC) data for food, beverages, and tobacco industries.'® Unfortunately, we

were unsuccessful in obtaining plausible estimates based on a structural model: The

13 See Appendix 2 for a description of the data and sources. All prices are
deflated by the GNP deflator.
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estimated price-cost margins, &, were negative for many industries.” In Table 4, we
compare and contrast the Panzar-Rosse and the Hal estimates, where the production

function depends on labor, capital, materials, and energy.

Hall’s Insfrument Test

We used five instruments in Hall’s instrument fest for competition.  For three
instruments — the party of the Rresidenf, the percentage change in military expendi-
tures, and the pércan‘rcge change in the U S. popuicﬁoh — the hypofhesis’ of
cornpeh’rson ocuid not be re;ec’red for cny lndus’m/ (’rhese f~stca”nshcs are nof reported
in Tha Table AM) For Th; ofher fwo :nstruments (The percem‘cge chonge in ’rhe pnce of
oit cnd ’rhe percem‘cge Change in fhe M! mon@y supply), the f—s'fchshcs on this test
are shown in Table 4. A ™" indicates that we reject the null-hypothesis that the
coefficient on the instfrument is zero at the 5% level based on a two-tailed test,

in three cases (flour and malt beverages for oil and fluid milk for M1), the
esﬁhwoted coéfficien’r on the instrument is statistically significantly negative. This result
is difficult to explain, though it presumably is consistent with competition. Using oil as
the instrument, we never reject compeﬁﬁbn (no coefficient is statistically significantly

positive). Using M1 as the insfrument, we reject competition for flour and malf bever-

ages.

4 We estimated systemns of AIDS demand equations and used the same function-
al form for the marginal cost for each equation. By experimenting with the specifica-
tion for each industry, we probably could estimate separate specifications with
plausible results for most of the industries. We did not want to use different specifica-
fions for each industry, however; nor did we want to extensively experiment with the
specification, thereby creating a pretest estimator bias.
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T Hal’s-Estimation Method

‘We also estimated Hall’s markup (ast column of Table 41).}6 The asymptotic
standard.errors are shown under the point estimates of p. A "#" indicates that we
reject the nul-hypothesis that u = 1 (competition) af the 0.05 level using an asymptot-
ic, two-tailed Tes? The es’r;mczfed i for red meat Gnd flour are statistically signifi ccmﬂy
less Thon 3 (;ndeed ’fhe po;n‘r esﬁmcn‘es are negcmve) whlch is Empleusnble On the
basas of csn osymp’rohc, Two—’rculed fes’r nene of The asti mofes of i is s‘ra?zsﬂcaﬁy
mgnsficc}nﬂy !Grger ’rhon 1 Usmg a one~toiied Tes’r we re;ee; co;npefffaon for crgc~
reﬁes if we were To use only Ecbor cmd ccpl’rczi (lgnone mo?enc:!s and ene;gy) weu ‘

would rejec’r ’rhe compefmon hypothesas for red mec’r pouEfry cheese flour, mailt

bevercges dzsfz!ied liguor, mgareﬁes, and cigars.

Panzar-Rosse

We use both a linear and a log-linear specification of the reduced-form

revenue equation fer the Pcnzoréﬂesse test:
"R=og+ ot + a212 + O + W + Ol + (€ + UyNd,
InR= oy + o4 f+ auln 2+ daln M+ oyln W+ agln 7 + age + oyin nd,

where tis a fime frend (1, 2. ...), mis the price of materials, w is the wage rate, ris the
cost of capital, e is the price of energy, and nd is a price deflator for nondurables.

The Panzar-Rosse results are in the first two columns of Table 4. Below the
estimates of H are the standard errors. The hypothesis that H equals one (competition

with free eniry) is rejected for several industries under both specification. In the

15 n estimating the mark-up equations, instrumental variables (a time frend and
first differences of military expenditures, crude oil price, money supply, political party
of the president, and U.S. population) were used.
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| logarithmic specification, the H for no industry is statistically significantly less than zero
(indeed, none ofthe point estimates is negative). In contrast, in the linear specifica-
ﬁon,_.severci of the Hpoint estimates are negative, and one, malt beverages, is
statistically significantly less than one at the 5% level. In short, the results are sensitive
| 1o the specification of the reduced-form equation,

The resulis.are also sensitive to-whether materials and energy are included
along with labor.and capital.. ia the linear specificationy with only labor and capital,
the H "sfaﬁrisﬂc: fs sicﬁs_’r,iccaiiy.signiﬂccnﬂy negative for cheese and fiour (a resulf
consis‘reht .\z'./i’rh --coE-iuﬁion). 1t is statistically significantly positive: for cigars-(a result
inconsistent with collusion). -

In short, both the Panzar-Rosse and Hall methods are sensitive to the functional
form and the number of factors included. For pouliry, butter, cheese, we cannot
reject competition based on any of the fests shown in Table 4. For all other industries,
one or more fests rejects competition or are implausible (Hall estimate of u for red
meat and flour). For ’rhese other industries, there is little consistency in results across
the methods, though, in mos’r ccseé, the results are consistent with some form or

another of oligopoly or monopalistic competition.

Conclusions
Each of the three methods of estimating or festing market power has both
strengths and weaknesses. The structural model works well if it is properly specified,
but does not work well if misspecified in a fairly obvious manner (linear versus log-
linear specification). it produces a meaningful estimate of market power and works

even in industries with increasing or decreasing retums 1o scale. Although many
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structural models have been estimated (apparently) successfully, we had difficulty
producing plausible results bose—é on four-digit SIC data.

Based on simulation resulfs, Hall’'s methods work well when an Industry has
constant returns. -Even slight deviations from constant refurns, however, can produce
serious biases. The degree of market power based on Hall’s estimate of the
price/marginat. cost. markup cannot be determined without additional information.
Two advantages of his:method is that it-is easy to apply and the functiondl specifica-
~ fion is clear. t,.,Thé_"f empirical ..resﬁzité- based onhis methods are sensitive to which of his
wo cﬁp;}rbczches are used and to-which factors of production are included: -

- The Panzar-Rosse method is easier to use than the structural model approach.
Unfortunately, for many models, it is not possible to distinguish between collusion and
competition. The estimate of their key test statistic is sensitive to the specification of

the reduced-form revenue function and fo which factors of production are included.
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Appendix 1: Linear Model

We now assume that both the demand and the marginal cost curves are

inear. The marginal cost curve is -

MC =7 +aw + Br + yQ + {,. (A1)

As a resuit, total costs (ignoring possible fixed costs) are

e e =E‘1 taw + fr+yQ +{J Q. s (A

oeThe fador demands<are: - S : ' R

[=0Q -+, | (A3)
K =B& + L. (Ad)

- The demand curve is
P =09 -0 +$2]Q + Cp. (A5

The slope of the demand curve is P’ = pg = -(07 + ¢,4. As a result, the effective

marginal revenue is

MR() =p + 0" Q = p - 61 + 7] Q. (A5)

In the equilibrium, MRQY) equals MC, so p = MC + Ay + 0,4 or

L =1 +aw+ﬁr+[l(¢3+¢QZ)+y]@+(‘;C+CD, (A7)

Thus, output demanded is
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5'x¢0“n‘aW'Br“§C- (A.B)
— ‘ 8 +.¥)[¢1 + Gl ] Y -

The revenue function is

00 - ~ow - pr-tc |

. A+ -i)(@] +¢2Z) Y (A9
b - -ow Lo

O+ Do +0Z) vy

R=1¢0 +Cp - ($1 + $2Z)

That is, even in the linear model, revenue is a complicated, nonlinear function of
factor priceé énd Z 1t iS s0 ugly that we cannot face writing it out explicitly here. The
good news is, however, that, in the linear model, the Panzar-Rosse test statistic H varies

with A,
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Appendix 2: Data

There are five chief sources 6? ‘éi(':iu’&rd: (1) bfodﬁéﬁviw data generously provided
by Professor Wayne Gray; (2) Business Statistics; (3) the Economic Report of the
President, (4) a dc:s_?o set prepared by the Bureau of Labor Statistics, "Multifactor
Productivity in U. S. Manufacturing and in 20 Manufacturing Industries, 1949-86" (April
1989); (5) Economic Statistics Bureau, Handbook of Basic Economic Stafistics.

All nominal data were deflated using the GNP deflator from (3). Data on
moneay sﬁpply (M), total U, S, population, and crude oil prices are from (3). Military
éx.pend.i_:’ris_;;es_fcrnré from(B) cmd ”(5) The "séri-e:;. wéré épiiéed usrng ?ﬁé.r.nécm of the
differéncé;aeh&éen the two éaries }9.5.8-63 ‘:{SO.B midlion was sub?roc?ei:f f?om ﬂ;; ’serie‘s
from (S)j. The producer price index for nondurables and for processed foods and
farm products are from (3).

The data on the cost of capital, price of materials, and price of energy were
from (4), The data on quantity comes from (2). The value of shipments, quantity, and
wage data were available af ’rhé four-digit SIC level; whereas the cost of capital,
price of material, and price of energy were available only at the two-digit SIC level.

The value of shipments divided by quantity gives us price. The levels of capital, labor,

and material inputs are from (1).
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Table 1

.Structural Model

= (Percentage of Simulations in which the Hypothesis is Not Rejected)

£c and g, are Distributed:
| -"-'Marke%.S#émre:  ryporness éobb%.- . - Cobb-

B ff;.rr_uej\%_«::-;i .o~ . Douglas. . - Douglas -  Linear
Compefifion 0 981 | 95.5 1833
=0 0.25 140 ' 81.2
1 1.8 0 57.0
Four-Firm Cournot 0 .5 0 100
=025 025 95.8 94.6 100
1 1.7 0 100
Collusion 0 0.1 0 100
ho=1 0.25 3.4 0 100

1 85.9 7.6 100
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Table 2

Hall's Estimation Method

Fail fo Reject the Null Hypothesis (%)

Market Sfructfure Average  Average Competition True Model

True A MC
.rue P«. P/ . N, 1) AN 1) ANGOTD

Competiion . =0) 099 100 985 984 08.4
Eour-Frm Coumot . 1084 116 ... 989 . 121 . . . .903.
0. = 0.25)

Collusion (A = 1) 1.569 2.29 85.9 6.2 40.7
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Table 3

Hall's Instrument Method

(Percentage of Simulations in which the Competitive Hypothesis is Not Rejected)

Market Structure:  Instrument Weight o Corr(l"An) ™" Cor(lU8) "~ % Réjected

True A e
| Competifion SR N SRR ¢ %  AS— 1 ¢} B— WWMQ,&;SWW-
- ‘I?L.:O‘ - 0.5 0.84 - 0.01 | 96.5

0.9 1.0 ” 0.01 980
Four-Firm Cournot C.1 G.17 0.11 90.5
A =025 0.5 0.84 0.48 12.5
0.9 1.0 0.56 3.0
Collusion 0.1 0.17 0.09 89.5
A= 1 | 0.5 0.84 0.53 7.5
0.9 1.0 0.63 0.1

instrument = /= wAn + (1 - @),
£~ N@ 0.1,
An = ALK,

8 = Solow residudl
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Table 4

- Empirical Results

Panzar-Rosse (H, s. &.)

Hall Instrument Test (1-statistic)

Hall Estimated
Industry Logarithmic Linear Oil M1 Markup
{SIC) u, a s 8e)
Red meat 1.57* 1.60%# -0.92 0.31 -0.79#
2011 0.38 0.41 0.40
Poultry 0.60 0.42 -0.09 0.45 0.77
e i e e e
Butter . 3.46 0.21 0.47 0.63 0.58
2021 3.80 1.97. 0.31
Cheese 0.26 -1.38 -0.38 1.44 0.64
2022 0.37 0.86 0.26
Condensed mitk 0.44 -0.17# -2.00 1.00 .13
0023 080 e 04 N o E——
Fluid milk 1.09* -0.41# 1.31 -3.10* 2.00
2026 0.13 0.41 1.32
Fiour 0.26 -0.12 -3.25* 2.13* -0.05#
2041 0.24 0.54 0.18
Malt Beverage 0.91* -0.30%# -3.75 3.00* 0.19
2082 0.07 - 04T 0.34
Wine 0.50%# -0.86# 0.21 -0.48 0.09
2084 0.14 0.49 0.53
Distilled liquor 0.91*# -0.914# -0.40 -0.05 2.70
2085 0.03 0.49 1.07
Cigarettes 0.52* 0.37# -1.75 0.48 2.47
2111 0.11 0.26 0.77
Cigars 1.01* -1.554# 0.38 -0.09 1.39
2121 0.19 0.84 0.47

* - Statistically significantly different from zero at the 5% level based on a two-tail test.
# - Statistically significantly different from one at the 5% level based on a two-tail test.

u = price/marginal cost,

An = An{L/K)
Am = AIn(M/K)
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Figure 1: Hakl’s Estimation Test of Competition when Firms Price Take
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Test of Competition under Three Market Structures
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Figure 3= Hall's Instrument Test of Competition where A = 0
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