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DAVID FLATH

Are There Any Cournot Industries
in Japan?

Abstract: For each of the seventy Japanese four-digit SIC manufacturing industries,
using annual data for 1961-90, I test the simple Cournot hypothesis of propor-
tionality between industry price-cost margin and Herfindahl index against the
non-nested alternative that the industry price-cost margin remains constant in the
face of varying Herfindahl index, as it would under a simple product-differentiated
Bertrand framework. I then test each of these against the alternative hybrid speci-
fication that nests both of them, and from the pairwise tests, compute likelihoods
of each specification. The simple Cournot specification is the most likely for five
of the industries, the simple Bertrand specification for thirty-five, and the hybrid
specification for thirty.

Whether firms compete by choosing quantities or by choosing prices can matter a lot
in economic models of industrial organization. For instance, as shown by Shapiro
(1989), strategic ploys often have completely opposite effects on economic profits
depending on whether subgames attain Cournot equilibria or Bertrand equilibria.
Sometimes the strategic variable matters less than it does in the strategic ploys
examples. In differentiated-product industries, each firm is in effect a monopolist
facing a demand that depends, in part, on the prices of substitutes or complements
supplied by other firms. If the quantities supplied by other firms are predetermined,
then the effect of the one firm’s own choices on the other firms’ market prices must
enter its calculations. Otherwise they do not enter its calculations, but these effects
may be small in any case.

Attempts to determine by theory alone whether quantity competition or price

David Flath is an adjunct professor of economics at the Institute of Social and Economic
Research, Osaka University; e-mail: flath@iser.osaka-u.ac.jp. This research is supported
by Japan Society for the Promotion of Science, Grant-in-Aid for Scientific Research (C),
grant no. 22530227.
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competition, or some hybrid of the two, arises as an equilibrium have not reached
a definitive end. The current essay takes a different approach and offers some
empirical evidence on the issue. The premise is that a wide sample of four-digit
SIC Japanese manufacturing industries for which Herfindahl indexes of concentra-
tion are also available should include some that are approximately homogeneous
product oligopolies. If Cournot competition is ubiquitous, then for that portion
of the sample (the industries supplying homogeneous products), industry price-
cost margins should vary year to year in proportion to year-to-year variation in
Herfindahl indexes of concentration. If Bertrand competition is ubiquitous, annual
variation in industry price-cost margins should have no relation to annual varia-
tion in Herfindahl in any of the industries, whether product differentiated or not.
Cournot industries in which firms supply both homogeneous and differentiated
products, might yield a hybrid result in which industry price-cost margins vary
linearly but not proportionately with annual changes in Herfindahl index.

A companion study to this one (Flath 2011) estimates Cobb—Douglas pro-
duction functions for seventy four-digit SIC Japanese manufacturing industries,
1961-90, and from these estimates constructs annual time series for industry
price-cost margins. Here, for each industry, I estimate three separate regressions
relating annual variation in the industry’s price-cost margin to annual variation in
its Herfindahl index of concentration. In the first regression, industry price-cost
margin is proportionate to Herfindahl (as it would be for homogeneous-product
Cournot industries). In the second, industry price-cost margin is unrelated to
Herfindahl (as it would be for Bertrand industries whether differentiated or not).
The third regression, for each industry, is one in which industry price-cost margin
varies linearly but not proportionately with Herfindahl (as would be the case if
one segment of the industry were in a Cournot-homogeneous-product equlibrium
and another segment was not).

A non-nested test based on Vuong (1989), comparing the first two specifi-
cations for each of the seventy industries, at the 10 percent significance level,
favors the homogeneous-product-Cournot specification for ten industries and
the Bertrand specification for forty-four of the industries. Further comparisons
of each of these specifications with the hybrid specification that nests both of
them lead me to conclude that the simple Cournot specification is the most likely
for five of the industries, the simple Bertrand specification is the most likely for
thirty-five of them, and the hybrid specification is the most likely for thirty. It
seems from this evidence that Bertrand is an adequate description of the modal
industry. But four-digit SIC manufacturing industries that have some segments
that are homogeneous-product Cournot industries may not be so rare. This is as
much as the results here will allow. Comparisons of average Herfindahl index,
average industry price-cost margin, and estimated labor coefficient, across the
sets of industries for which each of the three specifications had the greatest likeli-
hood, reveal no evident pattern.
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Some notes on the previous literature may be helpful. Kreps and Scheink-
man (1983) showed that if firms first compete in choosing productive capacity,
followed by choices of prices, the outcome resembles the Cournot equlibrium,
suggesting that the presence or absence of capacity constraints is a key determinate
of whether Cournot equilibria attain. Singh and Vives (1984) posited a duopoly
facing product-differentiated demand in which the firms could precommit to
making price the choice variable or quantity the choice variable, and argued that
if the products are substitutes, they would make quantity the choice variable.
Hickner (2000) showed that this result does not generalize to the n-firm case.
And Zanchettin (2006) showed that when demand and costs are sufficiently dis-
similar (a case disallowed by the Singh and Vives [1984] assumption that if both
prices are set at marginal costs, both firms sell positive outputs), even a duopolist
may elect to make price its choice variable. Tremblay and Tremblay (2011) show
that a duopoly in which one firm makes price its choice variable and the other
makes quantity its choice variable can be a stable equilibrium. In short, theory
admits Cournot, Bertrand, and hybrids in which some firms in an industry choose
quanitities and others prices, all as possible equilibrium frameworks.

Empirical literature on oligopoly pricing usually assumes either Bertrand or
Cournot behavior rather than leaving that for the data to determine. For example,
the Berry, Levinsohn, and Pakes (1995) approach to intra-industry demand es-
timation presumes Bertrand pricing. Of course specifications that would allow
Cournot or Bertrand to emerge from the estimation are not so easy to configure.
Nevo (1998) describes the essentially unsurmountable data requirements for
identifying conjectural variation parameters in product-differentiated industries.
That is one motivation for this study, which eschews any attempt to estimate
firm-level parameters and focuses instead on aggregate industry data.

Price-Cost Margins

The price-cost margins from the companion study to this one (Flath 2011) are
constructed from estimates of Cobb—Douglas production functions for seventy
industries at the four-digit SIC level. For each industry, annual observations of
output are constructed by deflating value of shipments by the annual average
wholesale price index for the corresponding product. The required matching of
industries from the Census of Manufacturers (Ministry of International Trade and
Industry, serial; and METI, www.meti.go.jp/statistics/kougyou/arc/index.html)
with the product categories of the Wholesale Price Index (Bank of Japan, serial)
limits the sample to a relatively small set of industries, but ones for which the output
measure is accurate. The appendix describes the data sources in more detail.

In Flath (2011), I estimated an equation on the pooled annual time-series, cross-
section of seventy industries at the four-digit SIC level, 1961-90. The regression
equation is:
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InQ =A+6InL, +(1-0)ne'K, +v, i=1l.,nt=1..T, (1)
where the error term follows a first-order autoregressive (AR1) process:

v.=pov,  tu, and u, ~ (0, G2). (2)

i1

Here Q, represents value of shipments by industry i in year ¢ divided by average
monthly wholesale price index for the corresponding product during the same year.
The labor input is L, defined as the number of workers employed in the industry i
in yearz. And K|, is the book value of the fixed tangible assets of the industry i at the
beginning of year . This specification imposes constant returns to scale and allows
for implicit deflation of book value of capital stock. Essentially, this means that
the deflated capital stock series eK is measured in pan-industry efficiency units.
Any economy-wide technological advances or improvements in labor quality are
reflected in the deflator ¢, leaving only industry-specific technological advances
to the residual error term v,.

From the estimates of these Cobb—Douglas production functions for each in-
dustry I constructed time series for the price-cost margins of each industry. For
details, refer to Flath (2011). In brief, the method of construction follows the logic
of Hall (1988). The labor coefficients from the Cobb—Douglas production func-
tions measure labor’s share in total cost for each industry. Price-cost margins are
computed as the percentage by which value added minus total cost exceeds value
of shipments (where total cost is the wage bill divided by the Cobb—Douglas labor
coefficient). After dropping from the sample the four industries for which average
price-cost margin was negative, the remaining average price-cost margins range
from Glass Bulbs for Use in Cathode Ray Tubes at 1.2 percent to Sheet Glass at
45.4 percent. The average price-cost margin across the seventy industries is 12.56
percent, with standard deviation 8.53 percent.

The sample industries vary in concentration. The average Herfindahl indexes
range from Sake at 0.005 to Pianos at 0.460. The average Herfindahl index across
the seventy industries is 0.155 with standard deviation 0.124.

The object of the current study is to consider how the annual time series for
industry price-cost margins interact with Herfindahl indexes of industrial concen-
tration. The question I address is for which, if any, of the industries do price-cost
margin and Herfindahl index move together as the homogeneous product Cournot
model predicts?

Herfindahl Indexes and Price-Cost Margins

The Cournot model of a homogeneous product oligopoly implies a precise relation
between industry-level price-cost margin and Herfindahl index of concentration
defined on shares of output. Specifically, the industry price-cost margin equals the
Herfindahl index divided by elasticity of market demand. This has been well-known
for many years. See, for example, Cowling and Waterson (1976) or Tirole (1988:
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222-23). Let us call this relationship between price-cost margin and Herfindal
index “Model 1-Cournot.” The relationship follows directly from the fact that the
price-cost margin of firm f in homogenous-product Cournot industry equilibrium
equals its market share divided by the elasticity of market demand:

Py 5 3)
Iz 3

Here, p fis the firm’s price, ¢ its marginal cost, and s, its market share (i.e., share
of industry sales revenue s, = pq/¥pq). The industry price-cost margin m is, in
general, a weighted average of the firms’ price-cost margins, with weights equal
to market shares:

mzz(p.f_cf)qf =z(lpf_cf) Prdy =2(pf_cf)sf.

4
2pq; Py 2P, Py

So in the homogeneous-product Cournot equilibrium, industry price-cost margin
equals the summation of squared market shares, or Herfindahl index, divided by
elasticity of market demand:

Zé : 5)

I observe Herfindahl indexes H, annually for each of the seventy industries,
drawn from the Japan Fair Trade Commission data archives (JFTC 1974, 1975;
JFTC, www.jftc.go.jp/ruiseki/ruisekidate.htm; Senou 1983). For each industry i, I
regress these on the price-cost margin series m, as described by:

Model 1-Cournot: m =, H, + el , t=1,..,T, 6)

where el is a stochastic error term. In accordance with the theory I impose a zero
intercept.

An alternative formulation (call it “Model 2—Bertrand”) is that each firm is in
effect an independent monopoly, and the industry price-cost margin is simply a
weighted average of the reciprocal demand elasticities facing each firm, the weights
corresponding to market shares. If the demand elasticities facing each firm are
similar to one another, then the industry price-cost margin is the reciprocal of that
demand elasticity and this remains true even as the market shares of firms vary in
response to innovation and changing input prices. Under this framework, for each
industry i, we have:

Model 2-Bertrand: m, = 3 + €2, t=1,..,T. @)
Yet a third specification nests the two previous ones:
Model 3-Hybrid: m =, + B, H, + €3, t=1,.,T. ®)

It is possible to construct an example that supports the Hybrid specification.
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Suppose that firms in an industry are selling both to loyal customers who either buy
from their one favorite firm or not at all, and to less loyal customers who only buy
from the firm with the lowest price. Each firm may have its own loyal customers.
If the firms are price discriminating, charging higher prices to loyal customers,
while acting as Cournot oligopolists in selling to the price-conscious customers, it
can lead to Model 3. It is a kind of hybrid of Bertrand and Cournot. In particular,
if the fraction A of each firm’s own sales that are to loyal customers is the same
fraction for all the firms, and the firms are price discriminating as just suggested,
then the price-cost margin of firm fis:

& (1- k)s’ )
& g

where & is the demand elasticity of the loyal customers and & is the market demand
elasticity in the Cournot segment. The industry price-cost margin is

(1 )»)H
él N
This is one motivation for the Model 3.
For each of the seventy industries in the sample, I next construct specification

tests for pairwise comparisons among the models, and from these statistics construct
an overall likelihood for each specification for each industry.

(10)

Specification Tests
Non-nested Alternatives: 1-Cournot Versus 2—Bertrand

I estimated both the 1-Cournot and 2—Bertrand regressions for each industry using
maximum likelihood, here equivalent to ordinary least squares (OLS), and also
computed the value of log likelihood function for each. (Note that log likelihood
= —n/2 In(2nSSE/n) —n/2). These results are represented in Appendix Table Al.
The two alternative specifications here are non-nested. Accordingly, I draw on
the work of Vuong (1989) who proposed a likelihood ratio test statistic for model
selection among nonnested alternatives. The Vuong statistic is a normalization of
the likelihood ratio that is asymptotically distributed as a standard normal variate
under reasonable conditions. Specifically, denote the value of the log likelihood
for a single observation by

L= 2nSSE _ ne;
Ty n  2SSE | (11)

The value of log likelihood function for a regression specification is the sum
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of L, over all observations i. The Vuong statistic for comparing two alternative
nonnested specifications (1-Cournot and 2—Bertrand) is with obvious notation
defined as follows:

L1-L2

Vuong statistic =

These Vuong statistics and log likelihoods of the alternate specifications are
reported in Appendix Table A2. In only nineteen of the industries did the likelihood
function favor Cournot over Bertrand. In only ten of these did the data clearly dis-
tinguish between the two specifications (i.e., at the 10 percent significance level),
based on the Vuong statistic. The ten industries are:

Bicycles

Jute Yarn

Manmade-graphite electrodes
Ordinary steel pipes and tubes
Records

Storage batteries

Sugar

Synthetic rubber

Thermos bottles

Wheat flour

There were far more industries, forty-four in all, in which the likelihood ratio
strongly favored the Bertrand specification over the Cournot one (again, at the 10
percent significance level). That leaves sixteen industries for which the Vuong test
fails to distinguish between the 1-Cournot and 2-Bertrand specifications, at the
10 percent significance level.

Nested Alternatives: 3—Hybrid Versus 1-Cournot, or 2—-Bertrand

The 3—Hybrid specification nests 1-Cournot and 2—Bertrand. Specification tests
between Hybrid and Cournot, and between Hybrid and Bertrand, are based on the
t-statistics for the intercept and slope coefficients in linear regression of price-
cost margin on the Herfindahl index (the Hybrid specification). These estimates
are reported in Appendix Table A3. The statistical test between the Cournot and
Hybrid specification is the p-value for the null hypothesis that the intercept in
the Hybrid specification is greater than zero. This p-value is the area under the
t-distribution, to the right of the #-statistic, for estimated intercept in the Hybrid
specification. It represents the likelihood that the intercept is positive and so
the Hybrid specification is superior to the Cournot specification in which the
intercept is zero.

Similarly, the statistical test between the Bertrand and Hybrid specification
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is the p-value for the null hypothesis that the slope in the Hybrid specification is
greater than zero. This p-value represents the likelihood that the slope is posi-
tive and so the Hybrid specification is superior to the Bertrand specification in
which the slope is zero.

The results are these. At the 10 percent significance level, the Cournot speci-
fication was better than Hybrid for only one of the industries cast iron pipes and
tubes. One other industry records just missed at the 10 percent significance level.
For thirty-eight of the industries, the Hybrid specification was better than Cournot,
at the 10 percent significance level. For seventeen of the industries, the Bertrand
specification is better than the Hybrid at the 10 percent significance level, and for
fifteen of the industries the Hybrid specification is better.

Likelihoods of Each of the Three Specifications

From the three pairwise tests among the different specifications, I now construct
likelihoods of each specification, using Bayes’s rule. Models “1,” “2,” and “3” are
mutually exclusive. Denote the probability that model 1 is the true one by P(1).
Let A =not I, B=not 2, and C = not 3. Denote by P(CIB) = P(11B) the conditional
probability of C, given B.

The pairwise comparisons among the three models are each premised on removal
from consideration of one of the three models. So for example the Vuong test of
likelihood of 1-Cournot versus 2—Bertrand presumes that those are the only two
possibilities; the likelihood of the 3—Hybrid model is zero (P(C) = 1). Similarly,
my interpreting one minus the p-value for the #-test that the regression intercept
is positive as a likelihood of 1-Cournot versus 3—Hybrid presumes that the slope
of the regression line is positive; the likelihood of the 2—Bertrand model is zero
(P(B) = 1). And interpreting one minus the p-value for the #-test that the regression
slope is positive as a likelihood of 2—Bertrand versus 3—Hybrid presumes that the
intercept of the regression line is positive; the likelihood of the 1-Cournot model
is zero (P(A) = 1). These prior presumptions cannot all be true because they are
mutually contradictory. To form a single consistent set of posterior probabilities
of each of the models based on all three pairwise statistical tests thus requires a
modified set of prior probabilities.

I propose the following. In constructing the likelihood of 2—Bertrand based
on the #-test that the regression slope is positive, use the likelihood of 1-Cournot
based on the Vuong test as the prior probability of not-Bertrand P(B). And in
constructing the likelihood of 1-Cournot based on the 7-test that the regression
intercept is positive, use the likelihood of 2—-Bertrand based on the Vuong test as
the prior probability of not-Cournot P(A). Construct the likelihood of the 3—Hybrid
model as one minus the posterior likelihood of 1-Cournot and 2—Bertrand.

In my notation, P(BIC) is the likelihood of 1-Cournot versus 2—Bertrand based
on the Vuong test, which is premised on P(C) = 1. Bayes’s rule is:
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P(BIC) = P(CIB) P(B) / P(C), (13)
but if P(C) = 1, then this reduces to:
P(BIC) = P(B) = P(1). (14)

Let us take the Vuong likelihood statistic as a prior probability of not-Bertrand
P(B) or not-Cournot P(A) in interpreting the #-tests. So, for example, the #-test that
the regression intercept is positive tells us the likelihood of the Cournot model,
only given that the Bertrand model has zero likelihood P(11B). In Bayes’s rule the
unconditional posterior likelihood of 1-Cournot is:

P(1) = P(11B) P(B). (15)

My proposed use of the Vuong likelihood of 1-Cournot as the prior probability
of not-Bertrand P(B) here means that the posterior likelihood of 1-Cournot equals
the likelihood of 1-Cournot versus 3—Hybrid based on #-test that the regression
intercept is positive, times the likelihood of not-Bertrand based on the Vuong test.
Analogously, my constructed posterior likelihood of 2—Bertrand equals the likeli-
hood of 2—Bertrand versus 3—Hybrid based on the #-test that the regression slope
is positive, times the likelihood of not-Cournot based on the Vuong test:

P(2) = P(2IA) P(A). (16)

The likelihoods of each model, computed in the way just described, are reported
in Table 1. 1-Cournot is the most likely for five of the industries, 2—Bertrand is
the most likely for thirty-five of the industries, and the 3—Hybrid specification is
the most likely for thirty of the industries. The five for which Cournot is the most
likely are:

Cast iron pipes and tubes
Jute yarn

Records

Sugar

Thermos bottles

If we consider only the eighteen industries for which the likelihood of one
specification was at least 90 percent, then there were eleven for which Bertrand was
preferred, seven for which Hybrid was preferred, and none for which Cournot was
preferred. Records just misses with 89 percent likelihood of Cournot. A summary
of the results for all the specifications is in Table 2.

Some statistics describing the five industries for which the simple Cournot
specification was the most likely are shown in Table 3. And comparable statistics
for the eleven industries with likelihood of Bertrand specification greater than
90 percent and the seven with likelihood of Hybrid specification greater than 90
percent are in Tables 4 and 5. The statistics in these tables include reciprocals of
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20 THE JAPANESE ECONOMY

estimated coefficients for preferred specifications, average Herfindahl index,
average price-cost margin, and elasticity of output with respect to labor from the
estimated Cobb—Douglas production functions. None of the differences in aver-
age among the Cournot, Bertrand, and Hybrid groups, for Herfindahl, price-cost
margin, and labor elasticity, are statistically significant, based on a #-test. The
reciprocals of estimated coefficients for the Cournot and Bertrand specifications
represent implied elasticities of market demand. This elasticity of demand ranges
from 0.4 to 3.0 for the five putative Cournot industries and from 2.2 to 50.0 for
the eleven Bertrand industries. The Bertrand industries generally face more elastic
demand than the Cournot industries. The reciprocals of intercept and slope for the
Hybrid industries represent weighted elasticities of demand, the weights being
the reciprocals of fraction of sales to loyal customers and others. Because we
cannot infer these weights the estimates are not easy to characterize.

Conclusion

The homogeneous-product Cournot model is a good starting point for thinking
about many topics in industrial organization. The reasons are many. The model is
simple yet elegant, in that it represents the unique Nash solution to a well-defined
game. It can be manipulated easily and comports with common-sense notions of
the way prices, profits, and market shares might respond to mergers, technologi-
cal advance, entry, and exit. But as industrial organization specialists turn toward
econometric analysis, the simple Cournot model is a lot less useful. For example,
the Berry, Levinsohn, and Pakes (BLP) approach to intra-industry demand estima-
tion presumes Bertrand pricing. With the wide application of the BLP technique
over the past few years, the presumption seems to have settled in that the typical
industry actually is best regarded as one in which price-setting firms face dif-
ferentiated demand. The simple, homogeneous product Cournot model, so useful
for algebraic explorations, is not in fact empirically apt. Or is it? If the simple
Cournot model did represent an actual industry very well, how would we know
that? And how rare are such industries? In fact, are there any such industries? This
study has taken a modest step toward answering these questions. And the answer
is that four-digit SIC manufacturing industries that have some segments that are
homogeneous-product Cournot industries may not be so rare. Ones that are wholly
homogeneous Cournot industries probably are rare.

This study explored a panel data set matching establishment-based production
statistics from Japan’s Census of Manufacturers with wholesale price indexes from
the Bank of Japan (BOJ), and Herfindahl indexes from the JFTC. The data include
annual observations over the period 1961-90 for seventy industries at the four-
digit SIC level. I estimated Cobb—Douglas production functions and used these to
construct annual time series for price-cost margins in each industry.

Industry price-cost margins in only 7 percent of the industries varied with temporal
changes in Herfindahl index as the simple Cournot model would predict. Far more
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of the industries, 50 percent of them, exhibited stable price-cost margins as indus-
trial concentration fluctuated, as the product-differentiated Bertrand model might
predict. The remaining industries were a hybrid of Cournot and Bertrand. From
this sample, the modal Japanese manufacturing industry is a product-differentiated
Bertrand industry in which the seven or so major firms each face a demand with
elasticity of ten or greater.
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Appendix: Data Sources

I'have constructed a panel data set by merging 1961-90 calendar-year observations
from three different sources for the intersecting subset of four-digit SIC industries,
of which there were seventy.

From Japan’s Census of Manufacturers: Report by Industries, listed in the
references under the author definition the Ministry of Economy, Trade, and Indus-
try (METI), we draw value-added, value of shipments, employment, wages, and
book value of fixed tangible assets. The book value of tangible assets is observed
for establishments employing ten or more. All other items are for establishments
employing four or more. The book value of tangible assets is observed at the
beginning of the calendar year. These data and continuation of like data through
2002 are available for downloading from the Web site of METI, www.meti.go.jp/
statistics/kougyou/arc/index.html.

From two published sources and a Web site we compile observations of Herfin-
dahl index of industrial concentration of production. The two published sources are
JFTC (1975) and Senou (1983). These data are collected by the JFTC in fulfillment
of its charge under the antimonopoly law. The two sources comprise overlapping
time series, respectively: (1960-72) and (1971-80). The series are continued
(1975-2002) in data posted on the Web site of the JFTC from which I was able to
extend my data through 1990, www.jftc.go.jp/ruiseki/ruisekidate.htm,

The FTC observations on Herfindahl indexes, both from the published sources
and the Web site, represent the summation of squared shares of industry produc-
tion for nearly 500 industries. These data are, in principle, shares of physical units
produced, not shares of revenues. But apparently for many of the industries a
production index is used in lieu of physical units.

Finally, I collect the monthly observations of wholesale price index series for
each commodity, from the BOJ for 1962-90. Monthly data from 1985 on are avail-
able in electronic format from the Web site of the BOJ, www.boj.or.jp/en/type/stat/
dlong/index.htm.

Earlier data were drawn from the BOJ serial Price Indexes Annual. From these
sources, I converted linked series to common 1980 base-year units and calculated
calendar-year averages for each.

The three sets of data correspond to imperfectly matched industries. I was able
to identify an overlapping subset of seventy four-digit industries with observations
from all three sources (corresponding to the four-digit SIC level in the Census of
Manufacturers). In the current study I dropped the four of these for which average
price-cost margin was negative, leaving seventy industries in all. This is a relatively
small subset of any of the three sources. For example there are about 450 industries
for which the JFTC reports Herfindahl indexes and more than 1,000 commodities
for which the BOJ tracks wholesale price indexes. And Japan’s Census of Manu-
facturers identifies around 700 four-digit SIC industries.
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