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The tax incidence falling on consumers depeénds on the markel structure.
¥hile the effect of market structure on tax incidence has been examined theo~
reticalily, we are unaware of any empirical research in this area.! This paper
estimates market structure and tax incidence in the Japanese television mar-—
ket.

We bellieve there are four reasons why this research is useful. First, we
demonstrate theoretically and empirically that tax incidences eon consumers can
and do exceed 100% in oligopolistic industries.

Second, that tax incidences exceed 100% is of practical importance as well
as academic interest, since tay incidence 1s ilmportant in determining whether
dumping has occurred under U, 3. law. Current law requires that the U, &.
price be raised to reflect the incidence of the tax that falls on consumers in

the foreign market before comparing the U.5. and foreign prices.z Since dump-
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'see Robert L. Bishop {1968) Davidson and Martin (1985), Seade (1985), and
Wright (1987).

“Section 772(d)(1)(C) of the Tariff Act of 1920, as amended, 19 U.5.C. Section
1677a(d}(1)(C), and Section 353.10 of the antidumping regulations provide
that, in caleculating dumping marginsg, the Uepartment of Commerce, Internation—
al Trade Administration (ITA) shall increase the U,3. price of the import in
guestion by:

", .. the amount of any taxes imposed in the country of exportation d4i-

rectly upon the exported merchandise...which have been rebpated, or which

have not been collected, by reascn of the exportation of the merchandise

te the United States, bub only to the extent that such taxes are added

Lo or included in the prics of such or similar merchandise when sold in

the country of exportation..."
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ing is only plausible in markets that are not perfectly competitive, estima-
tion techniques that ignore market structure are biased.3? This paper exanines
the size of the biases inherent in such an analysis,

Third, the incidence of the tax determines whether it pays for & firm to
export substantial quantities. Since Japan's 15% ad valorem tax on luxury
consumer durables is forgiven when they are exported, the higher the tax
incidence falling on firms, the more firms would export, all else the same,

Fourth, we derive measures of market structure and test whether the Japa~
nese television market is competitive, Nash-Cournoct, or ccliusive, Our theo-
retical approach differs in some details from earlier approaches and this
study is the first empirleal examination of the Japanese television market.
Eariler empirical papers have either estimated market structure based on
aggregate data (e.g., Appelbaum (1979, 1982}, Just and Chern {(1980), Sumner
{1G81)) or on fully disaggregated data (e.g., Iwata (1974) and Callop and
Roberts {(1979)). We use data on some but not all firms and industry aggregate

data to estimate market structure.
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BIn a number of recent cases, studles of tax incidences have assumed perfectly
competitive, linear models. For example in a recent television case, George-
town Economic Services, "The Economic Theory of Commodity Tax Passthrough and
Absorpticon in Home Market Sales of Japanese, Korean, and Taiwanese CTV's {sub-
mitted by Collier, Shannon, Rill & Scott on August 18, 1988 to the Department
of Commerce} claims that tax laecidencs can be correctly calculated using &
linear supply and demand framework. They note that this technique wa

a Keorean plano case (apparently Grand and Upright Pilancs from the Repuplic of
Korea; Final Determination of Sales at Hot Less Than Falr Value; 80 F

27,561 (September 16, 1985)).




The standard approach to estimating tax incidence is to assume a competi-
tive market stiructure, estimate supply and demand elasticities, w and n, and
then lecally approximate the tax incidence as «/{w * n) where the elasticities
are measured at the equilibrium in the absence of a tax.

Such an approach cannot be used in noncompetitive markets since the mean—
ing of a supply elasticity ls ambigucus. In cur approach, a general model is
estimated that allows for either competitive or noncompetitive behavior. The
tax incidence is then calculated based on the relevant market structure.

We start our discussion by using an oligopolistic model to illustrate the
bias that results when tax incidence is incorrectly calculated under the
maintained hypothesis of competitive behavior. In the second section, we
discuss how dabta availablility determined our implementation of the theoretical
model. In the third section, we present twe variants of cur theoretical
models the "aggregate" and the "disaggregate" models. Each of these models iz
then applied to estimate the market strugture and the tax incldence in the
subseguent sections., The results are summarized and conclusions drawn in the

iast section. The data are discussed in an appendix.

Biases Caused by Inappropriately Assuming Competition
To motivate our approach that estimates market structure, we use a stan~
dard conjectural varaticns model to illustrate the blases from inappropriately
assuming competition, For now, we assume that there are n identical firms

ccllectively producing © units of a homogeneous product that sells for price

The approximaticn is exact if the supply and demand curves are linear,



p{Q}.> In the symmetric equilibrium, each firm produces g = Q/n units at a
varizble cost of C(g). If an ad valorem tax rate of t is Imposed, firm i's

profits are

Wi = (1 - t)p(@)qi - C(qi) "

The firm maximizes its profits by choosing q; such that,

(1 = eyp@@)y + (1 + A)qip‘(Q)} - c‘(qi) = 0, (2)

where 1 + & = dG/dq; is firm i's constant conjectural variation. Equation (2}
says that each firm sgets after~tax marginal revenue equal to marginal cost.
Those readers who dislike the conjectural variation concept may prefer to
interpret i as an index of market structure. The values of % of -1, 0, and
n~1 determine, respectively, the competitive, Nash-Cournct, and collusive
enquilibria.

If t varies during the sample period, it would be possible to estimate the
tax incidence using a reduced form model. Unfortunately, in most empirical
investigations, there is little variation in the tax. Thus, it is necessary
to estimate a structural model and then simulate the effect of the tax,

An economist inappropriately assuming competition estimates a supply

equation using the lirst~order condition:

0 - tip(Q) - k’{qi) = 0, (z%)
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where k' is an individual firm's marginal cost. Equation (2') says that
after-tax price eguals marginal cost. Due to the assumed lack of variation in
t, the economist mistakes k' for ¢'., Given the historical t and the constant

Ay

k'(g) = c'{q) = (1 = (1 * Map'(nq) = n(q,t), (3)

wnere the identity is in g. That is, due to falsely assuming competition, the
ecenomist estimates a marginal cost curve that is tco high: k'(g) is higher
than c¢'(qg), since demand curves slope down (p' < 0).

The effect of a change in t on ¢ and p obviocusly differs depending upon
whether the correct model or the competitive model is estimated. In the

correct model, by totally differentiating {2), we obtain,

Pt

t  h¥*(q,t)’ )
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where h¥{(q,t) = (1=tinp'=h, < 0 for stability; hg = ¢"=(1-t)[Qp™p'I(1+}); and

i8N

he = (1+x)gp! 0, where equality holds only if the market is competitive (x =
-1y, From (2}, the estimate of dg/dt obtained under the competitive assumption

ig p/h*, which 18 greater in absclute value than the true value given by (4).

Let Py be the predicted price at a tax rate of O under the oligopolistic
modeld where A 1s correctly estimated and p, be the comparable price where
competition is assumed so that A = ~1, Since demand slcopes downward, Py ¥ pe

for 4 » =1, If the observed price is p, the estimated incidencs bporne by

consuners 1s



I, = s (5)

for 1 = ) {the correct model) or 1 = ¢ (the competitive model with X = ~1).

From these definitions and the inequality in prices,
> (6)

for A > ~1.0  That is, the maintained assumption of competitive behavior glves
an upwardly biased estimate of tax incidence when the assumpticn is false,l

In a dumping case, were the tax incidence to be incorrectly estimated
under the competitive assumption, a finding of dumping would be less likely
than if the correct model were used. Since dumping is only profitable in the
presence of markebl power, the assumption of c¢ompetition in such cases is

bizarre.

The Cheice of Models
Since failure to properly model markel structure leads to blased estimates
of tax incidence, we estimate market structure and tax incidence based on a
flexible model. Using data on a firm's input levels, Input prices, and cut-
put, and aggregate data on demand variables, we Jolntly estimate parameters

for demand, technology {(cost), and market structures. These estimates are

gimple graphical illustration of this result is shown in Perloff (1987) for
the collusion.

.
‘Seade (1985} and Wright (1987 show that under oligopoly the tax incidence
borne by consumers may exceed 100%Z. A necessary condition for this result is
that n, < 0, his inequality and the assumption that % = -1 {perfect competi-
tion) imply concave costs (see equation (3)), which 1s inconsistent with the
agsumption of perfect competition.



used to calculate eguilibrium prices for different tax rates and tax inei-
dence. This indirect approach to estimating tax incidence is used, since
there Wwas not variaticon in ftax rates during our sample perigd,

Our appreach to estimation is determined by two data deficiencies, First,
the detaliled dats necessary to estimate costs functions were only available
for firms representing half the total market 8 Second, industry-wide data by
type of color or black and white television sets are not available. Unly data
for total color and total black and white televisions are reported (details on
the data set are presented in the appendix). Given this limited cdata set,
market structure and tax Incidence can only be estimated 1f strong assumptions
are made,

We use two similar models ©O estimate tan incidence: the "aggregate" model
and the “"disaggregate" model., In the aggregate model, we assume that all
color televisions are identieal as are all black and white sets.? That is, we
aggregate across types of televisions, though not across firms. We simultane-
ously estimate four equations: the demand for color szets, the demand for black
and white sets, the cost function for color sets, and the cost functicon for
black and white sets. While this aggregation assumption is probably unreslis-
tic, this model is simple and does not recuire strong additional assumptions

in order to estimate tax incidence.

BThe data used in this study were obtained by the Commerce Department for use

in their investigation of possible dumping by Japanese televigion firms, In
the following, we purpcsefully do not name the firms nor supply enough infor-
mation 8¢ that one could infer which firm i3 which., Similarly, we do not list
raw data. The studies reported here are part of the public record so that
interested parties can check our wWork.

g . . - i - :

Az reported in more debtzil below, we were unable to reject the hypothesis that
the cross—price elasticities bebween color and black and white sets are zero,
Trerefore, we model the plack and white and the color markets as senarate,



In the disaggregate model, we recognize that there are varicus types of
television sets. Cur dats set divides televisions by size (small, medium, and
large cclor and black and white sets) and differentiates color sets by stivlie
{("plain" and “fancy"), s0 there are six types of color sets and three types of
black and white sets.!0 This model is more complex than the aggregate model
since more equations must be simultaneously estimated and stronger assumpticons
must be made 1in order to calculate tax incidence,

Thus the aggregate model uses weaker assumplions and 15 easier to model,
but its estimates may be incorrect 1T all sets are not identical in both
production and consumption. The disaggregate model allows for cost technology
differences across types of sets, but the estimate of tax incidence depends
more heavily on how we have modeled and estimated market structure., While we
believe the disaggregate model is richer and more reasonable, we present both

models so that readers may draw their own conclusicns.

Theory
Both our aggregate and disaggregate models are based on the conjectural
variation model described above, bubt we now azilow for nonidentical firms.
Fach assumes a firm maximizes its profits, equation (1), by choosing its
cutput according to the first-order condition, eguation (2). Both models

assume the same log-linear functional foram for demand and cost Tunctions.

10a .- . o .
Small sets are less than 13" (diazgonsl measure), medium are 13 to 18", and

large are 19" and above, bubt not including prejection televisions, Fancy sets
have stereo, remote control, or electronic tuning.



If we had data for all firms and types of televisicns, we could estimate a
complete set of equations including separate conjectural variations for each
pair of firms. Our data set includes data for only some firms and industry
aggregates. Thus, in both our approaches, we assume symmetric assumptions
across firms, As a result, we can estimate market structure and incidence

using data from only one firm and the industry aggregates,

The Aggregate Model

In the aggregate model, we use the same approach in analyzing both the
color and black and white television markets, s¢ in the following discussion,
we only refer to televisicons., For each market, we estimate a demand eguaticn,
a cost equation, and then use the behavioral assumption to determine the
market structure and the tax incidence.

We can rewrite the first-order condition, equation (2}, as

(1= 0@ = e' (@) . _,. .
selt = opray - T A (7)

where s = g/Q is the firm's share of the markef and e is the price elasticity
of inverse demand (see equation (8) below).

Az mentioned above, the parameter X can be simply infterpreted as an index
of the markup of price over marginal cost. This model allows for competitive
behavior (i = =1}, oligopolistic (-1 < & < [1 = s]/s) and cartel hehavior (i =

1 - sl/sy.1!

it all Tirms are identical, the tests en A provide
3 for mar
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In order to calculate tax incidence we requirs

Assumpticn 1+ The szhare, s, ls independent of Q.

issumption 2: The conjecture {or measure of market pcwer), A,

iz independent of 4.
Assumption 1 states that the aggregate behavior of other firms parallels that
of & given firm. This assumption is weaker than assuming all firms are iden-
tical or behave identically. Given assumption 1, assumption 2 can be replaced
by the assumption that the markup is invariant to the tax.

The equilibrium priece is a funetion of the tax: p = pl{t). Tne tax inci-
dence, Ly(t) [henceforth, I{t}l, defined in equation (5}, is a function of the
tax and demand and cost lactors.

In order to be able Lo estimate, the demand function ig assumed to be

log=linear:

p = AQS, (8)

wnere p i3 a price index for television sets and A is a shift function that
depends on income and time trends., A firm's cost function is also Cobb-

Douglas:

elq) = 3q, (9)

where B is a function of factor prices and time trends.
Substituting (8) and (9) into (5} and simplifying, the tax incidence lis:

el Llve=Yi,
; d

(L) =4 . {107

1
s
1
P
et
t
ot ict
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Thus, the tax incidence, I{(t}, does not depend explicitliy on i, although it
varies with t. It may, therefore, appear that i is superflucus. Such a
conclusion is unwarranted, If we nad falsely assumed i = -1, then, Lthe esti-
mated of £ and Y would be biased, resulting in a biased estimate of I(t), as
discussed above. Moreover, we could express (10) explicitly as a function of
A, We eliminated ) in (10} by using ecquations (7)), (8), and (9) to express i
as a function of e and Y.

In summary, to calculate the tax incidence using the aggregate model, we
simultaneously estimate equations {(8) and (9). We then use the parameter
estimates of ¥ and ¢ to calculate X and 1{f) using equations (7} and (10). Both
A and I(t) are nonlinear functions of the estimated parameters, so we calcu-
late confidence intervals on them using Taylor expansions around the point
estimates.

From equation {10), the tax incidence is less than 100% if Y > 1 (decreas-
ing returns to scale), equal fto 100% if ¥ = 1 (eonstant returns to scale), and
greater than 100% if Y < 1 (increasing returns to scale). The constant elas~
ticity of demand and cost make the formula for x and I particularly simple.
However the choice of function forms in (8) and (9) was tested in the statis-
tical analysls, as reported below, and was nct chosen solely on the bases of
convenience, If a more general demand function had been used, tax incidences
in excess of 100% would alsc be possible with v » 1.12
;5;;;;;—2;;%;§Mand Wright {(1987) show that tax inclidences in excess of 1009 ars
possible given encugh curvature of the demand curve, Sufficient curvature is

net peossible given a Cobb-Douglas speciflcatlion, so in our estimates, inci-
dences above 100% can only result from increasing returns to scale..



Disaggregate Model

If cost and demand conditions vary across types of television sets, aggre-
gation across types of seb may bilas estimates of tax incidence. As a result,
we now consider z disaggregated model where cost funetions vary by type:

c (¢ ' 11
i(Qi} Biqi’ (11

i

where i indexes the type of television set and B: is a function of factor prices
and time trends.

Ideally, one would similarly estimate separate demand equations corrs-
sponding to the various types of sets. Since our datsa seb only containsg
information on total ceolor television sets, we estimate a single demand equa~
tion {8} jointly with the cost equations (11). We assume that the demand for

television type i is:

o, = A.Q . (12)

That is, we allow only the intercept and not the demand elasticity to vary
across sets. The elasticity, e, is obtained from estimation, while the shift
parameters A, are calculated to egual firm i's average price for television
type 1 divided by the average total quantity ralised to the ¢ power. Thus,
equation (8) is still the overall demand curve, where A is appropriately
defined uzing {12).

The firm's problem is to choose the G; to maximize profits:



The conjectural variations are defined by ¢Q7dg; = 1 + )y, Using the

definitions 8y = g;/Q (the share of the firm's line with respect to all color
televisions}, the firm's {irst-order conditions may be written as:

(%“t)pi - C;(qi} )

e(1~t)Ip,s, = -G Ai)‘ {14)
33

If the market is perfectly competitive, Xy = -1 and priee (after tax)

equals marginal cost. If the firms have formed a cartel, i; =

e =
Eﬁjgj/zﬁij, where Q3 is the total production of television type j by other
firms., If the other firms produce the televisicn types in the same proportion
as Cirm 1, then this condition becomes Ay = Xy = {1 = s8)/s, where 5 Is firm
its total share of the market across all types of televisions (s = Esj).
Again, these conditions on A; are necessary but not sufficient conditicns for
testing market structure singe the firms are not identical,

Daefine a weighted average "conjecture" as i = ZsjAj, where the welghts are

proportional to the market share of each type of television. By multiplying

both sides of (14) by 8; and summing over i, we obtain an expression in i:

LEMS-D- t} S,C‘. . ;

= ={5 + A}. (18}

In order to calculate the tax incidence we reguire assumplions analogous
to Assumptions 1 and 2 above:

Azsumption 3: The shares, s,

o
i3]
I
qt
s
jou]
o
{4

ke
@
o
o)
@
o)
ot
O
s
£

I

Assumption 4: The welghted average conjecture, i, 1z indepsnd-

ent of Q.
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Assumption 3 states that firm i's relative preduct mix, Qi/st and aggregate
cutput relative to industey output is independent of total cutput. Given
assumption 4, equaticn (15) states that the welghted average of the markup of
price over marginal cost for the various types of televisions is Independent
of the total quantity, and hence of the tax.

We can substitute for quantities in (15) using dj = 83Q, and
t/
Q= [D/AB E.-

from the demand curve {8), to obtain an implicit functicnal relationship be-
tween price, p, and tax, t. Since this relationship cannot be written as an
explicit function, the tax incidence canncot be written in clesed form., HNumer-
ical methods, however, can be applied to obtain a point estimate of the Inci-
dence and an estimate of the variance.

As was the case in the aggregate model, both the estimation of tax inci-
dence and of market structure can be conducted without interpreting X; as a
conjectural variation. The chlef advantage of such an interpretation is that
it implies that the market equilibrium is the result of maximizing behavior on
the part of the firms.

In the previcus model, the maximization hypothesis can be tested by check—
ing the second-order condition.!3 In the disaggregated model, it is not possi-
ble to check the second-order condition, since Assumption 4 is inconsistent

with the assumption that all Xy are constant. Assuming that the Ai's are

"SIn the aggregate model, using the conjectural variation interpretation, the
second-order condition for profit maximizatlion la:

(i-tipef2+(e - 1)s{1 + 1)1/Q — ¥(¥-1)a/q2.
If the less formal, "markup interpretation™ toe the aggregate model iz adopteg,
however,thers is ne underiving maximlization s¢ the zecond-order conditions
cannol be tested,
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constant would be inconsistent with a market equilibrium given the form of the
demand functions. Therefore, Ay must depend on Q. The nature of this depend-
ence, however, 1s unspecified; and given the limited data set it cannct be
estimated. Therefore the maximization hypothesis cannct be tested in this
manner, Thus maximizing behavior must be taken as a maintained assumption or

the athecretical "simple markup" interpretation adopted,

Comparison of the Two Models to the Standard Approach

Both our approaches rely on the assumption that the markup (or a weighted
average of the markup) is constant. This assumption may be incorrect, but it
cannot be tested given the avallable data.

The standard apprcach makes the same assumption of a constant markup, and
moreover olaims to know that the markup is zérc (the market 1s competitive}.
Cur models include the standard approach as za speclal case so that our ap~
proach is less restrictive, By alloewing the data to indicate the historical
markup, our models avoid a major source of biasg and are likely to provide more

reliable estimates of tax incidence.

The Estimations
We eatimate several systems ¢of equations based on both the ageoregate and
the disaggregate models. Both appreaches involve estimating market share and
tax incidence bhased on data for a single firm and the industry aggregates.
Given data for more than cne firm, we can estimate the models using each firm

and then compare the results.
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In most of the feollowing, we use data from two firms.'d Firm 1 and Firm 2
are two of the five largest firms in the industry. They provide data for
overlapping but not identicgal time periods. dMoreover, reither firm produces
all possible types of sets and each produces types of sets the other does not.
Thus, our abllity to compare results across the fwo data seis 1s limited.

Most of our discussion concerns sstimates based on data from Firm 1, the
larger of the twe firms. First, we estimate Lhe aggregate model consisting of
four equations: demand for color and for black and white televisions, equation
{8), and cost Functions for color and for hlack and white televisions, egqua-
tion (9). Second, we estimated the disaggregate model consisting of eight
equations: demand for color and for black and white televisions, equaticn (8),
cost functions for the five types of color televisions and one cost function
for black and white televisions, eguation (11).15

Later we also discuss other system of eguations used to test hypotheses
about the Firm 1 cost functions and to estimate the Firm 2 cost functions.

Data used in all estimates are discussed in the appendix.

lable for too short
lng our model,
ix.

b,

Data supplied by four other firms were more aggregate, avai
a time pericd, or in other ways unsultable for use in esthaﬁ
Those data are used in creating price indexes See the append

R"ﬁ- — a3 I
BFirm 1 produced only 5 of the & types of color felevisions for the entire
ample period and only 1 of 3 types of black und whnite set As & result,
here is i t Le alffer nee between the aggregate and disaggregate estimates
or ol

1
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The Specifications

Log=linear specifications are used for both the cost and the demand egqua—
tions. The cost functions are assumed to be Cobb-Douglas. Eguation (9) is
written as:

o~

2
+a,t e tt +altT o+ Y In q+ I 8i in Wt £es (6"

In C(g} = Gy 1 > 3

where g is the cutput of a particular type of television set {(color or black
and white In the aggregate model and a particular type in the diszggregate
model}, C{g) are the variable costs, t is a time trend (t = 1, 2, 3, ...), Ws
are the factor price indexes (wages, wholééale price index of semifinished
materials, the prime rate, and the wholeseale price index of fuel), Y is the
scale elasticity, and the B; coefficients equal the factor shares in cost so
they add to one, and £y is a random normal error term. We would have liked to
use 3 more general cost function such as the translog or the generalized
Leontief, but the limited number of observations (16: 1980:1 ~ 1983:4) pre-
vented us from using such specifications. Tests on the log-linear specifieca-

tion and the Cobb-Douglas restrictions on shares are reported below,

Tne demand funetion (8) for color sets is written as:

- 2 3
in QC = Vgt th + vet + v3t + vqln I+ ncln P, * nbln Ppt Eos (57
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where I is real disposable income, the subscripts ¢ and b refer to coler and
black and white sebs respectively, ng = 1/g, is the cwn—elasticity of demand
for color televisions, and £5 is a random normal error germ, 10 The black and

white demand function is the same with the ¢ and b subscripts reversed.

The Aggregate Model

Table 1 reports the three-stage least sguares estimates of the four equa~
tion system of the aggregate model. 7The Cobb—Douglas restrictions that the
coefficients on the factor prices equal that factor's share of total variable

costs are imposed.!7

16We would have liked teo included other durable goods as possible substitutes
but we had problems obtaining appropriate series. For example, the price
index for radic cassette tape recorders was constant and that for passenger
cars relatively constant for the entire period and there was no price index
for video tape recorders in tLhe early part of cur period., We therefore de-
cided that the constant term serves as a reasonable proxy for other durable
goods.

1?Instead of setting the coefficients equal to the average factor shares, one
can simultaneously estimate factor demand equations {the shares regressed on a
constant} and impeose cross equation constraints. While that 1s easy tc do
with a single cost function, when estimating a large system, the number of
equations become unwieldy. In the disaggregated model 273 eguaticons would have
to be estimated simultaneously. The results are virtually identical {(when
single eguations are estimated), 50 the loss from using thiz simpler approach
is probably negligible. When the alternative approach is used, the t-statls-
tics on the factor prices tend to be very large (often 50 or higher)., The
instruments used are discussed in the appendix.
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Based on this model, the aggregate color televisions are produced with
decreasing returns to scale {YC = 1,1846) while the black and white sets are
produced with increasing returns to scale (Yb = 0,93923), Apparently there
were substantial time trends in production costs that were not captured by
factor prices. Presumably, in part, these trends reflect technological pro—
gress and changes in institutional rules and laws over time.

Apparently color and black and white seis are not close substitutes. An
increase in one type of set's price does not have a statistically significant
effect on the type's guantity. Hence, as discussed above, we can examine the
two markets separately. As might be expected, cclor televisions have z rela-

tively elastic demand (n, = ~3.1909) while black and white televisions have a

K

less elastic demand {ny = -1.6855)., Color televisions are a superior good
{the income elasticity = 2.34) while black and white televisicns are an Infe-
rior good {the income elasticity = -2.41). Indeed, the quantity of black and
white televisions sold dropped in nalf from 1980:1 to 1983:4,

Evaluating at the means of the sample, Aq = 3.17 and Ap = 1.03. If the

industries were cartelized, Xy = (1 - s;)}/sj, 1 = ¢, b. If we normalize the

Ay omo that Ay ® hysi/(% - 837, then Ay = 1 corresponds to a cartelize indus-

4

try. Here, the polnt estimates are A, .13 and Ay = .44, The Wald test

statistic that the color television industry is cartelized Is 0.0019 with 1
degree of freedom {the critical value for the Xg(%) al the 95% level is 3.8&.18

The corresponding test statistic for the black and white industry is 0.093.

e o B i A ik Sy Gy e e e e e

18&11 the test statistics and standard errors reported in this paper are asymp-
tetic, Given the amall samples involved, they should be viewed with some
cauticon. Moreover the test statisties on nonlinear hypotheses are based on a
Taylor expansion approximation., As Lafontaine and Whnite (1986, pp. 38-40)
point out, the use of a x2 table in evaluating Wald statistics on nonlinear
tests can be misleading.



The Wald test statistics of the hypothesis that firms behave Cournct-Nash
are 0,25 and 0,067 for the color and black and white industries. The corre~
sponding statistics for competiticn are 0.45 and 0.35. Thus, on the basis of
this model we cannot clearly determine the market structure, though the point
estimates suggest that the color television industry 1s closer to cartelized
than the black and white industry and that neither is competitive. The sec~
ond-order sufficient conditions for profit-maximization are ~0.43 and -3.08 at
the sample means, so that these models are consistent with maximizing behav-
ifor.

Ort the basis of a Box-Cox test, we cannot reject the log-linear specgifica-
tion. Morecover, the Wald test statistic on the Cobb-Douglas restrictions on
the factor price coefficients for the color televisions is 2.28 with 4 degrees
of freedom (the ¥2(4) at the 959 level is 9.49), while the statistic for black
and white sets is 8.20. Thus, we cannot reject the Cobb-Douglas specification
on the basis of either of these types of tests.

As mentioned above, in the aggregate model, the tax incidence falling on
consumers does not depend on A explicitly. The estimated tax incidences for
the color and black and white markets are 96.0% and 103.4%, respectively. The
Wald test statistics (1 degree of fresedom) are 2367 for color and 1448 for
black and white against the hypothesis cof 0% tax incidence; while the corre-
sponding statistices against the hypothesis of 100% inecidence are 4,12 and
1.60, Thus, on the basis of these test (and subliect Lo the caveats mentioned
above}, we can reiect the hypotheslis that the incidence is 0% in either mar—
ket, We cannot reject the hypothesis that it iz 100% in the black and white
market, but we can reject the hypothesis in the color market, at the 95%

level,
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Disaggregate Model

The 38LS estimate of the disaggregate model are presented in Table 2. The
demand equations and the black and white cost equations are the same as in the
aggregate model. Not surprisingly, the results for these eguations are guite
similar. Again, the demand equations indlicate that it is appropriate to con-
sider the color and black and white markets separately.

Four ocut of five scale elasticity on the disaggregated color cost funce
tions, unlike in aggregation model's cost equation, show lncereasing returns to
scale (the exception is large, plaln sets). These results cast some doubt on
the aggregation model's assumption that 1t 1s appropriate to aggregate across
types of color televisions.'9

The Durbin-Watson statistic on the black and white demand eguation is
relatively high (as in the aggregate model), possibly reflecting a drop in
demand for black and white sets that is nol captured by price or time trend
effects. The Durbin-Watson on the large, fancy color televisions is rela-
Tively low. The other Durbin-Watson statistics are very close to 2.00.

On the basis of Wald tests, the Cobb-Douglas restrictions for the five
color types and the black and white cannot be rejected at the 97.5% level and
can only be rejected at the 95% level for the small, fancy sets and the large,
fanoy sets. As a result of these tests and the Durbin-Watson results, we
believe that the cost equation for large, fancy sets should be viewsed with

191? the underlying disaggregate cost functions are Cobb-Douglas, then the
aggregate cost functicn is not Cobb-Douglas. One mignht prefer to think of it
ag a first-order aporoximation to & general cost functicon. The Wald test
statistic that the five scale elasticities are equal is 31.6% with 4 degrees
of freedom, sc we have not 1lmposed eguallty across tvpes.



caution., 1T one estimates the log-linear cost functions without Cobb-Douglas
restrictions, the scale elasticities are virtually unchanged. Since the Waid
fest is an asymptotic test and possibly the eritical values are nigher than
the y2 table indicate, we chose to continue using the Cobb-Douglas restric-
tions hazed on theoretical considerations. Again, wée would have liked to
estimate more general cost functions, but we lacked sufficlient observations to
do s0.

Tne estimated values for the black and white i, at the sample means, is
virtually the same as in the aggregate model, 0.97. The estimated values for
the coler X5 at the means of the sample are shown in Table 3, as are the Wald
test statistics against various hypotheses, Based on these Wald test, and
subject to the usual caveatls, we can reject competition in all cases, includ-
ing black and whites {unlike in the aggregate model), Similarly, we can
reject Cournot~Nash behavior for all color types, bhut not for black and
whites,

It is not obvious what cartel behavicr means in this case. If, as the
estimates indicate, at least one firm is coperating in the increasing returns
£o secale portion of iis cost function {i.e., costs fall as 1¢ increases
output), then a profit-maximizing cartel would have firms speclalize in
particular lines. If one believes that Increasing returns are observed, but
that for institutional or legal reasons a cartel were unwilling or unable to
allocate the market in that manner, then the cartel would attempt to maximize
profits subject to that constraint. Were a cartel behaving in that fashioen,
then a weak test of cartellzation would be that the Xy were equal across all

iines. A stronger test would be that the iy = {1 - s)/s, as discussed above.
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The Wald test statistic of eguality across Ay (i.e., the weak test of
cartelization) is 27.02 with 4 degrees of freedom. The strong test, Wald
statistic is 562.60 with 5 degrees of [freedem. That is, on the basis of
elther test, we would reject the cartelization hypothesis.

These results indicate that the industry is olligopocliistic. 1t is not
perfectly competitive or perfectly cartellized. The peint estimates of the Ag
indicate that the industry equilibrium lies between the Cournot and the cartel
equilibria,

The inclidence of the tax {at a tax rate of 15%) that falls con consumers,
based on the disaggregate model, is 118.8%. The corresponding estimated
asymptotic standard error is 1.01%9. That is, the confidence interval is
tight, (116.8, 120.8). The incidence for black and white sets is 104.0 with a
959 confidence interval of (99.6, 108.4). Based on the Wald test statistics,
we would definitely reject the hypotheses that elther incldence is 0%. In-
deed, we would reject the hypothesis that it is as low as 100% in the color
market.

Table U summarizes the point estimates and confidence intervals for the
aggregate and disaggregate models., We can compare these results to those that
would be obtained given the assumption of compebtition. In this industry, the
gompetitive assumption 1s implausible since we find increasing returns to
scale., 1If we zssume competition and constant returns to scale, then the
consumer tax incidence would be 100%, regarcdless of the demand elasticity.
Such an estimate 1s not significantly below those of the aggregate model, bhul

i3 19% lower than the estimate of the disaggregated model for color sets,20

A O i o B it e i e S e T

dﬁin the theoretical sectlion, we showed that where there ls decreasing returns

to scale, ilnappropriately assuming the competitive model leads to an overesti-
mate of the consumer tax incidence., Here, where there is increasing returns
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Tests that Costs Depend on All Cutput

Our modeling ls simple Dbecause we have assumed that cosits only depend on
the quantity of a particular line of outpub produced. Costs are assumed £o be
independent of other output of the same firm. We tested thls assumption by
including in the cost function measures of the firm's cother output s01d domes—
tically and in the United States.el

For examplie, in the aggregate model, we fested whether black and white
sets sold domestically and in the United 3tates and color sets sold in the
United States also affected the cost of producing color sets. In all cases,
we individually and collectively reject the hypotheses that other lines affect
costs of producing color televisions for sale in Japan. Similarly we reject
the comparable hypotheses for black and white sets, Moreover, the coeffi-
cients on the own—output term were essentially unaffected when the additional

output terms were included.

to scale, the competitive assumption makes no sense, 1If we compare the inci-
dence given the assumption of congtant returns Lo secale and competition to the
more general model with Increasing returns, then the blas goes the other way.
This result, cbviously, does not contradict our theoretical resulis above,

2lye do net know how much they sold in countries otner than Japan and the United

States. In our tests, we added terms like &in 9, where g, is another type of
television or scld in the United states, to our log-linear cost specification,
equation. The ftest then is an asymptotic t-test on §.
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In the disaggregated model, conly 2 out of 24 of the additional gquantity
terms had ccoefficients that were statistically different from zerc individu-
ally.?2 e could reject the hypothesis that these 24 terms collectively
matter. We therefore continued fto maintain the assumption that only own

output affects costs for a particular type of televisicon.

Firm 2

We compared our results for Firm 1 to those from Firm 2 for color televi-
sicns., Firm 2 only produced threes types of ccolor television sets (medium
fancy, medium plain, and large fancy) for the entire period and no hlack and
white sets.

Firm 2's aggregate equation shows decreasing returns to scale (v = 1.128}.
Two of the disaggregate eguations show slight decrsasing returns to scale
(though not statistically different from constant returns), while one shows
slight increasing returns (statistically significantly different from constant
returns).

The estimated Ay for the disaggregate model are 11,482, 0.835, and 40.403.
The corresponding normalized A; terms are 0.512, 0.0111, and 0.401. The i for
the aggregate model is 9.458, and its normallized value 1s 0.66&6. The second
order condition for the aggregate model is -0.794, s¢ we cannct reject the

profit-maximization assumption.

220 ; - . . : . L .

5Gnly the olher color quantity term and the sets sold in the United States were
statistically different from zero according to asymptotic t-tests for the

large, fancy sets.
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The tax incidence falling on consumers {at ¢ = 15%) is 89.1% in the disag
gregate model and 956.4% in the aggregate model. Thus, even though Firm 2
sells far fewer sets than Firm 1, the estimates based on the two models appear
comparable, albeit the Firm 2 numbers reflect more decreasing returns to scale

and hence a lower tayx incidence on consumers.

Tax Incidence Varies with Tax Hate

Ahove, we have reported estimated tax incidences at the tax rate, 15%,
used Dy the Japanese. In both models, the tax incidence varies with the tax
rate. The calculations are done by compgring the price at a given tax rate to
that at a zero tax rate. Table 5 shows the calculated incidence at rates from
1% to 30% for Firm 1 color television sets.

The incidence falls under the disaggregated model as the {ax rate rises.
Thus, the ecalculated incidence at a tax rate of 1% is 3% higher than the
incidence at & tax rate of 309 under the disaggregated model, The incidence
slightly rises with the tax rate in the aggregate model. The incidence is

0.7% higher at a tax rate of 30% than at a 1% rate.

Conclusions
A number of new techniques and results are presented in this paper. First,
we show that tax incidences on consumers can substantizlly exceed 1007 in
oligopolistic marksts, Second, we develop a technigue to estimate market

siructure where one has information on some, but not all firms, and industry

aggregate information. Third, we find that the Japanese televislon industry

is oiigopoilistic;y and that 1ts structure probably lies betwesen Nash-lournot

and cqollusive.
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Fourth, we theoretioaslly derive the size of the bias on the estimate of
tax incidence from mistakingly assuming that the industry is competitive when
it 1s not. 1In our empirical work, we show that inappropriately assuming
competition and constant returns $o scale where the industry ls oligepolistic
and operating under increasing returns to scale, leads to an underestimate of
the consumer tax incidence by 19%.

In addition to being of academic interest, this research demonsirates that
studies used in dumping cases in the U. 5. that have assumed a competitive
structure probably produced biased results. This study demonstrates that
it is feasible Lo estimate market structure and tax incidence using a nmore

general approach.
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Appendix: Data

The data come from five firms, Japanese Governmental Agencies, the Inter-
national Monetary Fund, and Japanese trade asscciations. In the estimates
hased on Firm 1's data, the data cover the period 1980:1 (first quarter) to
1983:4 or sixteen time periods; while in the Firm 2 estimafes, the data are
for the period 1981:1-1985:4,

The output, cost factor shares, and scme prices come from Firm 1 (or Firm
2}, Our cost funciions use total variable costs, which are defined as the sum
cf labor, materizl, energy, and capital costs.23 For the aggregate model,
aggregate color quantity data are formed by taking a weighted average of the
various types of cclor televisions, where the weights are proportional to the
quantity of each type of set.

All price and ccst variables are deflated using the Japanese Consumer
Price Index (CPI) to obntaln real values, The CPI and most aggregate variables
used as instruments in the three stage least squares estimates reported below

come from the International Monetary Fund, International Financial Statistics,

National Disposable Income comes from the REesearch and Statistics Department,

The Bank of Japan, Economie 3Statistics Annual. The instruments include im~

ports, government consumption, manufacturing employment, the exchange rale,
and industrial production.

The total number of color and black and white sets so¢ld in Japan was
caleculated using & variety of data sources. Television shipments to the

Jdapanese domestic market are dstsrmined by taking total shipments and sub—

ggﬁhe coempanies zlao report a category called “"other costs," which ares not
included in variable costs., As these costs typiecally were substantially less
than 1 percent of total coste, ignoring these costs is unlikely to be a sig-
nificant issue.
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tracting exports. The data come from the Research and Statistics Department,
Minister's Secretariat, Ministry of International Trade and Industry, Yearbook

of Machinery Statistics and the Japan Tariff Asscciation, The Summary Report,

Trade ¢of Japan.

The retail price of Japanese color televisions are for the Ku-area of
Tokyo and come from the Statistics Bureau, Management and Coordination Agency,

Monthly Statistics of Japan. Since the definition of the representative color

television changed after March 1983, using the wholesale price index for color
televisions, an adjustment was made to create a consistent data series.2! wo
comparable black and white series was found so that a weighted average of Firm
1's and Firm 3's black and white prices were used, where the weights were {he
number of sets sold,22

The factor prices are the contract menthly wage, the Wholesale Price Index
{(WPI) of semifinished goods, the WPI of fuels, and the prime interest rate.
The contract monthly wage series was used since the tcotal monthly wage series
shows proncunced seasonality due to bonuses, We also tried substituting the
wholesale price index of raw materials for that of semifinished goods, buit the

estimates were virtually unaffected.

2u?he real color television prices (deflated by the Japanese CPI) for Firm 1,
Firm 3, and Firm 4 and the constructed retail price series are nighly corre-
lated {r¢ = .85, .96, .75}, so the adjustment is unlikely to have created
substantial biases. The correlations between firms are also fairly high.
ggThe average uses data from only these two firms since they were the only ones
to provide data for the relevant pericd. The correlation of the overall index
and the two firm's prices are substantislly lower than for color prices: re =
6 and L83 respectively. The prices between the two firms are virtually
uncorrelated, Thus, we have less confidence in the black and white price

index than In the color index.
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Table 1
353 Aggregate Model

Coefficients and (asymptotic standard errors)

Cost Quantity Demanded
Variables Color B & W Color B & W
Output 1,145 G.939
{(0.0654) {0.0433)
Wage 0.0396 0.0586
% %
WPI semifinished materiais 0,948 0.909
¥ *
Prime Rate 5,0100 0.0285
* *
WPI fuel 0.00193 0.00L08
* %
Color television price ~3.191 -2.757
{0.607) (2,773
Black and White television =~0.171 ~1.686
price (0.123) {0.564)
Time 5.126 ¢.107 ~0,183 ~0.336
(0.0317) {0.0253) (0.C431) {G.192)
Time squared ~0,0202 ~0.0169 0.0121 G.0178
{0.00428) {0.00397) {.00350) {0,0154)
Time cubed 0.00077C 0,000640 ~(.000354 ~0. 00068
(0.000166) {0.000150) (0.000129) (G.00054T)
Constant 3.969 3.THT 23.297 32,705
(0.399) (0.152) (3.939)  (18.049)
Durbin-Watson 1.82 1.98 1.77 2.83
RZ petween observed and
predicted 0.960 0.9%6 3.976 0,845

System x2 =

¥  The factor price coeffliclents were restricted to

222.08 with 20 degrees of freedom.

equal the fa

ctor shares.



Table 2
35LS Disaggregate Model

Calor Cost B & W Demand
Small Medium Medium Large Large Small Color B & W
Plain Fancy Plain Fancy Plain Price Price
Variable Coefficients (asymptotic standard errors)
Cutput 0.845 0,520 0.8%G 4.4948q 1,131 T.927
(G.0131} (0.0683) (0.6285) (0.0280) (0.0428) (0.0317)
Wage 0.0417 0.04248 0.0321 0.0443 0.0482 0.0586
* * * * * *
WFY Semi-Finished 0.847 G.944 Q.986 0.941%1 0.935 0.903
Materials * % * * * *
Frime Rate 0,00858 0.0118§ 0.00858 0.0125 0.0138 0.0285
* * * * * &
WPl Fuel 0.00228 0.00211 0,00148 Q.60217 0.00237 0.00408
* * # * * *
Color TV Price -3.137 ~1.150
{0.500) (2.424)
B & W TV Price “0.177 -1.744¢
(0.103) {0.4497)
Disposable Income Z.414 -2.55%
(0.111) (G.5z28)
Time g.102 0,131 0.113 0.101 Q.130 0.110 ~3.183 -0, 2684
(D.02443 (0.0666) (G.0257) (0.0300) (0.05%0) (0.0280) {(0.0370) (0.172)
Time Squarsd -0.0170 -0, 0218 -3, 0185 -0.0177 -0.0188 ~0.0172 89.0123 0.0130
(G.00318) (0.00727} (0.00347) (0.00405) (0.00B13) (0.00379) (Q.20328) (0.0143)
Time Cubed 0.000646 0.000878 0.000740 g.oapva2 Q.000703 0.0G0849  ~0.000388 -0.000314
(0.000123) (0.C00279) (0.0600135) (0.000157) (0.000314) (0.000145) (C.000119) (D.000514)
Conztant 4.38484 4,737 4.519 5.286 5,380 3.283 14.45%3 16,258
{0.0519) (0.241) (0.0725) (3.0924) {0.213) (0.128) (3.030) (14.674)
Durbin-Watson 2.08 1.77 2.14 1.51 2.11 - 2.04 1.78 2.78
Rz betwoen obsarved
and predicted (0,998 T 0.807 G.988 0.984 0.991 0.998 0.878 C.840

System 42 =

509.48 with 36 degrees of freedom,

* These coefficlents are rostricted to egqual the corresponding factors’ share of cests,

“




Table 3
Market Structure Parameters in the Disaggregated Model

Wald Tests {1 degree of freedom)
A Competitive Cournot

Color Televisions:

Smail, Plain 1,42 20,45 7.65
Medium, Fancy 4,87 22.99 15.83
Medium, Plain 1,82 22,10 G.19
Large, Fancy $.30 25.71 20.66
Large, Plain &.07 1.9 8.7T
Black and White

Televigions:

Small 2.978 9,68 2.35

Hote: y<(1) at the 959 level is 3.34,




Table §
Consumer Tax Incidences
{Percentage)

95%
Model Confidence Point Confidence Intervals: ()
Interval Estimate Point Estimates: ¥
Disaggregate Model
Color {(118.5, 120.8) 118.8 (¥
Black and White 99,4, 108,4) 104,0 %
Aggregate Medel
Color {(92.1, 99.9) 86,0 { i )
Black and Wnite (98.1, 108.7) 103.4 ( * )
I U DU N PO DB S B
90 g5 1006 105% 110 115 120

Consumer Tax Incidence



Table 5
Tax Incidence varies with the Tax Rate

PR ~ L L. g 3
Consumer Tax Incidence (%
-

Tax Rate (%) Disaggregate Ageregate
H 120,14 45.59
2 120.04 95.71
3 118,85 85.73
4 119.85 95.75
5 118.758 85 .77
& 115.868 895.79
7 119.57 85.81
8 118,47 95,84
9 118.37 85.88

16 112,27 95.88
il 1ie.17 85.230
12 118.08 985.392
13 118.98 85,05
14 118.88 @h.487
15 118,758 95,29
18 118.65 96.02
17 115,54 26.04
18 118,453 86.08
13 118,32 86,08
20 118,21 g6.11

1 118,10 945.14
22 117.89 gg. 16
23 117.88 896.19
24 117.78 96.21
25 117,658 26.24
26 117.53 86.2¢
2 117.41 96. 29
28 117.2 28.31
29 117.17 86. 34
30 117.05 96 . 38




