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The tax incidence falling on consumers depends on the market structure. 

'tihile the effect of market structure on tax incidence has been examined theo- 

retically, we are unaware of any empirical research in tnis area.l This paper 

estimates market structure and tax incidence in the Japanese television m2r- 

ket. 

Ue Seiieve there are four reasons why this research is useful. First, we 

demonstrate theoretically and empirically that tax incidences on consumers can 

and do exceed 100F in oligopolistic industries. 

Second, that tax incidences exceed 100% is of practical importance as well 

as academic interest, since tax incidence is important in determining whether 

dumping has occurred under U. S. law. Current law requires that the U. S. 

price be raised to reflect the incidence of the tax that falls on consumers in 

the foreign market before comparing the U.S. and fcreign prices.2 Since dmp- 

----,-.,--------.- 
'See Robert L. Bishop (1968), Davidson and Martin (15851, Seade (1985), and 
Wright (1987). 

'Section 772(d)(l)(C) of the Tariff Act of 1920, as amended, 19 U.S.C. Section 
1677a(d)(l)(C), and Section 353.10 of the antidomping regulations provide 
that, in calculating duaping margins, the Department of Commerce, Internation- 
al Trade Ldministration (ITA) shall increase the U.S. price of the import in 
question by: 

"...the amount of any taxes imposed in the country of exportation di- 
rectly upon the exported merohandise ... which hrve Seen rebated, or which 
have not been collected, by reason of the exportation of the merchandise 
to the United States, but only to the extent thzt such taxes are added 
to or inciuded in the pice of such or siaiiar merchandise when scld in 
the country of exportation ..." 



i n g  i s  o n l y  p l a u s i b l e  i n  n a r k e t s  t h a t  a r e  n o t  p e r f e e t l y  c o m p e t i t i v e ,  es t ima-  

t i o n  t e c h n i q u e s  t h a t  i g n o r e  market  s t r u c t u r e  a r e  b iased .3  T h i s  paper  examines 

t h e  s i z e  of  t h e  b i a s e s  i n h e r e n t  i n  such  an a n a l y s i s .  

T h i r d ,  t h e  i n c i d e n c e  of  t h e  t a x  d e t e r m i n e s  whether i t  pays f o r  e f i r m  t o  

e x p o r t  s u b s t a n t i a l .  q u a n t i t i e s .  S i n c e  J a p a n ' s  15% ad valorem t a x  on l u x u r y  

consumer d u r a b l e s  is  f o r g i v e n  when t h e y  a r e  e x p o r t e d ,  t h e  h i g h e r  t h e  t a x  

i n c i d e n c e  f a l l i n g  on f i r m s ,  t h e  more firms would e x p o r t ,  a l l  e l s e  t h e  same. 

F o u r t h ,  we d e r i v e  measures of market  s t r u c t u r e  and tes t  whether t h e  Japa-  

nese  t e l e v i s i o n  market  is c o m p e t i t i v e ,  Nash-Cournot, o r  c o l l u s i v e .  Our theo- 

r e t i c a l  approach d i f f e r s  i n  some d e t a i l s  from e a r l i e r  approaches  and t h i s  

s t u d y  i s  t h e  f i r s t  e m p i r i c a l  examina t ion  of t h e  J a p a n e s e  t e l e v i s i o n  market .  

E a r l i e r  e m p i r i c a l  papers  have e i t h e r  e s t i m a t e d  market  s t r u c t u r e  based c n  

a g g r e g a t e  d a t a  ( e . g . ,  Appelbaum (1979, 1 9 8 2 ) ,  J u s t  and Chern (198C),  Sumner 

( 1 9 8 1 ) )  o r  on f u l l y  d i s a g g r e g a t e a  d a t a  ( e . g . ,  Iwa ta  (1974)  and C a i l c p  and 

Rober t s  ( 1 9 7 9 ) ) .  i4e use  d a t a  on some b u t  no t  a l l  firms and i n d u s t r y  a g g r e g a t e  

d a t a  t o  e s t i m a t e  market  s t r u c t u r e .  

-.------.-------.., 
3 ~ n  a  number of  r e c e n t  c a s e s ,  s t u d i e s  of t a x  i n c i d e n c e s  have assumed p e r f e e t l y  
c o m p e t i t i v e ,  l i n e a r  node l s .  For example i n  a  r e c e n t  t e l e v i s i o n  c a s e ,  George- 
town Economic S e r v i c e s ,  "The Economic Theory of Commodity Tax Pass th rough  and 
Absorpt ion i n  Hone Karket  S a l e s  of  J a p a n e s e ,  Korean, and Taiwanese C T V ' s  (sub- 
n i t t e d  by C o l l i e r ,  Shannon, R i l i  & S c o t t  on August 18, 1996 t o  t h e  D e p a r t r e n t  
of  Sonmeree) c l a i n s  t h a t  t a x  i n c i d e n c e  can  be c o r r e c t l y  c a l c u l a t e d  u s i n g  a  
l i n e a r  s u p p l y  and demand framework. They n o t e  t h a t  t h i s  t e c h n i q u e  was used i n  
a  Korean p iano  c a s e  ( a p p a r e ~ t l y  Grand ar.d Upr igh t  P i a n o s  from t h e  k e p u 5 i i c  of 
Korea; F i n a l  Deierrc inat ion of S a l e s  a t  Not Less  Than F a i r  Value;  5G Fed. 
37,561 (September i h ,  1985) ) .  



The standard approach to estimating tax incidence is to assume a competi- 

tive market structure, estimate supply and demand elasticities, w and q ,  and 

then locally approximate the tax incidence as w/ (o  + q )  where the elasticities 

are measured at the equilibrium in the absence of a tax.4 

Such an approach cznnot be used in noncompetitive markets since the mean- 

ing of a supply elasticity is ambiguous. In our 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 data availability determined our implementation of the theoretical 

model. In the third section, we present two variants of our theoretical 

model: the "aggregate" and the "disaggregate" models. Each of these models is 

then applied to estimate the market structure and the tax incidence in the 

subsequent sections. The results are summarized and conclusions drawn in the 

last 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 con;ectural varations model to illustrate the biases from inappropriately 

assuming competition. For now, we assume that there are n identical firms 

collectively prolucir,g G units of a honogeneous product that sells fcr price 

--------------- 
4 ~ h e  ap3roxirnaticn is exact if the supply and demand curves are linear. 



p(Q).i In the symmetric equilibrium, each firm produces q = Q/n units at a 

variable cost of C(q). If an ad valorem tax rate of t is imposed, firm i's 

profits are 

The firm maximizes its profits by choosing q i  ssch that, 

where 1 + X = dC/dai is firm i p s  constant conjectural variation. Equation ( 2 )  

says that each firm sets after-tax marginal revenue equal to marginal cost. 

Those readers who dislike the conjectural variation concept may prefer to 

interpret A as an index of market structure. The values of A of - 1 ,  0, and 

n-1 determine, respectively, the competitive, Nash-Cournot, and collusi~e 

equilibria. 

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 first-order condition: 

--------------- 
C 
'In our estimatiocs below, we drop the assomption th2.t all firms are identical. 



where k' is an individual firrc's marginal cost. Equation (2') says that 

after-tax price equals marginal cost. Due to the assuced iack of variation in 

t, the economist mistakes k' for c'. Given the historical t and the constant 

1, 

where the identity is in q. That is, due to falsely assuming competition, the 

economist estimates a marginal cost curve that is too high: k'(q) is higher 

than e'(q), since demand curves slope down (p' < 0 ) .  

The effect of a change in t on and p obviously differs depending upon 

whether the correct nodel or the competitive model is estimated. in the 

correct model, by totally differentiating ( Z ) ,  we obtain, 

where hx(q,t) z (1-t)np'-h < 0 for stability; hq = c"-(1-t)!Qp"+p':(l+h); and q 

ht = (1iA)qp' 2 0 ,  where equality holds only if the market is competitive ( h  = 

-1). From ( 3 ) .  the estimate of dq/dt obtained under the competitive assumption 

is p/h*, which is greater in absolute value than the true value given by (4). 

Let ph be the predicted price at a tax rate of 0 under the oligopolistic 

model where A is correctly estimated and p, be the comparable price where 

conpetition is assurced so that h = -1. Since demand slopes downward, pi > pc 

fcr A. > -1, if the obser-ied price is p, the estioated inzidecce bcrfie by 

consumers is 



for i = X (the correct model) or i = c (the conlpetitive model with A = - 1 ) .  

Frcm these definitions and the inec'uaiity in prices, 

for A > -1 .6 That is, the maintained assumpticn of competitive behavior gives 

an upwardly biased estimate of tax incidence when the assumpticn is false.7 

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 dunping is cnly profitable in the 

presence of market power, the assumption of competition in such cases is 

bizarre. 

The Choice of Models 

Since failure to properly model market structure leads to biased 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 out- 

put, and aggregate data on demand variables, we jointly estimate parameters 

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

--------------- 
6~ simple graphical illustration of this result is shown in Perloff (1987) for 
the collusion. 
m 

'Seade (1455) and Wright (1987)  shwd that unde? oligopoly the tax incidence 
borne by conssrners nay exceed 100%. A cecessary cofidition for this result is 
that h < 0. This inequality and the assuaption that A = - 7  (perfect competl- 
tion) ?nply concave costs (see equation ( 3 ) ) ,  which is inconsistent with the 
assunption of parfect competition, 



used to calculate equilibrium prices for different tax rates and tax inci- 

dence. This indirect approach to estimating tax incidence is used, since 

there was not variation in tax rates during cur sample period. 

Our approach to estimation is determined by two data defieiezcies. First, 

the deteiled data necessary to estimate costs functions were only available 

for firms representing half the total Second, industry-wide data by 

type of color or black and white television sets are not available. Only data 

for total color and total black and white televisions are reported (details on 

the data set are presented in the appendix). Givec this limited data Set, 

market structure and tax incidence can only be estimated if strong assumptions 

are ?lade. 

We use two similar models to estimate tax i~cidenee: the "aggre?;ateN model 

and the "disaggregate" model. In the aggregate model, we assume that all 

color televisions are identical as are all black and white sets.9 That is, we 

aggregate across types of televisions, though not across firms. We simultane- 

ously estimate four equations: the demand for color sets, the demand for black 

and white sets, the cost function for color sets, and the cost function for 

black and uhite sets. Nhile this aggregation assumption is probably unrealis- 

tic, this model is simple and does not require strong additional assumptions 

in order to estimate tax incidence. 

--------------- 
'The data used in this study were obtained by the Commerce Department for use 
in their investigation of possible dumping by Japanese television firms. In 
the foilowing, we purposefully do not name the firms nor supply enough infor- 
mation so that one could infer which firm is 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 work. 

913.s reported in ncre detail below, we were unable to reject the hypothesis that 
the cross-price elasticities between color and black and white sets are zero. 
Tkerefore, ,we rncdel the black and white and the color markets as separate. 



i n  t h e  d i s a g g r e g a t e  Kodei,  we r e e c g n i z e  t h a t  t h e r e  a r e  v a r i o u s  t y p e s  of 

t e l e v i s i o n  s e t s .  Cur d a t a  s e t  d i v i d e s  t e l e v i s i o n s  by s i z e  ( s m a l l ,  medium, and 

l a r g e  c o l o r  and b lack  and whize s e t s )  and d i f f e r e n t i a t e s  c o l o r  sets by s t y l e  

( " p l a i n "  and " f a n c y " ) ,  s o  t h e r e  a r e  s i x  t y p e s  of c o l o r  s e t s  end t h r e e  t y p e s  of 

b l a c k  and whi te  s e t s . 1 0  T h i s  node l  is more conplex t h a n  t h e  a g g r e g a t e  model 

s i n c e  more e q u a t i o n s  m u s t  be s i m u l t a n e o u s l y  e s t i m a t e d  and s t r o n g e r  a ssumpt ions  

n u s t  be made i n  o r d e r  t o  c s l c u l a t e  t a x  i n c i d e n c e .  

Thus t h e  a g g r e g a t e  model u s e s  weaker a ssumpt ions  and is e a s i e r  t o  model, 

b u t  i t s  e s t i m a t e s  may be i n c o r r e c t  i f  a l l  s e t s  a r e  n o t  i d e n t i c a l  i n  bo th  

p roduc t ion  and consumption. The d i s a g g r e g a t e  model a l l o w s  f o r  c o s t  technology 

d i f f e r e n c e s  S c r o s s  t y p e s  of s e t s ,  b u t  t h e  e s t i m a t e  of t a x  i n c i d e n c e  de2ends 

more h e a v i l y  on how we have modeled and e s t i m a t e d  market  s t r u c t u r e .  While we 

b e l i e v e  t h e  d i s a g g r e g a t e  model is r i c h e r  and n o r e  r e a s o n a b l e ,  we p r e s e n t  bo th  

models s o  t h a t  r e a d e r s  may draw t h e i r  own c o c ~ l u s i o n s .  

Theory 

Both our  a g g r e g a t e  and d i s a g g r e g a t e  models a r e  based on t h e  c o n j e c t u r a l  

v a r i a t i o n  model d e s c r i b e d  above,  b u t  we now a l l o w  f o r  n o n i d e n t i c a l  f i r m s .  

Each assumes a f i r m  maximizes i ts p r o f i t s ,  e q u a t i o n  ( l ) ,  by choos ing  its 

o u t p u t  a c c o r d i n g  t o  t h e  f i r s t - o r d e r  c o n d i t i o n ,  e q u a t i o n  ( 2 ) .  Both models 

assume t h e  same l o g - l i n e a r  f u n c t i o n a l  form f o r  demand and c o s t  f u n c t i o n s .  

--------------- 
" ~ m a i l  s e t s  a r e  i e s s  than 13" ( d i a g o n a l  m e a s w e ) ,  n e d i ~ ~ n  ;re ' 3  t o  I S " ,  and  
Large a r e  19" and above,  bu t  n o t  i n c l u d i n g  p r o j e c t i o n  t e l e v i s i o c s .  Fancy s e t s  
have s t e r e o ,  remote c o n t r o l ,  o r  e l e c t r o n i c  t c n l n g .  



if we had data for all fircs and types cf televisions, we coula estimate a 

ccnplete set of equations including separate conjectural variations for each 

pair of firms. Our data set includes data far only some firms and industry 

aggregates. Thus, in both our approaches, we assume symetrie assumptions 

across firm. As a result, we can estimate narket structure and incidence 

using data from only one firm and the industry aggregates. 

The Aggregate Model 

In the aggregate model, we use the sane approach in analyzing both the 

Color and black anc white television markets, so in the following discussion, 

we only refer to televisions. For each Karket, we estimate a demand equation, 

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 1 ,  as 

where s = q/Q is the firm's share of the market and E is the price elasticity 

of inverse demand (see equation (8) below). 

As mentioned above, the parameter h can be simply interpreted as an index 

of the markup of price over marginal cost. This model allows for competitive 

behavior ( A  = -11, oligopclistic ( -1 < h < [ l  - sl/s) and cartel behavior ( A  = 

[I - s]/s).11 

"since we have cat assuced thzt all f i m s  are identical, the tests cn h srovide 
necessary but not sufficient tests for nzrket structure. 



In order to calculate tax incidence we require 

Assumption 1 :  The share, s, is independent of Q. 

Assumption 2 :  The conjecture (or measure of zarket power), A ,  

is independent of Q. 

Assumption 1 states that the aggregate behavior of other firms parallels that 

of a given firm. This assumption is weaker than assuming a11 firms are iden- 

tical or behave identically. Given zssunption 1 ,  assumption 2 can be replaced 

by the assumption that the markup is invariant to the tax. 

The equilibrium price is a function of the tax: p = p(t). The tax inci- 

dence, Ih(t) [henceforth, I(t)j, defined in equation (51, is a function of the 

tax and demand and cost factors. 

In order to be able to estimate, the demand function is assumed to be 

log-linear: 

where p is 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: 

where B is a function of factor prices and time trends. 

Substituting (8) and (9) into (5) and simplifying, the tax incidence is: 



-~ ~nus, the tax incidence, l(t), does not depend expiicitly on h ,  although it 

varies with t. It Kay, therefore, appear that h is superfluous. Such a 

conclusion is unwarranted. If we had falsely assumed A = -1, then, the esti- 

mated of E and Y would be biased, resulting in a biased estimate of :(t), as 

discussed above. Foreover, we could express (13) explicitly as a function of 

A. We elimi~ated A in (10) by using equations (7), ( a ) ,  and (9) to express h 

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 Y and E to calculate h and i(t) using equations ( ' 7 )  and (10). Eoth 

h and I(t) are nonlinear functions of the estimated parameters, so we ealcu- 

late confidence intervals on them using Taylor expansions around the point 

estimates. 

From equation (101, the tax incidence is less than 100% if Y > I (decreas- 

ing returns to scale), equal to 100% if Y = 1 (constant 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 h and I particularly simple. 

However the choice of function forms in (8) and ( 9 )  was tested in the statls- 

tical analysis, as reported below, and was not chosen solely on the bases of 

convenience. If a more general demand function had been used, tax incidences 

in excess of 100% would also be possible with Y > 1 .12 

"~eade (1 9851 and Xright (1987) show that tax incidences in excess cf 100% are 
possible given enough curvature of the demand curve. Sufficient curvature is 
not. gossible given a Cobh-Couglas specification, so in our estimates, inci- 
dences above 130% can only res2lt frcm increasing returns to scale.. 



Disaggregate Hodel 

if cost and demand conditions vary across types of television sets, aygre- 

gation across types of set nay bias estimates of tax incidence. As a result, 

we nou consider a disaggregated model where cost functions vary by type: 

where i indexes the type of television Set and Bi is a function of factor prices 

and time trends. 

Ideally, one would similarly estinate separate demand equations corre- 

sponding to the various types of sets. Since our data set only contains 

information on total color television sets, we estimate a single demnd equa- 

tion (8) jointly with the cost equations (11). We assume that the demand for 

television type i is: 

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 Ai are calculated to equal firm i's average price for television 

type i divided by the average total quactity raised to the E power. Thus, 

equation (8) is still the overall demand curve, where A is appropriately 

defined using (12). 

The firm's problem is to choose the qi to rlaximize profits: 



The conjecCura1 variations are defined by dQ/dqi = 1 + hi. asing the 

definitions si = qiic (the share of the firn's line with respect to all color 

televisions), the firm's first-orcer conditions may be written as: 

( 1 - t ) ~ ~  - c : ( q < )  
A - = -  (1 + A,). 

€(l-t)Z?:s. 1 
J 3 

If the market is perfectly competitive, h i  = -1 and price (after tax) 

ecdals marginal cost. :f the firms have forxed a certel, hi = hk = 

za.n./ZAjqj, where GJ is the total production of teievision ty?e j by other JZJ 

firms. If the other firms produce the television types in the same proportion 

as firm i, then this condition becomes h i  = hk = (1 - s)/s, where is firm 

i's total share of the market across ail types of teievisions (s Z 1s.). 
J  

Again, these conditions on Xi are necessary but not sufficient conditions for 

testing market structure since the firms are not identical. 

Define a weighted average "conjecturew as A = ~s.x,. where the weights are 
J ' J '  

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

both sides of ( 1 4 )  by si and summing over i, we obtain an expression in h: 

In order to czlculate the tax incidence we rewire assucptions anzlogous 

to Assumptions 1 and 2 above: 

Assurc;tion 3: The shares, sj, are independent of 6. 

Ass'~mpticn 1: The ueighted average conJecture, A ,  is inaepend- 

ent o f  Q. 



Assumption 3 states that firm its reiative product nix, qilqj, and aggregate 

output relative to industry output is independent of total output. Given 

assumption 4, equation (15) states that the weighted average of the mark*? of 

price over marginal cost for the various types of televisions is independent 

of the total quantity, and hence of the tax. 

'de can substitute for quantities in i 1 5 )  using qj = sjg, and 

from the demand curve (8), to obtain an implicit functional. relationship be- 

tween price, p, and tax, t. Since this relationship cannot be written as an 

explicit function, the tax incidence cannot be written in closed form. Numer- 

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 hi  as a 

conjectural variation. The chief 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 previous model, the maximization hypothesis can be tested by check- 

ing the second-order condition.13 In the disaggregatcd model, it is not possi- 

ble to check the second-order condition, since Assumption 4 is inconsistent 

with the assumption that all hi  are constant. Assuming that the ii's are 

131n the aggrezate model, using the conjectural variation interpretation, tke 
second-order condition for profit maximization is: 

!l-t)?~[2+(~ - l)s(l + h j j / Q  - Y(Y-I!c/~~, 
if the less formal, "narkup interpretation" to the aggregate xodel is adopted, 
however,there is no zanderlying maxi!nization so the second-order conditions 
cannot be tested. 



constant would be inconsistent with a rrarket equilibriuc given the form of the 

demand functions. Therefore, h i  nust depend on 6. The nature of this depend- 

ence, however, is unspecified; and given the iimited data set it cannot be 

estimated. Therefore the maximization hypothesis cannot be tested in this 

manner. Thus maximizing bekavior nust be taken as a maintained assumption or 

the atheoretical "sinple 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 available data. 

The standard approach makes the same assumption of a constant markup, and 

moreover claims to know that the markup is zero (the market is ccxpetitive). 

Our models include the standard approach as a special case so that our ap- 

proach is less restrictive. By allowing the data to indicate the historical 

markup, our models avoid a major source of bias and are likely to provide mcre 

reliable estimates of tax incidence. 

The Estimations 

We estimate several systems of equations based on both the aggregate and 

the disaggregate models. Both approaches involve estixating market share and 

tax incidence based on data for a single firm and ths industry aggregates. 

Given data for mcre than one firm, we can estirzite the rodels using each  fir^ 

and then compare the results. 



In cost of the following, we use data fror two firms.14 Firm 1 2nd Pirm 2 

are two of the five largest firms in the industry. They provide data for 

overiapping Sut not identical time periods. Koreover, neither firm produces 

all possible types of sets and each produces types of sets the other does not. 

Thus, our ability to compare results across the two data sets is limited. 

Nost of our discussion concerns estimates based on data from Firm 1 ,  the 

larger of the t,do firms. First, we estimate the aggregate model consisting of 

four equations: deaand for color and for black and white televisions, equation 

( 3 ) ,  and cost functions for color and for black and white televisions, equa- 

tion (3;. Second, we estimated the disaggregate model consisting of eight 

equations: demand for coicr and for black and white telev;sims, equation (8), 

cost functions for the five types of color televisions and one cost function 

for black and white televisions, equation (1 1 )  

Later we also discuss other system of equations 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. 

--------------- 
14cata supplied by four other firms were Pore azgrezate, availzble for toc snort 
a tine period, or in other ways unsuitable for 'we in estimating our model. 
Those data are used in creaticg price indexes. See the appendix. 

15.. - 
klPK 1 pr0ducCd snly 5 of the 6 tyoes of color televisicns for the entire 

sample period and snly 1 of 3 types of black and white sets. As a result, 
there is little difference between the aggregate acd disaggrecl'e O- estinates 
for Slack and xhite sets. 



The Specifications 

Log-linear specifications arc used for both the cost and the demand equa- 

tions. The cost functions are assumed to be Ccbb-Douglas. Equaticn (9) is 

written as: 

where q is the output of a particuiar type of television set (color or black 

and white in the aggregate model and a particular type in the disaggregate 

model), C(q) are the variable costs, t is a time trend (t = 1 ,  2, 3, . . . ) ,  wi 

are the factor price indexes (wages, wholesale price index of semifinished 

zaterials, the prime rate, and the wholeseale price index of fuel), Y is the 

scale elasticity, and the Bi coefficients equal the factor shares in cost so 

they add to one, and L1 is a random normal error term. We would have liked to 

use a more general cost function such as the translog or the generalized 

Leontief, but the liaited number of observations (16: 1980:l - 1983:4) pre- 
vented us from using such specifications. Tests on the log-linear specifica- 

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

The demand function (8) for color sets is written as: 

2 
ln Qc = v + vlt + v t + v t3 + v41n I + ri in p + nbln pb+ 5 ( 5 ' )  0 2 3 C C 2' 



where I is real disposable income, the subscripts c and b refer to color and 

black and white sets re~pectively, nc = l/Ec is the own-elasticity of demand 

!?or Coior televisions, and C 2  is a random normal error tern.lh The black and 

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

The Aggregate Model 

Table 1 reports the three-stage least squares estimates of the four eGua- 

tion System of the aggregate model. The Cobb-Douglas restrictions that the 

coefficients on the factor prices equal that factor's share of total variable 

costs are imposed.17 

16we would have likea to included other durable goods as possible substitutes 
but we had problems obtaining appropriate series. For example, the price 
index for radio 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 the early part of cur period. We therefore de- 
cided that the constant term serves as a reasonable proxy for other durable 
goods. 

171nstead of setting the coefficients equal to the average factor shares, one 
can simultaneously estimate factor demand equations (the shares regressed on a 
constant) and impose cross equation constraints. Xhile that is easy to do 
with a single cost function, when estimating a large systen, the number of 
equations become unwieldy. In the disaggregated mdel 23 equations would have 
to be estimated sinuitaneously. The results are virtually identical (when 
sicgle equations are estimated), so the loss frcn using this sinpler approaci? 
is prcbably negiigible. ahen the alternative approach is used, the t-statis- 
tics on the factcr prices tend to be very l a r ~ e  (often 53 or higher). The 
iristrunents used are discussed in the appendix. 



3ased  on t h i s  model, t h e  a g g r e g a t e  c o l o r  t e l e v i s i o n s  a r e  produced w i t h  

d e c r e a s i n g  r e t u r n s  t o  s c a l e  (Y, = 1.1446)  whi le  t h e  b lack and w h i t e  s e t s  a r e  

produced w i t h  i n c r e a s i f i g  r e t u r n s  t o  S c a l e  ( Y b  = 0.93923) .  Apparent ly  t h e r e  

were s u b s t a n t i a l  t ime t r e n d s  i n  p r o d u c t i o n  c o s t s  t h a t  were no t  c a p t u r e d  by 

f a c t o r  p r i c e s .  Presumably,  i n  p a r t ,  t h e s e  t r e n d s  r e f l e c t  t e c h n o l o g i c a l  pro- 

g r e s s  and changes  i n  i n s t i t u t i o n a l  r u l e s  and l a w s  over  t ime.  

Apparen t ly  c o l o r  and b lack  and w h i t e  s e t s  a r e  no t  c l o s e  s u b s t i t u t e s .  An 

i n c r e a s e  i n  one t y p e  of s e t ' s  p r i c e  does  n o t  have a  s t a t i s t i c a l l y  s i g n i f i c a n t  

e f f e c t  on t h e  t y p e ' s  q u a n t i t y .  Hence, a s  d i s c u s s e d  above,  we can examine t h e  

two marke t s  s e p a r a t e l y .  A s  x i g h t  be e x p e c t e d ,  c o l o r  t e l e v i s i o n s  have a  r e l a -  

t i v e l y  e l a s t i c  demand (0, = -3.1909) w h i l e  b lack  and whi te  t e l e v i s i o n s  have a  

l e s s  e l a s t i c  demand (rtb = -1.6855). C o l o r  t e l e v i s i o n s  a r e  a  s u p e r i o r  good 

( t h e  income e l a s t i c i t y  = 2.34) w h i l e  b lack  and whi te  t e l e v i s i o n s  a r e  a n  i n f e -  

r i o r  good ( t h e  income e l a s t i c i t y  = -2 .41) .  Indeed ,  t h e  q u a n t i t y  of b lack  and 

w h i t e  t e l e v i s i o n s  s o l d  dropped i n  h a l f  from 1980:l t o  1983:4. 

E v a l u a t i n g  a t  t h e  means of t h e  sample ,  h c  = 3.17 and h b  = 1.03. If  t h e  

i n d u s t r i e s  were o a r t e l i z e d ,  X i  = ( 1  - si)/si ,  i = c ,  b.  I f  we normal ize  t h e  

i i  SO t h a t  hi = h i s i / ( l  - s i ) ,  t h e n  h i  = 1  cor responds  t o  a  c a r t e l i z e  indus-  

t r y .  Here,  t h e  p o i n t  e s t i m a t e s  a r e  hc 5 1 .13  and hb = .44.  The Wald t e s t  

s t a t i s t i c  t h a t  t h e  c o l o r  t e l e v i s i o n  i n d u s t r y  i s  c a r t e l i z e d  is 0.0019 wi th  1 

degree  of freedom ( t h e  c r i t i c a l  v a l u e  f o r  t h e  x 2 ( 1 )  a t  t h e  95% l e v e l  is 3 . 8 1 j . 1 ~  

The c o r r e s p o n d i n g  t e s t  s t a t i s t i c  f o r  t h e  b lack  and w h i t e  i n d u s t r y  i s  0.093. 

" ~ l l  t h e  test s t a t i s t i c s  and s t a n d a r d  e r r o r s  r e p o r t e d  i n  t h i s  paper a r e  asyxp- 
t c t i c .  Given t h e  s m a l l  samples  invoi lsed,  t h e y  s h o u l d  be viewed with s m e  
c a u t i o n .  Moreover t h e  t e s t  s t a t i s t i c s  on n o n l i n e a r  hypo theses  a r e  based on a  
T a y l o r  expans ion  a ~ p r o x i r c a t i o n .  A s  L a f o n t a i n e  and ' i h i t e  (1986 ,  pp.  38-40) 
p o i n t  c o t ,  t h e  use  of a  X2 t a b l e  i n  e v a l u a t i n g  Wald s t a t i s t i c s  on n o n l i n e a r  
t e s t s  can be m i s l e a d i n g .  



The Xald test statistics of the hypothesis that firms behave Cournot-Mash 

are 0.25 and 0.067 for the color and black and white industries. The eorre- 

sponding statistics for competition 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 is 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.C8 at 

the sample means, so that these models are consistent with maximizing behav- 

ior. 

On the basis of a Box-Cox test, we cannot reject the log-linear specifica- 

tion. Moreover, the Uald 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 x2(4) at the 95% level is 9.491, 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 103.48, respectively. The 

Wald test statistics (1 degree of freedom) are 2367 for color and 1448 for 

black and white against the hypothesis of 08 tax incidence; while the corre- 

sponding statistics against the hypothesis of 100% incidence are 4.12 and 

1.60. Thus, on the basis of these test (and subject to the caveats mentioned 

above?, we car! reject the hypothesis that the incidence is 0% ic either nar- 

ket. We cannot reject the hypothesis thet it is 100% in the black and white 

market, but we can reject the hypothesis in the cclzr market, at the 95% 

level. 



Disaggregate Kodel 

The 3SLS 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 equations are quite 

similar. Again, the demand equaticns indicate that it is appropriate to con- 

sider the color and black and white markets separately. 

Four out of five scale elasticity on the aisaggregaced color cost func- 

tions, unlike in aggregation model's cost equation, show increasing returns to 

scale (the exception is large, plain sets). These results cast some doubt on 

the aggregation modei's assumption that it is appropriate to aggregate across 

types of color televisions. 19 

The Durbin-Watson statistic on the black and white denand equation is 

relatively high (as in the aggregate model), possibly reflecting a drop in 

demand for black and white sets that is not 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, 

fancy sets. As a result of these tests and the Durbin-Watson results, we 

believe that the cost equation for large, fancy sets should be viewed with 

--------------- 
l91f the underlying disaggregate cost functi03~ are Ccbb-Dcugias, then the 
aggregate cost functicn is not CoSb-Douglas. One night prefer to think of it 
as a first-order approxication to 2 general cost function. The Xald test 
statistic that the five scale elasticities are equal is 31.65 with 4 degrees 
of freedom, so we have not imposed equality across types, 



caution. If one estimates the log-linear cost functions without Cobb-9ouglas 

restrictions, the scale elasticities are virtually unchanged. Since the Wald 

test is an asymptotic test and possibly the critical values are higher than 

the x2 table indicate, we chose to continue using the Cobb-Douglas restric- 

tions based on theoretical considerations. Again, we would have liked to 

estimate more general cost functions, but we lac~ed sufficient observations to 

a0 so. 

The estimated values for the black and white A,  at the sample means, is 

virtually the same as in the aggregate model, 0.97. The estimated values for 

the colcr hi  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 caveats, we can reject corGpetition in all cases, includ- 

ing black and whites (unlike in the aggregate model), Similarly, we can 

reject Cournot-Mash behavior for all color types, but not for black and 

whites. 

It is not obvious what cartel behavior means in this case. If, as the 

estimates indicate, at least one firm is operating in the increasing returns 

to scale portion of its cost function (i.e., costs fall as it increases 

output), then a profit-maximizing cartel would have firms specialize 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 fashion, 

then a weak test of cartelization would be that the l i  were +=quai across all 

iines. A stronger test would be that the A i  = ( :  - s)is, as discussed above. 



The Wald test statistic of equality across h i  (i.e., the weak test of 

cartelization) is 27.02 with 4 degrees of freedom. The strong test, Wald 

statistic is 502.60 with 5 degrees of freedom. That is, on the basis of 

either test, we would reject the cartelization hypothesis. 

These results indicate that the industry is oiigopolistic. It is not 

perfectly competitive or perfectly cartelized. The point estimates of the h i  

indicate that the industry equilibrium lies between the Cournot and the Cartel 

equilibria. 

The incidence of the tax (at a tax rate of 15%) that falls on ccnsumers, 

based on the disaggregate model, is 118.8%. The corresponding estimated 

asynptotic standard error is 1.01%. That is, the confidence interval is 

tight, (116.8, 120.8). The incidence for black and white sets is 104.0 with a 

95% confidence interval of (99.6, 108.4). Based on the Wald test statistics, 

we would definitely reject the hypotheses that either incidence is 0%. In- 

deed, we would reject the hypothesis that it is as low as 100% in the color 

market. 

Table 4 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 competition. In this industry, the 

competitive assumption is implausible since we find increasing returns to 

scale. If we assume conpetition anc constant returns to scale, then the 

consumer tax incidence would be 100%, regardless of the demand elasticity 

Such an estimate is not sigcificantly below those of the aggregate model, but 

is 19% lower than the estimate of the disaggregated model for color sets.20 

--------------- 
"1n the theoretical section, ue showed that ,dhere there is decreasing returns 
to scale, inappropriately assuming the competitive model ieads to an overesti- 
mate of the consumer tax iccidence. Here, where there is increasing returns 



T e s t s  t h a t  C o s t s  Depend on A l l  Cu tpu t  

Our modeling is s imple  because  ije have assumed t h a t  c o s t s  o n l y  depend On 

t 3 e  q u a n t i t y  of a  p a r t i c u l a r  l i n e  of o u t p u t  produced.  C o s t s  a r e  assumed t o  be 

independent  of o t h e r  o u t p u t  of t h e  same f i r m .  We t e s t e d  t h i s  assumpt ion by 

i n c l u d i n g  i n  t h e  c o s t  f u n c t i o n  measures  cf  t h e  f i r m ' s  o t h e r  o u t p u t  s o l d  domes- 

t i c a l l y  and i n  t h e  Uni ted  S t a t e s . 2 1  

For example, i n  t h e  a g g r e g a t e  model, w e  t e s t e d  whether b lack  and w h i t e  

s e t s  s o l d  d o m e s t i c a l l y  and i n  t h e  Uni ted  S t a t e s  and c o l o r  s e t s  s o l d  i n  t h e  

Uni ted  S t a t e s  a l s o  a f f e c t e d  t h e  c o s t  of p rcduc ing  c o l o r  s e t s .  I n  a l l  c a s e s ,  

w e  i n d i v i d u a l l y  and c o l l e c t i v e l y  r e j e c t  t h e  hypo theses  t h a t  o t h e r  l i n e s  a f f e c t  

c o s t s  of producing c o l o r  t e l e v i s i o n s  f o r  s a l e  i n  Japan .  S i m i l a r l y  we r e j e c t  

t h e  comparable hypo theses  f o r  b lack and w h i t e  s e t s .  Moreover, t h e  c o e f f i -  

c i e n t s  on t h e  own-output term were e s s e n t i l l l y  u n a f f e c t e d  when t h e  a d d i t i o n a l  

o u t p u t  terms were  inc luded .  

--------------- 
t o  S c a l e ,  t h e  c o m p e t i t i v e  assumpt ion makes no s e n s e .  I f  we compare t h e  i n c i -  
dence g iven  t h e  assumpt ion of c o n s t a n t  r e t u r n s  t o  s c a l e  and c o m p e t i t i o n  t o  t h e  
more g e n e r a l  ~ o d e l  w i t h  i n c r e a s i n g  r e t u r n s ,  t h e n  t h e  b i a s  goes  t h e  o t h e r  way. 
T h i s  r e s u l t ,  o b v i o u s l y ,  does  no t  c o n t r a d i c t  o u r  t h e o r e t i c a l  r e s u l t s  above.  

21 e  do n o t  knou how much t h e y  s o l d  i n  c o u n t r i e s  o t h e r  than  Capan snd t h e  Uni ted  
S t a t e s .  i n  our  t e s t s ,  we added t e rms  l i k e  Eic q,, where is another type ,f 
t e l e v i s i o n  o r  s o l d  i n  t h e  Uni ted  s t a t e s ,  t o  o u r  l o g - l i n e a r  c o s t  s p e c i f i c a t i o n ,  
e q u a t i o n .  The t e s t  then  is an asympto t i c  t - t e s t  on 6 .  



In the disaggregated model, only 2 out of 24 of the additional quantity 

terms had coefficients that were statistically different from zero individu- 

alxy.22 We could reject the hypothesis that these 24 terms collectively 

matter. We therefore continued to maintain the assumption that only own 

output affects costs for a particular type of television. 

Firm 2 

We compared our results for Firm 1 to those from Firm 2 for color televi- 

sions. Firm 2 only produced three types of color television sets (medium 

fancy, medium plain, and large fancy) for the entire period and no black and 

white sets. 

Firm 2's aggregate equation shows decreasing returns to scale (Y = 1.128). 

Two of the disaggregate equations show slight decreasing returns to scale 

(though not statistically different from constant returns), while one shows 

slight increasing returns (statistically significantly different from constant 

returns). 

The estimated A i  for the disaggregate model are 11.482, 0.835, and 40.403. 

The corresponding normalized hi terms are 0.512, 0.0111, and 0.401. The h for 

the aggregate model is 9.458, and its normalized value is 0.666. The second 

order condition for the zggregate model is -0.794, so we cannot reject the 

profit-maximization assumption. 

22c1' , ~ y  the other color quantity term and the sets sold in the Ucited States were 
statistically different from zero according to asy~ptotic t-tests for the 
large, fancy sets. 



The t a x  i n c i d e n c e  f a l l i n g  on consumers ( a t  t = 1 5 % )  is 89.1% i n  t h e  d isag-  

g r e g a t e  model and 95.4; i n  t h e  a g g r e g a t e  model. Thus ,  even though Firm 2 

s e l l s  f a r  fewer s e t s  than  F i r %  1 ,  t h e  e s t i m a t e s  based on t h e  two models appear  

comparable,  a l b e i t  t h e  Firm 2 numbers r e f l e c t  more d e c r e a s i n g  r e t u r n s  t o  s c a l e  

and hence a  lower t a x  i n c i d e n c e  on consumers. 

Tax I n c i d e n c e  V a r i e s  wi th  Tax R a t e  

Above, we have r e p o r t e d  e s t i m a t e d  t a x  i n c i d e n c e s  a t  t h e  t a x  r a t e ,  159,  

used by t h e  Japanese .  I n  both  models,  t h e  t a x  i n c i d e n c e  v a r i e s  w i t h  t h e  t a x  

r a t e .  The c a l c u l a t i o n s  a r e  done by comparing t h e  p r i c e  a t  a  g iven  t a x  r a t e  t o  

t h a t  a t  a  z e r o  t a x  r a t e .  Tab le  5  shows t h e  c e l c u l a t e d  i n c i d e n c e  a t  r a t e s  from 

1 %  t o  30% f o r  Firm 1 c o l o r  t e l e v i s i o n  s e t s .  

The i n c i d e n c e  f a l l s  under t h e  d i s a g g r e g a t e d  model a s  t h e  t a x  r a t e  r i s e s .  

Thus ,  t h e  c a l c u l a t e d  i n c i d e n c e  a t  a  t a x  r a t e  of 1 9  i s  3% h i g h e r  t h a n  t h e  

i n c i d e n c e  a t  a  t a x  r a t e  of 30% uncer  t h e  d i s a g g r e g a t e d  model. The i n c i d e n c e  

s l i g h t l y  r i s e s  w i t h  t h e  t a x  r a t e  i n  t h e  a g g r e g a t e  model. The i n c i d e n c e  is 

0.7% h i g h e r  a t  a  t a x  r a t e  of  30% t h a n  a t  a  1 %  r a t e .  

Conclusions 

A number of new t e c h n i q u e s  and r e s u l t s  a r e  p r e s e n t e d  i n  t h i s  paper .  F i r s t ,  

we show t h a t  t a x  i n c i d e n c e s  on consumers can s u b s t a n t i a l l y  exceed 100% i n  

o l i g o p o l i s t i c  markets .  Second,  we deve lop  a  t e c h n i q u e  t o  e s t i m z t e  market  

s t r u c t u r e  where one h a s  i n f o r m a t i o n  on some, b u t  n o t  a l l  f i r m s ,  and i n d u s t r y  

a g g r e g a t e  i n f o r m a t i o n .  T h i r d ,  w e  f i n d  t h a t  t h e  J a p a n e s e  t e l e v i s i o n  i n d u s t r y  

is o i i g o p o L i s t i c ;  and t h a t  i t s  s t r u c t u r e  ? robab ly  l i e s  betxeen Nash-Cournct 

and c o l l u s i v e .  



Fourth, we theoretically derive the size of the bias on the estimate of 

tax incidence from mistakingly assuming that the industry is competitive when 

it is not. In our empirical work, we show that inzppropriately assuming 

competition and constant returns to scale where the industry is oligopolistie 

and operating under increasing returns to scale, leads to an underestimate of 

the consumer tax incidence by 198. 

In addition to being of academic interest, this research demonstrates that 

studies used in dumping cases in the U. S. that have assumed a competitive 

structure probably produced biased results. This study demonstrates that 

it is feasible to estimate market structure and tax incidence using a more 

general approach. 



Appendix: Data 

The data come from five firms, Japanese Governmental Agencies, the Inter- 

national Fjonetary Fund, and Japanese trade associations. In the estimates 

based on Firm 1's data, the data cover the period i980:l (first quarter) to 

1983:4 or sixteen time periods; while in the Firm 2 estimates, the data are 

for the period 1981 :1-1985:4. 

The output, cost factor shares, and s o w  prices come from Firm 1 (or Firm 

2). Our cost functions use total variable costs, which are defined as the sum 

of labor, material, 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 color televisions, where the weights are proportional to the 

quantity of each type of set. 

All price and cost variables are deflated using the Japanese Consuser 

Price Index (CPI) to obtain 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 Research and Statistics Department, 

The Bank of Japan, Economic Statistics Annual. The instruments include im- 

ports, government consumption, nanufacturing employment, the exchange rate, 

and industrial production. 

The total number of color and black and white sets sold in Japan was 

calculated using a variety of data sources. Television shipments to the 

Japanese doaestic aarket are determined by  taking total shipments and sub- 

 he companies also report a category czlled "other -n-+ ,,a,s," which are not 
included in variable costs. As these costs typically ,were substantially Less 
than 1 percect of total costs, ignoring these costs is uclikely to be a sig- 
nificact issue. 



t r a c t i n g  e x p o r t s .  The d a t a  come from t h e  Research and S t a t i s t i c s  D e p a r t a e n t ,  

M i n i s t e r ' s  S e c r e t a r i a t ,  M i n i s t r y  of I n t e r n a t i o n a l  Trade  and I n d u s t r y ,  Yearbook 

of Kachinery S t a t i s t i c s  and t h e  Japan  T a r l f f  A s s o c i a t i o n ,  The Summary Repor t ,  

Trade of  Japan .  

The r e t a i l  p r i z e  of  J a p a n e s e  c o l o r  t e i e v i s i o r s  a r e  f o r  t h e  Ku-area of 

Tokyo and come from t h e  S t a t i s t i c s  Bureau,  Kanagement and C o o r d i n a t i o n  Agency, 

. S i n c e  t h e  d e f i n i t i o n  of  t h e  r e p r e s e n t a t i v e  c o l o r  

t e l e v i s i o n  changed a f t e r  March 1983,  u s i n g  t h e  w h o l e s a l e  p r i c e  index  f o r  c o l o r  

t e l e v i s i o n s ,  a n  ad jus tment  was made t o  c r e a t e  a c o n s i s t e n t  d a t a  s e r i e s . 2 4  No 

comparable b lack  and w h i t e  s e r i e s  was found s o  t h a t  a  weighted average  of Firm 

1 ' s  and F i r m  3 ' s  b l a c k  and whi te  p r i c e s  were used,  where t h e  we igh t s  were t h e  

number of s e t s  so ld .25  

The f a c t o r  p r i c e s  a r e  t h e  c o n t r a c t  monthly wage, t h e  Wholesale  P r i c e  Index 

(WPI)  of s e m i f i n i s h e d  goods,  t h e  WPI of  f u e l s ,  and t h e  prime i n t e r e s t  r a t e .  

The c o n t r a c t  monthly wage s e r i e s  was used s i n c e  t h e  tc ta l  monthly wage s e r i e s  

shows pronounced s e a s o n a l i t y  due t o  bonuses.  We a l s o  t r i e d  s u b s t i t ~ t i n g  t h e  

wholesa le  p r i c e  index  of raw m a t e r i a l s  f o r  t h a t  of s e m i f i n i s h e d  goods,  b u t  t h e  

e s t i m a t e s  were v i r t u a l l y  u n a f f e c t e d .  

--------------- 
2 4 ~ h e  r e a l  c o l o r  t e l e v i s i o n  p r i c e s  ( d e f l a t e d  by t h e  Japanese  CPI) f o r  Firm 1 ,  
Firm 3 ,  and Firm 4 and t h e  c o n s t r u c t e d  r e t a i l  p r i c e  s e r i e s  a r e  h i g h l y  e e r r e -  
l a t e d  ( r2  = .85, .96, . 7 5 ) ,  s o  t h e  ad jus tment  is u n l i k e l y  t o  have c r e a t e d  
s u b s t a n t i a l  b i a s e s .  The c o r r e l a t i o n s  between f i r m s  a r e  a l s o  f a i r l y  h igh.  

"The average  u s e s  d a t a  from on ly  t h e s e  two f i r m s  s i n c e  they  were t h e  on ly  ones  
t o  p rov ide  d a t a  f o r  t h e  r e l e v a n t  pe r iod .  The c o r r e l a t i o n  of t h e  o v e r a l l  index 
and t h e  t'do f i r m ' s  p r i c e s  a r e  s u b s t a n i i a l l y  lower t h a n  f o r  c o l o r  2rice.s: r 2  = 

. 4 6  and .a3  r e s p e c t i v e l y .  The p r i c e s  between t h e  two f i r a s  a r e  v i r t u a l l y  
u n c o r r e l a t e d .  Thus,  we have l e s s  conf idence  i n  t h e  b l a c k  and whi te  p r i c e  
index  t h a n  i n  t h e  c o l o r  index.  



References 

Elie Appelbaum, "Testing Price Taking Behavior," Jcurnal of Econometrics, Vol. 
9, 1979, pp. 283-294. 

Zlie Appelbaum, "The Estimation of the Degree of Cligopoly Power," journal of 
Econometrics, Val. 19, No. 2/3, August, 1982, pp. 287-299. 

Robert L. Bishop, "The Effects of Specific and Ad Valorem Taxes," Quarterly 
Journal of Economics, Vol. 82, No. 2, t,:ay 1968, pp. 198-218. 

Carl Davidson and Lawrence W. Martin, "General Equilibrium Tax Incidence under 
Imperfect Competition: A Quantity-Setting Supergame Analysis," Journal of 
Political Econony, Vol. 93, No.6, 1965, pp. 1212-1223. 

F. E. Collop and 3.  J. Roberts, "Firm Interdependence in Oligopolistic Mar- 
kets," Journal of Econometrics, Vol. 10, 1979, pp. 313-331. 

G. iwata, "Measurement of Conjectural Variations in Oligopoly," Econo~etrica, 
Vol. 42, 1974, pp. 947-966. 

Richard E. Just and Yen S. Chern, "Tonatoes, technology, and Oligop~~ny," The 
Bell Journal of Economics, Vol. 11, No. 2, Autumn, 1980, pp. 584-602. 

Francine Lafontaine and Kenneth J. White, "Obtaining Any Wald Statistic You 
Want," Economic Letters, Vol. 21, Nc. 1, 1966. 

Jesus Seade, "Profitable Cost Increase and the Shifting of Taxation: Equilib- 
rium Repsonses of Markets in Oligopoly," University of Warwick, Department 
of Economics, Economic Research Paper No. 260, Warwickshire, England, April, 
1985. 

Daniel Surnner, "Measurement of Monopoly Behavior: An Application tc the Ciga- 
rette Industry," Journal of Political Economy, Vol. 89, 1981, pp. 1010- 
1019. 

Brian D. Wright, "Notes on the Effects of a Commodity Tax on Prices and Prof- 
its in a Conjectural Variations Model in a Closed Economy," Giannini Founda- 
tion Working Paper, University of California, Berkeley, Department of 
Agricultural & Resource Economics, 1987. 



Table 1 
3SLS Aggregate Model 

Coefficients and (asymptotic stanaard errors) 

Cost Quantity Demanded 
.. 
ti ariabies Color a & L j  Color E & ;.J 

. . *PI semlfinished nateriais 0.948 0.909 
* X 

Prima 3ate 0.0100 0.0285 
X * 

ivP1 fuel 0.00193 0.05i!08 
Y * 

Color television price -3. 191 -2.757 
(0.607) (2.773) 

Slack and White television -0.171 -1.686 
price (0.123) (0.564) 

- .  
I lre 

m .  :me squared 

Tine cubed 

Constant 

Durbin-Watson 1.82 1.98 1.77 2.83 
n2 between observed and 

predicted 0.960 0.996 0.976 0.3U5 

System ~2 = 222.08 with 20 degrees of freedom. 

* The factor price coeffi~iects were restricted tz equal the factor shares. 



T a b l e  2 
3SLS D i s a g g r e g a t e  Model 

d o l ~ r .  .GmL -U-&_K Dr:.mand~--- 
Sma! 1 Mr:Oiorn t l e d i i i m  L a r g o  Largo  Sma l l  Co lo r  B & W  
I ' l a i n  Frliicy P l a i n  Fancy T l a i n  P r i c e  P r i c e  

_Vari~h_lp L a e f  f i c i s n l ~ i ~ n s v m ~ 1  . o i 1 . ~ . i t ~ . n ~ ~ a _ _ r ~ ~ e r ~ r ~ s l ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ ~  

O u t p u t  0 . 9 4 5  0 .  $20 0 .  iiTr0 0.9CB 1.111 ' 0 . 9 2 7  
( 0 . 0 1 3 1 )  ( 0 . 0 5 8 3 1  ( 0 . 0 2 6 5 )  ( 0 . 0 2 8 0 )  ( 0 . 0 4 2 8 )  ( 0 . 0 0 1 7 )  

Wni!e 0 .0417  0 . 0 4 2 4 9  0 . 0 3 2 1  0 , 0 4 4 3  0 . 0 4 9 2  0 . 0 5 8 6  
* * * * * * 

WP1 Semi-Finished 0 . 9 4 7  0 . 9 4 4  0 .  960 0 . 9 4 1  0 . 9 3 5  0 . 9 0 9  
M a t e r i a l s  x % * * #: $ 

Pr ime R a t e  0 . 0 0 8 5 9  0 . 0 1 1 6  0 . 0 0 6 5 9  0 . 0 1 2 5  0 . 0 1 3 8  0 . 0 2 8 5  * * x * * * 

C o l o r  TV P r i c e  - 3 . 1 3 7  - 1 . 1 5 0  
( 0 . 5 0 0 1  ( 2 . 4 2 4 )  

X PL W TV P r i c e  - 0 . 1 7 7  - 1 . 7 1 4 9  
( 0 . 1 0 3 )  ( 0 . 4 9 7 )  

D i s p o s a h i o  Income 2 .414  - 2 . 5 5 1  
( 0 . 1 1 1 1  ( 0 . 5 2 8 )  

Time 0 . 1 0 2  0 . 1 3 1  0 . 1 1 3  0 . 1 0 1  0 . 1 3 0  0 . 1 1 0  -0.1113 - 0 . 2 5 4  
( 0 . 0 2 4 4 )  ( 0 . 0 5 6 6 )  ( 0 . 0 2 5 7 )  ( 0 . 0 3 0 0 )  ( 0 . 0 5 9 0 )  ( 0 . 0 2 8 0 )  ( 0 . 0 3 7 0 )  ( 0 . 1 7 2 )  

Time Cubed 0 , 0 0 0 6 4 6  0 . 0 0 0 8 7 8  0 . 0 0 0 7 4 0  0 . 0 0 0 7 2 2  0 . 0 0 0 7 0 3  0 . 0 0 0 6 4 9  -0.000366 -0 .000314  
(0 .0001231  ( 0 . 0 0 0 2 7 9 1  ( 0 . 0 0 0 1 3 5 1  (0 .0001571  ( 0 . 0 0 0 3 1 4 1  ( 0 . 0 0 0 1 4 5 )  ( 0 . 0 0 0 1 1 9 )  (O.OC0514) 

C o n s t a n t  

S y s t e m  ~2 = 5 0 3 . 4 8  with 96  degrocs  o f  f reedom.  

* These c o e f f i c i e n t s  a r e  r e s t r i c t e d  t,o cqua! t h e  corresponcllng f a c t o r s '  s h a r e  of c o s t s  



Table 3 
Market Structure Parameters in the Disaggregated Model 

, . m na13 ~ e s t s  ( 1  d e s r e e  of f r e e d c n )  

h i  
%o:,peticive Cournot 

C c l o r  T e l e v i s i o n s :  
S n a i l ,  P l a i n  
Mebiun, Fancy 
;Nediun, P l a i n  
Large ,  Fancy 
Large ,  P l a i n  

a l a c k  and X h i t e  
T e l e v i s i o n s :  
S n a l l  0.978 

Note: $ ( l  ) a t  t h e  95% l e v e l  is 3.84.  



Table 4 
Consumer Tax Incidences 

( P e r c e n t a g e )  

95: 
Model Confidence P o i n t  Conf idence I n t e r v a l s :  ( ) 

I n t e r v a l  E s t i m a t e  P o i n t  E s t i m a t e s :  " 

Color (116.8 ,  123.8: 1 1 6 . 8  ( * :  
a l a c k  and Zhi-e  ( 9 9 . 6 ,  106.4) 104.0 i ' * )  

Aggregate Mcdel 

Color  9 2 . 1 ,  99 .9 )  96.0 ( * I  
Black and U n i t s  (98.1 ,  108.73 103.G ( * ) 

I . I  .... I .... l . . . .  I .... I . . . .  I .... I. 
90 95 100 105 110 115 120 

Consumer Tax I n c i d e n c e  



Table 5 
Tax Incidence varies with the Tax Rate 

Constimer Tax I n ~ i d c , - , ~ ~ r n  
Tax Rate  (?<:,) I) i S A U ~ ~ F . & ~ ~  

115.36 
118.75 
11.8.65 
11s. 54 
118.43 
1 . :> i". 22 
11E.23. 
11s. 10 
117.39 
117.88 
117.76 




