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INTERMEDIATE GOODS AND THE INCIDENCE OF THE
CORPORATION INCOME TAX

by
*
Kul B. Bhatia

The purpose of this paper is to examine how intermediate goods affect

the incidence of the corporation income tax (CIT). Most writing on this subject
assume that an economy produces only final goods. Harberger (1962), for
example, divides the economy into two sectors--a corporate sector consisting
primarily of manufacturing, and a noncorporate sector comprising mainly of
agriculture--each producing a final good. Such assumptions simplify analysis,
but they cannot always be supported by facts, Leontief (1965), in an input-
output study of the U.S, economy shows that almost one third of the output
of agriculture is used for producing other goods, largely in manufacturing
industry, or in the corporate sector according to the Harberger classification.
If this aspect of the structure of production is left out of tax-incidence
studies, the results can be seriously misleading.1 Questions about the
incidence of CIT, therefore, deserve another look.

We focus here on pure intermediate goods only, i.e., goods which
do not satisfy any final demand., The theoreéical framework is the same
as Harberger's, except that an intermediate good, used up entirely in
producing the two final goods, is introduced. For simplicity it is assumed
that there are no taxes of any sort on the intermediate good? This model
takes us a step closer to reality, but it considerably complicates the )
analysis. For instance, in the Harberger specification, capital can be
substituted only for labor. Now there is a third good which also uses

these factors of production and which, in turn, can be substituted for
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capital and labor in the production of final goods. The two final goods

thus use capital and labor directly, as in the Hafberger formulation, and
indirectly via the intermediate good, so the apparent or direct factor
intensity is likely to differ from the gross capital-labor ratio. Instead

of a direct elasticity of substitution between labor and capital, we now
have six partial elasticities of substitution, and many other complications
come into play. The analysis leads to a reformulation of many conclusions
derived from models with only final goods, Some of these results do not hold
when intermediate goods are introduced and existing empirical estimates also

have to be revised,

The model is outlined in the next section where a general solution
is also derived. In Section III we present several analytical results about
tax-incidence involving intermediate goods. Various Harberger propositions
which need to be modified are also discussed there. Some empirical estimates
for the U.S. economy are reported in Section IV, and a few simulation

results are set out in Section V.

II. THE MODEL

We assume two final goods Xl and Xz and a pure intermediate good M
which is fully used up in the production of X1 and XZ. Labor (L) and
capital (K) are two primary factors with fixed endowments. X1 is produced in
the corporate sector. The only tax in the syséem is CIT levied on capital
used directly in producing Xi(K&). Net return to capital in industry i is
denoted by r, and trR; is the total tax revenue. It is also assumed that all
production functions are homogeneous of degree one and there is full employment

of factors and perfect competition. Competition ensures that factor prices, net

of tax, are equalized across industries. The following equations can be specified:



Full-employment Conditions

aL1X1+aL2X2+aLMM=L (1)
agq Xy tag, X, tap M=K (2)
an ¥ tap X =N (3

where aij is the quantity of input i used in producing the 1Fh good.

By substituting (3) into (1) and (2) we get:

]

R 4 +Rp %y L (4
Rer X1 Rgo %y

where Rij is the amount of the ith primary factor required directly or indirectly

K S

for producing one unit of the jth final good. For example, RL.I = ary + aym 8-

The Price Equations

Output prices are related to input prices by

agg ¥+ g T4 + g P§=P1 (6)

gpWtag, T tay Py =R N

By ¥ F ey T R (8)
or, equivalently, by

Ry wtBy T +agy TE =Py (9

RI.ZW+RK2r =p2 (10)

Input-Output Coefficients

These coefficients depend on factor prices, taking into account the.

tax in industry 1.



a;; = ay (w, r(14t), PM) (1)
a, = aiz(w, T, pM) azy
a5y = 3uWs 1) (13)

The net or apparent capital-labor ratio in j (Rj') is K//L]

g ’ bﬁt the gross
ratio (Rj) is Rl(j/R‘Lj‘

The Structure of Production

Differentiation of equations (4) and (5.) yields the following

structural relations:

M B Ay X = L - O Ry g, ) 14
)ﬁ<1xT+)‘K2x;=K*'("K1R;1+)‘K2R;z) (5)

where Ai j is the proportion of gross amount of ith primary factor used in

the production of jth final good, and asterisks denote proportional changes.

From equations (6) to (13) we get:

X * * %* % %*
;ﬂ( P71 ¥ +pK1(r +T)+le Py = Py (16)
i * * *
Pppg W¥ +pp, T + 01 Py = Py a7
* * *
Py VW VR = Py (18)

where p,. is the share .of the ith factor in the jth industry (share of capital
ij

* *
in X1 is gross of tax), and T = (14+t) . By substituting (18) into (16) and

(17) we can write:

* * * *
- 19
vt Tt T =R (19)
* * *
Qsz +3K2r = Py | (20)

where 8's are grossg factor shares, e.g., Om =p11 g P 9K2 = Pgo T Puo P
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‘etc. Let |A| denote the determinant of the matrix of A coefficients in
(14) and (15), and let |8| be the determinant of the factor-shares matrix
in (19) and (20). The signs of |\| and |@| depend on factor intensities.
If K /K, > L /L, x| > 0, and |@| will be positive whenever 8y > Oy It
is well known in the literature on factor-market distortions (e.g., Jomes
(1971a)) that when a tax like CIT is present, the rank of industries in

physical terms can be different from the rank in value terms, i.e., |kl and

{8| can have opposite signs.

The Demand Equation

For simplicity it is assumed that the government spends the tax revenue
exactly as private individuals do, that income distribution does not affect
demand, and that all individuals have identical tastes. These assumptions,
together with the stipulation of full employment, imply that there is only

one independent demand equation which can be written as:

where Y is total income in the economy. Private disposable income is
wL+rK and government's income (revenue) equals rtK{. By totally differentiating

(21) and separating the income and substitution effect terms, we get:
X1 = e(p1 - pz) +~—— (day - Xidpl X dpz) ‘(22)

where € is the income compensated elasticity of demand and m is the marginal

: 3
propensity to consume X, .

The Solution

The solution essentially requires equating the proportionate change
in supply of X1 to the corresponding change in its demand, after taking
into account the full employment conditions and the price equations. Some
of these equations can be simplified by choosing the wage rate as the

*
pumeraire in terms of which all other prices are expressed (w thus is equal



to zero everywhere), by setting Py = 1 by a suitable choice of units, and
by invoking the assumption of fixed factor endowments so that ﬁ* = K% =0 in

(14) and (15).
| To deal with questions of incidence, the model has to be solved for r*
or r*/T*, the elasticity of return to cabital with respect to the tax rate.
Since w is the numeraire, r is the relative price of capital. If r* turns
out to be zero, labor and capital will bear the tax in proportion to their
initial shares in national income. Capital's relative tax burden will be
greater than in this situation if r* <0, and the opposite result will hold
if r* >0.

By using (19) and (20), equation (22) leads to (23) (see the Appendix for

details): |

* * * 7*
X, = s(p; = py) +;{“1‘-rt1<1’1<1 (23)
where K{ (aK1 X1) is capital directly used in producing X.l.4

Applying Crzamer's rule to (14) and (15) we get:
g

x Mo X R:1 = No Ny RL +, )kz“zz"‘xz 7‘12R;_z_
% M e - Az '

% *
For further simplification, we need solutions for R 's and a1 (because

(24)

% * * '
in equation (23) K{ = ay + X1). These solutions, derived in the Appendix,

are as follows:

1 1
e n i+ i+ <
" T o

' 1 1
* _ ore *_ Pu P Tk TP Tk ¢

- %u T

[

RY o B % g R;Z - B8,
12 K2

* 1 1 1 1 \*

i
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Here
_ 1,2 LI 5]
® = Prq Pr1 Ok Tt PrmPr1 P T P Pr1 P

2 2 2 2
M M
g = PP P Ok’ 2™ 0 T PPk
M

The elasticity of substitution between labor and capital in M, GLK is

* *
(aKM - aLM)/(w* - r*) which is positive. Other o's denote partial elasticities
of substitution in Xi and Xé as defined by Allen (1969). These can be nega-

tive (complementary factors) or positive (substitutes). However, for a
linear, homogeneous production function with three inputs, a sufficient con-
dition for stability of the derived demand for inputs is pKicriK +'pL10tK.+
pMiciM = 0 (Allen, p. 504) which implies that an equi-proportionate change in
all input prices will not alter techniques. Each 'own' elasticity must be
negative, so either all 'cross' elasticities are positive--which makes & and
B positive--or at most one of the o's is negative. Although in this case

as well @ and B will be positive,5 the possibility of complementarity between
some factors is a unique feature of production functions with more than two
inpﬁfs, and as we shall see in Section III, ié complicates tax-incidence
analysis. If there are only two factors of production, for instance in indus-
try M, they must be substitutes and the corresponding o will be positive.
Another implication of the above stability condition is that if one of the
croés-elasticities is zero--say oin--the other, UiK’ must be positive. This
result also will be useful in Section III.

Substituting the expressions for R*'s and a;i into (23) yields:



o L6088 en T - Clioyy o3, +ay of )T + g o i Po it P Op)T 1)
1 Ao 23

where C =m ‘1—:1:' Pkt * Similarly, we obtain from (24):

L1

K.l
[{( RIL, " o KZ)(pm Py o1 * Py a1 Py m)/ 1 O T

* -
X (26) °
1 ot £ m 5 4
+{% (&, I+ @, )+ Y & - )
® & K

The basic incidence equation (27) is derived by setting the demand side (25)

equal to the supply side (26) and solving for r*:

'l
€p._. A= AC(p + o' )- B(1-C)D
* K1 11 %1k 7 Pmi Lot 27)

r e(OKZ 6K1)A+BG+F C(BG+F-AH)

5 K . 5 ¢
where A = g - "1"2-, B = 9K1 g‘ + eLl K2 » C as defined above = n 73T Prye

~ . -

- 1 1
D= (Pgy Py o1k + Pry Pt g%k / O Bqs F = B+ 8) /8¢5 Op5

1

All these terms will be positive except D and H which can be negative if O';'M or
1 ‘

91K < 0.

Intermediate goods affect almost every term in the expression for r*.
Capital and labor used in pr‘oducing M are reflected in factor intensities and
factor shares (R's and 0's) in xl and XZ' Elasticity of substitution between
K and M appears directly in the numerator of (27) while other elasticities in-
volving the intermediate good show up indirectly, as components of F, G, and H.
It is easy to verify that if there are no intermediate goods, equation (27) reduces
to the solution reported by Ballentine and Eris (1975) (their equation (3)) , and if,
in addition, there are no initial taxes, it boils down to Harberger's general result

(his equation (12)) although the equations and notation used by these authors

differ slightly from ours.
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III. IMPLICATIONS FOR TAX-INCIDENCE

Answers to questions of tax incidence in the present model depend
*
crucially on whether r E 0. Before exploring this point further, let us
establish two propositions--one about gross and net factor intensities; and

the other about the sign of the denominator of (27).

Factor intengities. - There is no necessary correspondence between
gross and net factor intensities, Gross capital-labor ratio (Ki/Li) in
. 4 4
industry i is defined as RKi/RLi whereas the net ratio (K;/L)) is given by

aKi/aLi' Since RKi/RLi = (agy 4';Mi aKM)/(aLi + ay, a;y), it is possible

that (K, /L.') > (K2/L2) even if (K{/L{) < (Kz'/Lz'), for example, if the inter-
mediate good has a high capital labor ratio and it is used mostly in the

first industfy.

The sign of the denominator of (27) (A). -In (27), B, G, F, and C,

are positive by definition, but the sign of A depends on relative factor in-
tensities and H can be negative. Therefore, in general, nothing definite
can be said about A except that it will be positive if A = 0, i.e,, gross
factor intensities in the two final goods industries are equal because C < 1.6
However, in a wide range of situations likely to be empirically relevant for
the U.S. economy, A will be positivq.7

Therefore, in the following discussion it is assumed that the sign of r¥*
depends only on the numerator of (27). Analytical considerations are enough

to justify this assumption in many cases; in other cases we invoke the empirical

results cited here.
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Some General Regults
1. The greater are the elasticitieg of substitution between labor
and cgpital in the untaxed industries, the more likely it is that capital

and lgbor will bear the tax burden in proportion to their initial con-

tribution to national income. These elasticities determine how easily the
untaxed industries will absorb the capital and labor ejected from the corporate
sector in response to the corporation income tax. Both UiK and ng occur

only in the denominator of (27), as components of B and § respectiveiy. In

the limit, when either of these elasticities aﬁproaches infinity, r* goes to
zero, relative factor prices do not change, hence capital and labor bear

the tax burden in proportion to their initial factor shares.

2. When the elasticity of demand for the taxed commodity is zero, and

aiM = 0, capital's share of the tax burden will be greater than its initial

contribution to national income as long as the corporate sector is not rela-

tively labor.intensive.

The stability condition discussed in the preceding section ensures that
F
1

1
when O = o, Y

numerator of (27). The second, -B(l-C)pKlplloiK, is negative, and the first will

will be positive. With e = 0, only two terms remain in the

also be negative so long as A > 0 and ol ’UkM z 0.

If K and M are complements in Xi, the two terms in the numerator of (27)
can be positive (although oix'will still be positive). Depending on empirical
magnitudes of p's and o's, therefore, r* can be positive. A similar argument

1
< .
applies when oIk 0

3. labor's share of the tax burden can be higher than its share

in national income only if the taxed industry is more labor

intensive (in the gross sense) than the untaxed industry when there are no

*
complementary inputs. For this result to hold, r has to be positive. If
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all o's are non-negative, the only terms which can make the numerator of (27)
positive are ¢ Pra A-AC (leUiK +~pM10iM) when A< 0, i.e. 11112 > Kilké.

In the Harberger model this result is true if the net capital-labor ratio is
lower in X, than in X,, i.e., if L&/I& > K&/K;. This condition may no longer

be sufficient because, as discussed at the outset in this section, net

factor intensities will not necessarily correspond with gross factor intensities.

*
Moreover, some of the o's can be negative, so r can be negative even if A < 0.

4. When all factorg are uged in fixed proportiong throughout the

economy, the incidence of tax depends solely on gross factor shares in Xlrand Xz.

* *
In this case, (27) simplifies tor =T pK]/(OKZ'-BKl) which is positive when

X2 is more capital intensive than X1 and vice versa. This is Harberger's

conclusion no. 8, restated here in terms of gross factor intensities, and

his explanation holds exactly: If all o's are zero, and factor proportions
in the two industries are different, full employment can be ensured by only
one set of outputs for X1 and X, and demand conditions then require that

relative output prices do not change. Since output of the two final goods

does not change, the relative price of capital must fall if X1 is relatively

capital intensive and vice versa.

5. When factor proportions in the two final-good indugtriesg are
the same, demand considerations have no bearing on questions of tax incidence.

*
When A=0, all terms involving ¢ and m drop out and r = - BD/(BG + F).
Household demands still affect the mix of final outputs produced but this
has no effect on the derived demand for factors and factor prices. Tax burden,

therefore, will depend only on factor shares and various elasticities of

substitution throughout the economy.
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6. When factor grogoftions in the two finmal-good industries are the

same, an increase in CIT will burden capital more than its income share sa

long as K and L, and K and M are not complementary to each other in the

cor Eorate sector.

%
In this case r = -BD/(BG + F) which must be negative whenever UiK

and oiM are positive. If one of these o's is zero, the other must be positive

*
(because of the stability condition), so r will still be negative.

Comparison with Harberger's General Results

Since the theoretical framework used here is an extension of the Harberger
model which has only final goods, it is natural to ask how the above results
compare with Harberger's general conclusions. Because of intermediate goods,
it is obvious that gross rather than net factor intensities are relevant here.
Equally important is the fact that the elasticities of substitution in the final
goods industries here are partial elasticities which have different definitions
and economic'meaning than in the two-factor case. For instance, oix'in
this model records the effect of changing the wage rate on K1 holding output
and other input prices constant. Although an analogous definition can be

given for the two-factor model (Jones (1971b)), the well-known implications of

in that case for output shares and input ratios do not carry over to
8

o1k A
the three-input model.

Keeping these points in view, our results 1, 3, and 4 are mutatis mutandis

restatements of Hdrberger's propositions 1, 4, and 8 respectively, incorporating
gross factor intensities and additibnal elasticities of substitution. Result 5,
" derived above, will also hold in the Harberger model but 1(1/151 = 19/1{2, will
not suffice in our model; gross capital-labor.ratios will have to be equal

for A to vanish.

I
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There is nothing comparable to our results 2 and 6 in the Harberger
model because it cannot have complementary factors, and whenever demand is
inelastic, all terms involving A disappear. In this model, even when ¢ = 0,

capital-labor ratios in the two industries continue to affect r*.

A number of analytical results derived by Harberger will not be
generally valid in the present model. For example, in the Harberger specification,
if IGLKl 2 |e|, capital must bear the tax more than in proportion to its

initial income share. This result holds a fortiori when lUlKl 2 lcbl. (Harberger's

propositions 2 and 3), When intermediate goods are present, these conditions
are neither hecessary nor sufficient for that result, The only term which can
make the numerator of (27) positive, as in the Harberger formulation, is

- 60g1 LT/LZ but unlike the Harberger case, it is not clearly dominated by any

other term even if chKl 2 lel. There are other negative terms in the numerator

of (27), so there is a good possibility that the Harberger results will

hold even if these cannot be proved analytically. Harberger's conclusion

number 5 also cannot be proved because GlK does not appear ip the numerator

and denominator of (27) with equal coefficients. Again, in the Harberger

model, when factor proportions are dinitially the same in the two industries,

tax burden depends solely on the two elasticities of substitution between

labor and capital (proposition 6), In the present case, when A=0, r* = -BD/(BG+F),
so all elasticities of substitution and factor shares affect r* and any result

is possible. The empirical results in thg next section and the simulations

that follow will shed more light on these propositions which can no longer

be sustained on analytical grounds alone.
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IV. EMPIRICAL ESTIMATES

Some empirical results for the U.S. economy for the years 1953-55 were
presented Ey Harberger (1959, 1962) and modified for finite taxes by Ballentine and
Eris (1975). 1In this section we wish to determine how intermediate goods alter
these results. The computations are illustrative and not definitive because
no direct information on intermediate goods during this period is available.

The nearest input-output table is for 1958 and it does not use all the same
industry classifications as in the Harberger analysis, nor is any distinction
made between corporate and non-corporate sectors. Therefore we are forced

to make a series of approximations.9

It is assumed first that the 1958 coefficients apply to 1953=55 as
well, and that intermediate good (M) is provided by "farms"™ and "agricultural
services, forestry, fisheries" in Harberger's classification., The input=-output
data show that about 23 per cent of agricultural output was used as
final goods. The intermediate good's contribution to national income thus
is estimated at 0.77 x $16 billion, the figure reported for farms by
Harberger (1959) + 0.8 billion, the corresponding number for agricultural
services, etc. Income of labor and capital in M is similarly calculated. Next,
we assume that output of M is divided equally between X1 and X ,10 so half
of w IM and r KM are added to factor incomes in Xl and Xz With these

adjustments, we have, in billions of dollars, rK, = 22.0, rtK{ =20, le = 205.0,

1

1:1(2 = 18,2, and wL2 = 15.7. Recall that Ki and Li are "total" capital and

labor used in industry i. Besides these we have PRy = 16, Pr1 = 81,

P2 = 0.48, P = 0.30, and P = 0.29. With these numbers every term in (27)
except those involving o j 's an& € can be calculated. 1In Table lwe cbﬁsider
various values for ¢'s and Tp» the elasticity of substitution in demand,

11
from which € is computed.

®

[

"
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It is clear from Table 1 that r* can vary over a fairly wide range,
from .12 to =.71, In the Harberger model, when all elasticities of
gubstitution are unity, r* = «,50, =.57, and =.44, as op = -1, «0.5, and -1.5
respectively (Ballentine and Eris (1975), p. 641). Comparable cases here will
be rows 1 or 2 in Table 1 because one might be justified in ignoring intermediate
goods if they have to be used in fixed proportioms, i.e., if they cannot be sub-
stituted for labor or capital in producing the final goods}zv Values of r* thus
will be higher by 8 to 17 per cent in absolute terms depending on the assumptions
made for % and U%K. Ballentine and Eris (;975) suggested that Harberger,
by omitting net-income terms associated with an existing finite tax, over-
estimated r* by 16-20 per cent. Our results show that ignoring intermediate
goods leads to an underestimate. The correct value of r* seems to lie some-
where in the middle of the range of values computed from models with only

final goods., it is exactly at the half-way mark if op = -1, Several other

features of the results in Table 1 also deserve to be emphasized:

1. The elasticity of substitution between the two final goods has a
*
sizable effect on the magnitude of r , as much as 40 per cent in some cases.
In general, higher values of op are favorable to capital: as 9 increases,

tax burden on capital decreases.

2., The smaller is the elasticity of substitution between labor and capital iﬂ

the taxed industry, other things being equal, the lower is the burden of tax

*
on capital. When clx:= 0.66, r goes down from ~.51 (oéL‘= 1) to -.40, and

1 *
when op, =0.00L, r = 0.12.
3. As possibilities of substituting labor for capital, directly or indirectly,
in the untaxed industries decrease, capital has to absorb a higher portion
2

%
of the tax. In the extreme case, with QLK = UﬁM = G%M = &2K =0,00L, r =-.71,

almost 40 per cent more than the situation in which all ¢'s equal unity.



M) oy, = oy
(2) OJLK = o-iK
(3) GLK = GLM
4) ooy = o2y
(5) O‘;:M = O‘éM
®) %&’4&
¢)) UlK =

(8) All g's =

(9) Allo's =

16

TABLE 1

Elasticity of Net-of=-Tax Return to Capital
Y, % a
with Respect to Tax Rate (r /T )

= ol =1, other o's = 0.001

=1, other ¢'s = 0.001

= U}M = 0.001, other g'ls=1
2

=0 < 0.001, other o's=1

= cr1 = 1, other o's =0.001
LK > - ¢

= O‘?K = 0.001, other o's=1

0.66, other a's =1

0.66

1

‘It is assumed that the intermediate

final products.

o= op=-05 oy =-15 =0
-.54 -.62 =47 -.72
-.58 -.67 -.50 -.78
.15 .09 .19 0.0
- .64 -.75 -.55 -.88
-7 -.83 -.60 -.99
-.57 -.66 -.50 -.77
- .40 | -.48 -.33 -.59
- .45 -.54 -.37 -.67
-.51 -.58 - 45 - .67

good is divided equally between the two

i»
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4, When the elasticity of demand for the taxed commodity is zero, owners
of capital invariably suffer more than in other situations. In columm 4 of
Table 1, r* always has higher negative values than in any of the other columms,
and even the positive values in the third row are replaced by zero.

There is nothing surprising about these conclusions. As the tax
on torporate capital is increased, attempts are made to avoid the tax burden
by increasing the relative output of the untaxed final -good, and by sub-.
stituting labor for capital throughout the economy. Points 1, 3, and 4 have
a direct bearing on such attempts, and the second point determines how much
capital and labor per unit of output will be released as the corporate sector

contracts in response to a tax increase.

Effects of Separability and Fixed Proportions

It has often been assumed that primary factors are separable from
intermediate goods in the production process, and that such goods are used
in fixed proportions (by Fullerton, Shoven, and Whalley (1978) for example).
A necessary and sufficient condition for such separability, according to
Blackorby and Russell (1976), is that Oéu = 0tM' This condition is satisfied
in several rows in Table 1 but the additional restriction of fixed proportions
between the primary factors and M in both Xl and X2 is met only in row 1.
Estimates of r* there are higher than those in row 9 by about 6 percent.
Simulation results in Table 3 indicate that if the intermediate good has
a larger share (2/3) in the noncorporate sector, these assumptions of

separability and fixed proportions can make a difference of about 10 percent

in calculating r*.

The Role of Complementarity

It was noted earlier that one Gij (i#j) could be negative in each

final-good industry, which raises the possibility of complementary inputs.

We have seen how a negative value for oéM or ciK might reverse the sign of
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r* in some of the general results reported above. With the data at hand,

one can gauge the effects of complementarity on the magnitude of r*. It

is not easy to find examples of complementary inputs of the type being used
he%e. It is particularly hard to imagine a situation in which rental of capital
goes up and less of labor is used, keeping outéut and other input prices

constant, as a negative o__ will require. 1In the following illustrations,

LK
therefore, we consider only cases of complementarity with M (although even
these will not occur very frequently) using row 9 in Table 1 as a benchmark.

If K and M are complements in Xl (oiM = «1), r* in each column of row
9 goes down by about 2 percent. A negative oiM, however, raises these
estimates by about 2 percent. If UiM is set equal to -1, r* equals -.57, -.66,
-.50, and -.76 as 0 1s varied from -1 to 0. When both 01 and 02 equal -1,

D KM KM

the corresponding values of r* are -.55, -.64, -.48 and -.74. On the other

hand, when OiM and UiM are set equal to -1, r* drops to -.53, -.61, -.46, and -.70.

Finally, these estimates of r* do not seem to be very sensitive to particular

negative values of OxM and Ormt changing them from -1 to -0.5 alter these

results but little.

V. SOME SENSITIVITY TESTS OF THE EMPIRICAL RESULTS

The data used in deriving the results reported above were compiled
by making a series of approximations and strong assumptions in some cases., It
should be no surprise to find sizable errors, especially in variables pertaining
to the intermediate good--the size of M and its allocation between Xl and X,.
In what follows, we vary the allocation of M between X1 and X2, and increase
the size of the intermediate good sector._l3

Two sets of results are set out in Table'z-;one in which X1 is assumed
to use 90 per cent of the output of M, and the second in which this fraction

is reduced to 5 per cent., In both cases, the numbers are within * 5 per cent

]

[
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of those reported in Table 1, For the data at hand, therefore, any error in
computing the share of M used in each industry will not alter the estimates
of r* very much,

These estimat;s, on the other hand, are more éensitive to the size of
M., In Table 1, the intermediate good amounted to about a third of the non-
corporate sector. In Table 3 we present comparable results for two other
cases in which the relative size of M is increased to a half and then two-
thirds of the output in the noncorporate sector. Under the first assumption,
estimates of r* by and large stay close to those in Table 1, exceeding the
latter by about 4 percent in row 2. It is a different story in the second
case: r* in row 2 exceeds the corresponding number in Table 1 by 20 percent
in some instances. Results do not change much in other cases, and r* is
almost identical under the three assumptions when all g's are equal (rows 8

and 9) or when no elasticity of substitution is zero (row 7).

VI. CONCLUSIONS

We have demonstrated the wide range of results that can be
derived when pure intermediate goods are introduced into a.general.
equilibrium model of the incidence of the corporation income tax in which
a finite tax already exists. Several theoretical conclusions about the
role of such goods are established., It is also shown that many well-known
propositions about the incidence of the corporation income tax, emanating
from models with only final goods, need to be modified. Empirical results,
derived from U.S, data for 1953-55 used by Harberger as well, suggest that
the elasticity of capital's rate of return with respect to the tax rate has
been underestimated by 8 to 17 per cent due to the exclusion of intermediate
goods. Simulations further indicate that these results can depart even more
from those in models with only final goods if intermediate goods are a relatively
large sector in the economy and there are rather limited possibilities of
substituting capital for labor in their production, and of substituting them

for other productive factors in the final-good industries.

io

1]
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FOOTNOTES
*ﬁniversity of Western Ontario. It is a pleasure to acknowledge many
helpful discussions with R. N. Batra, Chin Lim, and Arthur Robson on this general
topic. Glenn Kendall's assistance with some of the empirical results reported .

in Section IV is also greatly appreciated. A referee'’s comments on an earlier

1o

draft too have improved the paper. The Social Sciences and Humanities Research

Council deserves thanks for financial support of the research reported here.

1Pure intermediate goods, on wﬁich this paper focusses, have not been
considered in the tax literature. Some authors--Fullerton, Shoven and Whalley
(1978), and Melvin (1979) for example--have used input-output models with
fixed coefficients. Primary factors are either left out or assumed to be
separable from intermediate goods. No such restrictions are imposed on

the production functions in this paper.

2Corporations also produce intermediate goods (steel, fertilizer, etc.)

and taxes are levied in the noncorporate sector as well. These are left out
to keep the analysis within manageable bounds.

3This demand function is used by Ballentine and Eris (1975) as well;

however, because of intermediate goods, subsequent derivation here is quite
different from theirs. It is worth noting that in Harberger's original
analysis (1962) demand depended only on relative prices, which requires, inter

alia, that there are no taxes in the initial situation.

4Total requirements of primary factors are indicated throughout the

paper by Li or Ki’ without primes. For example, total capital used in

pr:oduc::i.ngx1 isK1=RK]x1=aK1X1 +ﬁﬂamM=KJ’.+;1l'K;{'._ .

5For a proof, see Batra (1974), pp. 178-79.

(o
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6Neary (1978) shows that a necessary and sufficient condition for
dynamic stability of distorted factor markets in a similar model (with‘a
slightly different demand curve and no intermediate good) is that expressions
such as A be positive., In the present model also, if final goods alone
are considered, A will be positive as long as the two industries have the
same rank in physical and value terms (]A| and |8| have the same sign) but
as Herberg and Kemp (1980) point out, A can be positive even when lk\ . lo] <o.
It is not clear if these results carry over to a model with intermediate
goods. Pending a full-fledged stability analysis of this model, we. shall rely

on the empirical evidence cited in the next footnote.

7Data presented by Harberger (1962) for 1952-55 show that K]/K2 = 1
and 1.1/1.2 is equal to about 10. When intermediate goods are allowed for,
gross factor intensities change: K]/K2 = 1,2 and L1/L2 = 13.3, so A = =12,1,
Ratti and Shome (1977) also find that the U.S. corporate sector is relatively
labor intensive: in 1970 the share of labor in corporate industries was 0.8
and only about 0.3 in the non-corporate sector. For the results reported
in the next section, r* was computed for a wide range of empirically plausible
values for A and the o's, varying A from -30 to about 1 and o's between d and 2,

The denominator of (27) was invariably positive.

8por a homogeneous production function, with two factors, holding the
price of another input constant is the same thing as holding the quantity of
that input constant, but not when there are three or more inputs. For an

illuminating discussion of this and related matters, see Solow (1967).
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9It is assumed that "Miscellaneous Agricultural Products" in

Leontief's classification corresponds to "Farms" in Harberger's terminology,
and "Agricultural, Forestry and Fishery Services" in the former matches
with "Agricultural services, forestry, fisheries" in the latter. Details

of other approximations are reported in a short data note available from

the author.

O"Miscellaneous agricultural products", "Agricultural, Forestry, and
Fishery Services", and "Real Estate and Rental" in Leontief's classification
come closest to Harberger's "noncorporate sector", and these industries
used roughly half of the output of the intermediate good as defined here.
This assumption, however, is not critical, As the simulation results
reported in Section V show, estimates of r* are not very sensitive to how
M is divided between X1 and XZ‘

11 ~
As Harberger (1962) shows, € = O'DXZ/(X1 + X2)

2

The stability condition discussed above requires that no more than one
cross-partial elasticity of substitution be zero in each industry. For the
results in Table 1, therefore, we approximate fixed proportions by setting

the relevant Uij's equal to 0,001.

13
These changes are reallocations within the same total national income.,

When the magnitude of M is increased, the size of X2 is reduced.

14
It is worth noting that, as mentioned at the outset of this paper,

products of the taxed industry can also be used as intermediate goods, and
such goods can someﬁimes be used as final goods as well. Moreover, there are
taxes other than the corporation income tax in the economy., A model
incorporating these considerations might yield results which differ from those

presented here.

\o
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