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Abstract

A value-added tax is examined in a general-equilibrium

model of tax-incidence incorporating primary factors and intermediate

Production coefficients are variable and demand is elastic.

The principal result is that under assumptions of fixed coefficients

and inelastic demand which have been commonly employed in the litera-

ture, VAT as well as the corporation income tax will be neutral. In

the more general setting of this paper, only VAT, applied to every

industry at equal rates will not affect relative factor- and commodity

Incidence and other economic effects of a partial VAT are

also discussed.
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VALUE-ADDED TAX AND THE THEORY
OF TAX INCIDENCE

by
Kul B. Bhatia*

A good deal has been written about the value-added tax (VAT) in
recent years. There are analytical studies dealing with incidence of
VAT, its effects on commodity prices, and comparing VAT with various direct and
indirect taxes it could replace. Considerable interest has been shown
also in the role of VAT in tax harmonization, especially since the Neumark
Report which advocated the adoption of a uniform VAT by all members of
the European Economic Committee. Besides, there is a growing literature,
mostly of a descriptive nature, about the actual experience of VAT in indi-
vidual countries.1 Among the analytical writings, Oakland (1967) provides
a theory of VAT, Friedlaender (1967) compares the price effects of VAT with
those of indirect taxes such as a retail sales tax, a turnover tax, etc.,
and Aaron (1968), Vartholomeos (1974), and Dresch, Lin, and Stout (1977)
consider questions involved in substituting VAT for the corporation income
tax (CIT).

These studies provide valuable insights into the working of VAT and
its relationship to other taxes, but they are quite restrictive in many ways
because of the assumptions and approaches used by their authors. In Oakland'’s
model, a consumer- and a capital good are produced, both using only primary
factors, so there are no intermediate inputs. Although Friedlaender incor-
porates such inputs, she assumes fixed input-output coefficients and does not
look at any factor taxes. Assuming fixed coefficients might not affect the

results about sales- and commodity taxes she examines, but it does make



a significant difference when taxes such as CIT are involved as the analysis
in this paper will show. Input-output ratios are not allowed to vary by
Aaron (1968), Vartholomeos (1974), and Dresch, Lin, and Stout (1977) as

well. These authors assume fixed demand vectors besides, and assign no

specific role to primary factors. While such assumptions are convenient,
they can be justified only in the short run or for "first-round amalysis,"
as Dresch, Lin, and Stout call it. Moreover, these comparisons between
VAT and CIT have not been made in a model of tax incidence. Therefore, a
series of results about shifting of both taxes have to be extraneously
imposed.2 What seems to be lacking in this literature is a general equili-
brium framework which can provide a unified treatment of these and other
issues about VAT.

The main purpose of this paper is to present a rigorous analysis of
VAT in a general equilibrium model of tax incidence. Value added can be
simply defined as total output minus intermediate inputs. The model,
therefore, incorporates intermediate goods as well as primary factors.
Elastic demand and flexible coefficients all round are also assumed. It is
thus possible to analyze both demand and supply considerations in a general
setting. Some of the results to be derived here are intuitively obvious
and well known. For example, VAT applied to every industry at an equal rate
will affect neither factor rewards nor output prices. The model nonetheless
will also tackle other questions which are important but have not been
rigorously answered in earlier work. Here are two examples: First, VAT
does not always cover every activity. Shoup (1969) records that banks, in-
surance companies, and other financial institutions are exempt from the
Danish value-added tax. McLure (1972) suggests that for administrative,

political, and social-policy considerations, "from one-fifth to over half



Agf personal consumption might be excluded from the tax base" [in the

United States]. How are the incidence and other effects of VAT affected
when all value-added cannot be taxed? Second, there is some evidence

that elasticity of demand is not zero, and that cost-minimizing firms do try
to substitute untaxed inputs for the taxed onmes. How does VAT fare
vis-a-vis CIT and other partial taxes if demand is elastic and it is possible
to substitute primary factors for each other and for intermediate goods?

The theoretical framework is set out in Section II. The model is
modified to include inter-industry flows in Section III. Results about tax
incidence are also reported in these sections, and Section IV deals with
the effects of various taxes on commodity prices. The only VAT considered
here is of the "consumption type", which is equivalent to a VAT of the
"income variety" or the "gross product type'" in this model because there is

no investment or depreciation.
II. The Theoretical Framework

There are two types of intermediate goods in any economy--those used
entirely in the production process, and others which serve both as inter-
mediate inputs and final goods. The former have been called "pure intermediate
goods" while the latter have been treated as "i nter-industry flows". The
only difference between the two, for amalytical purposes, is that there is
no final demand for pure intermediate goods. It is nonetheless essential to
consider them separately because they call for rather different theoretical
specifications and lead to quite dissimilar results about incidence and

other effects.



Pure Intermediate Good Case

let there be three goods, Xl’ X2, and M. X1 and X2 are final goods
whereas M, being a purely intermediate commodity, is used up completely in
their production. Labor and capital, the two primary factors in fixed sup-

ply, also appear in all production functions which display constant returns

to scale. Full employment of factors and perfect competition in input and
output markets are also assumed. It follows that firms minimize unit costs,

and factor prices, net of any taxes, are equal across industries. Production

coefficients in M depend on w, the wage rate, and the rental of capital, r,
whereas in Xl and X2 intermediate good's price (pM) will also affect these
coefficients. A model of this type for CIT has been developed in Bhatia (1981),
so only the key equations are presented here? Expressions (1) and (2) reflect

zero-profit conditions that characterize competitive equilibria, full-employment

of primary factors is ensured by (3) and (4), and the demand equation is given

by (5) .
BL¥* * Oy TF = Pf )
esz* + eKzr* = p§ (2)
MaXT MRS = - O R MR 3
MerXE F NES = R - O Ry MeoRKo) (@)
X¥ = e(p} - pP3) (5)

where asterisks denote proportional changes, lij is the proportion of it

primary factor used directly or indirectly (via the intermediate good) in the
production of jth final good, R's represent gross input-output ratios and 8's
are the corresponding factor sharesﬁ' Expressions (3) and (4) also summarize the

structure of production in this model, and ¢ is the income compensated elasticity

.

of demand.



A VAT in this framework is a tax at equal rates on labor and capital
used directly in each industry. If the tax is levied in Xl at rate ty,,

expression (1) will be replaced by (6):

wkx + 9

= p¥%
®r1 r* + (ot g TH= P (6)

Kl
where PL1 and PRy ? respectively, are the share of labor and capital used

6
directly in Xl (eege, 1" waLllpl, etc.), and T§1= 1+ tv1)*. By contrast,

a tax on capital in X  at rate tKl will lead to (7)

1
* + = p*
017 T 8™ T TR T P M
where T§1 = (1 + tKl)*.

The above framework, to all intents and purposes, is an extension of
the Harberger model to incorporate intermediate goods. As in that model, the
key to tax incidence is the behavior of factor shares. If the wage-rental
ratio remains unchanged in the face of a tax, relative shares of labor and
capital in national income do not alter because of the assumptions of full
employment and fixed factor endowments. Consequently, the ultimate burden
of the tax in question falls on labor and capital in proportion to their
initial contribution to national income. However, a factor whose relative
price declines will have to suffer more. The crucial step, therefore, is to
obtain a solution for w/r, the wage-rental ratio in the presence of various
taxes, and that is done by equating the proportionate change in supply of
x1 to the corresponding change in its demand.7 To simplify this operationm,
all initial prices are set to unity by a suitable choice of units, L¥ = K¥ =0
because of fixed supply of factors, and w is chosen as the numeraire in
terms of which all other prices are reckoned. This leads to the additional
advantage that w* also becomes zero, so proportional changes in the wage-

rental ratio are indicated by r* alone. The solution for r* is derived by



first solving (3) and (4) for X{ (supply) and equating it to Xi (demand)

in (5) after substituting for pf and pg from (1) and (2). This procedure

yields expression (8) for VAT in Xl and (9) for a tax on capital in that

industry.
1
k= Ae (py *ry) B(pIMOKlleUm pupm"bﬂcm)/emem (8)
e(® )A +BG +F v1
K2 -
Aco, - B( ol + L y/e
e ! CriPuPaliont PuPr’ud P 9
- +BG +
e(8p O )AFBGHF K1
! !

(gt 0 /8 8,y - Also, = lepKloiK+ pl%MlepMIU%M+ "IZ,M"mmeéM’ and
Bl= pszKZGiK+ péMpszMZUEM+ QEMDKZDMZGEM' Both o and Bl are sums of various
elasticities of substitution (¢'s) premultiplied by factor shares in Xl and Xz-
Similar expressions for the intermediate good are g = pLMpKMleoﬁK and
8

5= "anm"m“bla.x‘

Since gross input-output ratios, R's, ultimately depend on relative
input prices, R*'s can be expressed in terms of o's, w*, and r* as shown in
the Appendix. For example, with w* = 0, sz = (Bl+ s)rx/e L2? and in case of
a VAT in Xl, R{l= (a1+ g)r*/eL1+ le(pLMpKIUiM- lepKMO'LM)TV1 All such
expressions for R*'s have also been used in arriving at (8) and (9). It is
easy to verify that in the absence of an intermediate good (9) will reduce to
the solution derived by Harberger (1962). The intermediate good mainly contributes
a number of additional elasticities of substitution to both (8) and (9). Only
oiK appears in Harberger's equatioms. There is of course the distinction between
gross and net capital-labor ratios as well., An industry which is relatively
capital intensive in net terms (aij's) might turn out to be labor intensive when

primary factors used via M are taken into account.
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Other Taxes
when other taxes are levied, solutions for r* can be similarly derived.
R*, of course, will vary slightly from one tax to the next. For instance, if

a tax on labor is imposed in X, Rfl = [@11 + E) r*

- (lepchiK'+ lepulpKMg;M)]/eLl' Without going into details, the following

solutions are presented. The denominator in all cases is the same as in (8)

and is denoted by Dl'

An excise tax on xl(tl):

'o\‘=--€A
r D, Tf (10)

A value-added tax in xz(tvz)

2 2
v - Ae oyt Ppp) + B(PyoPyoP ol P 2Pl e P12 k2 ai)
D, T52

A tax on capital in xz(txz)

2
A + +
L APt CroProtin’ ProPuaanlinn) Bra®ra
k= - = T* (12)
] K2
An excise tax on x2(t2)
rk=- E& s (13)

An excise tax on the intermediate good M (tM):

M
Dy

as

A VAT in M also leads to the same solution for r¥* as in (14). This should

be intuitively obvious because value added in M is simply equal to value of

total output, for no intermediate inputs are involved. An excise tax, therefore,



is equal to VAT which in turn amounts to an equal rate tax on labor and
capital. These equalities among various taxes do not hold in case of the other
two goods because of the part played by the intermediate good. Equation (8),
for instance, will not reduce to (10) even when fixed factor coefficients are

assumed (o's = 0) - because Pr1 + pu< 1.

The Neutrality of VAT

A strong argument in favor of VAT is that it leaves relative factor
prices unchanged. The above results show that neutrality is certainly not
unique to VAT. If factor proportions are the same in the two industries (A = 0)
or demand is inelastic (¢ = 0), an excise tax in Xl or X.2 will also not affect
the wage-rental ratio. Moreover, if A or ¢ equals zero, and capital cannot

be substituted for labor or the intermediate good in the taxed industry, even

a tax on capital in Xi will be neutral. In equation (9), which deals with CIT,

ifA=¢-= UQM = 01 =0, v = 0. Similarly, a tax on capital in X2 will also
not affect w/r if A or e, G%K and °§M are zero.

It is important to recognize in this context that, taking one industry
at a time, VAT has no better claims to neutrality than any other tax: r¥*
can have any sign and magnitude in (8), (9), and (10), or in (11), (12), and
(13). Consider, for instance, VAT and CIT, a comparison between (8) and
(9 ), assuming that X1 is the corporate sector. For r* to be zero in either
case, A or ¢, and U;M must be zero. In addition, VAT will require that L
and M be used in a fixed ratio in xl, whereas CIT will need fixed proportions
between K and L. Roughly the same restrictions are thus needed to keep wage-
rental ratio constant under CIT and VAT. VAT, however, beats these other
taxes hands down when the economy as a whole is considered. A uniform factor
tax or a commodity tax in every industry will generally cause a change in

relative factor prices. For example, equations (10), (13), and (14) do not



add up to zero when the excise-tax rate is the same everywhere. As long as
VAT is levied at an equal rate, with no industry exempted or treated differently,
the wage-rental ratio will not alter: the sum of equations (8), (11), and

(14) will always be zero when the tax rates are the same. Here it is worth noting

that a uniform excise tax in x1 and xz will not be distortionary although VAT
similarly confined to the final-good industries will alter the wage-rental

ratio unless value-added is the same proportion of total output in each industry,
in which case r* will be zero. Comprehensive coverage and uniform rates,
therefore, are preconditions for VAT's neutrality in the absence of any
restrictions on o's, ¢, or A. These preconditions nonetheless are rarely met

in the real world. For example, Cnossen (198l) reports that in the Netherlands,
services such as health, housing, and welfare are exempt, about 50 categories

of goods are taxed at 4 per cent and the rest at 18 per cent. Almost every

country which levies a VAT at present has similar exemptions and rate structures.

Neutrality of VAT, obviously, is not its most coveted characteristic.
Note, finally, that if demand is inelastic and factor proportions
fixed, as has been assumed in many studies cited earlier, VAT, levied in
one industry or the entire economy, at uniform or different rates, will
invariably leave the wage-rental ratio intact. In (8), (11), and (14),
1 1 2 2

r*=0whenevere=o*m=crm=0'm-o-m=

restrictions, a partial or gemeral excise tax will also be neutral.

0. Of course, under these

Incidence of VAT

As indicated above, tax-incidence in this model is determined by r*.
Notice first that D; is always positive: B, G, and F are positive by defi-
nition, A and (BKZ - eKl) have opposite signs and ¢ is negative. The sign of
r*, therefore, depends on the numerators of various expressions. The follow-

ing propositions can be derived:
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1. If VAT is levied in only one industry, and the intermediate good must
be used in fixed proportions with labor, tax-burden will fall more

heavily on capital if the taxed industry is relatively capital intensive:

1
M

and A < 0 (which implies that X2 is more capital intensive). It is obvious

that this result will hold even if the intermediate good cannot be substi-

1 1 .2 _ 2 _
tuted for capitalaswell (UKM =0m ~ % " % " 0).

r* will be negative, in (8) if o, =0 and A >0, and in (11), if CiM =0

2. Elasticity of substitution between the two primary factors affects
the magnitude but not the sign of r*. A VAT here is an equal rate tax on
labor and capital, there is thus no tax -induced distortion between them in

. 1 2 .
the taxed industry. Both oKL and Ok, 3pPear only in D1

and By As either of these o's becomes larger, r#* gets smaller. In the limit,

r* - 0 as U;L or UiL - o,

, as components of %

3. If the intermediate good must be used in a fixed ratio with both primary

factors in the taxed industry, the incidence of VAT will depend only on gross

L oot -=01in (8), r*2 0 as A SO. If VAT is

factor intensities: if GKM = am1
2 P-4
confined to XZ’ and 02 = O'?M =0, r*< 0as A< 0.

4, If all factor proportions are fixed throughout the economy, elasticity
of demand has no bearing on the incidence question. If all o's are zero,
: % = - 8 i * = - 8 -0 .
in (8), r (Pgy * P12/ By = B )> and in (11) r (Pyo?1.9)7 a8y )

Clearly, the sign of r* depends only on (eKZ-eKl)'

It does not follow, however, that when factor proportions are fixed
everywhere, the intermediate good should be left out. A model with only
final goods would be much less complicated than the one used here, but it
could lead to incorrect results about both the sign and magnitude of r#*.

The reason lies in A which denotes gross factor intensities here. If only
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final goods are assumed, net capital-labor ratios will be comsidered, and
ranking of factor intensities in pet and gross terms can be the opposite
of each other. It is possible that KI/K2 might be greater than L1/L2 A >0),
while the net ratio, Ki/Ka is less than Li/La. In terms of factor shares, it can
happen that eKl is greater than aKz whereas Px1 < P2 (recall that p's will
be computed from factors directly employed in each industry). In this
situation, when input-output coefficients are fixed, r* will be positive in
(8 ) when 8's are considered, but negative when only p's are taken into
account. This complication does not arise in a model with inter-industry
flows where A will have the same sign under either specification.

Other results of this sort can also be deduced from (8) and (11).
The key point, worth reiterating, is that so long as VAT is not applied
to every industry, it is not much different from any other partial tax
levied on production or on the use of a particular factor, especially
when fixed production coefficients are assumed. As a practical matter, it
is not always possible to extend VAT to every activity. Germany and Denmark
exampt financial services, and it is sometimes argued that food and other
necessaries which take the lion's share in low-income budgets, should also
not be taxed or taxed at lower rat:es.lo When such provisions are made, VAT 7
obviously ceases to be a neutral tax. Moreover, it is not clear that in puéh
cases VAT is still the best tax to levy. Consider a hypothetical case in
which only final goods can be taxed. Then an excise tax will work much
better than a VAT. In the present model, a uniform excise tax on X1 and X2
will be neutral while VAT will alter the wage-rental ratio. In fact, in this

situation, the excise tax, and not VAT, will end up taxing all value-added

in the economy.
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III. Inter-Industry Flows

To deal with intermediate inputs which also serve as final goods,
it is assumed now that the economy produces only two goods, xl and Xz.

Total output used for meeting final demand is X; and Xij(i,j=1,2; i#3)
becomes an intermediate input. Each commodity is produced with the help

of capital, labor, and the other good. As before, constant returns to scale,
full employment,’competitive markets, and complete flexibility of all

prices and production coefficients are assumed. The demand equation (5) is

also retained, except that X replaces Xl'

Full-Employment Conditions

aLl(xl-l- xlz) +aL2(x2+ x21) =L | (15)

8 (x1+ xlz) +aK2(x2+ x21) =K (16)

Or, equivalently,

= . ‘ a7)
R % F Rpp*, =L 17

RK1x1+ RKZXZ =K . as)

where Rij is the amount of the i}h primary factor used directly or indirectly

in producing one unit of the ifh final good. For example, RK1= (8K1+ apo” 821)/

(l-a__ - a21). It is further assumed that a,_.- a

12 12 721

positive and ensures positive outputs for the two final goods.

< 1, which makes all Rij's

In equilibrium, output prices equal minimum unit costs, so we can write

+ =
AV At TP =Py - (9)

a, . w+a,.r+a,  p. =p (20)

L2 K2 12"y "2°

and input-output coefficients are determined by

aij= aij (w:r)pk) (i=L9K’1,2; j,k=1,2; j#k) (21)
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Resource allocation in this framework is determined by input and output
prices which can be altered by factor and commodity taxes.

Differentiation of equations (17) and (18) yields the following

structural relations:

% 4 =]k - * + .* . A ;

A RF ARG =1 - O RY AoBRTR) | (22?
x%* =K%k = * 4+ * .

Ma*t tha®s =K Gt M2k’ . (23)

where Xij is the proportion of taotal endowment of the ;Fh primary factor used

directly and indirectly in industry j (e.g., A = RleI/K, etc.).

Similarly, from (19) and (20), assuming that firms minimize unit costs, we

get:

* 4 * * =p¥ 24)
PL¥* FPp T TP P =P . | 4
* + * * =pk X '
PLa¥™ FPoF* +PoPY 7P (23)

which leads to:

¥k =
8wk +8, T* =p¥ , (26))

1
* + * =p¥%
8"+ 8o =P3 N @7

t

Here eij denotes the total distributive share of the g_h primary factor in

industry j (for instance, 8K2= RKzrlpz), and pij represents direct factor shares

(e.8+s Py,= aKZr]pz). For each industry, p's as well as 8's

will add up to unity (e.g., pL1+ Pr1 + Pyy = 1, eLZ + 9K2 = 1, and so on).

The Role of Various Taxes

As in the earlier model, value-added is the difference between value
of output and intermediate inputs used in the production process. Accordingly,

VAT is a tax on labor and capital directly used in each industry. A VAT in X1

will necessitate a revision of equation (19) which becomes (28):

aLlw(1+tv1) + aT (1+tv1) +a,p, = Py (28)
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Equations (26) and (27) will be replaced by (29) and (30) (setting w* = 0):

% 3
0™ + Ylep o) Ty = Py (29)

%
Oga™ T Y0 (P TR Ty = Py (0)

where y = 1/(1-p12p21), p's and @'s denote factor shares gross of tax, and
T 1° (1+tv1)*. Although p's and 8's represent the same concepts as

in the earlier model, their magnitudes will not be the same in the two
cases because R's are defined here to reflect inter-industry flows. For

instance, RK1= (a )/ (1 -ag,’ a21), but if X_ is only a pure in;ermediate

+ .

Kl %k2° 221 2
; +a_ " a.. . 11 hat R¥,'s will . b
good, RKI will be equal to ant e’ 3 }t follows that Rij s will glso e
quite different from those in the earlier model. For example, if a tax on capital

in X1(tK]) is the only tax in the economy, the following expressions can be

derived.

@+ 0,y B))r* . K1

1
* = +
Al Q. QL [P11Px1% ikt 21°K1 82 KZ(I Y 5P21 ) W P51P 5Pk BkoOL2
2 2
* ¥015P21Pk1 Pra®1%L1 ~ Pr2®1%a ]
o +p 5} 1
_ GytpyBy Tk 1 + 6.0
1= - 0 QK Pr1PL%kt PraP21812 1(2(1 “Wy1P1) T YP1PLIP21P 12 k212
+ ¥, P91Pk1 Pr2®1° Ll Pr2®L1 1<1]
(ﬁ +p,,8, Jx* T* 1
Ri2™ T, n, [P1Pk1PL1%kt P21P12°k1 12 ok2 171501
2 2 o ol
+ 1015001 o ®1%11 " Pre®i1 Kl) Y ,P11Pk1P21 82012
B.*P,,x) T*
2 12727 1K 1 1- )
R¥2™ " The - T [P)Pk1P110 kT P21P12°k1 812 K2( “Y12Pk1

2 2
+ w1 Pra®i %1 P2l Kl) w1 11Pr1P21 %2 L2]



15

vhere a,= lep216i2°i2+ Praf 216220;2 L1“x1°ix
By= 012°12%1 il+ PgaP12° il at °L2”K2°ix
Q= et P P T Pt P Pa
=Pt Put P20 T Pret P’ P12

These expressions, obviously, are very dlfferent from the corresponding RiJ

derived in the model with only pure intermediate goods.

The Solutions for r*

The two models are solved identically, by equating changes in
supply and quantity demanded of X1 (or X, in this case). Therefore, skipping

all intermediate steps, only the final equations are presented below:

Value-Added Tax in X, (tvl)

1 1 1
here W = i |
where W = p 10,107+ Py1011 000 ¢ Y 1P15) F Wy1P21P19P1182%2

2 8 02)]

(Pr2®1%1 " P2 k111

+ ¥ 1,P21P11

1
8= PPkt P217k1 P2 KZ(I “’12"1(1)

2 2y

(., .8, .0 8

® L2%k1%L1” Pr2"1%1

BN
+ ¥011P12Pk1721 %2%2 T W 21”127k Y
2

+ (o) 2 8. .0, .)
(=¥ 5P ) ¥ PP K2 ®1%a " Pr2k1°ul

- 1
= +
Wo= P1oPr1PL1%k " P12P21°L1 O 20 L2
2
+ 1 Pr1P21°11812%2

2

(L=, 1P12) ¥ WyiP12 @18k Ll Pr2%L1%1’

1
5,= P12PL1Pr1%LK +021P12%1 812 KZ

1
+ Y"lzpupm"uexzox,z
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L K

1 o1 & .
N=(——=+=—=), N.= (N + T )/7T
| 1T g L e Ky 2 K LK
1,1 1 1 Ky
= - — e —.—-+—-—
D, = Ae(8y, e1<1)J’(‘e’z‘t‘ﬁz"‘z)(nL + T ) + (a2+921‘32)(oL , G 2)
and
A= /R~ L /L) .
A Tax on Capital in Xl
r*=[A ey, (L-p ) = SN, - 5,N1 T /D, ~ (32)

An excise tax on X  (t_)

1 71
N.+ N ( 90’1- ] 0‘1)+p (pa N+ N,)

r* = [Ae (1-py,) +py509) (Nj¥ P1oN5) (Pr1915% 0 ~PL1%2 L2 2PN

2 2 %

- D
(Pg2%.1%% 1" PL2%1%L ! YT1/D,
Value-Added Tax in X2
k= 5 Typ (34)
2

1 1 2
- - + o
vhere V= W, ,0,, (0, 8150k0 PL1%%2%L2” TP21PK2P L%k

2 902+pppeoz(1-ypp)
+ ¥,51PkoP12P12 %1% P12P21PL2 k1911 21°1.2

1 1 2
= - 8 .0,.)+ 5
Ul Yp21pl(2 (leeKZOLZ Pk1 LZ(JKZ) P2 lpLZpKZULK

8

2 2 2
Y90 21P k2P L2 %1011 T P21P12Pk2 8110k (1 - YRy Pyy)
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ol - ) +

2
V)= W19P21PL2 Pra®La%k2” L K20L2 PraPL2"1x

2 .
* YogoP 12"21"1.291.101(1 P12P12%1 “L1¢1-YPe1PLY)

© ot )+ 2
= ¥°15°21Pk2 ©r1%2%12" Px18L2 1<2 PraPr2%x

2 2
+ W15 1PkP12 %1911 T P12Pk2801%a ¢ 7 WP21Pka) -

A Tax on Capital in x2

* (35)
rh = -[AerKz(l—pZI) + U1N1 + UZNZ] TKZ/DZ

An Excise Tax on X2

: 1 +N
vk = [-A ¢ (1-pyp) + Poy(Ni+ P1oNy (P 8 p0ka™ Pr1 %2 019 *+ P10 (Pyyy +Np)

P .
(Pg2®L1%1 ~PL2%1 Ll)] YTz’“z (36 )

These expressions are visibly more complex than those in the pure
intermediate good case. This is really a reflection of the interdependence
in production. In spite of their ponderous look, the W's, S's, U's and V's are
simply weighted sums of elasticities of substitution, with factor shares serving
as weights. All these terms will be zero if production coefficients are assumed

to be fixed. There ave, in effect, two intermediate goods which generate

many links between the two industries. Consider, for instance, an excise
tax on Xz. In the earlier model, the sign of r* is not affected by any
elasticity of substitution in (13). In fact, r* is zero so long as
demand is inelastic or the two final-good industries have the same gross

capital-labor ratio. In this model, an excise tax on X2 affects the
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input mix in Xl’ and that, in turn, will influence the ratios in which
Xl, the intermediate input, will be joined with labor and capital in XZ'
Ordinarily, therefore, the wage-rental ratio will not stay put when an

excise tax is levied.

Comparison of VAT with CIT
The assumptions used most commonly in comparing VAT with CIT in input-
output models are that demand is inelastic and production coefficients are fixed.

In the present case, whenever ¢, ol 1 1 2 2

KL’ GKZ. GLZ’ GKl’ and cLl are zero, VAT will
not alter the factor-price ratio even if the tax is levied only in Xl. However,
in this situation, CIT also will not affect w/r, for r* will be zero in (32),
and as equation (33) shows, an excise tax too will leave relative factor rewards
unchanged. These curious results are easy to explain. A partial tax, whether
levied on output or a factor of production in one industry creates a distortion
in the system. Firms, in trying to minimize unit costs, will tend to substitute
untaxed inputs for the taxed ones, and similar substitutions between

final goods will happen on the demand side. The resulting interactions

between demand and supply will lead to a new set of prices. The restrictions
mentioned above effectively eliminate these substitution possibilities both

in demand and the production process, so the wage-rental ratio remains unaltered.
In such a restrictive setting, therefore, one cannot adequately compare VAT with
other taxes. At the other extreme, if no restrictions are imposed on elasticities
of demand or substitution, of the taxes being considered here, only VAT, levied
at a uniform rate in every industry, will not affect factor prices. Equations
(31) and (34) will always sum to zero while (32) aand (35) (a tax oa capital),

and (33) and (36) (excise tax) will not. As in the earlier model, VAT turns

out to be the only indirect tax :nder which, in the most general case, the
wage-rental ratio remains constant. When only some of the restrictions mentioned

above are imposed (e.g. A or ¢ is zero), effects of VAT and other taxes will
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depend on empirical considerations, particularly on the magnitudes of various
elasticities. Unlike the previous model, there are no taxes here that will leave
the wage-rental ratio unchanged if demand is inelastic or factor ratios are the
same in the two industries and o's involving intermediate goods are zero in

only one industry.

Incidence of a Partial VAT

Once again the incidence of a VAT levied in only one of the two
industries can be examined. Notice that here as well, for precisely the
reasons given for Dl’ D2 will be positive (but D1 will not necessarily equal
D2), so the sign of r* will depend on the numerators of the various expressions.
Instead of a detailed analysis of (31) and (34), we focus on the differences
between this and the earlier model.

0f the propositions derived from (8) and (11) in the earlier model,
only the second and fourth will hold as stated. Here also G;L and UﬁL appear
only in the denominator of the various expressions for r*. Therefore, they will
affect the magnitude but not the sign of r* (Result 2) . Regarding Result 4, it

was stipulated there that all factor proportions were fixed, which implies that

all ¢'s are zero, so w1, S1, W2, SZ’ and V's and U's will be zero. Consequently,
in (31) £ = v(10;) (Aeq +0p)/ (Bgp = &), and n (34), 7% = ¥(1-pyp) (pp, * p)/
(eK2 -GLZ). In either case ¢ does not appear. Therefore, the wage-rental ratio
will not be affected by elasticity of demand.

Proposition 3 in the earlier model required that the two primary factors
be used in fixed ratios with the intermediate good in the taxed industry. Now,
1 1 2

. 2
9 and ckz are zero in (31), or %1 and op, are zero in (34), the sign of r*

does not depend only on A, the gross factor intensity. Some elasticities of

if

substitution still play a role. However, if the intermediate good cannot be

substituted for capital and labor in either industry, i.e., 6;2, 0;2, Gil’ and

2

GLI are zero simultaneously, the sign of r* will be determiuned solely by A.
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The first result derived in the earlier model will not be valid here. Because

of interdependence in production, nothing can be concluded about r* if only

G] or 02
L2 L1

other o's will also be needed.

are zero as was required in the earlier model. Restrictions on

1v. Taxes and Relative Commodity Prices

One aspect of tax-neutrality is how various taxes affect commodity
prices. VAT, if levied on every industry at a uniform rate, will be neutral
in this regard, but other taxes, especially when they cause the wage-rental
ratio to alter, will bring about a change in relative output prices. Such
price effects are the subject of this section. They can be very important
in devising tax programmes, particularly while choosing among different taxes
which yield the same revenue. The most popular comparison has been between

11
VAT and CIT which shall be taken up here as well.

The Pure Intermediate Good Model

In all the price equations set out earlier in the paper, there are
two types of terms, one pertaining to factor prices (r*), and the other

dealing with taxes directly. For example, in the case of VAT, we have

o + (p,+p )Ty = pr 6)
Og1™ + (Ppyteg) Ty = Py (
* + (p, Hp, )T = pr )
®2 PLatPg) Ty = Py (37
* %*
As long as TV1 = TVZ’ the share of value-added is the same in the two

industries, and either r* is zero or eKl = @_,, relative output price will

K2
% * )
not change (p1 " Py = 0), If VAT is extended to the intermediate good as well,

% %
the only requirement for obtaining this result (p1 - p, = 0) is that a uniform

2

tax rate be applied because in this case, r* will be zero as already proved,
12

and both Py and Py will rise by the full amount of the tax. However, if

the tax does not cover every industry, or is levied at different rates, there

is no reason to believe that output-price ratio will be unaffected.
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The CIT Case
Under a tax on capital in Xl’ (7) and the corresponding equation

for P, lead to (38):

% * %

(g1~ O™ * PraTra = P17Py (38)
Even if r* is zero, the two output prices will not change‘equally. Some
situations nevertheless can arise in which the r* term exactly offsets the
tax term. For example, if the taxed industry is capital intensive, so that

* *
> 8 r* will be negative in (9), so Py could well be equal to Py However,

Ok1 > ®k2?
it is highly unlikely in the U.S. case because the corporate sector is
relatively labor-intensive, and there is considerable empirical evidence

that r* has been negative. The two effects thus reinforce each other.lo

VAT vs. CIT

For a comparison between VAT and CIT, both levied in Xl, the two

taxes must yield the same revenue, which implies that T k= V1(pKl le)/pKl'

The only relevant issue then is what happens to r*, because using the tax
rates and values of r*, effects on output prices can be readily determined
from the price equations. Applying the equal yield condition, we obtain

from (9)

1
Ag(py 1 *Py) - BlogqPuaPrrtPL1PK1L ) CrrtPrr) P 1’y * (39)
. V1
1

r* =

The denominator and the first term in the numerator in (39) are the same

as in (8). The term involving céM is bigger than in (8) because it is

being multiplied by (pL1+pK1)/pK1. One more term is left in each expression:

it involves GéL and makes a negative contribution in (39), but it includes GiM

in (8) and is positive. All in all, r* will be more negative in (39) than in (8):
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Other things being equal, VAT will lead to a smaller decline in the relative
return to capital. This result can be easily explained. Under CIT, labor is
substituted for capital in the corporate sector while there is no incentive
to do so in case of VAT, consequently there is a smaller excess supply of
capital and a lesser decline in its relative price under VAT. The wage-
rental ratio, however, will move identically in the two cases so long as

all production coefficients are fixed in the taxed industry and the two taxes
are constrained to yield the same revenue. In this event r* = (pL1+ pKl)T$1/

- r - :
(e eKl) under VAT and pKlTKI/(eKZ eKl) under CIT. The two will be

K2

. = +
identical when Tﬁl Tgl (pKl le)/pKl.

%
Turning to output prices, we obtain from (6) and (37) (setting TV2 = 0):

(81 0™ * (optoeTyy = PPy (40
From (38) and (40) it is clear that if 8¢1 < Ogy» as is probably true in
the United States, the relative output price in the taxed industry will
rise less under VAT than in case of CIT, while the opposite result will
hold if eKl > eKZ' When production coefficients are fixed, the two taxes
will of course affect relative output prices identically.

Here a comparison between CIT and a uniform VAT throughout the
economy is also worth making. The latter will not alter the wage-rental
ratio, nor will there be any effect on relative output prices. CIT will
lead to different results on both counts. In fact, even when relative factor
rewards stay unchanged (e.g., when 61 , GiK, and ¢are zero), the relative
price of the taxed commodity will rise: (pi—p;) will be positive in (38)

even if r* is zero.

The Inter-Industry Flows Model

The main difference between this and the earlier model is the
interdependence in production which affects output-price equations, the

solutions for r* and many other aspects of the analysis. As equations (29)



23

and (30) show, VAT in X, will affect both output prices irrespective of what

1
happens to the wage-rental ratio. The same is true of CIT and every other

tax in the system. Since there is no third good here, VAT in X1 and Xz at
equal rate (T*) is like the comprehensive VAT in the earlier model, and it does
not affect relative factor or commodity prices in the most general case, i.e.,
without any restrictions on the various parameters of the model. From

the price equations (24) and (25) after incorporating VAT, it can be verified

* * * k.,
that eKlr* + T* = Pys and eKzr* + T* = Pys hence (pl-pz) will be zero because

r* in this situation will be zero.

A Tax on Capital in X1 (CIT)

In this case, the relevant price equations lead to the following:

o, * %

Once again, even when r* is zero, the two output prices will respond
differently. However, pKszl here is premultiplied by y(l-plz), so

effect of CIT will not be the same as in the pure intermediate good model
(equation (38)). This is really an empirical matter because everything
depends on the values of v, Pg1? and 8's. Some numerical results reported
by Bhatia (1980) show that with U.S. data for 1952-53, a value of r* equal
to 0.5 will be sufficient to ensure no change in the relative output price.
Plausible values of various parameters nonetheless point in the opposite
direction--eKl is less than 9K2 and r* is negative--so the factor-price

effect reinforces the tax effect.
VAT vs. CIT
* %
If CIT is replaced by an equal-yield VAT in Xl’ TK1 = TVI(pKl+pL1)/pK1’

and (32) is replaced by (42):
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- AeY(pKl-'-le) (1'912) ‘(S].N1+SZN2) (pKl"'le) /pK]. T*

Je
r D Vi

(42)
2

The denominator, D2, and the first term in the numerator are common to both
(30) and (42), but the other terms are complicated and their sign depends
on empirical values, mostly of o's and various factor shares. Therefore,
unlike the earlier model, one cannot definitely say how the wage-rental
ratio will fare under these two taxes in Xl. A definite statement can
nevertheless be made in one instance: If all input-output coefficients are
fixed in both industries, r* will be identical under CIT and VAT. It will
have the same sign as in the pure intermediate good model although the exact
value of r* will be different.

The above results about r* carry over to output prices. From (29) and
(30) we get:

%* * %
(81 -Od ™ * Yo o)) (1o )Ty = Py-py (43)

Nothing a priori can be said about equations (41) and (43) except that when
production coefficients are fixed, CIT and VAT will have an identical effect

on relative output prices. Of course, if VAT applies to both industries, r¥*

will be zero and both output prices will rise by the same amount.

V. Conclusions and Summary

This paper has dealt with VAT in a general-equilibrium model of tax-
incidence. In the existing literature, VAT has been examined mostly in a
partial-equilibrium context, often without incorporating intermediate goods
into the analysis, and using the highly restrictive assumptions of fixed
input-output coefficients and inelastic demand. One of the main results
here is that when such restrictions are imposed, not only VAT but also partial

factor taxes such as CIT turn out to be neutral. However, when production

“
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coefficients are allowed to vary and demand is elastic, VAT alone leaves
relative factor and commodity prices unchanged as long as the tax applies
at equal rates to every industry. As this is often difficult to achieve
in practice, a number of results about the incidence and economic effects
of a partial VAT are algo derived. The main conclusion is that if VAT
does not cover all industries, its incidence does not differ markedly from
that of other partial taxes.

So far as relative output prices are concerned, in the most general
case, VAT is the only tax that will not affect them. In more restrictive
settings, with VAT and CIT levied in the same industries, the two taxes
will affect relative output prices differently except when production
coefficients are assumed to be fixed. In that case, substituting an

equal-yield VAT for CIT will not alter the ratio of output prices.
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Footnotes

*
Department of Economics, University of Western Ontario, London,
Canada. I am grateful to Russ Mellett for his valuable research assistance.

lTait (1972) has an extensive bibliography. A short review of the

literature is provided by Lindholm (1970) but he does not deal in depth

with analytical studies. For a critique of this review, see Bird and

Krauss (1971) and also Lindholm's rejoinder (1971). Country studies were the
subject of a recent conference on VAT experience in Europe at the Brookings
Institution. These will appear in a forthcoming Brookings volume edited by
Henry Aaron.

zTait also adopts this approach although without using an input-output

- framework.

3B.ere it should be pointed out that this model and the one in the next
section are different from a hierarchical framework which has been widely
employed in the VAT literature. A typical example is McLure (1981) who
specifies manufacturing, wholesale, and retail stages of production. A
comparable case in the present model could be derived by specifying that M
is used in producing Xi which in turn becomes an intermediate input in producing
Xé.
4Each final-good industry uses labor and capital directly as well as
through its use of the intermediate good. If a; is the direct requirement of

J

labor or capital for one unit of the jth output, the gross or total requirement

1s Ryy =245 + a2 For instance, Ry =ajy +ay, °© ap,. Factor shares

computed from the R's are denoted by 6's. All equations pertaining to the

intermediate good, in a way, have been merged with the equationms for final goods.
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5Expression (5), which is also the demand function used by Harberger
(1962) is based on the assumptions that the government balances its budget
by spending tax revenue exactly as private individuals would have, and that all
individuals have identical preferences. Consequently, there is only one
independent demand function which depends on relative commodity prices alome.

It is also assumed that there are no taxes in the initial situation.

6A casual glance at equation (6) might suggest that it applies to
the "addition" or "subtraction" methods of computing VAT but not to the "tax-
credit" method under which a firm subtracts VAT paid on its taxable purchases
from the tax on its sales to compute tax liability. This view is erroneous
because P11 + Pl = 1 - Py1 where Pyt is the share of the intermediate good
in X . If the intermediate good is also subject to VAT at rate tos the tax-
term in (6) will denote the change in net tax liability under the tax-credit
method. If one is interested in analyzing such issues as ‘exemption vs. zero
rating'--the former causes a break in the chain of credits while the latter
does not--it is perhaps better to use a hierarchical model referred to in
footnote 3 with more than the two stages of production allowed in this model.
For a numerical example, see Mclure (198l), p. 133 or Shoup (1969), p. 260.

7Of course, there can be additional effects on the side of uses of

income which are ruled out here by the assumption of identical preferences.

81n these expressions, o's in x1 and x2 are partial elasticities of
substitution as defined by Allen (1969). For this purpose, the intermediate

good, M, is really being treated as a third factor of production in xl and xz.
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These ¢'s can be positive or negative. However, as Allen shows, for a linear
homogeneous production function with three inputs, either all crik's (i#k) are
positive--which makes Q, and B1 positive--or at most only one of the o's can

be negative. Fortunately, even in this case O and Bl will be positive (for

a proof, see Batra (1974), pp. 177-79). Therefore, to limit the length of the
paper, it is assumed that all o's are positive, i.e., all inputs are gross
substitutes., The analysis, however, can be easily extended to cover complementary

inputs (negative ¢'s).

9In this case, if am/aL1 > aKZ/aLZ’ RKI/RLI will also be greater than
RKZ/RLZ’ as can be seen by expanding R's in terms of the underlying a's, Cf,

Batra (1974), pp. 157-58,

10See Tait (1972), Chapters 3 and 4 for a discussion of exemptions of

this type.

nThe debate in the literature has been mostly about substituting VAT
for CIT whereas much of the discussion here is in terms of imposing one tax or
the other, starting from a neutral situation. The analysis, however, applies,

mutatis mutandis, to both cases,

1ZSince only points of equilibrium are compared in this model, there
is no room for assumptions of partial shifting of VAT which have been made

by Dresch, Lin, and Stout (1977), for example, in analyzing first-round effects.

]380me empirical results along these lines are presented in Bhatia (1980) .
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Appendix

* *
Some of the steps required for arriving at aij and Rij in the inter-

industry model are given below to illustrate the general approach. For the

other model, refer to the appendix in Bhatia (198l).

a5 = aiij,r,pk) (i=L,K,1,2; j,k=1,2; j#k) 1)
By totally differentiating (1) we get Gw* = 0):
* 1 * 1 %
3 = PLoE ¥ P21%0P2 @)
* 1 * 1 *
31 = Priret ¥ 21%22P; )

The partial elasticity of substitution between labor and capital in the first

industry can be defined as:

ox =E‘£.L
PL1°kL ow ag *

Definitions of other c's are anmalogous. We know (Allen (1969), p. 505) that

1 1 1

leO'u+pK10'LK+pm0‘m=0 %)
Equations (2) and (3) can be simplified by using (4) and the price equations
in the paper.

Recall that by definition Ry = (a.Kl + aK2a21)/(1-a12321). Therefore,

* * * *
R;i _ dRKl ) a3 * 212508 t a21(aK2aKg-+ a;9Re1319
Rx1 T A®n

Simple substitutions and rearranging of terms complete the derivation.
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