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describing the effect of taxation wupon prices and profits, the
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and it is shown that the implication of the Diamond-Mirrlees theorem,
that intermediate goods remaln untaxed, is inapplicable when the

compelitive assumption is relaxed.

Postal Address: Department of Economics, University of Warwick,

Coventry, CV4 7AL.



Section 1: Introduction.

This paper exlends the theory of optimal commodity taxation to a general
equilibrium model with imperfect competition. Important features of the
model are non linear responses of prices to tax changes, the connections
between industries via their demand and cost functions and the effects
of taxation upon intermediate goods prices. The conclusion of the
Diamond Mirrlees theorem, that intermediate goods should remain untaxed,

is shown to be invalid once the competjtiée assumption 1s relaxed.

Previous analyses of optimal taxation have been within the Arrow-
Debreu  paradigm  of perfect competition, an avemue of research
exemplified by Diamond and Mirrlees (1971). However many policy issues
in taxation, for example the special car tax and the dutles on whisky,
petrol and cigarettes, are concerned with industries that are far from
the compeltitive ideal. To address these, and other similar guestions,

it is necessavy thalt previous theory be extended to allow for imperfect

compet ilion.

The first element of this extension is to understand how
imperfectly competitive industries respond to changes in the tax rate
upon  their output. Stern (1987) and Seade (1985) have previously
analysed this issue and 1 provide here an alternative presentatlion which
is applicable to a variety of imperfectly competitive market forms. The
important conclusion for this paper 1is that these responses, the

“direct” offects of taxalion, are non-linear.

In a general equilibrium  model the market strategy of an
imperfectly competitive industry Is defined conditionally upon prices

raling in all markets. 1f any of these change, for instance due to a



modification of the tax system, this will result in equilibriating
responses in imperfectly competitive markets. These responses, which I
will refer to as "induced" effects, form the second element of interest

and 1 demonstrate below how they are incorporated Into tax rules.

One consequence of the Diamond-Mirrlees theorem has been that
intermediate goods have been relegated to the side-lines in the analysis
of taxation. With perfect competition this is a wvalid means of
proceeding. Without it, however, consideration has to be given to how
the prices of intermediate goods respond to taxation, indeed, there will

be both direct and induced effects.

The task of this paper is to demonstrate how these factors and,
additionally, the effects of taxation upon profits are combined to

provide rules that characterise optimal commodity taxes.

To bring out clearly the consequences of each the paper is divided
into three central sectiouns. Section two concentrates on combining
direct and Induced effects upon final prices alone. This is achieved by
restricting the model to one where labour, supplied by households, is
the only input into production. Throughout the paper the wage rate, Q.
is employed as an untaxed numeraire. For each Imperfectly competitive
industry T demonstrate how functions may be derived relating the price
of that industry's output and the profit level of each firm in the
industry to all other goods prices and the tax rate faced by that
industry. These functions, and their counterparts for more general
production technologies, are of critical importance throughout. An
optimal tax rule is derived and analysed in two ways: the first

considers balanced budget tax policies for a pair of industries, the



second makes the rule comparable with the standard presentation for the
competitive model, for instance Atkinson and Stiglitz (1980), by use of

the Slulsky equation.

Section three relaxes the restriction on the production technology
and allows any good to act as both an input and an object of final
consamption, although 1 still assume that intermediate goods remained
untaxed. The tax rules derived make apparent the {importance of
intermediate goods prices. Another aspect of interest becomes the
ability of imperfectly competitive firms to discriminate between

intermediate and final consumers.

The results of section three suggest that non-taxation of
intermediole goods will not be optimal for a model with imperfect
competition. This is confirmed by the analysis of section four even
when ull intermediate goods are produccd by perfectly competitive firms.
xtending the model to incorporate the optimal taxation of intermediate

voods ts then discassed.

Althongh the wmodel emploved is very general there are two
situations for which it is not applicable: price-setting oligopoly with
an homogenous product and free entry oligopoly when consumers possess a
preference for variety. The latter is discussed in another paper (Myles
(1087a)). Finally, t have throughout assumed exlstence of equilibrium

and stability. Given the context of the analysis this does not appear

unreasonable.



Section 2: Labour as sole input.

This section derives the optimal tax rule when labour is the sole input
into production and its price, the wage rate, acts as numeraire. This
restrictive assumption upon technology 1is made in order to avoid
complications concerning intermediate goods prices. It is relaxed in
section three. I also assume that perfectly competitive industries
produce with constant returns to scale, in conjunction with the first

assumption this fixes the pre-tax prices of their output.

The central feature of the analysis 1is the construction of
functions governing the price of each good produced under conditions of
imperfect competition and the profits of each firm producing it which
have as their arguments the tax rate faced by the industry and all other
prices. In essence these functions capture the comparative statics
behaviour of these industries and permit the analysis of taxation to be

placed within a consistent general equilibrium framework.

2.1: Construction.

Assuming that there are N goods 1 partition these into two subsets K and
J with cardinality K and J respectively, where KuJ = N and KnJ = ¢. The
sel K denotes goods produced under constant returns to scale by
perfectly competitive firms and J those produced under conditions of

imperfect competition.
For a typical good keK the post-tax price qu is

9k = Prk * gk



pKk is the pre tax price and th the tax rate. Under the assumptions of
constant returns to scale and numeraire wage rate pKk is fixed. That

/at - 1 and /9t 1 # k, /at all j € J, = 0 will

Mg’ Otk gy /gy gy /9ty

remain implicit throughout the following analysis.

In contrast, for a good jeJ 1 shall assume it is produced by an

industry of "j firms, ng > 1. The industry faces a demand function

1) Jj
X X (qK""'qu""?qKK'qIII"",q.]‘jl"‘lq‘]l])

For quantity setting industries the partial inverse is

Jj
qu qu(qu""qu"“'qKK’qu"“'x .,...qJJ)

wilh XJJ Zitj xJJ', xJJl the output of the i'th firm in the industry.

Fach firm i has cost function

C

Jit CJJI(XJJI: W)

and seeks to maximise profits

"JJl ij'.q J)1 ji. Jji

Jj

;W) tJJ.x

(x
Vor each Tirm oplimal outputs are given from this as

Jii i o
* g gy ARTEREENL PRI )

and apprepating over the n irms
LT ) Wi Jj i
X r.o.ox X (qu""qu""'qKK'qu'""le""'qJJ' W)

Mis can be substituted into the partial inverse to give

”Jj hj(qu "'qu“"'qKK'”JI"'"LJJ""'qJJ; w)



hj is central to the analysis and captures the outcome of market
interaction between firms and consumers, its structure captures the

strategic interdependence between firms. Derivatives of hj are written

..h

th]""‘hJKK'thl" ij""'thJ

where

hgi = 3973/, = 9d55/8t.
ho.. = 3q../3t,.
jag T 045370t
and

th] = anj/anl‘
llence

9,/ y - hygy-Bygp-

Note that a number of these derivatives may well be zero.

Similarly, substituting

xJJl . XJJJ

(qK]‘"’qu""'qKK'qjl""'tJj""'qJJ; W)

and hj( ) into the definition of profit yields a function for each

firms profit level

t

Mg - Wygilagye o Ogge gy tygr o dagi W)

where “Iji is the profit of the i'th firm in the j'th industry. If the

industry permits free-entry the profit function above and its

derivatives will be ldentically zero.

To treat price setting behaviour I will consider each firm in

isolation, as noted in the introduction this excludes oligopoly with



homogenous  output . With this assumption each firm faces a demand

function

SRR
X x (qK]r'-rqur-"IQKKIQJI)"'IQJJ!' '!qJJ)

and chonses q, to maximise

J

Jj Ji Jj j .
n'd x’J.qIJ Wy e x
which will have solution

g5 - “j(“xi""“Kk""'qKK'th""'tJJ""'“JJ‘ L)

This derivation is sufficiently general to permit many forms of market
structure and conduct. Any oligopolistic interaction is captured in the

relation of hj to the primitives of demand and cost functions.
Substitutling h’( ) for a5 in the definition of profit gives a
function

Jj Jj ;
U " (qk-'y'-~1QKK'q‘,""”iJJ"'-"qJ-,’ W)

2.2 Ixamples.

Yo illustrate the possible forms of these functions T now present two
examples:  fixed number Cournot and free entry Cournot. The direct
cffects of taxation have received previous treatments in the literature,
primarily by Seade (1985) and Stern (1987), to provide some variation I
will present these results in terms of the direct demand function rather
than the dindirect demand Tunction employed by Seade. This can be
justiried in two ways. Firstly, a direct demand function estimated {rom

an empivical exercise may nol possess an analytical inverse, this is



commonplace when demand takes the form of an integral over some
distribution. Secondly, this approach provides an alternative statement
of the sufficient conditions for overshifting and of tax-induced profit
increases, it also ylelds a considerable simplification of the final
equations for free-entry oligopoly. For these examples the induced

effects of taxation are also presented.

Example 1: Fixed Number Cournot.

To induce a symmetrical outcome it is assumed that firms have identical

costs given by
C = C(xi), with €c(0) > 0, C'> 0.

The necessary condition for a maximum of profits, with Cournot

conjectures, is

t C' ) + x,3q /aXJj =0
1747j

Cag, Jj

and the second order condition (S0C) is
Jj 2 Jj2 500
C < .
26qu/ax bx,3 qJJ/ax 0 (1)
(1) can also be written as

. Jjy2 Jj o va2xddsag. 2 crr(axdisa 2
(aqjj/ax )€ (203X /anj ' (qu t c')a / a5 (9x"/ qu) )

Jj
<0 {2)
an expression that will prove useful below.
From these follows
My - (nt0-crraxseay axti/aa (ay5 ty; "% 00500 ) (g

o - Ay d 2,03 2 A0 agdd 2
aqLi (nt1)n "JX /anj'(qu tJj—C )a“X /anj n C''(aX /anj)
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L=K, J LI =#Jj
Setting n - 1 gives the induced response when industry Jj is a monopoly.

At this level of generality it is the denominator of (3) that is
especially interesting.  Recall that (2) is the second-order-condition

For profit maximisation and use this to write the denominator as
. B V4 ) Jj =
(mX]J‘aq,i)?( SOG (2 (n+1)n l)ax’J/aq,j =~ (p-1)n 1C") -{4)

. Jj
Since X J/aq’j < 0 the second term in the brackets will be strictly

negative for all n > V. Therefore, {f in the limit as n -

soc Ak /g, crrs oo
Jj

*
dﬂ,j/dq]i will chanpe sign at some value of n, say n . A necessary
L3 ¢

condition for this tu occur is that the demand Ffunction is strictly
convex. As n approaches n* from above (below), (3) will tend to either
teo 10 the numerator is positive (nepative) or -~ if negative (positive).
However, Secade (1980b) has shown that negativity of {4) is a sufficient,
though not necessary, condition for stability of Cournot oligopoly.
Rather than impose this as a further restriction on the model I note the
possibility that if (4) were to become positive the equilibrium may be
unztabie.  Note that this is a result of the Cournot conjectures as can
readily be seen by changing the model to one with collusive conjectures
( r'lxj/()xi 1} in which case the denominator of (3) will once again be
the second order condiltion for profit maximisation. Consequently if the
tdemand function is strintly convex the number of firms in the industry
may be an important variabie, provided the equilibrium is stable. For
praviical applicotions this sugpests that industries with "few" firms

mhy require different treatment 1o those with "many"”.
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Turning to the numerator of (3) it can readily be seen that this
may be of either sign. It willl always be positive when both aXJJaqL1
and aszj/anJaqL1 are positive. Note that the sign of aij/aqLi may be
taken as a rough measure of the relationship between XJj and XLI. in
what follows I will call the goods substitutes if axJJ/aqu is positive,
complements otherwise. However, it 1s negativity of the numerator that+
appears the interesting case and there are several combinations of
factors that will give this. Negativity will follow from the goods
being complements and the demand function having a positive second cross
derivative, however it 1is still possible with axJJ/aqu > 0 if

aszJ/anJaq[i is sufficiently less than zero.

The induced effect upon profits can be calculated as

dﬂin - a4

— ) | PPN 5 - JES RN § | 2
qui (nt1)n 03X /aqjj+(qJJ tJj c')a"X /anj n “C''(3X /anj)
where

) NPT PO § JJ el e
a - (qJJ-LJJ C')¢(2n "0X /anj.ax /aqui +  (n-1)n (qu tJj c')

Jj 2,7 -1 B Jj 2,Jj 2
11).4 /anJ,a X /anJaqu Fon (qu tJj Cc')aX /aqLia X /GQJJ

n terraxtsag.  (ax?/8q. )%)
I.i Jj
Seade  (1985) calculated the direct effects of taxation for
oligopoly. Written in terms of the direct demand function to make them

compaltible with the analysis above these are

H/a
iy oKX My (5)

N 1,.73 2,Jj 2 -1, ~xJ 2
i, (nit)n 9K J/anj,(qu ty; €)a%K J/anj -n~C' ' (9X ’/aqjj)

and
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101 b
i . __-(6)
T3 . PPV 5| JS PR & 2
d(Jj (n11)n 08X /anJl(qu tJj c')o'X /anj n C''(aX /anj)
whore
, Tj 1,05 ,. PR § 2
b (UJJ LJj ') . 0X /anJ(Zn axX /anJ 1 (qJj tJj c').3%K /anJ

n"c"(axJJ/anJ)Z)

Faguation (5) may be used to derive a necessary condition for over-
shifting. if ahj/at,j is to be greater than one, assuming constant

marginal costs,

o] 2. 2
0 <« X X .
/anj ) n(qJj LJJ C')a7x /anJ

or, atter substitution from the first-order condition

2

2 Jj
)/ (39X /Gqu) >

Ijlaz

. Jj
{ X X /quj

which can be written
PR | .
(1/(0X /JH,J))-E > |

with ' the elasticlity of the gradient of the direct demand function.

Note Chat JBXJJ/aq,jz > 0 is a necessary condition for over-shifting.
Applving the same analysis Lo (6) profits will rise as a result of
a4 tax increase when

(1/(nxJJf”ﬂ;;)).n' C 2.

Fxample 2: Oligropoly with Free-Entry.

it is assumed Lhat the effect of entry is to reduce equilibrium profits
to zero, or by suilable redefinition of the cost Tunction, to some lower

bound I also make the strong assumption that the industry is
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sufficiently large to permit n to be treated as a continuous variable.
Both the direct and induced effects are calculated in the following

derivation. The derivations are contained in Myles (1987b).

Firstly, for the induced effects,

| , 2,7
dh, i ~(ay4-C'~t5,)3%6"3/8q, j0q ()
z—c"(ax”/aq“)2

JJ ' 2y J)
qui 23X /anj+(qu—c tJJ)a X /anj

The denominator of (7) is the second-order condition for each firm's

maximisation problem and is assumed negative so that the direction of

. . 2,Jj
dhj/qui is the same as that of 3°X /aquanj'

Although not directly relevant for the optimal tax problem the

effect of the price change upon the size of the industry is

Jj 2yJ 3
dn I 98X ~1)87X o

Iq, . o, T3 20T 5 2o ian)] 2
day X 3y 20X /anj+(qJJ~tJj~C )a“x /anJ C''(axX /anj)

If the goods are substitutes, in the sense defined above, the first term
in (8) is positive so that a positive second cross derivative is
sufficient to guarantee entry. Consequenily, feor substitutes, if the
price rises entry occurs. However it is not possible to have price
increases and exit occurring simultaneously. With complements the first
term is negative so that it is possible for exit to accompany price

increases.

Tn a similar manner the direct effects are found to be

Jj PR § 2
qu . 23X /anJ c''(3X /anj) (9)

dt zax“/aq“r(qu—c'~tJj)62XJJ/anj‘°‘--C''(aXJJ/aq“)2
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Jj J
R oL T oo
dljj X anj ax'”/aqjj.;-(q”-C'"tJJ)BZX”/aqﬂz--C''(aXJJ_/anJ)2
From (9) may be derived a condition that delineates those cases for
which over shifting will occur. Re -arrangement reveals that when

marginal cost is constant

Jj
dhj/dtjj > 1 when azx J/anj2 > 0.

Consequently, with linear demand forward-shifting will be 100%, with

conves demand there will be under shifting.

Similarly (10) may be rearranged to provide a necessary condition
for entry to occur. Setting (10) greater than zero and multiplying
across by the denominator of the second term, entry will occur when

Jj 2 . 2,J]J 2 ot
(2/x)(3X /aq‘”) i ((q‘” t_” ¢c)/x)a"x /aq“ . aX /aq”

: (n-l)aaxJJ/anJ.2 <0

Using Lhe fact that profit maximisalion jmplies

. Jj
A N 3 e ) i
(([JJ, (,‘U it )/(Rt)A]JJ/f\X )
lhis expression may be written as

(wtoxJ-‘/ﬂq,i)).n' > 2.

These examples have demonstirated certaln interesting properties of the
oo and ”Iii functions for two particular models of Imperfect
.t ’ T

compet it ion. I now return to Lhe derivation of optimal tax rules in a

general model for which there are no prior restrictions regarding the

conduet or structiree of the imperfectly competitive industries.



15

2.3: Tax Rules.

The components of the model are:

1) Social Welfare: for this model, and throughout the paper, I will
employ the utilitarian sum of indirect utilities. This welfare function

is chosen to provide a common baseline from which alternative results

may be assessed. Thus

N h h
S-w- - z A (qu.----qKquJl,---quJ»W'ﬂ )

hell
where 11 is the set of households, h a typical member and Hh his profit

) ar L h h -
income. Note that Il ZjeJZiGja in“in and ZhGHG T 1.

2)Government Revenue Constraint: the government is attempting to raise

revenue to purchase a quantity of labour with value R. Hence

)

Where XKk' X,j are the aggregate demands.

t X + Z Ly:X = R
Kk Ji%J
KCK Kk jed itJJ

) and #¥...n. functions HJJi( ).

3) A set of J functions h ]
jedvi

J(

The argument lying behind this formulation is essentially
equivalent to that of Diamond and Mirrlees (1971). The market will
ensure Lhat excess demand for goods is zero, similarly firms' and
consumers' budget constraints will be met. Restricting the government

to meet its budget constraint then ensures that the labour market is in

equilibrium.

Combining these the optimal tax problem becomes:
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Chuose tK',l..,tKK,tJ],. .,tJJ to maximise
h h
ll
z v (QKI’""qKK'qu""'qJJ'w’n )
helt
! R! E t, X i z to. X, R 1
Kk Kk JivJ
L Oeg jed L=l J

The firast order conditions for this problem may be written

h

31, Z avh ' X Z v E X av: Z o an’ 1 )

: g ] - .

A , iK1 : Jit Bkl
i bnen My byepbey gy henbjey @M byoy T3 00

| z z avh 5 oh X an' i ) Xf )
h- g . +
J sK1 K1

he HH je & Tie H seJ,s54] ans [
) E th_DXKk | Z E LKk.a¥Kk.h.K]

ke O ke ROjeq T 05 Y

X X 1
STRASAR DY juabige g s dayy

which describes the choice of tax rale for a typical good 1K, and

ol E Z wh |
A, ]
B NERLIRY
Cor bnepbgeg gy

avh y o omldi
| ot it g P
hettbjo sod, s b Y

. JON TP i [
.W’ h l'” aX
h} i PO Ry Z Xth"'Kk'h'J]'h]I[
oy MLy My L~ kekbjey 2955
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ax
2 iaa 3 Beg1-hyg ] ~(12)

seJ qu

1

for a good leJ.

jeJj

These equations give the precise information required to calculate
the optimal tax rates. This amounts to a cardinalised indirect utility
function for each consumer and a cost function for each firm. With
these the expressions may be evaluated in two steps. Firstly, the terms
thl and thl can be replaced by expressions of the form drived in the
examples above or such as is appropriate for each industry, the
derivatives of profit by the companion terms and, secondly, the

derivatives of aggregate demands may be replaced with derivatives of

indirect utility using Shephard's lemma.

Two possible procedures suggest themselves for collecting the
utility information required for implementation of a rule such as this.
One would be to parsimoniocusly paramefrise a common stochastic utility
function and, as is common practise in the modal choice literature,
estimate the distribution of unobserved parameters from market data.
The summations above would be rep]aéed with integrals over the relevant
distributions. Alternatively, one could specify the utility function
and obtain data on some, or all, parameters by surveys means whilst

estimating remaining parameters from market data.

As equations (11) and (12) are rather sterile as they stand T now
pursue two alternative ways of forcing some interpretation out of them.
Firstly, T will consider the case of only two goods with one produced by

a competitive industry and, secondly, T will set these equations in a
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form comparable with existing formulae by making use of the Slutsky

erpaal fon.

With only two goods the necessary conditions are

. h h h h ,h J1
M,/ . ;
LKL A LAVE.L FIED N AL L TR I ICIAVEL S vZ:T WS

VA Ry r gy O /Dapy b ey 9K /Bay by,
SRR TRCLSTVAL PTRLNE SPRCL SPVA:L I (IO

and

h

o . h . h h J1
dL/de Lhnv /Oqjl'h r zhav /on .0 J]an /atJ'

l 1.J1

B T R AL FTRLIN TR TR STTAL FIRE PRTD)

It it is assumed that the government are aiming for a balanced
badget and that profits accrue to an actor outside the model then

RN T

h h h .
N A .. a i
gt - O X (Lpavi/oag 15, avi/oq by ) X Baavi/ad g chy gy e

whoere

) h & : -
il lIL,l( zhav /WUJI(GXJ]/JQK] XJI/XKI'DXKl/aqKI)

oo h/A
LyoVi Dy (X y /0ayy o X g /Ky 3Ry /0ay))

I the poods are substitutes aXKl/anl and :’)X_”/qu ~ 0 ) then a > 0

and these equations provide the simple rale

- 3 h, h,. h
by 0 RV M B oV 0 ) X Bpavi/da g, hy o> 0

hd

. . h,. , h h 3
TR STE PV AR PR L AVALL FPILIT'SR IB. PP X LAVEL PR (TR

The fiest of these §is the interesting case because it implies the
subsidisoltion  of  imporfectly  competitive firms. The conditions

necessiary for its occurrence can be stated loosely as "large h] It



19

negative thI" so that a high degree of over-shifting or a negative
induced effect will lead to subsidisation. The reasoning behind this
result is straightforward. 1If taxes are overshifted the same will apply
to any subsidy payment and, although the subsidy must be met by a tax on
competitive firms, the final result of the policy may be a beneficial
reduction of the general price level. This argument is reinforced if
the imperfectly competitive industry also reduces its price in response

to the tax on the competitive industry.

Returning to the equations for the general case the Slutsky

equation can be used to write these as

h h h

t s ] t sPonho ¢ st
z KkZ Kl z Kkz Z kjP iK1 E J 2 ]
ke bpen kek Ljejlpeg "7 jey Mlpey

J’ =
Jji
hyh u\ .h oll
! Z z a X7 h . Z E a ZB P —— 'h
J K1 Jii Kl
hedl2joJ 7 neibijes Licjl’ 99 J
Jji ] h
) X
‘lh oh L - !! .h . t Xh '__th
Jil aq sK1 Kk K13y
hefi¥jed icj S$#j Js keK hell
h h
G ho X
t X' 1. -nKK h, : 2 t .Z Xt 00 J]
12 2 J Kl J Kl
k(iK K ¢ j(‘J ht“ j a" J jETJ J hEH an
b axh 1
S ) ]
2_ tJJZ Z X Js'anh J'thl J for all 1 € K (14)
Jvd scJUhel

and
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h

h
s" b, .h ’ L s h_..h
Z kit Z J Z Z S ysMsa1Migl
jeabpey ®30J jeg Vbgeslpey 35S

ke K
) 1F Z E h. h
X X" h. . .h
71 I3t -0
t AL nenlijey 3
an am.., |
Z z “hz ”hr'i'g '"Jjj'hqu'hlll Z “hZ”h 150 J
hewbjog Ly T bgay Ay S v het Liefll oty
|
koK

3 ,"J.iZ

Je

h

h oX
T hKRk
. Z S Jj‘anh 'thl'hlJl
JeJ%hen

h

hoo 9K 1
X . hIl.h_ 1hyg for all 1 ¢ J (15)
ey S om sJ1 11

se.J

It is instructive to compare these equations with those obtained in
the standard model. If it is accepted that the product of a tax rate
and the substitution term is an approximation to the demand change
resufting from the imposition of the tax system then the left-hand-side
of (14) represenls the change in demand for good 1 as a direct result of
the tax system (the first and third terms) plus the changes in demand
For all goods in J as a result of price changes inhduced by the 1'th tax
rate. For each good in K this total change in demand must be cgual to a
sum composed of o demand for good 1, the changes in demand for all goods
div to variations in profit income weighted by the demand for good 1 and
the pood's own tax rate, change in demand for goods in J due to profit
varialions weighted by own demand, the tax rates of all goods and the
induced price chamgres and, [inally, a welfare term which incorporates

the weltore of fect of prolit changes.
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For goods in J the equation follows much the same pattern. The
left-hand-side measures demand changes for all goods in J due to the
direct effect of taxation for good 1 and the induced effects for the
other goods. The right-hand-side again 1s a sum of own demand, changes
in demand for goods in J as a result of profit changes and a

corresponding welfare term.

It is evident that the complexity of these expressions prevents
the precise interpretation that is poséible for the competitive model.
Their value lies in their applicability, particularly for situations
that involve the assessment of the optimality of adjustment of a small
number of tax rates taking the remaining tax system as given. An

example of such an application is discussed in Myles (1987b).
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Section 3: Other Inputs.

The model of section two was severely restricted by the assumption that
labour was the sole input, T now seek to remove this assumption and to
atTow for more gencral production technologies. In doing this it will
hecome apparent the tax formulae derived indicate that the tax treatment
of intermediate goods is an interesting question. For the competitive
model this is covered by the Diamond -Mirrlees theorem which at present
has no parallel for models with imperfect competition. 1In this section
I shall follow conventional theory, and practice, in assuming that
intermediate goods remain untaxed. The failure of the Diamond Mirrlees
for imperfect competition will be demonstrated in section four and the

taxation of intermediate goods will also be considered.

As for seclion two I will construct functions describing firms'
responses to changes in the tax system. When intermediate goods are
present the ability of imperfectly competitive firms to discriminate
between their castomers becomes an important determinant of the form of
these ogunalions. If discrimination by imperfectly competitive €irms
between purchases made for final consumption and those for use in
production elsewhere is possible such firms are required to choose a
pair of output or price strategies. Without discrimination they set
only o single output or  price, As discrimination is the mosl

interesting case, in an analytical sense, T shall tackle this first.

When intermediate poods are present changes in the tax system will
af feet their prices cereating ancther avenue through which tax policy
will feed hack into the economic sysltem., Tn this case the effects work

via Firms' cost functions, changes in the price of the inputs they
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employ resulting in modifications to their own pricing policy. As shown

below these cost effects considerably complicate optimal tax formulae.

To facilitate understanding of the general model I will first
present one of the simplest examples of the class of models I wish to
discuss. The model assumes that there are two price-setting
monopolists and that each monopolist uses as inputs both labour and the
good produced by the other monopolist, the treatment adopted is a simple
one and ignores game-theoretic considerations in order to Illustrate the
features most relevant for taxation. I also assume that each monapolist
is able to discriminate between final consumers and purchases made for
use as inputs. The comparative statics describing the effects of price

changes will be derived and then incorporated into optimal tax rules.

3.1: Two Monopolists.

To distinguish between final and intermediate demands I shall write
guantities of final goods as ch and of intermediate goods XiF, the
subscript referring to the firm that has produced the output.
Similarly, the price for intermediate output will be fi' Assuming that
each firm uses as inputs labour and the other firm's output, the
problems facing firms 1 and 2 are:

) o 1 B (6 )
Firm 1: max a1 L i (@, -t )%~ + % C

. 2 C ) F 2
Yirm 2 me = - C
Firm 2: max q2. 12 il (q2 tz)x2 i [2x2
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The close interdependence between the two firms implies that any
equl ibrium must be a joint functional equilibrium. However complex this
cauilibrium, the resulting demand functions faced by the firms must, If

the equilibrium is to be consistent, take the following forms:

C (5 C C
x' : X' (qlﬁquw)l xz - xz (quQva)

g " F_ ,F
X Xy Uy fpap Wy, X0 = X, (6, f,,q,,W)

and the cost funclions are defined as

F

2
5 )

w; x.Cix By ¢ 2C+x

R 2.
DR (fz, 1 | = ( ((l,w, X

The appearence of tax rates and final-goods prices in the second pair of
. . F . .

functions results from demand Xi being a derived demand from firm j's
maximisation and hence is functionally dependent on all variables that

wre parametric to firm j but enter directly into j's profit function.

Concentrating upon firm 1 the necessary conditions for maximising

profif are

C C,. I 1 C, 1 ¥
4 r ] S ” -] . 3

kl ' (qI (')3x' /cql i rljx| /rq] CO «X' /aq1 ¢ ro le /aq] (16)
i

¥ 5 [y | F .

' X /0 ) ) O

% Fyax /oty Co O/ (17)
whitoe u“' represents the derivalive of the cost funcltion with respect to

ils third arpument Fguivalent equations may be derived for ficm 2. q1
and f' arce determined jointly and any changes in L,, tz, f2 and qa, will
g fect hoth "! and 1 -

Todletermine the effect upon firm 1's pricing policy of changes in

2's behaviour and of chanpes in tax rates consider differential changes
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in tl, t2, a, and fz in (16) and (17) for which the resultant changes in

fl and q, are the solution to the following pair of equations:

3 C 2, C 2, F C 2, C
aX 0 X 0 X )4 09X
2._1 +(gq,-t,).__1 +f " "1 laq, + 1+ (q,-t,)._ 1 ldq, +
1 1 -y 1 ——y 1 1 71 2
i Bql aq1 aql aqz aqlaqzj
[ F 2, F 2, F C F
X a%x a%x 13X 1 9X ]
1 1 1 = 1 1
- 1 de, + [f, dt, Cop - + Coylhs df, +
a, aqlaflj L aqlatzj aq1 aq1 1

1 Tax G12 | a% © 1%, %ax T 1 3% F 1 [ax
c . 1 4+ C.. 1 4+ 2c .71 + ¢ . 1 t C . 1 dgq
00 f~== 0 —3g 0 —='—— 0 —p 00 ‘|— 1
ql J aq1 aql aq1 aq1 aq] J J

1 ox, %ax . . ax]Caxlc o1 alec g
00 - 00 - - 0 @,
09, aql aq2 aq1 aq]aq2 |
c 1 axlcaxlF A axlFaxlp vo b azxic ]df
00— —— 00 —='-== " ¥p ——— |%y
L ﬂq' of , aq, af, aq,af, |
Cag F Foy F 2, C B
p ox Cax 1 ax, Vax 1 %X ax
; I ; 1.9% Lo 197 1
Cop —LL v Gge L1 ASRC . N [ IR S N T
aq, at, dq, at, 3q,9t,] (9q, J
which is the total derivative of (16), and
v F 2y F Max F 2y F
X . a%x ax 3%x
R BT I JdrJ . [__1 Py yda,
ar, af, da, f,3a, |
ox * S [ o1 ax % F 1 ox Fax, o1 a%x F ]d
= 17— |9t = | Cgp —= = 00— — — "
5 3f 3, ] 3q, of, aq, of, 3q,9f |
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o ox T © G0 [ . 10%, "ox " o1 0% " ]df X
00— ——m 2 00 —> —= 0 -y |9y
aJ K
r, oaq, | L af, af, ar,* |
i Lo ox " ]dr { 10X, axlF ol aaxlF at
+ .
— 2 00 —= — 2
| o L af, ot2 of jat,]

from (17). These c¢an be solved to yield the derivatives:
d”l/d'l’ df]/dll, dql/dqz, dfl/dqz, dql/dfz, dfl/df2 and dql/dtz,

dl‘l/dlg.

The (inal two terms of interest are the effect of L] and t2 upon
prufits. Recalling the expression for profit

1 C F 1
f (a, ¢ X7+ X, C

this can be written as a function of tl and (2 as follows: q, may be

expressed  as a o function g ‘11“1'12’“2'1‘21 and fl us I‘l

rl[I:,lg,qz,rgl. In tuarn, for the comparative statics of [irm 1 P and

fz become g, a,[t).ty.aq,.f ] and f, Folty.ty,q,.f, ). Expressing the

functional dependence profits become

L U R | .
Gi, U)X, lq,.qgl D O L P T

Ay C, I
s 112,x] fuyay X llz.fj.ql]]

Thiis the devivatives of profit are

P o Ger . Ly, ¢, ) E ' F
ditAdt S L S R Y T I )(alax] AL a,0X, /Oqz) voagX,

o R TN P
Cyg o U 6y YAk T80 e agay T/a0 )

atd
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an'zdt, = x,%(b 1) + (a,-t,~Co") (b, 2%, %/3q, + b,2x,%/8a,) + bx,F
- Cllb4 s (F,- col)(blaxlFlaq1 ' baaxlF/afI)
with a, = [aqllat1 + aq]/aqz.aqz/at1 + aql/afz.afz/atl]
a, = [aqa/at1 + aqz/aql.aq]/at1 + aqz/afl.afl/atll
ay = [3f,/3t, + Of,/dqy.80,/8t, + Bf,/3f,.8f,/0t,]
a, = [9f,/3t, + 8f,/3q,.9q,/3t, + af,/df .3f /3t,]

and b1 = [aqj/at2 4 aq]/aqz.aqz/atz + aq]/afa.aleatzl for example.

I am now in a position to derive optimal tax formulae for this
model . Assuming a utilitarian social welfare function and share

parameters 0 h, i = 1, 2 describing the distribution of profits across

i

households the equations describing the optimal tax rules are:

h
ar./at1 : zhav /aq1.[aq]/at + aq1/aq2.aqz/at] + aql/afz-afz/atll

|
]

' Zhav’/aqz.[aqz/at1 © 3a,/3q,.90,/3t, + 3a,/df, .df /3t,]
h h ,h 1 h h ,h 2

' Zhav /on .8 13" /atl 4 ZhaV /ant .0 28" /atl

C

C C
tOAMRY 0 [t .3X7/8q +L,0X 5 /8q,1(8a, /3ty + d44y/0q,.9q,/0t,

G C
i ﬂq]/afz.afz/at]) + [tl.aX 1/8q2+t28X ]/aqz](aqz/atl
+ aqz/aq].aq1/at1 + aq2/6f1.6f1/6t1))
= 0

‘with an eqguivalent expression for t To complete the analysis these

2
equations would be evaluated using the comparative statics expressions

derived above.

This tax rule is distinguished from those presented in the previous

chapter by the inclusion of terms relating to changes in fl and f,, the
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intermediate gouds prices, and the effect of tax tj on price qj, J# i.
These take effect via the adjustment of q2 to the change in production

costs and the dependence of intermediate demands upon tax rates.

There are two implications arising from the existence of these
intermediate good price effects. Firstly, simple arguments such as that
following (12) will necd to be extended and, secondly, they lIndicate
that the presumption of zero taxation for Intermediate goods requires

close scrutiny. This issue is taken up in section four.

3.2 Generalisatlion.

Having illustrated the structure of the tax rules in section 3.1 I now

extend the model of chapter two to incorporate intermediate goods. The
analysis will concentrate upon optimal tax formulae rather than the
nature of comparative stlaties, consequently instead of presenting the
alpebraic details of oliyopoly with discrimination T shall provide a

rencral sketeh of the procedure.

As before the ecach oligopoly will be composed of n quantity setting
. - . . . Cj . .
firms, cach firm i« j choosing an output xi J for final consumption and
i ]

£, 7 b o salisly intermediate demand.
}

The inverse demand functions (acing the industry are

(]

My T R T Y s s MRK K K
e Wiyt
T T % T Y s g s e g KK koK Uis sed s e

r

Yk kK Tus,sca,sej Tkk ke W)
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The inclusion of tax rates and final goods prices in fJ iIs justified by

the argument of the previous section.

With Rj the set of inputs used in production of j and CJ the cost

function common to all firms producing xj. profit may be written

nJJi _ ¢

5]

rj,rjerj "%y

cJ ¢J
X '[qj(ziejxj 935, 5€5, %5 IRk, kek!

Cj(f FJ) +

o,
xiFJ'fj(ziejxipj'zlejxicj’qu,seJ,s#j’qu,kEK'th,sEJ,s¢j’

YRic, kek £3s,sed, 525 TRk, kek ™)
Maximisation of profits will lead to outputs

Ci . . i

i i s, ser ki, kek Us, sed, 525 ok, kek T 45, sed, 25 TR, kek ™)

i Fj
PN (th,s€J'th,k€K’qu,s€J,s#j'qu,kGK'fjs.seJ,s#j'ka,keK’")

Substituting these equilibrium quantities into the partial inverse

demand function gives

Cj
qj : qj("xi ! qu,seJ,s#j' qu,kGK)

and
- Fj CJ
Oy Oylnxy ™ 0% 70000 ge, se ) 9Kk, kek tis, sed, 52
Ykk.kek Fs, sed, 2 Tkk, kek +¥)
These functions capture the comparative statics behaviour of this
industry in a manner analogous to the hj( ) of section 2. To

incorporate them into an equilibrium structure I will denote them, for a

typical industry 1, as

951 = e {9k kek' 935,363, 5417 YRk, keke taj,jed T35, 4ed, je1 TRk, kek)

and



30

O = el ek ), geg, jere ki kek Y33, 3e30 fj,5e3, 410 Tk, kek!
Fmploying the entire set of these it is possible to substitute into the
profit function, in the manner of section 3.1, to derive a further set
of cxpressions

SELEN S RN t

Kk, kek' t3j,jes)
which characterise the effect of tax changes upon profits. A

corresponding  treatment of  price setting may be developed in an

ana lopous manner.

Foir the competitive firms

Ty = Ea e T oo Trio ke, k1!
gqe I isn rive v ini i A ’ . it is e B 2
whe e g 18 eiven definitionally by gk lKk With this extended
atld Y /] Loog © o eXe y, ¢ ¢ some " the
notation EPRWATD gJ]qK] for examplc Note that some of the

derivatives, pacticularly with respect to intermediate prices, may well
be zeado

The maximisalion problem remoins as before:

. h , h
MAX el RKL T, b Z'v”(qu"'"QKK'qJ]""'qJJ'w'“ )
|2
[ ¢ c 1
| 2 t,.. X L 2 to.X .. R
Kk XK Ji%
[ ke K Kk“Rk jed itJj |

hee Tiest order conditions for a typical goud 1 © K may be writtien

i E } v 2 E ]
Py | i infistkl EPRTSNCE,

allf 1 JjuKl %) st jstki J s jstkl

Mer Lyenbgey ey oo sodrai Pty SERL s e
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) v Iy v P o o34
hend9x1 hebjey A Lyey JI70ty

C
+3[ X + Z - _Kk + Z t L —=J]
K1 Kk J
kek  99k] jeg VI day

aX
+ 2 Z t,. . [ 4 + z g g + 2 g = ]
. tk 8
keK jEJKk aq JJ Ui seJ'g;?js L seJrgigjq L

. 1
! Z z LT [ 2 ]
' Ji aq. L Eyjgr1 * €j Eistkl ' Eyiris€ist
jesbaey?d a0y, L Baga BRSELIRS ses 2t as st )
-{18)
and for a typical good 1 € J
al. z E avh . z 2 ]
e = oc N + g g 4 g .e
at Erjtn JjqJs BistJi JifJs CIstJl
Mg bpenbyey 295 seg, axid s seg,sifIs s
h ayh St 4

v .

ST I TR N S NP
Kkf3j- ®IitJ] |

hebker g jeg 7T hetibijey 0 byoy Jilaty,

v 2l x,.© | t akaC
Ji Rk 3q, EksfIj €Iita]
keKHgeK Ks JjeJ

C

' Z Z t . JJ E I .e

d ’ *KkfJs “JstJ]
JoJHkeK . Oqu S¢S kfJs °

) 2 t E aXKkC[ ]
Kk * . Erjtar ' E1jqJs Bustgt * €yitJs ¥IstJl
kek  Ljcgddyy ! ses, st scd,s2] 7
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C

axX

L. .. Jj [g 4 2 ¢ g +z g .e ]]
J E JjtJi JijqJ JstJl JjtJ J

joJ J ijaqu jtJ st,s#jq S SEJ,s¢j s JstJl

3
~(19)

The interpretation of the components of (18) are, taking each term

in turn, as follows:

1 3)The effect upon welfare of:
the induced price changes ‘of goods in J
the increase in qu
changes in profits due to tax tK]
5)0wn demand
6 7)Demand effects of increase in qu on:
goods in K
voods in J.
$ibemand effects due Lo induced price changes for:

pouds in K

poods in J.

Similarly, for (19)

I 3)The effect upon wellare of:
the induweed price changes of poods in J
price changes of goods in K due to change in ij's
thanges in profits caused by lJ]

NYown demand

S 0)Demand effects of increase in g upon :

Kl
roods in K

voads i J

T Demand effects of changes in g i ‘s upon:
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goods in K

goods in J

The complexity of these equations 1is self-evident and their
interpretation is somewhat difficult. However the major lesson to be
learnt is clear: within the context of the discrimination model adopted
here the behaviour of the prices of intermediate goods produced by
imperfectly competlitive firms 1s as Important as that of final goods
when assessing optimal taxes. As with the standard model the prices of
intermediate poods produced by perfectly competitive industries do not
appear in the equations. If welfare-improving tax changes were the
object of interest the same points would apply. These factors indicate
the relevance of a study of intermediate good taxation. 1 do not

propose to extend these egquations further but will now analyse tax rules

when no discrimination is possible.

3. 4: Non-Discrimination.

If firms are unable to practice discrimination each industry will face a

demand function XjT where

T C F
X B q .- - , U,

j f (qj' q, w) 4 XJ (lj tj' q-t, tj w)
where q and U are now vectors of other prices and taxes. The total
demand is

T

B T )
xj = Xj (qj, qa, q.~tj, qt, tj, t, w

J

which can be partially inverted to

T
= P S ’ t 5 -C, t, *
qj qj(‘(J q jr a t w)
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and used to derive comparative states.

The tax rules with this model may be derived from (18) and (19) by

replacing the functions gJ]( ) and eJ]( ") with a single function,
derived from the comparative statics sketched above, representing a
single price qu'. With this new system for each good produced by an
imperfectly competitive industry changes in the tax upon that good will
still have effects through both the demand side and via the cost
functions of firms that employ the good as an input. Consequently,

although the details of the analysis differ from those for the

discriminatl ion case the tax rules will retain the same form.
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Section 4: The Taxation of Intermediate Goods.

The analysis to this point has followed conventional practice in
assuming that intermediate goods remain untaxed. However it is clear
from the form of the tax rules derived above that this is unlikely to be
optimal in the presence of imperfect competition, the non-linearity of
responses to taxation indicating that there may exist the possibility of
trading-off increases in final goods prices agalnst greater reductions
in the prices of intermediate goods. In the light of these arguments I

now turn to _the taxation of intermediate goods.

To bring out most clearly the factors at work 1 will first analyse
welfare improving and optimal taxes for two simple models each with one
monopoly and a single competitive industry. In the first the
monopolist's entire output is sold to the perfectly competitive industry
whose output constitutes the model's final good. The roles are reversed
in the second model. These models will demonstrate that the taxatien of
intermediate goods produced by both imperfectly and perfectly
competitive industries will be optimal in a broad range of
circumstances. Attention will be focused upon efficiency arguments by
assumjng the existence of a single consumer who consumes the final good,

receives the monopoly's profits and supplies labour.

4.1: Monopoly Production of Intermediate Good.

Fach firm in the competitive industry is assumed to have a fixed-
coefficient production function, units of measurement are normalised so

that each unit of output, y, requires one unit of labour and one unit
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af the monopolist's output, x. Writing the after-tax price of x as fx'

with Lhe tax levied upon it ix' the after-tax price of y is

50 that

3 2
qy/déx 1
The monopoly produces x employing labour alone and sells only to

the competitive industry, with total cost given by
C{w;, x) + xi
( ) X
with price 6‘ chosen to maximise profits, where
il & x C(w; x) xix
and x y.
Wreiling the consumer's indirect atility function as
Vv viq , w, 1
1, )
welfare improving tax changes are the solution to;
Find di , At s.t. dv 0, dk - 0.
X y
Slarting from o position with i ‘ { -0
1Y IJV/dqy i DV/OH.JH/qu]dly | IJV/aqy.qu/afx.ﬁéx/aix]dix
i [JV/nn.ﬂu/aix faV/nn.aH/qu.aqy/afx.afx/ajx]dix
arnd
Vi ¥ xdix | ydly

bl s X y. di '“v' Substituting into dv
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= \' . j
dv [av/an an/aix + aV/an.an/aqy.aqy/aex.aex/aix
av/aq_ . . - _
+ / qy aqy/aex aex/aix aV/aqy aV/an.an/aqy]dix
Now aqy/aex = 1 hence

= av .
dv [av/en an/aix + aV/an.an/aqy.aex/aix + av/aqy.asx/aix

- 3V/3q. -
/3ay, - av/an.all/aq,)d1,
or
dv - [av/an. (an/ai_ Ju/3qy (0§, /81,-1)) + BV/3q . (3¢, /01, -1)]d1,  -(20)

It is equation (20) that demonstrates why imperfect competition
makes the taxation of intermediate goods desirable and underlines the
differences between this model and that of perfect competition. If x
were produced by a perfectly competitive industry the expression 1in
brackets would be zero; the profit terms would not appear and agx/ajx
would be identically 1. Hence no changes dix could be welfare-improving

for perfect competition. In contrast the expression cannot be signed
unambiguously for imperfect competition, what can be stated is that it

will only be zero for an exceptional combination of factors.

If overshifting occurs, afx/aix > 1, a sufficient condition for the
subsidisation of the intermediate good is that both profit derivatives,
aﬂ/aix and an/aqy, are pegative, with overshifting taxation requires at
least one of these to be positive. The intuitive argument lying behind
this result is that overshifting implies that any subsidy will be
magnified in the reduction in the price of the Intermediate good, this
reduction offsetting the increase in tax 1levied upon the final good
leading finally to a lower final price. Thls mechanism will increase

welfare unless the reduction in monopoly profits is sufficient to offset
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the lower price. Equation (20) also demonstrates how undershifting will

point towards the taxation of the intermediate good.

The conclusions to be drawn from this model are that intermediate
voods should not be exempt from taxation and, for this particular model,
yhnt welfare -improving tax changes would in general, given the
proevalence of overshifting in the simulations of Myles (1987b), move
towards the subsidisation of intermediate goods produced by imperfectly
competitive industries. However it is by no means clear whether the
latter conclusion will extend to more general models, although the
intuitive explanation indicates that it might, but the former certainly
will,

The above discussion of welfare improving tax changes  has
demonstrated that the Diamond ‘Mirrlees theorem will not extend to models
of imperfect competition and has also illustrated the major factors thal
will influence Lhe rates of tax placed upon intermediate goods. T now
extend the analysis to optimal taxation considering first the tax rules

for the simple model above.
Assumine, as above, that the government budget should be balanced

the optimal tax problem may be written

WXLy vy w, I} s.t. 0 - i x + 1ty

Ly A
The necessary conditions are
JV'qu § HV/UH‘DH/ﬂqy a( iny/qu toy o (yay/qu ) = 0

i

JV/dqv O Mix | JV/hH.dH/Dix ! OV/BH.GH/qu dfx/ﬂix
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- Ay + 1x6y/aqy.a£x/alx + tyay/aqy.afx/aix) = 0

where I have used aqy/aex = 1 and ax/aqy = ay/aqy. Eliminating 2
between these equations and using the budget constraint to simplify the

expression the optimal tax scheme is characterised by the solution to

the equation
[aV/aqy.agx/aix 4 aV/an.an/aix + aV/an.an/aqy.agx/ajx] = [aV/aqy] -(21)

For perfect competition (21) will be satisfied definitionally, so
that any pair of tax rates with ty = -jx will be a solution. This
reflects the structure of the model: any budget balance tax scheme will
result in an identlical final good price. With imperfect competition
this will not be the case, except for special circumstances, and the
previous analysis has already discussed the factors.that determine the

direction of the outcome.

4.2: Competitive Factor Production.

It has now been established that intermediate goods produced by
imperfectly competitive firms should fall within the scope of the tax
system, by reversing the roles of the two industries 1 shall now

establish that the same is true for intermediate goods produced by

competitive industries.

The reversed model now has intermediate goods produced by a

competitive industry and [ will assume constant coefficient technology

so that
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Similarly, the monopoly produces with costs given by

(éy, wi X} otoxt

and, finally, the single consumer has indirect utility function

VY
via . w, 1)
T'or variations dtx and diy the change In welfare is

dv - [BV/qu.aqx/(Hx t BV/GH.aﬂ/atx]dtx

oV/0q Laq /og. A /B OV/af . i
| V/cqx.aqx/uby.agy/dxy + oV/dn.au/agy.agy/aly

i GV/OI.OI/0q .ag /o€ o9& /o Jdi
o 9a,-0a,/08, 08 /01 Jdiy
and from the budget constraint

d(x . (y/x)diy

Using this and that Jéy/aiy 1

dv | (y/x)(DV/qu.qu/ﬂl'x 1 ﬁV/OH.ﬂH/ﬁtx) i JV/quAqu/ny
‘ uV/ﬂH.JH/diy; JV/BH.OH/qu,qu/JGy]diy

To simplify the argument assume thalt y - x, hence

i o) |‘ 4’. 3 1
dv | V/qu( ay g 1qx/atx)

y
IR0 2 R PR ISR R TR T T /ot )iy (22)

(22) characterises the diredtion thalt the welfare improving

Pauat ion

pulicy should take with rogral fo the tax trealment of an intermediale

woud produced by a perfectly compelitive industry. TU is most important

to note that the term in square brackets will only be zero for an

unusual combination  of  circumstances, and it is only in these

Civeumstances that there will be no welfare improving changes. Hence
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(22) is sufficient to dispel any notion that perfectly-competitively
produced intermediate goods should remain exempt from taxation.

The features of the model that are behind this conclusion are once
more the non-linear responses to taxation, this is clear from (22) by

setting profit effects equal to zero and setting tax effects linear to

give

dv = - aV/aqx.diy
and

dv = aV/aqx.dtx

so that no balanced budget changes will increase welfare. As would be

expected values of aqx/agy > 1 work in favour of subsidising y, in these

cases the subsidy will be overreflected in its effect upon final price.

4.3: Tax Rules.

Following these developmeﬁts it is now possible to discuss a complete
system of optimal taxes for the model of section three. The analysis
above has demonstrated that all Intermediate goods, regardless of the
structure of the industry producing them, should be brought into the tax
system. If the model has N goods the tax system will be described by 2N
first-order conditions plus a Dbudget constraint. There will also be
four typical first-order conditions: two for the choice of taxes on

final goods and two for those on intermediate goods.
The maximisation problem becomes:

Choose txj""'tKK'tJl""'tJJ'iKI'""iKK'iJl""'iJJ to maximise
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It is possible to derive and present four typical first order
conditions for this maximisation, however thelr length and complexity is

such that a discussion of their form is preferable to a presentatjon.

Starting with the model of section three if discrimination is

assumed  possible  the [irst step towards incorporating taxes on

intermediate  pgoods is o replace f“ and ka with é.ll and EKk
respectively  and  extending the functions ng( ), e i ( ) and
I ( ° ) to incorporate the intermediate good tax i”. Prices of goods

dii

produced by competitive firms should also include the tax Having

i,y
K1
made these chanpes t(he analysis will procecd to generate four eguations

in the manner of (16) and (17) above, each taking into account changes

v intermediate prices in addition to final prices.
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Section 5: Summary and Conclusions.

This paper has been devoted to extending optimal tax formulae to -
imperfectly competitive models. This extension has required several
existing strands of the literature to be brought together and some
further extensions to be made. 1In defining optimal tax rules imperfect
competition implies that firms will condition their pricing policies
upon the tax rates that they face directly and upon the prices of other
goods via the demand decisions of consumers and other firms.
Consequently when a tax rate is adjusted 1ts repercussions for other
prices must be traced through the economic system. Under the
alternative sets of conditions specified above these are captured by the

adjustment equations derived.

Similarly the direct effect of tax changes can only be evaluated by
working through the individual firms' maximisation problems; even with a
fixed cost structure the helpful linearity of perfect competition 1s
lost . Furthermore, once it 1is possible for firms to earn positive
profits account must also be taken of how these are affected by taxes

and of the reclpients' responses to variations in their profit income.

In section two 1 presented as examples the derlvations of the
direct and induced effects for oligopoly without entry. Some of these
results have already been noted in the literature, most notably in Seade
(1985), but their presentation here is somewhat original. To complement
the results for fixed -number oligopoly corresponding derivations were

performed when entry was unrestricted.

Having derived the relevant results optimal tax rules were

formulated taking into account the <complexities of imperfect
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compelition. Essentially the equations presented here are
straightforward extensions of existing formulae for competitive models
and indeed collapse to these when induced effects are set to zero and

direct elfects are assumed linear.

As the general cquations are rather uninformative two approaches
woere tried to obtain some insight inte their structure. Restricting the
number of goods, in addition to labour, to two and assuming profits
aceraed to an actor oulside the model it was possible to find conditions
for which a balanced budget policy would lead to subsidisation of the
pood produced by the imperfectly competitive firms. The second approach
involved the wuse of the Slutsky equation to render the equations
comparable (o those usually presented for the competitive model. From
these it could be seen that, rather than considering only the reduction
in demand for cach good as a result of the tax system, account had also

to be taken of the induced demand effects upon other goods.

Section three extended the analysis to more general production
technologies  but retained the assumption of zero taxation for
intermediate poods. fowever, even with this restriction, the effects
thal taxation has upon infermediate goods prices become an integral

feature of oplimgl tax rales with imperfect competition.

It zero taxation of intermediate goods is assumed the equations
show it is still correet that the prices of intermediate goods produced
by perlect]ly compelitive industries may be excluded from consideration.
However  those from imperfectly  competitive industries cannot. The
reason for this distinction is clear from the comparative stalics

exercisves amd is also closely connected with the 100% shifling of
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competitive firms. In essence, with all other prices given a
competitive firm's pre-tax price is also its intermediate goods price.
This remains unaffected by taxation, to the first-order at least.
However, with imperfect competition this neat distinction breaks down.
Even when no discrimination is possible starting from a no-tax position
and considering the imposition of a tax, only in exceptional
circumstances will the post-tax price differ from the pre-tax rate by
the value of the tax. In almost all circumstances the post-tax price

less tax will not be equal to the no-tas price.

When discrimination 1is possible the mechanism at work is
considerably more transparent and any claim that intermediate goods

prices will not be affected by taxation even more tenuous.

All of these results point towards the conclusion that tax should
be levied wupon all forms of output and, except for exceptional
combinations of circumstances, this was demonstrated in section four.
The basis of this demonstration was again the non-linear responses of
imperfectly competitive firms and the fact that tax policy could exploit
these to obtain reductions in the price level for final goods which
would be welfare- improving provided they were not offset by reductions

in profit income.

In conclusion, the Diamond-Mirrlees theorem cannot be extended to
allow imperfect competition even i{f intermediate goods are produced only
by competitive industries. This implies that the tax treatment of

intermediate goods should be considered an integral part of optimal tax

theory.
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