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Perfect Taxation with | mperfect Competition

ABSTRACT

This paper analyzes features of perfect taxation — also known as optimal taxation —when one or
more private markets isimperfectly competitive. Governments with perfect information and
access to lump-sum taxes can provide corrective subsidies that render outcomes efficient in the
presence of imperfect competition. Relaxing either of these two conditions removes the
government’ s ability to support efficient resource allocation and changes the perfect policy
response. When governments cannot use lump-sum taxes, perfect tax policies represent
compromises between the benefits of subsidizing output in the imperfectly competitive sectors of
the economy and the costs of imposing higher taxes elsewhere. This tradeoff isformally
identical for ad valorem and specific taxes, even though ad valorem taxation is welfare superior
to specific taxation in the presence of imperfect competition. When governments have uncertain
knowledge of the degree of competition in product markets, perfect corrective tax policy is
generaly of smaller magnitude than that when the degree of competition is known with
certainty.
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1. I ntroduction

Perfect taxation — or, as it is more commonly known, optimal taxation — typically entails
distorting the economy in order to redistribute resources, provide public goods, or advance other
government objectives. Tax policy is defined to be “perfect” if it minimizes distortions and
thereby maximizes economic efficiency subject to meeting other government requirements. In
the case of economies already distorted by imperfect competition in private markets, corrective
taxation has the potential to enhance the efficiency of private resource alocation. In order to
realize this potential, governments must be able and willing to use their available tax instruments
in an informed and sensible fashion.

Richard Musgrave's 90" birthday is an appropriate occasion to reexamine the features of
perfect taxation, since much of Musgrave’'swork is devoted to characterizing optimal
government policies. Hisinfluentia classic The Theory of Public Finance (1959) categorizes
these settings, providing nuggets of detailed insight while embedding its analysisin a generd
equilibrium consideration of the many ramifications of government policy. On the subject of
imperfect competition, Musgrave (1959, pp. 149-150) describes the corrective subsidy, following
it with the observation, “ Since the assumption of pure competition is unrealistic, our earlier
conclusions must be qualified accordingly. At the same time, alocation in the market is not
altogether chaotic. Therefore, we are still well advised to prefer the general tax unlessthereisa
clear case for correcting a specific imperfection.”

The purpose of this paper isto consider in some detail the nature of perfect tax policiesin
imperfectly competitive markets. Section 2 uses a partial equilibrium setting to characterize tax
policies that induce imperfectly competitive firms to select efficient output levels. These policies

generaly take the form of subsidies that encourage firms to expand output. Section 3 then



reviews several of the general second-best welfare issues that arise whenever governments are
forced to rely on distortionary tax instruments in order to raise revenue.

Section 4 analyzes the impact of distortionary taxation on the design of specific taxation
in the presence of imperfect competition. The need to raise tax revenue with distortionary
instruments naturally dampens the enthusiasm of the government to provide subsidies to output
by firmsin imperfectly competitive industries. Section 5 considers the same issues with ad
valorem rather than specific taxation. While ad valorem taxes are generally welfare-superior to
specific taxes in environments with imperfect competition, perfect government policy with either
type of tax entails the same tradeoffs between optimal correction of market imperfection and the
cost of raising revenue with distorting taxes.

Section 6 offers anumerical analysis of perfect corrective taxation (of both the specific
and ad valorem variety) in asimple economy. Section 7 investigates the impact on government
policy of uncertainty over the degree of market competition. The perfect response to uncertainty
is generally to reduce the magnitude of the corrective tax policy, since states of the world in
which little or no correction is necessary are aso those in which corrective policies have the

greatest market impact. Section 8 is the conclusion.

2. Perfect commodity taxation with Cournot competition

It is helpful to start by considering the behavior of afirm acting as a Cournot competitor
in an industry with a fixed number (n) of firms.* Firmsin thisindustry produce homogenous

products. The government imposes a specific tax on output at rate t, so firm i’ s profit is given by

! The analysisin this section, and in several of the sections that follow, draws heavily on that provided in Auerbach
and Hines (2001). For an early analysis of theimpact of taxation in the presence of monopoly, see Cournot (1838)
and Edgeworth (1925).



(1) Px - tx - C(%),

in which P isthe market price of the firm’'s output, X; the quantity it produces, and C(x;) the cost
of producing output level x. In this partial-equilibrium setting, it is appropriate to take P to be a
univariate function of industry output, denoted X.

The firm’ s first-order condition for profit maximization is

@ P S (1+a)- t=C),

inwhich 2 isfirm i’s conjectural variation, corresponding to (g—x - 1). Differing market

structures correspond to differing values of 2. In a Cournot-Nash setting, in which firm i
believes that its quantity decisions do not affect the quantities produced by its competitors, then
2 = 0. Inaperfectly competitive setting, 2 = -1. Various Stackelberg possibilities correspond to
values of 2 that can differ from these, and indeed, need not liein the [-1, O] interval.

It is useful to consider the pricing implications of (2). Differentiating both sides of (2)

with respect to t, taking 2 to be unaffected by t, and limiting consideration to symmetric

equilibria(sothat x :é, C(xi)=C(X/n),and,sinced—X: dp/dt , it follows that
n dt  dP/dX
ax _ dP/dt ). then
dt  ndP/dX
3 P 1,1 (1+h)- CHX /n)u
)
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Is the elasticity of the inverse demand function for X. From (3), itis

clear that % can exceed unity, apossibility that is consistent with the firm’s second-order

condition for profit maximization and with other conditions (discussed by Seade, 1980a, 1980b)
. . s dP :

that correspond to industry stability. The possibility that my exceeds unity corresponds to

situations in which the specific tax is overshifted. Overshifting has intrigued public finance
economists at least since the time of Edgeworth.
Equations (2) and (3) identify the potential welfare impact of taxation in the presence of

imperfect competition. From (2), the combination of imperfect competition (2 >-1) and a
downward-sloping inverse demand function (:—i < 0) impliesthat firms choose output levels at

which price exceeds marginal cost. Hence there is deadweight loss in the absence of taxation,
and, in thissimple partia equilibrium setting, tax policies that stimulate additional output reduce
deadweight loss, while those that reduce output increase it. In some circumstances the
imposition of atax may reduce industry output sufficiently that after-tax profits actually rise.
Tax policy can be used to reduce or eliminate the allocative inefficiency due to imperfect
competition, though other policy instruments (such as antitrust enforcement) are also typically
available and may be more cost-effective at correcting the problem. ? Taking alternative

remedies to be unavailable, the perfect policy, if the government has access to lump-sum

2 One possibility, explored by Katz and Rosen (1985), isthat tax authorities design corrective policies on the basis of
imperfect understanding of the extent of competition in oligopolistic industries.



taxation, is to guarantee marginal cost pricing by setting t = ég—i(hq) 2 Since :—i <0, this
n

corrective method entails subsidizing the output of the imperfectly competitive industry.

Quite apart from what might think about the normative desirability of offering subsidies
to oligopolists,* any such corrective scheme encounters three immediate difficulties. Thefirstis
that government funds used to subsidize the output of oligopolists must be obtained with taxes
that typically distort the rest of the economy. The second is that the degree of competition in an
oligopoly is typically not known with certainty. And the third is that subsidies encourage
industry entry, which can reduce the oligopolistic cohesion of competitors but may do so at the
cost of wasted resources, since afirm’'s average cost typically exceeds its marginal cost in these
settings. Sections 4 and 5 consider the implications of distortionary taxation for perfect

corrective taxation and Section 7 introduces uncertainty.®

3. Optimal taxation

In order to evaluate the effect of costly tax revenue on the design of perfect corrective
policies, it is necessary to impose an exogenous revenue requirement on a setting in which the
government has access to distortionary tax instruments. Ramsey (1927) introduced this problem
and analyzed its main features. This section first reviews the properties of the basic Ramsey
result and then considers important extensions to cases in which producer prices change and in

which there are consumption externalities.

% Such a corrective subsidy was proposed by Robinson (1933, pp. 163-165), who attributes it to her husband and
presentsit as an “ingenious but impractical scheme.” For an elaboration, see Higgins (1943).

* See Musgrave (1976).

® Theissue of entry is considered in Auerbach and Hines (2001).



3.1. Distortionary tax revenue

The simplest version of the Ramsey tax problem abstracts from population heterogeneity
and posits that the government must raise a fixed sum of tax revenue with proportional
commodity taxes, leaving to the side how such revenue isto be spent. With a population of
identical individuals, typically analyzed as a single representative individual, the goal of perfect
tax design is to minimize the excess burden associated with raising the needed revenue. We
typically rationalize government’ s inability to use lump-sum taxes by saying that such taxes are
inequitable, athough this may seem abit forced in a setting with identical individuals. It may
help to think of this simple problem as a necessary building block, rather than as one that
adequately models aredlistic situation.

The representative consumer maximizes utility, U(x), over avector of commoditiesx; (i =
0,1,..., N), subject to the budget constraint px £ y, where p is the corresponding vector of
consumer prices and y islump-sum income. To raise the required level of revenue, R, the
government imposes a vector of specific taxes on the commodities, t, driving a wedge between
consumer prices and producer prices, g. It isuseful to assumeinitialy that this vector of
producer pricesisfixed. With given producer prices, the government in setting tax ratesis
effectively choosing the consumer price vector, since p=g+t. Thus, the government’s optimal

tax problem can be modeled as

(4) max V(p,y), subject to (p- q)x* R

where V(3 is the household’ s indirect utility function.
With no lump-sum income, two tax systems are equivalent if they differ by proportional

taxes on all commodities. Without lump-sum income one is therefore free to normalize one of



the taxes, say on good 0, to zero, and for convenience choose the same good as numeraire, i.e., Qo
= po =1. The maximization problem in (4), with the multiplier massociated with the budget

constraint, yields N first-order conditions:

é , dxu _
©) -Ix+mx +qt —G=0 i=1..,N
@ 1 'dng

inwhich | © MV (p,y)/fy isthe margina utility of income. Making use of the Slutsky

decomposition, (5) implies

6 31s = (M) i=1..,N
(6) a]_tj TE— X i=1...,

dx°® X
where G istheji™ eement of the Slutsky matrix S° pry anda =1 + rré tjd—' isthe
p i y

“social” marginal utility of income that includes the value of the additional tax revenue raised
when the household receives another unit of income.® Before interpreting expression (6), it is

useful to consider the more general case of variable producer prices.

3.2. Changing producer prices

Since the excess burden of atax isafunction of the extent to which the tax changes
producer prices, it follows intuitively that allowing producer pricesto vary alters the first-order

conditions for the optimal tax schedule. Let the general production be characterized by

® Samuelson (1951) uses the symmetry of the Slutsky matrix (S = S)) tointerpret (3.9) asimplying that optimal

taxes entail equiproportionate compensated reductionsin demands for all commodities. Whilevalid localy, this
interpretation relies on constancy of the elements of the Slutsky matrix astax rates change, afeature they do not
generally exhibit.



(7) f(z) £0

where z is the production vector and perfect competition insures that g;/q; = fi/f; " i,j. Without
loss of generality, the units of the production function can be chosen such that ¢ = f;. If thereare
constant returns to scale, then (¥ is homogeneous of degree zero in z. Otherwise, there may be
pure profits,p= 'z >0.

With changing producer prices, it is not appropriate to specify the constraint in the
optimal tax problem as a scalar value of tax revenue to be collected, so it is necessary to posit
that the government absorbs a vector R of commodities. Thisimplies that the consumption
vector x satisfies f(x+R) £0, thereby incorporating both revenue and production constraints. The
optimal tax problem, then, is to maximize the indirect utility function V(p,p) subject to this

constraint, and not that given in (4). The associated L agrangean expression is
(8) V(p.p) - nf(x+R)

and the government’ s problem is still that of choosing the consumer price vector p, rather than
the tax vector t, even though the relationship between changes in the two vectors is more
complicated than when producer prices are fixed.” The resulting first-order conditions are (using
the normalized form of production function)®

dp dx; u

€ o
9 -lx +l —+mg a 9, —;=0i=1..,N
dp, & dpi

" Asdiscussed in Auerbach (1985), dp/dt=[I-HS]*, whereH is the Hessian of f(3, o there is a one-to-one
relationship between changesin t and changesin p aslong as[I-HS] is of full rank.



Differentiating the household’ s budget constraint p'x = p with respect to p; yields

dx;
(10) x +8p i P _gi=g N

j dp| dpl

and adding the left side of this equation to the expression inside the brackets in (9) yields

dp € dx, dp _
(11) - I x +1 — +max; + a —-—=0 i=1..,N
do, & S 'dp, dpg

Since producer prices, and hence profits, change with p, the derivative dx/dp; in (11) includes

the indirect effect of p; on profits through changes in production:

(12) L AT A

Using this and the above definition of the marginal social utility of income, a, (11) can be

rewritten as
fix, @m-aodpu_ .

(13) -|X,+meX.+at ’ 0 i=1..N
'Tn & m gopg

or, using the Slutsky decomposition, as

(14) atJ i T (m;na)§(i . g i=1..,N

8 Note that we still assume a zero tax rate on the numeraire commodity, good 0. In the presence of pure profits, the
ability to impose atax on this good would facilitatea revenue-raising nondistortionary uniform tax on all
commodities, equivalent to alump-sum profits tax.



which differs from expression (6), the first-order condition in the case of fixed producer prices,
by the term dp/dp; on theright side. Thus, if there are constant returns to scale (p° 0), the first-
order conditions are identical (Diamond and Mirrlees 1971). The sameistrueif the government
imposes a pure profits tax, so that the after-tax value of y accruing to households is uniformly
zero (Stiglitz and Dasgupta 1971).

The left side of (14) equals the marginal excess burden associated with an increase in p;.
The second term on the right side of (14) is the net compensation required to maintain the
individual’s utility as p; rises’ which, by definition, exceeds the marginal revenue raised by the
marginal excess burden induced by the price change. Thus, (14) says that the excess burden of a
marginal increase in any tax must be proportional to the sum of marginal revenue plus marginal

excess burden, or:

dEB (m- a)8&jR+dEBQ

(15) H
d|oi m d|oi d|oi &

It follows that the marginal excess burden per dollar of revenue raised, (ma)/a, is also constant,
which is an intuitive condition for minimizing the total excess burden induced by raising a given

amount of revenue from alternative sources.

3.3. Externalities

A similarly intuitive set of results appears when the smple Ramsey problem is extended

to incorporate externalities, asin Sandmo (1975). Suppose that an externality, E, entersinto

dv(p,y)/dp

dv(p,y)/dy
maintain the household’ s utility level asp; increases.

® This term equals - ; according to Roy’ sidentity, this equalsthe net increase in income required to

10



each person’s utility function and cannot be avoided, so that the representative individual’s
indirect utility function may be written V(p;E). Suppose also, for smplicity, that the externality
is the product of aggregate consumption of a single good, say the good with the highest index, N.

Then, the Lagrangean,

(16) HV(p;Xy) - nf(X)

implies the following N first-order conditions with respect to the prices of goods 1,..., N

(compare to 6):

é dx 0 _
(17) S Ix +mex +@ ti—= 0i=1..,N
e 5 dog
where
t =t, jt N
¢ =t + HV, “t, + HV, /I
m nyl

Expression (17) is the standard perfect tax solution, except that it calls for the tax on the

externality-producing good, t,, to equal the sum of the “ perfect” tax that ignores the externality,

t,, , plus aterm that reflects the cost of the externality. This second term equals the corrective

Pigouvian tax — the social cost per unit of consumption of the good, measured in terms of the

numeraire commodity — divided by the marginal cost of public funds, nil .

11



4. Perfect specific taxation with distortionary tax instuments

In order to explore the impact of distortionary taxation on perfect corrective taxation,
consider the setup of section 3.1, in which al commodities are produced at constant cost. There
are N+1 commodities, of which thefirst N, indexed O,..., N-1, are produced by competitive
firms, and commodity N is produced in an imperfectly competitive market whose pricing
satisfies (2).°° Denoting the (constant) per-unit production cost of commodity i by ¢, it follows
that p, =q +t," 1=0,...,N- 1. Asinsection 3.1, we assume that the tax on the numeraire
commodity, good 0, equals 0. Firms in the imperfectly competitive industry generate profits, and

someone in the economy receives these profits as income.™ Taking consumers in the economy

to beidentical, it follows that the utility of the representative consumer can be represented by

(18) V(p; B),

inwhich p isthe vector of N+1 commaodity prices, and B represents profits earned by the
imperfectly competitive firms. Commodity demands are then functions of (p, B), but to simplify
the calculations that follow, we consider the case in which firmsignore the indirect impact of

their pricing decisions on demand through induced changes in profits. The representative firm’'s

19 We follow much of the literature in assuming that preferences and technology support a unique stable market
equilibrium, which, as Roberts and Sonnenschein (1977) note, need not exist in the presence of imperfect
competition. Guesnerie and Laffont (1978) anayze casesin which preferences and production technol ogies make it
impossible for any tax policiesto support first best outcomes. They notethat, in other cases, corrective government
policies produce outcomesthat are highly unstable.

™ |n the competitive context, assuming a zero tax rate on one commodity restricts the government effectively from
imposing atax on pure profits through auniform tax on all commodities. Here, though, before-tax profits would
respond to such uniform taxation, leaving the government’ s problem unchanged. See Auerbach and Hines (2001)
for amore forma demonstration of this point.

12



Xy (1+CI)
n(X /TPy )

first-order condition for profit maximization becomes p,, + -ty =Qy. Thus, the

Xy(1+q)

price-cost margin imposed by imperfect competitionis m=- —————’~.
n(1X, /by )

The optimal taxation problem can be conveniently analyzed by maximizing (18) over the

choiceof p, ty, and B, subject to the constraints that

N
(19) atXx =R
j=1
(20) (pN -ty - qN)xN =p
Xy (1+q)
21 - N _¥ 7 = -t - .
( ) n ﬂXN/ﬂpN pN N qN

This approach to the optimal tax problem defines tax rates on the first N-1 commodities
implicitly by therelationship t; = p, - g,. Equation (19) corresponds to the government’s

budget constraint, (20) to the definition of profits, and (21) to the first-order condition for profit
maximization in the imperfectly competitive industry. *?
The first order condition corresponding to maximizing (18) over the choice of p; (i<N),

subject to (19), (20), and (21), may be written':

é y X.u . é X u

- 1X +méXi +é. t; %Q"'J 1é(pN -ty - qN)ﬂ_lej

(223.) ' e j=1 i u e , |‘U
e(pN - tN - qN)ﬂxN - (pN - tN - qN) 1 XN lﬁ';o

R
LTy T /T ot

12 See Myles (1987, 1989, and 1995, pp. 363-369) for an alternative approach to characterizing the solution to the
optimal tax problem in the presence of imperfect competition.
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in which, as before, the Lagrange multiplier : isassociated with the revenue constraint, while the
new Lagrange multipliersj ; andj , correspond to the additional constraints (20) and (21). The

first-order condition corresponding to the choice of pyis

NooIX, . é X u
- I X +mg ty ] 1<§_(pN'tN'qN)—N-"XNEQI
(22b) oo ® o
¥ gx +(pN_tN-qN)ﬂXN_(pN_tN-qN)ﬂZXNg:O
2§ A Xe e W/Toy TR 4

Thefirst-order conditions corresponding to choices of ty and B are given by

(23) nKN'j 1 Xy +] 2=0
N ﬂx
(24) | +mQt —--j,=0.
mjazl : TP !

To smplify and interpret these first-order conditions, we note first that by substituting
(23) into (22b), we obtain (22a), for i = N. Thus, thisexpression holdsfori =1,..., N. Next, itis

possible to combine (23) and (24) to solve for the multipliersj ; and | , in terms of other

N X
parameters. Doing so, wefind that j , =1 +méth,whichwasdefinedin section 3.1 asthe
j=1

“social” marginal utility of income, a, andthat j , =-(m-j ;)X =-(m- a)X,, which
expresses the deadweight loss associated with the restriction of good-N consumption.

Substituting these expressions into (22a), we obtain the following expression for i=1,..., N:

13 Thelast term in brackets in (22a) results from substituting (21) into the actual first-order condition.

14



-1 X, +meX +atﬁu+ae(p,\] qN)ﬂX u
(25) = PG o, &
H(m- a)X, & € (P -ty qN)‘ITXN Loy -ty - ay) X, U

g Xy p /Ty TPuTP

The second term in brackets in (25) equals m(YX, /T, ). Thethird term in bracketsin (25)
equals the change in the price-cost margin in industry N with respect to p;, Tm/fp, . Since (20)

dp _ Xy Tm

+ X,, —, itispossible to rewrite (25) as
dp Mo, " b, P ()
e, . & -TX; am-addpl_
(26) - 1X - méxi+at = =
é J Tlp| m ﬂdp|0
inwhich
t; = tj j 1N
ty = Pn - O

isthe total wedge in market j, equal to ty + minindustry N.
Equation (26) is analogousto (17), and carries precisely the interpretation offered by
Sandmo for the perfect tax conditions in the presence of externalities. Intuitively, the

“externality” in the case of imperfect competition is the outcome of the oligopolistic output
selection, resulting in the extra mark-up m. The definition of t,, takes into account the need to

correct this pre-existing distortion. Were this the only term on the right side of (26), then it
would be optimal fully to correct for the extradistortion in industry N and then impose the
standard perfect taxes. Presumably, the net result in industry N would be an incomplete offset of

the oligopolistic mark-up, the optimal tax component normally being positive. The second term

15



in brackets in (26) accounts for the existence of profits, taking the form laid out in expression
(13) above and explained in that context. In this instance, tax-induced price changes affect the
profitability of the imperfectly competitive industry, the difference (--"") capturing the welfare
effect of increasing industry profits by one unit. To the extent that a higher price of a commodity
directly or indirectly augments oligopoly profits, this must be included in computing the price
change' s overall welfare effect. Doing so has the effect of making the price increase less
attractive as a policy tool.

Although the preceding derivation of expression (26) elucidates the role played by taxes
in influencing the noncompetitive industry’ s mark-up, one may arrive at the same result more
directly by incorporating the constraints of the problem in a different manner. Doing so also
facilitates an extension to the case in which more than one industry is noncompetitive. Assume

that the revenue constraint still obeys (19), but that profits are now:

N
o]

(20) Alp,-t,-q)X =p,

j=M +1
where the characterization of producer behavior in noncompetitive industriesj > M is

X, (t+qa,)

(21) P -t - qu-TﬂX-—/ﬂp-,
J J J

where n; and g are defined for industry j in the usual way. Combining (20°) with the revenue

constraint, (19), we may recast the problem as one of maximizing (18) with respect to p, subject

to the constraint,

16



(pj - qj)xj 3 R+p )

Qoz

(27)

1

where profits are given by

N
(28) p=-a

J

X (1+qj)x‘
1nj ﬂxj/ﬂp] :

With mdefined as the multiplier of the constraint given in (27), the first-order conditions for this
problem are:
X

d e o i o X. d
(29) -|Xi+|—p_+m(_§Xi+a(D,--qj)—_’+a(pj-qj) s S

1 N _
— 1y=0 i=1..,N
dp, & j pl/ - v do, ¢

where, as before, | isthe marginal utility of income and a isthe “socia” marginal utility of
income. This may be rewritten to produce expression (26) above, with t;, j > M, equal to the

total wedgein industry j.
The preceding discussion presumes that the government is unable to use a complete set of
tax instruments, being restricted instead to linear taxes on output. |f the government has access

to atax on pure profits, then it can improve efficiency by using it. A 100 percent pure profit tax

would effectively remove the j_p term from equation (26), thereby modifying the perfect output

i
tax configuration to consist of Ramsey-like revenue raising taxes plus a corrective subsidy to
output in the imperfectly competitive industry. The use of pure profit taxes together with other

tax instruments relies, however, on the ability of the government to identify pure profits with

17



precision in al situations. Consequently, in the analysis that follows the government is assumed

not to have the option of imposing pure profit taxes.

5. Specific and ad valorem taxation

In competitive markets the distinction between specific and ad valorem taxation arises
only from minor tax enforcement considerations. In imperfectly competitive markets these two
tax instruments are no longer equivalent, since the imposition of an ad valorem tax makes the tax
rate per unit of sales afunction of agood’s price, which is partly under the control of individual
firms. Asaresult, ad valorem and specific taxes that raise equal tax revenue will typically differ
in their implications for economic efficiency, ad valorem taxation being associated with much
less deadweight loss. Intuitively, ad valorem taxation removes a fraction (equal to the ad

valorem tax rate) of afirm’sincentive to restrict its output level in order to raise prices.

5.1. Welfareeffects

Now, the government is assumed to have access both to an ad valorem tax and to a

specific tax. In this setting the firm’s profits equal
(30) (1- t )Px, - tx - C(x)

inwhich Jisthe ad valorem tax rate. Assuming the n-firm outcome to be symmetric, the first-

order condition for profit maximization becomes

(31) (1-t)§P+—£(1+q)l;I t=c€.%

18



and its pricing implications are

(32)

(33)

dt n H ndp/dx})
dP _é_. X dP udP
TP+ 2 (14g)
t & n dX( ¥ )H dt

Since aunit change in J raises more tax revenue than does a unit changein t, it is unsurprising

dP _dP

that o > ek Much more revealing is the effect of these tax instruments normalized by dollar

of marginal tax revenue. Since total tax revenueis given by Rev =t PX+tX; it follows that

(34a)

(34b)

dRev _ X &+t PRI, (1+tp) X P

dt e dt g P dt
dR_ev_ Xgi+t—d—P9+ (t tP)ﬁd—P
dt e Pdtg P d

In this ssimple partial equilibrium model, the change in deadweight |oss associated with

one of these tax changesis equal to the product of the induced change in X and the difference

between marginal cost and price. Consequently,

00

d(DWL)/dt _ - (1X/TP) (dP/dt) gp & dP/dt
d(DWL)/dt @, -

- (1X/9P) (dP/ct ) X 66 oP/dt

en gg

14 suits and Musgrave (1953) provide aclassic analysis of this comparison; their treatment is greatly expanded and
elaborated by Deliapallaand Keen (1992).

19



which, together with (34a) and (34b), implies that

gd(D\NL)/dtg Xée P Tt g+(t+tP)ﬁ
(35) gd(DWL)/dt 0_ dP/dt 3 P
2LRev/dt E Xge—l +t g+ (t +t P)K
gdRev/dt dP/dt 4 [
dP drP . . . . . . :
From (33), T < PE’ so if tax revenue is an increasing function of tax rates, then the right side

of (35) is greater than unity. Hence revenue-equal substitution of ad valorem for specific
taxation reduces deadweight loss at any (t, J) combination.” Of course, such substitution works
at the expense of firm profitability, and would, if used excessively, drive profits negative and
supply presumably to zero. But assuming the firm profitability constraint not to bind, the

optimal tax configuration entails ad valorem rather than specific taxation.

5.2.  Optimal taxation with distortionary ad valorem tax instruments

The preceding comparison of ad valorem and specific taxation compares their
effectiveness per dollar of foregone revenue, but does not address the question of the optimal rate
of ad valorem taxation when the government is unable or unwilling to provide specific subsidies.
While this problem is typically thought (e.g., Myles, 1989) to entail avery different solution than
that for specific taxation, properly framed it becomes clear that the solution has the same
character regardless of the type of available tax instrument.

Following the analysis of specific taxes, we seek to maximize the indirect utility function

in (18) subject to the revenue constraint,

15 Consequently, if the government is able to impose negative specific taxes (specific subsidies), then it can
completely eliminate the distortion due to imperfect competition through ajudicious combination of ad val orem tax
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o]
(36) atjpjxj3R,

the definition of profits,
(37) (pN(l'tN)' qN)XN:p!
and the characterization of producer behavior:

pj(l'ti)' q; = 0 j=1...M

(38) X, (1+q,)

-1-t.)————— j=M +1,...,N
( ])”1 X, /7o, J

As before, we express this as a problem of choosing the consumer prices, p, by using (38) to
eliminate t from the problem and using (37) to substitute for the explicit expression for the mark-
up, m. Theresult isthat we may rewrite the problem as one of maximizing (18) with respect to

p, subject to the constraint,

Qyoz

1l
-

(39) (pj'qj)xj3R+pa

where profits are given by

y € q; U X, [+q.
(40) p= é éq—‘gjxj, Wherefj:-_’w
j=M+1épi _fig nj ﬂxj/ﬂp,

and specific subsidy, as noted by Myles (1996). The effectiveness of this corrective method islimited by any
constraints on ad valorem tax rates, such as arestriction that they be nonnegative.
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Note that expression (40) differs from (28) by the term multiplying f;X; on the right-hand side of
(40), which equals (1-t;). Otherwise, the problemisidentical to that for specific taxes, and the
first-order conditions given in (26) still hold, for t; inserted in place of ti/p;. The resulting
equilibrium will generally be different, of course, because profits, and hence the terms dp/dp;,

will be different.

6. An example

In order to illustrate the tradeoffs implicit in corrective tax policies with imperfect
competition, it is useful to consider a concrete example. Suppose that the economy consists of

identical consumers with utility functions over two goods, 1 and 2, and leisure of the form,
(41) U (X,, Xy, 1) = (%, - @) %21

where the exponents b; sumto 1. Thisisthe Stone-Geary or displaced Cobb-Douglas
specification, where the quantity a of good 1 may be interpreted as abasic need. If a>(<) 0,
then good 1 is arelative necessity (luxury).

We assume that the labor market and the market for good 1 are competitive, but that the
market for good 2 is noncompetitive in the manner discussed above. The market demands for

goods 1 and 2 are:

y-pa. oy, Y- pa

Py P,

(42) X, =a+b,

wherey is the household’ s full income, equal to its labor endowment plus profits.
From expression (26), we obtain the following expressions for perfect taxes on goods 1

and 2, assuming that labor is untaxed:
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‘ﬂl+t2‘ﬂXu )dp

Tp; o G dp,

=0 =12

é
(43) - IX +maX; +
e

which, rewritten using the demand expressionsin (42), are

ob Y.,
(444Q) (m-1)X, - — -b au (m- a)——O
plﬂ P, pz G dpl
et 0 U
(44b) (M- 1)X, - nglzxzu- (m-a) 2 —,
BP0 dp,

The implications of these conditions depend on the manner in which taxes are imposed.
For specific taxes, because the elasticity of demand for good 2 is unity, the mark-up in industry 2

is, from equation (21):

(+a)

(45) P, - tz -0, =P, n

( a)

Thus, profitsare p = p, ——* X, which, using (42), equalsb,(y- p,a)——=. Becausethe

(L+a)
n
household’ s full income, y, equalsits labor endowment, say L, plus p, one may express profitsin

terms of underlying parameters as:

(46) p:gﬂ, where n =b, (1+a)

1-n n

Using this expression, it is possible to rewrite the first-order conditionsin (44) as
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oby u € an &
(47q) (m-1)X, - ! —ba (m-a)ax a =0
ngplﬂpl P g U 8 el-nzﬂ
e, O U
(47b) (m-1)X, - nég%Lixzu=o.
elzg

In (474), the impact on profits of an increase in the price of the competitive good depends
on the sign of a. (The corresponding term in (47b) is zero, inthiscase.) If aispositive
(negative), thisimpact on profits is negative (positive), which will contribute, ceteris paribus, to
a higher (lower) tax on that good. Aswill be seen shortly, this effect works in the same direction

asthe tax differential prevailing in the absence of imperfect competition. Rearranging
expression (47b) in terms of the proportional wedge, t, / p,, and substituting this expression into

(47a), we obtain the following expressions:

(482) t_lzgaem-l §I+Pb ag Pagaem alen o
P, m b,y g b,yg m ﬁlnz
t, _am-10

(48b) e
pz m g

These expressions are informative about the ways in which different parameters affect the
relative tax rates on goods 1 and 2. Consider first what happens in the absence of imperfect
competition (n=¥ or q =1). Inthiscase, taxes on the two goods will be equal only if b3=0 (in
which case labor is supplied inelastically and a uniform tax on the two goods is nondistortionary)
or a =0 (in which case neither good is arelative necessity). Introducing imperfect competition

works to enlarge the differential wedge between the two industries, based on the full wedgein
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industry 2, t,. However, there are limits to the conclusions one can draw based on these
expressions, because they are not complete solutions for the tax rates, but depend on multipliers
that are themselves endogenous. Also, the conditions for the ad valorem tax case, using the
mark-up condition based on (38) instead of (45), yields somewhat messier conditions than (48a)
and (48b). Thus, for further insight, we turn to numerical ssmulations.

Table 1 presents simulations for this Stone-Geary case, for arange of values of the basic
need, a, and the mark-up term, (1+qg)/n. In all simulations, the intensity parameters b; each equal
1/3, the value of the labor endowment and all producer prices equal 1, and required revenue
equals 0.1. For ease of comparison, the taxes presented are in specific units, rather than as a
fraction of the price, even in the case of ad valorem taxation.

There are anumber of interesting results one can observe from inspection of the table.
Firgt, for all variationsin the preference parameter a, the total wedge on the taxed good increases
with the degree of noncompetitiveness, as tax reductions occur but do not completely offset the
extrawedge induced by increasesin (1+q)/n. For al values of a, the tax on the competitive good
rises with the mark-up in industry 2, as needed to reduce the tax rate on the noncompetitive
good. Following the intuition provided based on expressions (48a) and (48b), the wedge under

specific taxation between t, and t; grows with (1+q)/n, becoming more negative when a>0,

more positive when a<0, and remaining constant when a=0.

When (1+q)/n > 0, the tax on good 2 is generally higher in the case of ad valorem
taxation, because the ad valorem tax acts to moderate noncompetitive behavior. Because of this
moderation, the total wedge facing purchases of good 2 is sometimes lower under ad valorem
taxation, despite the higher tax. The one exception to the rule of higher taxation of good 2 under

ad valorem taxation isin the last row of the table. Here, the tax on good 2 isinitialy low, even
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without noncompetitive behavior, because good 1 is arelative necessity (a > 0). As(1+g)/n
rises, this contributes to afurther lowering of t,, to the point that it becomes negative when
(1+qg)/n = .2 — corresponding to a five-firm industry under Cournot conjectures. However, once
the tax rate on good 2 is negative, applying it as an ad valorem tax exacer bates noncompetitive
behavior. This can be seen by the fact that the mark-up (the difference between t; and t;) is

higher for the ad valorem tax case in this row, in contrast to the rest of the table.

7. Uncertainty

One of the difficulties facing tax authorities attempting to implement perfect corrective
policiesisthat the extent of imperfect competition in an industry is generally not known with
certainty. This section explores the impact of uncertainty on the design of corrective policy. We
consider the case in which the extent of competition, as captured by 2, isunknown. Asin
section 4 above, the government has access to specific tax instruments with which to tax
industries producing output at constant costs. As aresult, the government directly controls the
prices of commaodities other than that produced by imperfectly competitive firms. We also
assume here, to keep the analysis tractable, that the government has no revenue needs and has
access to lump-sum taxation.

Taking the measure of welfare to be expected utility, the government maxmizes

(49) E[V(po, pn, B-T)],

inwhich py isthe vector of N commodity prices for goods produced by firms in competitive

industries, py isthe price of the output sold in the imperfectly competitive industry, B represents
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profits earned by the imperfectly competitive firms, and T equals lump-sum taxes. E[4] isthe
expectations operator.
The government selects a vector of commodity taxest and lump-sum taxes T to

maximize (49) subject to:

N

(50) at X, +T=0
=1
(51) (pN - Iy - Oy )XN =p
Xy (1+q)
52 el \ B el -t - .
( ) n ﬂXN/ﬂpN pN N qN

Denoting the imperfectly competitive markup (p,, - t,, - gy ) by m, it follows that the

government maximand can be written as:

(53)

& i I\ aou
épo,{ v+t +mitahi Xy ta)mta)+at; X, ta)y,
|

b

m
@>Q(’D~

in which use is made of reduced-form functions to denote the dependency of mand X; on prices
and income that in turn are functions of t and 2. The first-order conditions corresponding to the

maximum of (53) over the choice of the elements of the vector t are:

& t .
)‘HXN(t,q) at X (q o

= (aimba) Py e 1 S e

(54)

(1) GD_CD\
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In the absence of uncertainty over the value of 2, itisclear that (54) is satisfied by atax

vectorinwhich t; =0" j <N and t, =- m, asanalyzed earlier. Equation (54) illustrates the

channels through which uncertainty over the extent of competition influences the optimal tax
rule. One such channel concernsrisk aversion as reflected by the | (t,q) function. The marginal
utility of income, 8, is generally a decreasing function of 2, since a greater degree of monopoly
leads to higher prices (recall that nominal income is fixed) and therefore lower utility associated
with marginal nominal income. The extent to which 2 affects 8 is, however, attenuated by the
reduced utility due to monopoly, and the associated higher marginal utility of income.

It isuseful to put risk considerations aside, in order to focus on issues that are specific to
the imperfectly competitive setting of the problem. To do so wetake 8 in (54) to be unaffected

by 2, and consider the simplifying casein which t; =0" j <N. Then (54) implies:

(55) edmltq) +t,) Pl o
e ftv @

Denoting the expectation of m, E[m(t,q)] , by m(t), equation (55) indicates that the dependency

Xy

N

of

on 2 implies that the perfect corrective tax isnot simply t,, =- m(t) . If we expressthis

partial derivative as:

(56) X, (ta) _ X () Ty (ta)

ﬂt N ﬂp N ﬂt N

then the first order condition (55) becomes:
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(57) EgﬂxN (t'q)(m(t,q)+tN)ﬂpN (t’Q)E_OI
é Tpy ftv @

This condition is satisfied when

(58) () + 1, e n ) Ton bl oo b oy,
& Tpy ty G 7

X, () Toy (t.a)u _

O ’
TPy Tty

so that the optimal tax ruleis:

—_ X, (t.a) 1oy (t.a)ud
| Y) u
T ﬂpN ﬂtN él}l
, u'
m(t)ESﬂXN (t,q ) Py (t’q) U
é ﬂpN ﬂtN

(59)

~—+
p=4
I
1
3|
—+
N—
™ D DD D D
+

u
u U
u o

Equation (59) reflects the impact of uncertainty over the value of 2. High valuesof 2

Py

N

tend to depress , Since oligopolistic output determination is based on marginal revenue

Xy

Py

curves that are steeper than demand curves. Unless

isstrongly affected by 2 —whichis

unlikely — then the covariance in the numerator of the term on the right side of (59) is negative.
States of the world in which 2 takes a high value are also states of the world in which higher tax
subsidies arerelatively less effective at stimulating demand. It follows that states of the world in
which 2 is small also those in which tax subsidies have a significant impact on resource

alocation. The relative ineffectiveness of tax subsidies when needed (i.e., when 2 islarge)
makes the perfect corrective tax policy smaller in magnitude than it would be if the degree of

competition were known with certainty.
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In order to see this relationship more clearly, consider the case of alinear demand curve,

for which ‘ITX‘l?,—(tq) is constant. In this case, (57) becomes:
Pn
(60) i)+, 22t
e ity @

In order to interpret (60), it is useful to refer to equation (3), which describes the effect of

ty on py inapartia equilibrium setting. Note that in the assumed case of alinear demand curve,

Tpy Xy

the elasticity of inverse demand for good N, h ° >
Ty oy /Xy

, equals 0. With constant

marginal cost as well, expression (3) reducesto

< -1
Mty ] n % 1+n+q

which lies between zero and one (for the realistic casesinwhich q 3 - 1) and isadecreasing

™y -y

function of 2. Denoting the (linear) demand function X, =a- bp,, it follows that 0
Pn

and the pricing equation (52) implies

(62) X. = n[a_ b(qN +tN)]
N 1+n+q

Combining (52) and (60) — (62) produces the first-order condition:

L g6 N éXy(+q)u 1
"“Bl+n+ql &1+n+q gIxX,/Tp,

(63)
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Since m=- M,(GZ)impliesthat m= [a- b(ay +ty) Ee 1tg U
n(ﬂxN/ﬂpN) ™y /TPy 81+I’1+CIH

Then (62) and

(63) together imply:

.' € 1+q 0 U
! & wu |

_ dl+n+q)a i

(64) ty =-mj -y
1 o-é 1+q uy

+n+qH 81+n+qu

o

In order to interpret (64), it is helpful to define g °© , from which it follows that

1+n+q
(1+q):é- n. Then (64) becomes:
Eégzaa e
(65) ty=-m & ' mElo]- nElg’
E[g]E[l- o]~ Elg]- n(Elo]’

Defining g ° Elg], and using the definition of the variance to substitute s 2(g)° Elg?]- {E[g]}?,

it follows from (65) that:

|
(66) t, =- mjh-

!

|

Since the variance s 2(g)? 0, and therestriction that q 3 - 1 impliesthat 1, g >0, itfollows
n

that (66) impliesthat t, islessthan or equal to m in absolute value.
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Equations (65) and (66) characterize corrective taxation in away that permits asimple
evaluation of the potential importance of the correction due to uncertainty over the appropriate
valueof 2. Consider, for example, the casein which n =10 and ( isuniformly distributed over

theinterval (1/10, 1/40). Then E[(] = 0.0625, E[ (*] = 0.004375, and (65) implies that

t, =- m(0.92). If, instead, n = 2 and 2 is uniformly distributed over the interval (-1, 5), then

E[(] = 0.231, E[ (}] = 0.0625, and (65) impliesthat t,, = - M(0.86). Alternatively, if n = 10 and 2

is uniformly distributed over theinterval (-1, 5), then E[(] = 0.0783, E[ (¥] = 0.00625, and (65)

impliesthat t = - m(0.93). These examples, which need not be representative, share the feature

that perfect corrective policy is approximately ten percent smaller in magnitude in the presence

of modest uncertainty over the degree of market competition.

8. Conclusion

The ability of the government to alter private incentives through the tax system affords
policymakers arange of options that are often more attractive than regulatory alternatives. When
it is possible to identify imperfectly competitive market structures, an appropriate set of taxes
and subsidies can be used to correct misallocations due to oligopolistic price-setting. These
taxes and subsidies reflect a tension between the efficiency gains from subsidizing output in the
imperfectly competitive sector of the economy and the cost of taxing the rest of the economy to
pay for the subsidies. In those cases in which the extent of competition is not known with
certainty, a more moderate set of corrective taxes and subsidies is typically indicated.

The focus of this analysisis the efficiency of resource allocation, which, while perfectly
appropriate for economic research, represents only a part of the information necessary in order to

implement sound policy. Musgrave (1959, p. 157) reminds the reader that “the avoidance of
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excess burden is only one consideration among others in choosing between different taxes.” He
continues (p. 159), “ Society must ask itself what price, in terms of excess burden, it wishesto
pay to secure certain policy objectives. In this sense, the narrow criterion of efficiency as
avoidance of excess burden must be subordinated to a broader concept of efficiency under which
conflicting objectives are reconciled.” The reconciliation of these diverse objectivesisthe task
of political and socia organizations whose job is made easier by its thoughtful conceptualization

in the work of Richard Musgrave and others.
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Perfect Commodity Taxes with Stone-Geary Utility Functions

Table1

Basic Specific Taxation Ad Valorem Taxation
Need 1+7
(@) n ty to t) ty to t;
0.0 0.0 0.176 0.176 0.176 0.176 0.176 0.176
0.0 0.1 0.242 0.118 0.242 0.231 0.129 0.240
0.0 0.2 0.316 0.053 0.316 0.296 0.070 0.320
-0.1 0.0 0.104 0.257 0.257 0.104 0.257 0.257
-0.1 0.1 0.169 0.214 0.349 0.1%4 0.225 0.336
-0.1 0.2 0.244 0.166 0.457 0.210 0.189 0.439
0.1 0.0 0.238 0.074 0.074 0.238 0.074 0.074
0.1 0.1 0.300 0.003 0.115 0.296 0.007 0.118
0.1 0.2 0.365 -0.072 0.160 0.367 —-0.075 0.175

Note: The table presents distortion-minimizing tax rates for an economy in which identical

consumers have utility functions given by U = [(x1 - a) le]}'é , inwhich x4 is consumption
of commodity 1, X, is consumption of commodity 2, | isleisure, and a denotes the
consumer’ s basic need for commodity 1. Commaodity 1 is produced by a competitive
industry, while commodity 2 is produced by an imperfectly competitive industry
consisting of n firms, each of which selects its output level with a conjectural variation of
2. Thus, lower values of [(1+2)/n] correspond to greater industry competition.
Consumers have unit wages and unit labor endowments, and constant producer costs of
both commodities are fixed at unity aswell. The government’s revenue requirement
eguals ten percent of the economy’s labor endowment. t; and t, are tax rates on

commodities 1 and 2 respectively, while t; isthe total wedge between consumer price
and producer cost for commaodity 2, inclusive both of the effect of taxes and the markup
due to imperfect competition.



