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l. Introduction

The extensive literature on production externalities has paid too little
attention to the importance of controlling external costs when the gener-
ators of the externality exercise monopoly power in the goods market.!
What is more, the relatively few studies of this subject, found in the
specialist environmental economics journals, appear to have reached an
impasse. They have concluded that there is no single Pigouvian tax in-
strument that can achieve a socially optimal (efficient) level of the external
cost, even if problems of information cost to the regulatory agency are
ignored. In addition, the particular tax instrument that has previously been
advocated will, in certain circumstances, involve the subsidization of the
monopolist's efforts to reduce the external cost, while generating no re-
venue to finance the subsidy.?

This paper suggests that the source of the policy problem is that the

! Buchanan(1969) did consider monopolists, but he only posed the problem and was nihilistic
vis-a-vis the prospects for control policies. None of the general surveys of externality theory
(Mishan (1971), Ng (1979) etc.) deal with control policies outside a competitive context.

2 This instrument, which will be referred to below as a “modified Pigouvian” tax, is described in
Misiolek (1980). Barnett (1980) also generated a similar result, and states the conclusions to be
drawn from the single tool approach in their most concise form: the second best -charge to be
imposed upon a monopoly will (1) fall below the marginal harm of its effluence and (2 is
diminished as the demand for the monopolist's product becomes more inelastic. The latter conclu-
sion is the more troublesome since the inelasticity of demand is directly related to the measure of
a monopolist's market power.
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monopolist is generating two types of external cost. Consequently optimal-
ity requires the use of combinations of two instruments in place of the
single instruments that-have been considered before.> The model to be
used for the comparison of instruments will be outlined in section I, while
in section Il the exact nature of the policy problem will be explained by
demonstrating the suboptimality of the traditional single instrument
alternatives. In sections IV and V two possible instrument combinations are
considered in terms both of their ability to generate optimal output and
emissions levels, and of the information demands they make. Section VI
summarizes the implications.

Il. The Model

Consider a monopolist whose production possibilities in manufacturing
a good X are represented by X = F(,E), where L and E respectively
indicate the guantities of labor and emissions employed and F(L, E) is
linearly homogeneous and twice differentiable. Let both inputs display
diminishing, positive marginal productivities, and assume that the mono-
polist always maximizes profits. Emissions are viewed as an input into the
productive process and not as an undesirable joint product of that pro-
cess for several reasons. First of all, there is no forma! distinction between
the two because the most general representation of our production func-
tion, O=f(L, E X), does not differentiate between inputs and outputs.
Moreover, intuition supports the input conceptualization when property
rights are assigned to those who suffer the damage costs of emissions
providing ‘“clean air” is just like providing labor. The welfare generated by
the productive “use” of emissions can, therefore, be reflected simply as
the derived demand schedule of the emissions input; and the ease with
which a production process can be cleaned up is captured by the elasti-
cities of substitution between emissions and the other factors of
production.* Returning to the model, complete the flows by representing

3 Bargains over externalities would not provide an optimal solution. See Burrows (1981), p. 378.

4 Poliution has been modeled as an input elsewhere. The reader is referred to Yohe
(1976,1979a, 1981), Burrows (1977), and Ingene and Yu (1981). The only restriction on the
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the downward sloping demand schedule for X by P(X), and assume that
labor is available at a constant price w. Finally, let C(E) and S(E) repre-
sent respectively the private and external costs of emissions, and pre-
sume that both marginal costs are positive and increasing in the relevant
ranges.®

We will compare the abilities of various control mechanisms to achieve
optimality, so a careful characterization of the best production circum-
stance, (L* E* X*), is essential. With the appropriate assumption concern-
ing the constancy of the marginal utility of income (L*, E%, X*) is the
solution to

W = Max fF(LE) P(s)ds — wL — C(E) — S(E) (1)
L E Jo
with
X* = F(L* E™).

The first order conditions that characterize (L* E*) are therefore

PLF(L*, EMIF(L%E*)— w = O, and (2a)
PUFIL* ENFALYE®) — C(E®) — STE") = 0. (2b)

Equations (2) will be used repeatedly as benchmarks as we turn to the
available control options.

. Single Instrument Alternatives

One frequently analyzed control would impose upon the polluting
monopolist a Pigouvian emissions tax equal to the marginal external cost
of emissions at the optimum level of emissions, i.e.

7 = S(EM.®

specification of F(L,E) to note is that the isoquants never intersect the emissions axis; output can
never be produced by “employing” only emissions.

5The following argument is generalizable to the case in which C(E) = 0, but even casual
observation suggests that the days of costless disposal are over. In addition, the generalization
allows for discussions of more stringent control than the status quo, and not necessarily “starting
from scratch”.

6 See Buchanan (1969), for example.
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However, to prescribe such a charge would not only fail to achieve opti-
mality, but would also run the risk of actually reducing welfare. To see
why, notice first of all that a profit maximizing monopolist would choose
its input combination (£, £) by solving

’LWZX PIFL, BIFLE) — wL — C(E) — HE.

The resuiting first order conditions,

PLFILE — RULE PIRLEY F(LE — w = 0, and (3a)
PIAL B — FALOPTRLEN FALO—-CE-S(E") =0  (3p)

duplicate (2) only if p’[--]1=0. This first Pigouvian alternative can achieve
optimality, therefore, only if the monopolist has no monopoly power!
Secondly, note that any firm could lower its tax liabilities in response to
t7 either by “substituting out” of emissions (i.e. switching processes) or
by reducing its output. Because a monopolist starts by producing too
little, the latter response can reduce welfare even though emissions fall.”

It was this observation that led some authors to suggest a “modified
Pigouvian” tax that, under certain conditions, would actually subsidize
monopolistic polluters. The suggestion, based not on optimality but only
on guaranteeing that welfare will not fall, subtracts from t7 a reflection of
a firm's monopoly power, the difference between its price and marginal
revenue at X*. In our notation,

t3 =t} — |PX*)— MRX*)} =tf—X*P/(X*) 4)

which will be negative (a subsidy) if monopoly power is strong relative to
the size of the external cost. Needless to say, the thought of granting
monopolistic polluters emissions subsidies in an amount positively correl-
ated with their monopoly power, with no associated tax commitment, has
raised some eyebrows.® But the “modified Pigouvian” tax can also be
criticized on efficiency grounds. Although it can, in fact, be optimal if

7 Burrows (1981)showed this result in the context of variable processes by using a modified
form of conventional marginal abatement cost analysis

8 Asch and Seneca (1976) and Misiolek (1980).
9 Misiolek (1980).
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F(L,E) is a Leontief fixed coefficient schedule, the tax will be suboptimal if
the L/E ratio is variable. The reason for this, of course, is that a Leontief
technology specifies the appropriate L/E ratio so that only output needs
adjustment. 1©

A comparison of the two Pigouvian tax alternatives can be accom-
plished in the more general case of flexible input ratios with the use of
some geometry. The optimal production point, Z* in Figure 1, shows
(L* E") being used to produce X*. Isowelfare loci that reflect the utility of
X and the disutility of L and E are elipses around Z*; the further from 77,
the lower the welfare.!! Locus PEP represents the price expansion path as
the cost of emissions change, and point C along that path is designated
the no tax point; the isoquant through C has some slope to it, though,
because there are some private costs of emissions.!? For the homothetic
production relationship depicted in Figure 1, a point such as D along say
0Z7* to the left of C, must be the standard Pigouvian tax solution to t*; =
S’(E™); for the case drawn, therefore, the standard tax would unambi-
guously lower welfare.'® By way of contrast, welfare would be improved
by the “modified Pigouvian” instrument, a subsidy in this case, which
would move the production point toward the welfare maximizing position
along the given PEP, to a point like E. Notice once again that even the

19 The suboptimality of the “modified Pigouvian” tax can be shown using conventional marginal
external cost/marginal abatement cost geometry. The advantage of the new formulation presented
here is that it can be used to contrast the impacts of single-tax instruments and instrument
combinations.

1 Totally differentiating (1) along an isowelfare focus, we find that

dL PLFLLENF: (LE) — CUB) — SHE)
dE / w=w PIFLENF(LE) — w

Starting at point a in Figure 1 and moving to the right on the lower negatively sloped arc, £
increases driving Fg down P [—] down but C”and S’ up. The numerator must then change sign
causing % to change sign and turning the locus upward. With L then increasing through b, sign of
the denominator must eventually change, too. % must therefore turn negative and point the locus
toward the northeast and point C. With L increasing, F decreasing and finally X decreasing, though,
the numerator must again turn positive so that the locus points downward through d to complete
the arc.

12 If we were starting from costless disposal C would lie on a ridge line.

13t should be noted that homotheticity is not required for this result; it merely simplifies the
geometry.
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FIGURE 1.

Note by construction that w” > wiM) > w(F) > w(E) > w(C) > w(D). The welfare
comparisons drawn in the text depend upon these relationships.

single tax optimum, point F, can never coincide with Z* unless the PEP is
linear through C and Z* i.e., unless F(L,E) displays fixed Leontief coeffi-
cients. Fixed production coefficients are, in fact, necessary and sufficient
conditions for a single tax to be capable of eliciting the optimum.

To complete the criticism of the single tax proposals, consider now
Figure 2. It shows the possibility that easy substitution out of emissions
might cause the PEP to bend back on itself. Output reductions would be
minimal, therefore, if the cost of emissions were to rise, and an emissions
tax would always improve welfare (up to a point). It is important to notice
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Note that w(G) represents maximum welfare subject 1o the price expansion path PEP; w(Q)
> w(C).

that the conventional emissions tax t7 would actually be too small to
maximize welfare (point G maximizes welfare, not point D). Even so there
is a distinct possibility that, in this. case, t7 would dominate the “modified
Pigouvian” instrument t (a subsidy here), since point D may be prefer-
red to points on PEP to the right of C. From these comparisons of the
single Pigouvian tax remedies the need for some other form of control
policy is unmistakable.

IV. Emissions Taxes with Output Subsidies

The fundamental difficulty with the traditional Pigouvian aiternatives is
that they attempt to solve the problem of two externality sources with one
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instrument. The two external costs are the loss of consumer surplus im-
posed on consumers by the exercise of monopoly power, and the damage
suffered by the victims of the production externality; and these give rise to
two policy objectives, socially optimal output and emissions.'* Coupling an
emissions tax with an output subsidy financed, at least in part, by the tax
revenues, could overcome this difficulty by specifying an assignment of
instruments to objectives. Setting aside administrative considerations for
the moment, we can show that this dual policy can even achieve the
optimal production point (L*, £*, X*). Algebraically, the demonstration
rests upon monopolist's problem of maximizing

(1 + 73)pXX—wlL—C(E)—tE

when confronted with an emissions tax f; and an output subsidy t .
The relevant first order conditions given X= F(L,E),

(1 + z3) PIRLEI-FALEPIRL O Fi(L,E)—~w=0 and

(I + 3 {PIRLEO1-FRLEOPIALEN FALE)—CAE) —t;=0.
reduce to (2a) and (2b) if

t5=S(E*) =t3, and (5a)

7 5= —X*P(X*) [PX*)—=X*P(X*)] > O (5b)

As a result, specifying t% and r 4 as in (5) would guarantee that the
profit maximizing monopolist would employ £=E* and [=L* to produce
X=X*. Geometrically, the two tools operate along the radial coordinates
spanning of the positive quadrant of input space in the following way: t3
moves the firm along any isoquant while t 3 moves the firm along any
output expansion path. The quadrant is thus covered, and it shouid be no
surprise that the two instruments can be designed to achieve Z*. Equa-
tions (5) simply show us how.

This result can be explained in terms of marginal abatement cost/
marginal external cost analysis. In essence, the output subsidy t 3% is

14 Breaking-even would represent a third policy objective for which a third policy tool would be
required. A tax/subsidy on labor would do the trick, but it is ruled out here on the grounds of
practicability.
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designed to set marginal revenue plus subsidy equal to marginal private
cost. The producer is thereby induced to take account of the full social
cost (including the net cost to consumers) of abatement through a cut in
output. The emissions tax is set equal to the level of external cost at the
level of pollution for which the marginal cost of the least cost method of
abatement is equal to marginal external cost.

But what about the administrative considerations that we have buried?
As far as computation is concerned, the emissions charge t3 would
simply equal the Pigouvian charge that a perfectly competitive polluter
would face. The output subsidy would be more difficult to specify proper-
ly, though, and there is no guarantee that the program would break even.
Still, the beauty of the pairing of instrument with objective, vividly por-
trayed by the geometry, is reassuring. Moreover, computing both requires
no more information than was presumed by 7 3; i.e., as in the modified
Pigouvian scheme, the regulator needs to have some measure of the
monopolists’ market power, marginal revenue as compared to price, and
the social cost of emissions.

If the combination (t; 7 %) were not to breakeven, of course, the
political problem of subsidizing monopolists would reappear, but to a
lesser degree. As shown in Figure 1, however, constraining the system to
breaking even along the locus MN can lower welfare from the maximum
and destroy the simplicity of setting t3=S"(E*). But since the breakeven
locus MN lies everywhere above the PEP to the left of the no tax solution at
point C, welfare would necessarily improve if t3=S"(E*) were used to
finance as much of an output subsidy as breaking even would allow.
More specifically, welfare at M necessarily exceeds welfare at C.'°

V. Optimality Without an Output Subsidy
Suppose now, for the sake of argument, that output subsidies of any

kind would be ruled out for political reasons, even if financed wholly or in

'3 Notice that along MN to the left of C, output rises in response to subsidy and emissions fall in
response to taxation. Welfare must, therefore, rise, so MN must lie above W(C) to the left of C.
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part by the emissions tax. The optimal point could stilf be achieved by a
process switching subsidy that rewarded polluters for their efforts in in-
creasing their output/emissions ratio, but only with a significant increase
in administrative difficulty. To see why, let I (X/E) represent a process-
switching subsidy schedule with I" (X/£) > 0. The monopolist, facing
'(X/E) and an emissions charge t4 would then maximize

PX)C — wL — CE) — {,E + I (X/E).
The relevant first order conditions can be shown to reduce again to (2) if
ty = SUE™ + (XM2P (X*VE* (6a)
and I'XVEVE solves the differential equation
T (XEVE = XP(X) (6b)

at (L* E* X*)® This instrument combination introduces two incentives
for a firm. The right hand term in the emissions tax expression (6a)
encourages the firm to take account of the net impact on consumers of a
cut in output when choosing its level of emissions, and the choice is £™.
The amount of subsidy (6b) paid at the optimal process choice and
emissions level, X*E* and E*, shifts the firm's marginal cost schedule
down to intersect the marginal revenue schedule X*P*(X*) units of cur-
rency below the demand schedule at X = X*, thereby inducing the
choice of the optimal level of output, X*,

16 precisely the same expressions for t*4 and I''(—) would emerge if I"(—) were defined in
terms of an altgrnative process indicator, the L/E ratio. The monopolist's first order conditions
require that (L,E) satisfy

[PX) — XPURNF, (LE) — w + |’ WEF(LEVE}=0 and

IPX) — XPUOIFe (LE) — C(B) — & + T'OEM(E Fell,B) — XVE?=O0,
where X=FI([,E). Setting I"(X/E) to solve

{r"(VEVE, = XP(X)

along with
ty = SUE*) — XPUXY) Fe (LHE*) + XPDUMIFLEY) — ;(—*]
=8(E" + (X2 P'IX")V/E*

will cause these conditions to reduce to (2) at (L*E*X*). Thus (LEX)=(L* E* X*)
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Aside from the computational problems involved in solving (6b), the
administrative ease of having a single emissions tax for all firms is des-
troyed by (6a) unless P1(X") = O(the firm has no market power). Both
output and process-switching subsidies are firm specific, of course, but
the notion of setting one effluent charge for all emitters of a given poliu-
tant, be they competitors or monopolists in their product markets, is
surely attractive.

VI. Conclusions

This paper has attempted to come to grips with the failure of single tax
instruments to optimally control external costs generated by monopolistic
production. The implications of the analysis are:

(1) an emissions tax with an output subsidy can achieve optimal levels
of output and emissions. The fact that the subsidy would be financed, in
part at least, by the tax might moderate the “political” objections that have
been thought serious for single-instrument output subsidy proposals;

(2) an emissions tax with a process-switching subsidy can also achieve
optimal output and emissions, without the controversial output subsidy.
However, the computational complexity of this combinations, in particular
the firm-specific emissions tax, argues in favor of exploring further the
political feasibility of an output subsidy financed by an emissions tax.
Explaining the possibility of simplified approximations to the optimal com-
bination of firm-specific emissions tax and process subsidy might also
pay dividends.
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