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Since the publication of the first edition of this book in 1975, there have
been several important contributions both to the theory of externalities
and to the design of policy instruments making use of economic incen-
tives for environmental management. Perhaps most important has been
the emergence of instruments that control quantity directly rather than
through price adjustments; these measures represent an alternative to the
standard Pigouvian prescription for a unit tax on activities with detri-
mental external effects. Since publication of the seminal paper by Martin
Weitzman, economists have explored the properties of a system under
which the regulatory authority issues a limited number of transferable
permits. This work has shown that in a setting of uncertainty, the ex-
pected gain in welfare may be higher or lower under such a permit system
than under a tax regime, depending on the shapes of the control cost and
damage functions. The choice of one system over the other thus depends
on the way damages and control costs change with the level of pollution.

At the same time, there has been growing interest at the policy level
in the use of transferable permit systems for the attainment of our envi-
ronmental standards. In the United States, the Environmental Protection
Agency has introduced the Emissions Trading Program for the regulation
of air quality; this program allows polluters (subject to certain restric-
tions) to trade emissions entitlements. Environmental economists have
studied emissions trading and have, more generally, investigated the prop-
erties of a number of variants of transferable permit systems. From these
efforts is emerging the exciting prospect of an effective system of market
incentives for protection of the environment. Economists have long ar-
gued that economic incentives have an important role to play in environ-
mental policy; there are now cases where such incentives are being em-
bodied in actual environmental legislation.

In the revision of this book, we have devoted considerable attention
to the use of quantity instruments for environmental management. Two
of the three wholly new chapters address this topic. The first half of the
book, which deals with the theory of externalities, has been augmented
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by a chapter based on the work of Weitzman and others describing the
relative welfare gains promised by quantity and price instruments where
the environmental authority is uncertain about the true damage and abate-
ment cost functions. In the second half of the book, where we address
more directly the design and implementation of policy measures, we pre-
sent a new chapter on systems of transferable discharge permits and their
potential for attaining a predetermined level of environmental quality at
the least cost. We investigate a number of alternative permit systems and
contend that one, the pollution offset system, is the most promising of
such systems for the achievement of our environmental targets.

The second edition has also allowed us to explore some further topics
in environmental policy, to update various results, and to correct mis-
takes from the first edition. The third new chapter in the book considers
the setting of standards for environmental quality and asks whether such
standards should be set by national or "local" authorities. There is a real
conflict between the desire to tailor environmental measures to particular
local conditions and the fear that economic competition for jobs and in-
comes will lead local governments to compete in environmental degrada-
tion as a means to attract new industry. We explore this conflict in the
context of a model of interjurisdictional competition; although the issue
is admittedly a complicated one, we believe that the analysis provides a
persuasive case for the introduction of some local variation in environ-
mental measures.

We should also note that in response to a series of articles by A. My-
rick Freeman and others, we have reworked Chapters 3 and 4 to correct
our treatment of depletable and undepletable externalities. As Freeman
showed, our claims concerning the different policy implications of these
two types of externalities were incorrect. We think that (thanks to this as-
sistance) we have it straight now. We have also corrected and extended
our treatment of the taxation of monopolists and of the use of subsidies
for pollution abatement. Finally, we have introduced some new material
on the redistributive properties of environmental measures and on envi-
ronmental policy in an international economy.

In order to keep the book to a reasonable size, we have deleted the three
concluding chapters from the first edition, which examined the provision
of public services and the tax system. While the public sector obviously
makes a crucial contribution to the quality of life, these chapters turned
out to be somewhat peripheral to the interests of most readers.

We are grateful to several economists for their assistance in this revi-
sion. In particular, we wish to thank Peter Coughlin, Robert Schwab, and
Eyton Sheshinski for their invaluable help with the new material.    

Preface to the first edition 

This book is one of a pair of companion volumes devoted to the study of
economic policies to enhance the quality of life.* Our willingness to em-
bark on so considerable a subject only reflects our conviction that econo-
mists as a body have already made sufficient headway on these problems
to make such an undertaking worthwhile. We believe, in short, that this
is a subject on which economists have a great deal to say that is useful;
these books are intended both to bring that material together and to carry
the investigation some stages further.

This volume is primarily theoretical and is consequently addressed to
our fellow economists. However, it is not meant to be theory for theory's
sake. Here our prime concern is policy; we are interested in the theory as
a means of understanding the complexities of environmental programs.

The orientation of the other book is primarily empirical; there we will
present and evaluate pertinent data and experience for guidance in the
choice of policies for environmental protection and for the improvement
of other aspects of the quality of life. Though it will be less technical than
the theoretical volume and will consequently address itself to a broader
audience, we intend it to provide the empirical counterpart to the theo-
retical structure developed in this book.

Our most direct debt is that to the National Science Foundation, whose
support has made our work on the two volumes possible. In particular,
the collection and analysis of the empirical materials in the companion
volume has, predictably, proved to be a long and difficult undertaking
which would have been impossible without the Foundation's generosity.

Happily, intellectual debt does not carry with it the threat of bankrupt-
cy, for in writing this volume the debts we have accumulated have been
numerous and heavy. Our deepest obligations for help above and beyond
what might reasonably be asked of anyone, are those to our colleagues,
David Bradford and Elizabeth Bailey. Their painstaking reading of the

*The companion volume is W. Baumol and W. Oates, Economics, Environmental Policy,
and the Quality of Life (Englewood Cliffs, N.J.: Prentice-Hall, 1979).    
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entire manuscript and their extensive and valuable suggestions and com-
ments have resulted in enormous improvements both in substance and in
exposition (and, incidentally, have added considerably to the labor of
revision).

Professor Bradford also contributed more directly by his co-authorship
of an article which served as the basis for Chapter 8 and by his author-
ship of Appendix B to Chapter 8. A second such contribution was pro-
vided by Dr. V. S. Bawa of Bell Laboratories, who in his very illuminat-
ing appendix to Chapter 11 solved some basic problems underlying our
discussion in that chapter.

We also owe special thanks to Lionel Robbins for urging us to under-
take this project (though there have been moments when we doubted
whether this was cause for gratitude) and to Robert Dorfman and a num-
ber of advanced students at the Stockholm School of Economics for de-
tecting some critical errors in our arguments.

For their very useful comments on particular parts of the analysis,
we are also most grateful to Polly Allen, Hourmouzis Georgiades, Peter
Kenen, Harold Kuhn, Edwin Mills, Herbert Mohring, Richard Musgrave,
Fred Peterson, Robert Plotnick, Michael Rothschild, Ralph Turvey, and
Edward Zajac. The opportunity to work through these materials in two
separate lectures delivered by one of us at the Stockholm School served
as a stimulus for our ideas and the completion of this book, and for this
too we are most grateful.

Finally, for patience, good humor, skill at deciphering our hieroglyph-
ics, and for ability to produce order out of chaos, we want to thank Sue
Anne Batey, who has acted as research assistant, secretary, and a reposi-
tory of sanity, and who, we trust, will not be excessively embarrassed as
she types these words.

CHAPTER 1

Introduction: economics and
environmental policy

When the "environmental revolution" arrived in the 1960s, economists
were ready and waiting. The economic literature contained an apparently
coherent view of the nature of the pollution problem together with a com-
pelling set of implications for public policy. In short, economists saw the
problem of environmental degradation as one in which economic agents
imposed external costs upon society at large in the form of pollution.
With no "prices" to provide the proper incentives for reduction of pol-
luting activities, the inevitable result was excessive demands on the assim-
ilative capacity of the environment. The obvious solution to the problem
was to place an appropriate "price," in this case a tax, on polluting activ-
ities so as to internalize the social costs. Marshall and Pigou had sug-
gested such measures many decades earlier. Moreover, pollution and its
control through so-called Pigouvian taxes had become a standard text-
book case of the application of the principles of microeconomic theory.
Economists were thus ready to provide counsel to policy makers on the
design of environmental policy.

However, things have proved not quite so simple as this. First, at the
policy level, environmental economists have been dismayed at their mod-
est impact on the design of environmental measures. Rather than introduc-
ing the economist's taxes or "effluent fees" on polluting activities, policy
makers have generally opted for the more traditional "command-and-
control" instruments involving explicit limitations on allowable levels of
emissions and the use of specified abatement techniques. Pricing mea-
sures for the regulation of pollution have been rare.

Second, the profusion of literature on the theory of externalities and
its applications to environmental management suggests that there were
more than just a few loose ends to the available analysis. This literature
over the past three decades runs into hundreds of papers. These papers ex-
plore the properties of the Pigouvian solution, its limitations, and the po-
tential of a number of alternative policy instruments, including subsidies
for pollution abatement, deposits for damaging materials, and systems
of marketable emission permits. There is much more to the economic
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theory of environmental regulation than simply the introduction of a tax
equal to "marginal social damage."

Our intent in this book is twofold. First, we seek to provide a system-
atic treatment of the theory of externalities and its implications for the
design of environmental policy. This is our objective in Part I, where
we offer a definition of externalities and then explore how externalities
impinge on the efficient functioning of a market economy. We find that,
properly interpreted and qualified, the Pigouvian prescription for reg-
ulating externalities retains its validity. With full information, a set of
Pigouvian taxes equal to marginal social damage can sustain an efficient
outcome in a competitive setting. However, as we find in the later chap-
ters in Part I, this result is subject to numerous qualifications that raise
troublesome concerns about the robustness of the Pigouvian approach.
In particular, the existence of uncertainty concerning the magnitude of
social damages and of abatement costs, the presence of imperfectly com-
petitive elements in the economy, and the likelihood of nonconvexities
that can undermine the required second-order conditions generate serious
reservations about the simplistic use of the Pigouvian formula. Each of
these issues is the subject of a chapter in Part I. We emerge from Part I
with the sense that although the theory of externalities can go some dis-
tance in explaining the existence of environmental abuse, it still leaves us
several steps removed from a workable set of corrective policy measures.

In Part II, we move away from the pure theory of externalities to our
central concern with the application of economic analysis to the design
of a viable and effective environmental policy. We begin by placing the
design and implementation of policy measures in a typical administrative
setting in which the environmental authority first determines a set of en-
vironmental standards or "targets" (e.g., allowable concentrations of pol-
lutants) and then establishes a regulatory framework to attain these stan-
dards. Within this setting, we explore systems of fees and of marketable
emission permits to achieve the predetermined standards for environmen-
tal quality. We then consider a further policy instrument, subsidies, which
although often attractive to the regulator, have a serious allocative defi-
ciency compared to fees or permits. In the remainder of Part II, we exam-
ine other important issues in the determination of a feasible and effective
program for environmental management: the distributive implications of
environmental measures, international dimensions of environmental pol-
icy, and the structuring of regulatory authority among different levels of
government. We find important roles for both national and local govern-
ments in the environmental arena.

Our objective in Part II is thus to try to bring economic analysis to
bear more directly on the concerns of the policy maker. This reflects our

conviction that economics has much to contribute to improved programs
for the control of pollution. The widespread concern over the current state
of the environment and the limited success of existing policy have gener-
ated renewed interest in the effectiveness of alternative approaches to en-
vironmental protection. It is our sense that a wider use of economic incen-
tives can significantly increase the effectiveness of measures for pollution
control both in terms of attaining our environmental targets and in doing
so with enormous cost-savings relative to current command-and-control
policies. This is not, however, to be achieved by some simple, universal
remedy such as a uniform effluent fee. Rather, as we hope this volume
makes clear, there exists a substantial range of policy instruments, each
with its particular strengths and weaknesses. An enlightened and effective
program of environmental management must incorporate these instru-
ments into an integrated set of policies that draws on the strengths and,
where possible, avoids the weaknesses of the individual policy measures.                            



CHAPTER 2

Relevance and the theory of externalities

By bringing to light sources of error in the formulation of both actual
and proposed policy, and by helping us to deal with the critical problem
of allocative efficiency, externalities theory provides guidance to the prac-
titioner. Part II of this book explores some of the more concrete policy
issues to which the analysis can be applied; in doing so, it deals with sev-
eral topics that have not been the subject of much formal analysis.

But before coming to these applications, we first reexamine the theo-
retical underpinnings of the analysis. We shall argue in Part I that a num-
ber of widely held views about the theory of externalities are unfounded.
The analysis also points out several (frequently undetected) booby traps
that threaten the unwary in the use of the theory and have significant im-
plications for policy.

We have not tried in this book to provide a comprehensive review of
the externalities literature. Because we are interested primarily in mate-
rials relevant to the pressing problems attributable to externalities, we
have deliberately avoided some of the theoretical issues that have received
a great deal of attention. More will be said about these omissions later in
this chapter.

1 Outline of Part I

In Chapter 3, we introduce our treatment of externalities with a nontech-
nical discussion of the issues and a preview of the major results from the
formal analysis. We begin with a definition of externalities and then pro-
ceed to some important distinctions among various classes of externalities;
here, we differentiate between "technological" and "pecuniary" external-
ities and those of the "public" and "private" varieties. We also explore
the basic policy prescriptions for the regulation of externalities, including
both incentives for the sources of externalities in the form of Pigouvian
taxes (subsidies) and the possibility of supplementary fiscal inducements
for the victims (or beneficiaries) of the external effects.

In Chapter 4, we turn to the formal analysis of externalities. We begin
with the specification of a basic model that incorporates external effects

7



8 On the theory of externalities

and then derive the first-order conditions for a socially optimal outcome.
By comparing these conditions with those characterizing profit maximi-
zation by firms and utility maximization by individuals, we are able to
derive a set of policy measures that will ensure the compatibility of the
two sets of conditions. In particular, the theorems demonstrate the need
for a set of Pigouvian taxes (subsidies) on the generators of an externality
to induce them to take proper account of the full range of social costs
(benefits) that their activities entail. Although this is a familiar result, the
analysis also establishes some less widely known propositions concerning
the treatment of recipients of externalities. In particular, these proposi-
tions provide an answer to the question of whether the victims of a detri-
mental externality should be compensated for the damages they suffer or,
as Coase has suggested, whether they should be taxed for the sake of
improved resource allocation)

It should be noted that, with one or two exceptions, our analysis of wel-
fare maximization will utilize a weak criterion, Pareto optimality, which
sweeps under the rug the issue of distribution. At a later point, distribu-
tive problems will be considered explicitly and the dangers of the Paretian
approach will be commented upon. Yet, as has so often proved true, the
Pareto criterion will permit us to draw a considerable number of conclu-
sions of greater significance than the weakness of the underlying premise
might lead us to expect.

Chapter 5 extends the analysis to a setting in which there exists uncer-
tainty as to the magnitude of the benefits and costs of pollution abate-
ment. We find there that an alternative policy instrument, marketable
emission permits, promises greater welfare gains, under certain circum-
stances, than does a system of Pigouvian fees.

Chapters 6 and 7 examine a number of additional topics in the theory
of externalities. We explore the problem that market imperfections create
for the implementation of tax-subsidy policies that correct the distortions
caused by external effects. We also provide a formal proof of the propo-
sition that, with convexity of production and utility functions, the pres-
ence of external costs in a particular activity leads unambiguously to a
competitive equilibrium with activity levels exceeding those that are opti-
mal, and that the reverse holds for external benefits.

However, Chapter 8 shows that, if externalities are sufficiently strong,
the second-order concavity-convexity conditions must necessarily be vio-
lated, so that a world in which externalities are important may be ex-
pected to be characterized by a multiplicity of local maxima. This may,

See R. H. Coase, "The Problem of Social Cost," Journal of Law and Economics Ill
(October, 1960), 1-44.
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of course, complicate enormously, and perhaps render totally imprac-
tical, attempts to reach even a state of Pareto optimality, whether through
global tax-subsidy measures or via central planning and direct controls.

Chapter 9 is something of a digression, exploring briefly the optimal
pricing of exhaustible resources. Although it is not directly related to the
issue of externalities, the matter of exhaustible resources and their use
has important implications for environmental quality and the well-being
of future generations. Here we find that conventional analysis provides a
number of interesting propositions about intertemporal pricing patterns
for resources that are fixed in supply. Some of the theorems seem counter-
intuitive on first glance; we show, for example, that under certain fairly
general conditions, an optimal pattern of usage for an exhaustible re-
source requires a declining price over time.

2 An omitted area: existence theory

As we suggested earlier, our exclusive concern with the theory of policy
dictates the omission of a number of interesting theoretical topics. Two
of them have received so much attention in the literature that some justi-
fication seems necessary.

The first is the issue of the existence of a general-equilibrium solution
in the presence of externalities; this is a subject that has given rise to
a small, but very sophisticated, body of materials. 2 It is clear that, in
an ultimate sense, the issue of existence is highly relevant. If no solu-
tion exists, theoretical discussion of policy is basically pointless. It is pos-
sible also that the necessary or sufficient conditions for existence will
themselves turn out to have some direct policy implications. So far, how-
ever, no such connection seems to have emerged, and so we will do no
more than acknowledge the issue and make sure to build at least some of
our models so that they satisfy sufficient conditions for existence of an
equilibrium.

Another omitted area: the small-numbers and voluntary
solution case

We have also omitted (aside from a brief section in Chapter 3) a second
noteworthy topic in externalities theory - the small-numbers case in which
a very few decision makers are involved in the generation of an external-
ity and few are affected by it. With all of the complexities that beset the

2 See, for example, K. J. Arrow and F. H. Hahn, General Competitive Analysis (San Fran-
cisco: Holden-Day, 1971).
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theory of oligopoly and other small-numbers models, this case has proved
an irresistible subject for theoretical analysis. The result is an extensive
literature focusing on the small-number situation, a literature which, we
are convinced, is disproportionate to its importance for policy.

Many of these analyses reach the conclusion that, in the circumstances
postulated, the affected parties, if left to themselves, will negotiate a vol-
untary set of payments to induce those who generate the social damage to
adjust their behavior, perhaps even to optimal levels.' The farmer whose
crops are damaged by runoff from a higher field will find it profitable
to offer a side payment to the unwitting tormentor sufficient to induce
him to reduce the runoff appropriately. 4 All this rests on the assumption
that the number of parties to such a situation is sufficiently small to make
negotiation possible. It is generally recognized that where the number
of individuals concerned is large, the likelihood of voluntary negotia-
tion becomes small, because the administrative costs of coordination be-
come prohibitive and because "as the number of participants becomes
critically large, the individual will more and more come to treat the be-
havior of `all others' as beyond his own possible range of influence" (p.
116). 5

The important point for us is that most of the major externalities prob-
lems that concern society so deeply today are large-number cases. Even
where the number of polluters in a particular neighborhood is small, so
long as the number of persons affected significantly by the emissions is
substantial, the process of direct negotiation and agreement will generally
be unmanageable. 6 The same point, obviously, applies to all other types
of externality. It thus seems to us that the role of voluntary negotiation

3 See Coase, "The Problem of Social Cost," Journal of Law Economics; J. M. Buchanan
and W. C. Stubblebine, "Externality," Economica XXIX (November, 1962), 371-84; and
Ralph Turvey, "On Divergences Between Social Cost and Private Cost," Economica
XXX (August, 1963), 309-13.

4 The argument does assume away the problems of oligopolistic indeterminancy. If both
sides to such a negotiation try to outsmart one another by devious strategies, an optimal
outcome is by nomeans certain.

5 J. M. Buchanan, "Cooperation and Conflict in Public-Goods Interaction," Western Eco-
nomic Journal V (March, 1967), 109-21.

6 This does not mean to imply that the number of polluters makes no difference for policy.
For example, Lerner observes that "... where the firm is large enough to be able to influ-
ence the price of pollution by varying its own output, we have a kind of monopolistic dis-
tortion `in reverse' ... As the additional pollution raised the price per unit ... he would
have to pay not only the higher price of the additional unit but the price increase on each
unit he was previously producing ... so that he would be producing too little pollution."
A. P. Lerner, "The 1971 Report of the President's Council of Economic Advisors; `Prior-
ities and Efficiency,"' American Economic Review LXI (September, 1971), 527-30. (Quote
from 529-30.) This issue is discussed in detail in Chapter 6.
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among individual decision makers is of limited applicability for environ-
mental policy.'

Once asserted, the point is almost obvious. Yet it is important to nail
it down, because it seems to get lost in so much of the discussion. For
example, it is surprising how many casual readers of the literature one
encounters who feel that Coase's shafts have dealt a fatal blow to the
Pigouvian solution in practice because, if negotiation moves resource al-
location toward the ideal, the imposition of the optimal Pigouvian taxes
on top of this will prove too much of a good thing. The argument, so
far as it goes, is valid. But if, in most important externalities problems,
negotiation is impractical and virtually nonexistent, the damage to the
Pigouvian position inflicted by this point can hardly be very serious.

We want to be clear on this assertion. No one can possibly sustain .

against Coase, Buchanan, or Turvey the accusation that he does not un-
derstand the significance of the large-numbers case. For example, the pre-
ceding quotation from Buchanan makes his grasp of the issue abundantly
clear, and the same is true of Turvey. 8 Moreover, all three surely recognize
its importance in practice. Indeed, the sentence immediately preceding
our quotation from Buchanan asserts, "To be at all relevant for public-
goods problems in the real world, the analysis must be extended from
the small-number to the large-number case." 9 This does not mean that
our discussion attacks a straw man. At the least, it indicates which por-
tions of the recent theoretical literature are of central "relevance" for en-
vironmental policy. In addition, it deals with a misplaced emphasis (if
not an error) that is widespread among those who have read the literature
without sufficient care.

The point may be brought home most effectively by a simple listing
of pervasive externalities problems that the majority of observers would
consider to be among the most serious:

' An instructive exception is a case reported in the Swedish newspapers. Oro the outskirts
of Göteborg in Sweden, an automobile plant is located next to an oil refinery. The auto-
mobile producer found that, when the refining of lower quality petroleum was underway
and the wind was blowing in the direction of the automobile plant, there was a marked
increase in corrosion of its metal inventory and the paint of recently produced vehicles.
Negotiation between these two parties did take place. It was agreed to conduct the cor-
rosive activities only when the wind was blowing in the other direction toward the large
number of nearby inhabitants who, naturally, took no part in negotiation. See "BP och
Volvo, jättarna som kom överens," Medecinska Füreiningens Tidsskrift (March, 1969),
p. 114. We are grateful to Peter Bohm for this illustration.

8 See, for example, Turvey's discussion of a large-numbers case in "Optimization in Fishery
Regulation," American Economic Review LIV (March, 1964), 64-76.

9 Buchanan, "Cooperation and Conflict in Public-Goods Interaction," Western Economic
Journal, 116.
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a. Disposal of toxic wastes,
b. Sulfur dioxide, particulates, and other contaminants of the at-

mosphere,
c. Various degradable and nondegradable wastes that pollute the

world's waterways,
d. Pesticides, which, through various routes, become imbedded in

food products,
e. Deterioration of neighborhoods into slums,
f. Congestion along urban highways,
g. High noise levels in metropolitan areas.

Other important illustrations will occur to the reader, but this list is
representative. It should be clear that the number of individuals involved
in each of these cases is typically very substantial. In considering the list,
we want to stress again that negotiation is usually precluded by the pres-
ence of a large number of individuals either on the side that generates the
externalities or on the side that suffers from them. That is, if pollution is
emitted only by a small number of sources but affects a great many indi-
viduals, the small-numbers analysis simply does not apply.

To illustrate the issues raised by the concrete problems in the preced-
ing list, we conclude by offering a few comments on one of them: the
pesticides problem. Chemical insecticides have been used by millions of
farmers in the United States alone. Certainly, their number is sufficiently
large to make negotiation impractical. It may perhaps be surmised that
the pesticide used by a farmer only affects persons living in his immediate
neighborhood, and that therefore effective negotiations can be conducted
by small groups of farmers and their neighbors. Unfortunately, this sim-
ply is not true. The mechanism whereby a pesticide is transported beyond
its point of origin is fairly well-known. Agricultural runoff carries it into
rivers from which it is borne by winds and by ocean currents and spread
throughout the globe. When the pesticide is sprayed by airplanes, only a
small portion (in one study, only 13 to 38 percent) ends up on the plants
or in the local soil; a substantial proportion is transported enormous dis-
tances by air currents. That is how it gets into the organs of arctic animals,
as the newspapers have reported. One striking observation illustrates the
point: "Rain falling on the agriculturally remote Shetland Islands has
been found to have about the same level of pesticide concentrations as is
found in the San Joaquin River even where that river received drainage
directly from irrigated fields."t 0 Thus, the number of persons affected by
a pesticide spraying (though each one will sustain a negligible amount of

10 These and other interesting materials on the movements of pesticides can be found in
Justin Frost, "Earth, Air, Water," Environmen[ X1 (July-August, 1969), 14-33.
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damage from any one spraying) is likely to be enormous. Moreover, they
are likely to be spread over huge distances with the sources of the spray
affecting any particular individual difficult, if not impossible, to identify..
It would seem clear that the pesticides are hardly promising subjects for
control by spontaneous negotiation. It is equally hard to see much of a
role for resolution through individual bargaining for any of the other
environmental problems on our list.
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some interest in itself, does not have any fundamental implications for the
pricing of externalities.' We shall find that the optimal pricing of external-
ities, be they of the public-goods or private-goods types, calls for a pric-
ing vector that exhibits a fundamental asymmetry: It requires one level of
price for the consumers (victims) of the externality and a different level of
price for its producer or source. No normal market price can fulfill this
asymmetry requirement, since if the buyer of a product pays p dollars for
it, the seller must, by the reciprocal nature of a market transaction, receive
p dollars for it. Viewed in this way, it is necessary to qualify the wide-
spread attribution of the misallocations that stem from externalities to the
failure to charge a price for the resource or service in question. What is
needed is not an ordinary price but a fiscal instrument with the basic asym-
metry property possessed, as we shall see by a Pigouvian tax or subsidy. 4

crivreyv---(47,  The analysis will require us to explore in some depth the treatment of
the recipients or "victims" of an externality. Some authors have argued
for the compensation of victims for tdamages  that they absorb; others
have contended that in some circumstances victims must be taxed in order
to induce optimal behavior.' We shall find that neither of these policies
is, in general, compatible with economic efficiency. For the basic case,
we show that victims should neither be compensated nor taxed if Pareto
optimality is the objective. The level of damages itself provides precisely
tie  correct induc i ii Tör victims to adopt the efficient levels of "defen-

, sive" activities. Any payments to, or taxation of, victims will, in general,
lead to inefficient responses by the individuals affected by the externality.
Where numbers are large, this proposition is valid except for the instance
where the victim is in a position to transfer or "shift" the externality to
some other victim. In this special case, the victim must be subject to a tax
on any such shifting activities.

In this chapter, we will present and discuss these propositions rather
heuristically; we postpone more rigorous derivations to the following
chapter where they easily fall out of the analysis of the formal models.

Externalities: definition, significant types,
and optimal-pricing conditions

The externality is in some ways a straightforward concept: yet, in others,
it is extraordinarily elusive. We know how to take it into account in our
analysis, and we are aware of many of its implications, but, despite a
number of illuminating attempts to define the notion,' one is left with the
feeling that we still have not captured all its ramifications. Perhaps this
does not matter greatly. The definitional issue does not seem to have lim-
ited seriously our ability to analyze the problem, and so it may not be
worth a great deal of effort. Certainly, we do not delude ourselves that
this discussion will be the last word on the subject.

The literature has also offered distinctions among a number of different
classes of externalities. Some of these distinctions have been illuminating;
others (including one proposed by the authors!) have been the source of
some confusion. Consequently, it is useful to explore the different kinds
of externalities and their implications for Pareto-optimal pricing. In par-
ticular, we shall examine with some care Viner's distinction between tech-
nological and pecuniary externalities; although economists have gener-
ally accepted Viner's distinction and its implications, propositions that
overlook this point still appear periodically and yield misleading con-
clusions. We will encounter such a case later in this chapter.

We shall also examine the distinction between public-gocNis and private -
goods externalities, which has its source in the seminal work of Bator and
Head. 2 Most externalities of relevance for public policy, as we shall see,
are of the public-goods variety. There are instances, however, in which
externalities of policy significance can possess the property of private-
ness. As Freeman has shown recently, this distinction, though perhaps of

' See, for example, F. M. Bator, "The Anatomy of Market Failure," Quarterly Journal
of Economics LXXII (August, 1958), 351-79; J. M. Buchanan and W. C. Stubblebine,
"Externality," Economica, as well as the classic discussion by James E. Meade in his
"External Economies and Diseconomies in a Competitive Situation," Economic Journal
LXII (March, 1952), 54-67; and in his book, The Theory of Economic Externalities
(Geneva: Institut Universitaire de Hautes Etudes, 1973), especially Chapters 1 and 2.

2 Bator, "The Anatomy of Market Failure," Quarterly Journal of Economics; and J. G.
Head, "Public Goods and Public Policy," Public Finance XVII (No. 3, 1962), 197-219.

1	 Definition: externality

Ultimately, definitions are a matter of taste and convenience. Bator, who
mäkes no attempt to define the externalities concept very rafinally, never-

3 A. Myrick Freeman III, "Depletable Externalities and Pigouvian Taxation," Journal of
Environmental Economics and Management XI (June, 1984), 173-9.

4 As we shall discuss later in this chapter, under an appropriate (and feasible) definition of
property rights, market transactions can provide an alternative to the Pigouvian measures.

5 For a noted example of the latter position, see R. H. Coase, "The Problem of Social
Cost," Journal of Law and Economics III (October, 1960), 1-44.

14
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theless proposes to interpret the concept so broadly that it includes most
major sources of what he calls "market failure." 6 He even includes in this
category cases of increasing returns to scale in which "natural monopoly"
may be the most efficient market form and in which marginal-cost pricing
does not permit the firm to cover its costs. One can only object that this
broad connotation is not what most writers have in mind when they dis-
cuss externalities. The analysis of the increasing-returns problem is ulti-
mately quite different from that of the more conventional externalities?
that constitute ffi rimary threat to the environment and to the quality
of life more generally. It therefore seems preferable to hold to a narrower,
more conventional interpretation of the term.

Buchanan and Stubblebine do just that, though, as has been suggested
elsewhere, the concept they call the "Pareto-relevant externality" corre-
sponds to what is meant in most of the literature when the term external-
ity is used without modifiers.' Their approach is, in general, unobjec-
tionable as an operational concept. By and large, they define externalities
not in terms of what they are but what they do. That is, they assert, in ef-
fect, that a (Pareto-relevant) externality is present when, in cometitive

aillt

6 Bator, "Anatomy of Market Failure," Quarterly Journal of Economics.
For an alternative and illuminating approach to the concept of externalities that also dis-
tinguishes them from increasing returns, see K. J. Arrow, "The Organization of Eco-
nomic Activity: Issues Pertinent to the Choice of Market Versus Nonmarket Allocation,"
in Congress of the United States, Joint Economic Committee, The Analysis and Evalua-
tion of Public Expenditures: The PPB System, 1 (Washington, D.C.: Government Print-
ing Office, 1969), 47-64. Arrow associates externalities with the absence of some markets
for the trading of items affecting the welfare of economic agents. Thus, the absence of a
market for the right to emit smoke is taken, quite correctly, as a central condition lead-
ing to a socially excessive level of smoke emissions.

Increasing returns were, at one point, considered to be an externalities problem in the
conventional sense, because A's purchase of such an item may make it cheaper for B to
obtain. This led to a long and confusing controversy that was only settled when J. Viner,
in his "Cost Curves and Supply Curves," Zeitschrift far Nationalökonomie, 111 (1931-1),
23-46, showed that what was involved was just a pecuniary externality. For a review of
the literature see H. S. Ellis and W. Fellner, "External Economies and Diseconomies,"
American Economic Review, XXXIII (September, 1943), 493-511. Of course, increasing
returns do give rise to a number of analytic and policy problems: the unsustainability of
competition (if the increasing returns are not produced by external economies), the losses
resulting from marginal cost pricing in these circumstances, and the danger of break-
down of the second-order maximum conditions. None of these is, however, an external-
ities problem in the conventional sense, and each has given rise to a distinct body of liter-
ature. For a review of the discussion of increasing returns and monopoly, see Alfred E.
Kahn, The Economics of Regulation (Wiley: New York, 1970), especially Volume II,
Chapter 4. On the literature on marginal cost pricing and decreasing costs, see W. Baumol
and D. Bradford, "Optimal Departures from Marginal Cost Pricing," American Eco-
nomic Review, LX (June, 1970), 265-83.

8 "Externality," Economica.
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equilibrium, the (marginal) conditions of optimal resource allocation are

violated. Perhaps this is all that need be said. However, it is not fully
satisfying. One is tempted to look for a definition that starts earlier in the
process, one that identifies the economic phenomenon leading to the pos-
tulated violation of the optimality conditions. Somehow, one is happier
if the violation of these requirements can be deduced from the economic
conditions that one takes as a definition, rather than just assuming that
the violation occurs in some unspecified way.

Let us then attempt to provide an alternative definition of our own. 9

Condition 1. An externality is present whenever some individual's (say

A's) utility or production relationships include real (that is, nonmone-
tary) variables, whose values are chosen by others (persons, corporations,
governments) without particular attention to the effects on A 's welfare)0

This definition should not be misunderstood to be a simple equation of
externalities with economic interdependence. When I rely on farmers for
my food, no externality need be involved, for they do not decide for me
how many zucchini I will consume, nor does my consumption enter di-
rectly into their utility functions." Note also that the definition rules out
cases in which someone deliberately does something to affect A's welfare,
a requirement Mishan has emphasized. 12 If I purposely maneuver my car
to splatter mud on a pedestrian whom I happen to dislike, he is given no
choice in the amount of mud he "consumes," but one would not normally
regard this as an externality.

It has also been suggested that for a relationship to qualify as an ex-
ternality it must satisfy a second requirement:

Condition 2. The decision maker, whose activity affects others' util-
ity levels or enters their production functions, does not receive (pay) in

9 This definition is, of course, very similar in spirit to many others found in the literature.
See, for example, E. J. Mishan, "The Postwar Literature on Externalities, An Interpre-
tive Essay," Journal of Economic Literature, IX (March, 1971), 2-3.
The reason the definition has been confined to effects operating through utility or pro-
duction functions will become clear in a later section. We should also append to this defi-
nition the condition that the relationship holds in the absence of regulatory pressures
for the control of the activity. One might argue that the threat or presence of govern-
ment intervention can force the polluter to concern himself with the effects of his emis-
sions on those whom he harms, but we would not want to say that his newly awakened
concerns disqualify his emissions as an externality.
Of course, my payment to him does affect his utility. This already brings in the distinction
between pecuniary and technological externalities that will be discussed later in this chapter.
E. J. Mishan, pp. 342-3 of his "The Relationship between Joint Products, Collective
Goods and External Effects," Journal of Political Economy LXXVII (May/June, 1969),
329-48.
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compensation for this activity an amount equal in value to the resulting
benefits (or costs) to others.

This second proviso is required if the externality is to have all of the
unpleasant consequences, including inefficiencies and resource misalloca-
tion, that are associated with the concept. It has long been recognized
that, at least in some cases, proper pricing or tax-subsidy arrangements
will eliminate the misallocations, though, as we will see later in this chap-
ter, matters here are not as simple as has sometimes been supposed. 13

Nevertheless, as was suggested to us by Professor Dorfman, one may
prefer to define an externality to be present whenever condition 1 holds,
whether or not such payments occur. If optimal taxes are levied, smoke
generation by factories will no doubt be reduced, but it will not be re-
duced to zero. In that case, it seems more natural to say that the external-_ --- 	 ----
ity has beers,.r_educed taan_.;ppropriate  level, rather than asserting that,it
has been eliminated altogether. Perhaps more important, the use of con-
dition 1 alone as our definition has the advantage that, instead of postu-
lating in advance the pricing arrangements that yield efficiency and Pareto
optimality, 14 we can deduce from it what prices and taxes are compatible
with these goals and which are not. These calculations will, as a matter of
fact, be carried out in this and the following chapters. At any rate,  we
will say that an externality is present if the activity satisfies condition 1. 
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yields an externality which (at least up to some number of beneficiaries
sufficiently large to cause congestion) confers benefits on all viewers of
the garden. It is now commonplace that where a public good (or bad) is
involved, the ordinary price_systern is unable to provide an efficient out
come. The basic source of the problem is (as we called it in the first edi-
tion this book) the "undepletable" nature of public goods: the fact that
an increase in the consumption of the good by one individual does not
reduce its availability to others. 15 My breathing of polluted city air, for
example, does not alter the quality of air inhaled by others. Likewise, my
viewing of a local garden does not (if there is no congestion) detract from
the pleasure to other onlookers.

As is well known, it is inefficient to charge for the consumption of such
public goods, because the consumption of the good by one individual
does not influence the level of satisfaction of anyone else. A positive price
may inhibit an individual's consumption, thereby reducing h sö her sat -
isfaction without increasing that of other peisöri 6                                                                                       

15 In his classic discussion of public goods, Head ("Public Goods and Public Policy," Pub-
lic Finance) lists two attributes of such goods: "jointness of supply" and the inability
to exclude potential consumers. Here, we concern ourselves with the first of these attri-
butes, jointness of supply, for which we use the term "undepletability." An undepletable
externality is thus one for which consumption by one individual does not reduce the
consumption of anoy ne else. As Head shows, the two properties  of public goods need
not neomoanv one another (although they mom: Exclusion may be possible even though
the good is undepletable (e.g., a fence with a gate may exclude potential viewers of a
garden). Similarly, depletion does not imply exclusion. The standard case here is one in

1 which several petroleum suppliers have wells that draw on the same oil field; no supplier
^' is excluded from the field, yet every barrel of oil removed by one supplier is no longer

available to the others. We prefer to use the adjective "undepletable" rather than "public"
because it focuses attention on the attribute that is pertinent here.

16 This result, however, assumes the absence of a budget-balancing condition for the fi-
nancing of the public goods. As Baumol and Ordover show, where a public good has to
be financed by taxation (and where the amount in question is sufficiently large to distort
decisions and cannot be raised by lump-sum measures), optimality requires all prices,
P; , in the economy to depart from marginal cost, MC; , in accord with the well-known
Ramsey formula, Pi — MC; = k(MR; — MC; ), where MR; is the marginal revenue of good
i, and k is a constant that is identical for all goods, individuals, and firms in the econ-
omy. Thus, every commodity in the economy, and not just public goods, would have to
experience a divergence between price and marginal cost, all thereby contributing to the
financing of our public good j. However, since additional consumption of j adds noth-
ing to social cost by its undepletability property, for that good the Ramsey rule simplifies
to P., = k(MR.d. We note also that where the economy's production function is charac-
terized by locally constant returns to scale at the equilibrium point, k= 0 so that the
standard public good price P., = 0 is then also the Ramsey price. See W. J. Baumol and
J. A. Ordover, "On the Optimality of Public Goods Pricing with Exclusion Devices,"
Kyklos XXX (Fasc. 1, 1977), 5-21. All this is related to the issues raised by Common, to
which we shall return in Chapter 4.                               

2	 Public versus private externalities

In his classic paper, "The Anatomy of Market Failure," Bator pointed
out that many externalities partake of the character of public goods. If
the air in a city is polluted, it deteriorates simultaneously for every resi-
dent of the area, not just for any one individual. An increase in the num-
ber of people in the area will not reduce the level of atmospheric pollu-
tion. Air pollution, then, is clearly a public "bad." Similarly, landscaping
of a garden that can be seen by all those passing by is a public good; it                                           

13 Thus, condition 1 may be taken to correspond roughly to what Buchanan and Stubble-
bine, in "Externality," Economica, have called an externality and conditions 1 and 2
together constitute what they call "a Pareto-relevant externality" (that is, an externality
that prevents the necessary conditions for Pareto optimality from being satisfied). On
the role of condition 2 in previous discussions of the definition of externality, see Mishan,
"Relationship between Joint Products, Collective Goods and External Effects," Journal
of Political Economy, p. 342.

14 In this volume, we will define a vector of outputs to be efficient if it involves the largest
output of some arbitrarily chosen good that can be attained without reducing the output
of any other good. A vector of output values, and its distribution among consumers, is
as usual, defined to be Pareto-optimal if it yields the largest value of some one consum-
er's utility that can be obtained without a reduction in the utility of any other consumer.                                                                                               
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It is easy to think of many examples of environmental externalities
that exhibit the property of undepletability: polluted air and water, noise,
neighborhood slums, etc. We refer the reader to the list of externalities
problems at the end of Chapter 2.

We turn now to the private (or as we will call it) the "depletable" case.
For reasons that will soon become apparent, it is not so easy to provide a
convincing example of a depletable externality. To get a clear illustration
that may also begin to suggest the nature of the difficulty, we go back into
economic history. Following World War II, there was a severe shortage 
of fuel, and it was reported that in several areas in Europe many people
spent a good part of their time walking along railroad tracks looking  for
coal that had been dropoed by passing trains. It is clear that this is a de-
pletable externality, because for every additional bit of coal found by one
ga erer, that much less was available fo others.

The reason that the coal was left along the tracks was undoubtedly that
the railroad companies did not find it profitable to gather the loose coal
and then sell it. In principle, if there were enough money to be made, the
railroad might even have hired the self-employed gatherers and put them
to work collecting the coal for sale. We know very well that business firms
are prepared to spend significant amounts on the accumulation of bits of
material when they are precious enough (for example, in the working of
gold and platinum). In such cases, then, either the  externality  must be
insignificant or the cost of—collecting an appropriate  fee must_be vy
high. Otherwise, private en erpnse will find it profitable to take the mea-
sures necessary to eliminate the externality. Thus, it is hardly an accident
that Bator found few depletable externalities that constitute important
policy issues.

To take another example, consider the case of trash disposal by indi-
vidual A. If A dumps trash on B's (unguarded) property, then this trash
is not available to be deposited on C's land. In this instance, we have an
external bad. But note that the externality is, in this case, divisible among
the victims: Whatever trash is dumped on one victim's property cannot
become a source of disutility for someone else. (Trash dumped on streets
or in other public areas is obviously another matter.) Unlik  he case of
polluted air, our trash example involves  a depletable externality in that it
is divisible among the victims (i.e., one victim's consumption of the ex-
ternality reduces that of others). The  important allocative issug here is
for the trash to be disposed of in the least costly way to society. 

In summary, externalities can take either of two forms:  a publicun e -

plet able) form or a private (depletable) form. The issue of primary inter_
est is how to adapt the set of incentives facing the parties to an externality
so as to induce socially optimal behavior. We turn next to this important

matter. We will find in this regard that the basic policy prescription is the
same for the undenletahle and depletable_cases. However, as we will dis-
cuss in a later section, there is a subclass of depletable externalities for
which some supplementary measures may be needed.

3 Pareto -optimal pricing of externalities

In the first edition of this book, we contended that the distinction between
depletable  and undepletable externs rties was ölTündameniäl tmportance,
because the a • II ro •ri. - . •  ^^ - •• • ling allo-
cative distortion differed in the two cases. However, as Freeman showed
su s entDepleta(?ie Externalities and Pigouvian Taxation"), this
is not correct. Aside from the special case to be discussed later, the basic
pöicl y prescription is the same for both the depletable and undepletable
cases. It is instructive, we believe, to explore this matter in more detail.

Let us consider first the undepletable case, which is, from all evidence,
the more important one for environmental policy. We return, for pur-
poses of illustration, to the familiar case of the smoky factory that pol-
lutes the atmosphere over an entire area. All residents of the area suffer
from the pollution; moreover, one individual's consumption of smoky
air does not reduce that of any other. The allocative problem here in-
volves two decisions: the adoption of the efficient level of smoke emis-
sions by the factory, and the choice of the efficient level of "defensive" ac-
tivities by the victims. The first of these decisions is self-explanatory: the
factory owners must select the proper level of abatement measures to re-
duce emissions to their efficient levels. The response of victims is a bit
more subtle. Victims may have available to them a range of activities
through which they can protect themselves from the detrimental effects
of the externality. In our case of the smoky factory, for example, nearby
residents may invest in air-cleansing devices, or, alternatively, may choose
to move to a new location more distant from the factory. Such responses
we shall call "defensive activities." Note that such defensive activities have
no effects on the consumption of smoke by any other victims; they are
purely private in nature. (This is important, as we shall see shortly.)

Our problem is thus to find a  set of conditions that characterize be-
havior consistent with a social optimum on the part of factory owners
and victims and to determine a set of incentives that will induce profit-
maximizing firms and utility-maximizing individuals to satisfy these con-
ditions. We will undertake this exercise formally in the next chapter. The
formal analysis confirms that in a competitive setting the solution to our
problem requires only a single policy measure: a Pigouvian tax (or efflu-
ent_fee) on emitters equalto marginal social damage. More precisely, t ie
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environmental authority should levy_a_,fee per unit of smoke emissions
eq i 1 tii the marginal damages accruing to all victims  (residents and other
firms).

As is generally recognized, the Pigouvian tax serves to internalize the
external costs that the emitting factory imposes on others. Consequently,
the factory owners will take into consideration not only their usual costs
of production but also the other forms of social cost that their activi-
ties entail. In contrast, there is no need for any supplementary incentives
for victims. As we shall demonstrate in Chapter 4, the damages that vic-
tims suffer from the detrimental externality provide p ce it seely tTie correct
incentives to induce them to undertake the efficient levels of defensive
activities.

Let us next consider the case of a depletable externality. Instead of
smoke, suppose that the local factory emits a depletable waste like trash).
There are two subcases of interest here. First, assume that the factory has
no control over where the wastes are deposited. For technical reasons
(e.g., geography or weather), the wastes always end up in a particular
place irrespective of any disposal actions by the factory. The victim in
this case is the individual who occupies the disposal site. A little reflection
suggests that this case is, in principle, little different in its essentials from
the public or undepletable case. The only difference  is that we have but
one victim. Hence, the marginal social damages are equal to the marginal
damages  to that individual alone. But the policy prescription remains the
same as that in the undepletable case: aPigouvian tax on the source of_ 
the externality and no supplementary incentives for the victim."

Suppose, however, that the factory owners have some choice as to where
they dump their wastes. An important aspect of the allocative problem
now becomes the choice of the most efficient disposal site. For this case,
the factory owners must face a schedule of fees that reflects the varying
damages associated with the dumping of the trash at alternative sites.
Confronted by such a schedule of fees, a profit-maximizing firm can be
counted on to choose the site that minimizes the damages. So, once again,
we find that a Pigouvian charge equal to marginal social damage leis

17 In the previous edition of this book, we claimed, mistakenly, that the depletable case
has fundamentally different implications for optimal pricing than does the undepletable
case. As we indicated earlier, our error was first discovered and corrected by Freeman,
to whom we are grateful. The effects of the depletable externality discussed in the text
need not, of course, be limited to a single victim. In our trash example, the disposal
operation can result in a division of the trash among several sites with a consequent mul-
tiplicity of victims. Since the externality is depletable, it would remain true by definition
that whatever trash is deposited on one site cannot be deposited elsewhere. In this in-
stance, the generator of the externality should pay a Pigouvian unit tax equal to the
sum of the marginal damages over the various sites.
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to an efficient result. Moreover, as before, victims, responding solely to
the damages, can be expected to select the efficient levels of defensive
activities.

In sum, irrespective of whether the externality is of the depletable or
undepletable variety, the proper corrective device is a Pigouvian tax equal
to marginal social damage levied on theenerator of the externality with
no supplementary incentives for victims. The latter part of this prescrip-
tion needs some further discussion, to which we turn next.

4 Should the victims of externalities be taxed or compensated?

The efficient treatment of victims of externalities has been the source of
varied prescriptions and considerable confusion in the literature. Some
have argued that victims should be compensated for the damages they
suffer, and others (like Coase) have argued that in some circumstances,
victims should be taxed. As we indicated in the preceding section and will
show formally in the next chapter, so long as the number of victims 11
large, the efficient treatment of victims prohibits compensation - whether
the externality is of the depletable or undepletable variety. Moreover, tax-
ation of victims is equally inappropriate (except for a special case whose
rationale is somewhat different from that proposed by Coase).' 8

The discussion in the preceding section indicates that the victim of a
detrimental externality should face a zero charge: The victim should nei-
ther be taxed nor compensated for the damages absorbed. Thus, in our
case of the smoky factory, the discussion suggests that residents in the
neighborhood of the factory should not receive compensation for smoke
damages from the owners of the factory. What sort of allocative dis-
tortion would result were such compensation to be paid to nearby res-
idents? Professor Coase has provided the basis on which this question
can be answered. In this case, the socially optimal solution is likely to in-
volve some de_ree of spatial separation between the factor and Tocal res-
idences. But if all the neighbors of actories were paid amounts sufficient
tocompensate them fully for all damages, including increased laundry
bills, injuries to health, aesthetic insults, etc., obviously no one would
have any motivation to locate away from the factory. Too many people
would choose to live in smoky conditions, for they would, in effect, have
been offered an economic incentive to accept the ill effects of the smoke

18 This, of course, is not to deny that it is desirable to pass on to someone the real resources
corresponding to the taxes collected from the generators of externalities. However, in
the absence of any lump-sum subsidy mechanism, this should, in principle, be done
through Ramsey reductions in all prices as described in note 16 - not through compen-
sation to the victims of the externality based on the amount of damage they sustain.



24	 On the theory of externalities

with no offsetting benefits to anyone. The resulting inefficiency should be
clear enough.

The point here is that victims typically have available to them a variety
of responses to reduce the damages they suffer. For example, a victim can
install insulation to reduce the amount of noise experienced from a nearby
construction activity, or, as mentioned earlier, move farther away from
the smoky factory. And, as we have just seen, compensation of victims is
not economically efficient because it weakens or destroys entirely the in-
centive to engage in the appropriate levels of such defensive activities. As
Olson and Zeckhauser have put it, "... the commonplace suggestion that
those who generate external diseconomies ought to have to compensate
their victims for any losses they suffer, can work against Pareto opti-
mality. When such a suggestion is adopted, those injured by the disecon-
omy have no incentive to protect themselves from it, even if this should
be more economical than requiring adjustment on the part of those who
generate the diseconomy." 19

In addition to the mo_raLhazard problem, compensation of victims leads
to other economic inefficiencies. As we shall see in the next chapter, it
tends to produce excessive entry into the "victim activity" - too many
laundries will open for business in the vicinity of the smoky electricity
plant. Moreover, since compensation is a form of subsidy payment to
the victim, it will serve to reduce the price of the victim's product and
lead to socially excessive levels of its consumption. Because purchasers
of laundry services do not pay the full marginal social cost of these ser-
vices (since the laundry is compensated for the costs attributable to pol-
lution), a socially excessive amount of laundry activity will be elicited by
consumer demand.

Coase, however, has pushed this point harder. He argues that not only
should we avoid compensation of victims, but we should tax them for the

19 M. Olson, Jr. and R. Zeckhauser, "The Efficient Production of External Economies,"
American Economic Review LX (June, 1970), 512-17. The allocative problems that can
be produced by full compensation are well known in other contexts. Full payment by
an insurance company for all losses from theft removes any incentive for precautions
against robbery; it makes for an inadequate allocation of resources to burglary preven-
tion devices. Or to bring the matter out more sharply with the aid of a rather grizzly
example, suppose workers, on the average, were known to feel fully compensated for
the loss of a finger by the payment of one million dollars. Imagine the horror that might
result if industrial insurance were to offer this compensation to anyone suffering from
such a loss! In each of these cases, the absence of full coverage is essential for the pre-
vention of what may conservatively be described as great economic waste.

Of course, it may nevertheless be decided to undertake some compensation of victims
on grounds of fairness. But then there must be a trade-off between fairness and effi-
ciency. On this, see W. J. Baumol, Superfairness: Applications and Theory (Cambridge,

Mass.: M.I.T. Press, 1986), Chapter 5.
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costs that their decisions impose on the factory owners. Coase's conten-
tion is that when residents select a home in the vicinity of the factory,
they impose an "external" cost on the generator of the externality, the
owners of the factory. This cost takes the form ofa l iglier Pigouvian fee
to the owners reflecting the increase in damages from the factory's smoke
emissions associated with the rise in the number of victims. This argu-
ment, however, is incorrect (for the case where the number of victims is
large - the case that is not the subject of Coase's analysis). As we shall
see later, the increase in the effluent fee to the firm is not a true externality
in the sense that we have defined the term. To provide the proper incen-
tives to victims for defensive activities, neither compensation nor ä tax
is appropriate.

5 A qualification: the special case of shiftable externalities

As we have seen, the general Pigouvian prescription entails no supple-
mentary incentives, either compensation or taxation, for victims of detri-
mental externalities. However, as Bird has pointed out recently, there
exists a special set of circumstances in which it ma be nec- 	 •
ject victims to taxation. ' e will treat this special case as a qualification
to the genera-Mile-enera- rule for the treatment of victims, but, as will become clear,
this case really does not constitute an exception to the Pigouvian results.
Rather, it entails an extension of the Pigouvian measure to encompass ex-
ternal effects associated with responses by victims. It is clearly Pigouvian
in spirit.

This case involves what we shall call a "shiftable externality." In such
instances, the victim has the opportunity to "shift" the externality to a
third party. 21 Returning to our trash example, the victim may respond
to the dumping of the rubbish on his or her own property by removal
and dumping of the wastes onto someone else's land. In short, the vic-
tim avoids the detrimental effects of the externality by shifting it to an-
other party. For such cases, we obviously need some sort of incentive

20 Peter J. W. N. Bird, "The Transferability and Depletability of Externalities," Journal
of Environmental Economics and Management XIV (March, 1987), 54-57.

21 We choose the term shiftable here because of the close analogy with its use in the field of
taxation. In particular, a tax is said to be shifted when the entity on which the tax is lev-
ied is able to alter its behavior in such a way as to place the burden of the tax on others.
Similarly, we will call an externality shiftable if the recipient has the ability (as in our
trash example) to push the externality along to other parties. We note that shiftable
externalities are a subclass of depletable externalities. If the externality is undepletable,
it must by definition be unshiftable, since one person's consumption of the externality
leaves others unaffected. The property of depletability is a necessary, but not a sufficient,
condition for an externality to be shiftable.
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to induce efficient behavior by victims as well as by the generator of the
externality.

The äuired incentive in_Shis  .instal takes the form of a tax on the
victim applicable to any shifting activities.  More precisely, victims must
be subject to a unit tax equal to the marginal social—damage-accruing  to
the parties to whora-the victim shifts the externality y i our trash exam-
ple, the initial victim should face a schedule of Pigouvian taxes equal to
the marginal social damages corresponding to the various shifting alter-
natives available to him. It is easy to see why this leads to an efficient out-
come. The socially optimal result involves the depositin of the wastes
where they do the TEST net damage (net of shifting costs). Suppose that
an im is vie im n• s t at t e ax e s : • ' s p ace t e trash elsewhere
exceeds the value of the damages he absorbs if he simply serves as the
trash receptor. In this case, he will choose not to shift the externality,
and this is obviously the optimal social outcome, since it is clear that the
damage to the initial victim is less than  that to any alternative victimnl
contrast -, --if the imtia victim nds an  alternative victim that is willing to
absorb the wastes for less than the former is willing  to payer then shifting
will occur and will obviously be  socially efficient.
In süm, i- n he special case of a shiftable externality, victims must them-

selves be subject to a tax equal to the marginal social damages caused by
their shifting activities. As should be clear, such a tax is Pigouvian in
spirit - it represents an extension of the Pigouvian prescription to encom-
pass any externality-generating activities which are undertaken by victims
in the course of protecting themselves from other externalities. The basic
principle remains unmodified - all generators of externalities, whatever
other roles they may p ay, must • e c - • amage
that the-Si-impose  on others. But in the role of victi _er se,_ efficiency re-
quires that no one either be taxed or compensated. Only if one person
happens to be both victim and generator of externalities simuTtaneously
sToold he be subject to a taxù önly for assuming tie latter role.

6 Externalities and property rights

The source of an externality is typically to be found in the absence of
fully defined property rights. 22 And this implies that in some instances

22 There is now a large literature on the relationship between externalities and property
rights. The seminal piece is the Coase paper that we have so often cited. Among the
paper's many insights is the now famous "theorem" that where there is costless bargain-
ing between the generator and the victim of an externality, the optimal outcome will
emerge so long as either party holds the pertinent property right - it does not matter
which one. For other important contributions, see Harold Demsetz, "The Exchange and
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the distortions resulting from an externality can be eliminated through
an appropriate redefinition of such rights of ownership. Once again, the
general point is best made clear through an example. Consider a lake to
which all fishermen have free access. The haul of one fisherman reduces
the expected catch of the others, so a detrimental externality is present.
The result of individual maximizing behavior in this setting will be an
excessive level of fishing activity. This is easily seen with the aid of Figure
3.1. If Win the figure represents the wage (and marginal product) in al-
ternative em to ments,.the number of fishermen in equilibrium will be
Owhere the average product (in money terms) of a fisherman equals
the wage that he can obtain elsewhere. This is obviously too large a num-
ber of fishermen, because an individual's fishing activity imposes costs on
others and thereby generates a marginal social yield lower than the value
of marginal product in other activities. Following the discussion in the
preceding sections, one can correct this distortion by introducing an ap-
propriate charge for admission to the lake, a  charge that effectively in-
ternalizes the external costs that a fisherman imposes on his com atriots.
In Figure 3.1, such a charge is equal to DE; this effectively reduces the

Enforcement of Property Rights," Journal of Law and Economics VII (October, 1964),
11-26; and J. H. Dales, Pollution, Property, and Prices (Toronto: University of Toronto
Press, 1968).
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net return to the marginal fisherman to equality with his marginal social
product and leads to a reduction in the number of fishermen to the eft_
cient level, OA.

There is, however, another approach to the correction of the distortio n
associated with this free-access equilibrium. Suppose that, instead of in-
troducing an entry fee, the lake were transferred from public to privat e 
ownership, perhaps through some sort of auction.-S ippose, moreover
that the new owner seeks to maximize profits from fishing activities on
the newly acquired lake. He thus hires fishermen to whom he pays a wag e .
of W and from whom he receives the catch in return. Note that the profit-
maximizing solution implies that the lake owner will hire OA fishermen;
he will take on fishermen to the point at which the value of the marginal
product equals the wage, W, that he must pay. Thus, the private-owner-
ship outcome will be socially efficient. 23  

A redefinition of property rights may thus in some instances represent
an alternative means (and sometimes even a preferable one) for dealing `
with an externality. By establishing ownership rights where none existed
before, we may effectively eliminate the externality. However, this is not
always easy to do. Establishing rights in "clean air," for example, is not
a simple matter. There may, moreover, • e of er reasons or • esiring free
access to certain socially held resources. But, as we shall see in later chap-
ters, there may be ways of establishing certain kinds of rights that can
facilitate the regulation of various sorts of pollution. For now, we simply
want to make clear the significant connection between externalities and
property rights and the policy alternative that this relationship suggests.

23 The inefficiencies associated with the free-access equilibrium have long been recognized.
The issue is nicely described in a book that appeared early in the nineteenth century:

Suppose that the earth yielded spontaneously all that is now produced by cultivation;
still without the institution of property it could not be enjoyed; the fruit would be gath-
ered before it was ripe, animals killed before they came to maturity; for who would pro-
tect what was not his own; or who would economize when all the stores of nature were
open to him? ...

In this country, for instance, where the only common property consists in hedge-nuts
and blackberries, how seldom are they allowed to ripen...

From Mrs. J. H. Marcet, Conversations in Political Economy, 3rd ed. (London, 1819),
60-1. This book, written by a friend of David Ricardo, was one of the first textbooks
in economics. It takes the form of a dialogue between a Mrs. B and her young friend,
Caroline, who quickly succumbs to her mentor's economic arguments. A more recent
nontechnical and influential treatment of this issue is Garrett Hardin's "The Tragedy of
the Commons," Science 162 (December 13, 1968), 1243-48. For a more rigorous analysis,
see, for example, H. Scott Gordon, "The Economic Theory of a Common-Property Re-
source: The Fishery," Journal of Political Economy VXII (April, 1954), 124-42.

7
It has often been said that externalities introduce distortions in . resource
use •ecause they are cases in which society fails to char :e a . rice (posi-

attve or  a goo • or a •• a• " e see now that the issue is some-
tive °r -neg __. . __
what

o
 more complex. The real problem is that no normal price can do the

j b. The trouble in this case is that economic efficiency requires a pricing

asymmetry: a . nonzero price to the "supplier" of the externality (posit
tive price for an external benefit and a negative price or tax for a detri-
mental externality), and a zero price for the consumption of the external-

owever, an ordinary price is, •y its natrure, syrnmetricälb weeny.
supplier an .consumer,it cannot assume the asymmetrical form required

to inucd a efficient behavior. But a Pigouvan tax (subsidy) can The tax
or subsidy provides the proper incentive for the supplier of the external-
ity while leaving its consumer with a zero price, as ciency dictates. 

g	 Technological and pecuniary externalities

In a paper that is now one of the classics of economic literature, Jacob
Viner showed that not all relationships that appear to involve externali-
ties will produce resource misallocation. 24 There is a category of pseudo-
externalities, the pecuniary externalities, in which one individual's activ-
ity level affects the financial circumstances of another, but which need
not produce a misallocation of resources in a world of pure competition.
Viner brought the distinction to our attention to clear up an error in
Pigou. The nature of the error is now largely a matter of doctrinal his-
tory and does not particularly concern us here. However (despite some
recent assertions to the contrary), the distinction remains of great rele-
vance for current discussions of externalities.

Pecuniary externalities result from a change in the prices of some in-
puts or outputs in the economy. An increase in the number of shoes de-
manded raises the price of leather and hence affects the welfare of they '
purchasers of handbags. But unlike a true externality (Viner called it a
technological externality), it does not generate a shift in the handbag
production function.

It should be emphasized that, whether an externality is pecuniary or
technological, the ultimate comparative static effects are likely to involve
changes both in prices and in the values of the relevant real variables. In
the case of technological externalities (for example, the increased - real

24 Viner, "Cost Curves and Supply Curves," Zeitschrift für Nationalökonomie.

Summary: pricing and external effects
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resource cost of laundry output resulting from an enlarged volum e of
smoke), prices will almost certainly be affected (laundry prices will rise)
and even input prices may well be altered as their usage is changed. Simi_
larly, in the pecuniary case, say in the case of a rise in the price of leather
produced by an increased demand for shoes, the handbag manufacturers
may well modify their manufacturing processes by, for example, the sub-
stitution of labor for leather through more careful cutting of the raw
materials.

The essence of the distinction then is not that a pecuniary externality
affects only the values of monetary, rather than real, variables. The point
is that the introduction of a technological externality produces a shift in
th unctions relating quantities_ resources as independent variables
and output quantities or utility levels of consumers as dependent vari-
ables. Consequently, it means - comparing two otherwise identical states
iwhich there is a technological  externality in one, but not in the other
that a given vector of real inputs allocated identic in both cases will
not leave all members of the economy.i0differQnt between the two states.
In contrast, the introduction of a pecuniary externality permits all mem-
bers of the economy to remain at their initial utility levels if all inputs are
used as before and if there is an a..ro.riate redistribution of income to
comp - • e income effects of the price changes that are the instru-
ment that externality.

The shiTo cWi ä increases the soap and labor costs of the laundry means
that, if one were to employ the same quantities of inputs as would be
used in the absence of the externality, either fewer clothes must be laun-
dered or the clothes cannot come out as clean. But with the enhanced
demand for shoes, it need take no more leather than before to produce
a handbag. The higher price of handbags represents, in effect, only a
transfer of income from purchasers of handbags orro  manu-
facturers to the suppliers of leather, or perhaps, in the  long-run com-
petitive equilibrium, from handbag purchasers to the owners of land for
cattle grazing. But the initial collection of inputs will still be capable of
producing the initial bundle of outputs and, hence, of leaving everyone
as well off as he would have been -in the absence of the increased' demand
for shoes.

This immediately indicates why pecuniary externalities need produce
no resource misallocation under conditions of pure competition. For they
do not constitute any change in the real efficiency of the productive pro-
cess viewed as a means to transform inputs into utility levels of the mem-
bers of the economy. Indeed, the price effects that constitute the pecuniary
externalities are merely the normal competitive mechanism for the reallo-
cation of resources in response to changes in demands or factor supplies.
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Viewed another way, our increased demand for shoes, for example,
may well induce a rise in the production (and in the relative cost) of shoes

compared to pencils. However, is takes the form of a movement along
production-possibility frontier; it does not s lit h frontier itself, as

the Py^ould a Change in the output of smoke by our illustrative factory, that is,

i
wt causes no divergence between the slope (social marginal rate of trans-

orma ion an e priväte MRT at any point ohmlis frontier. Similarly,
because a pecuniary externality enters no utility function, it will produce
no divergence between any social and private MRS.

This suggests the irrelevance of pec uniar  externalities for the opti-

mality of t mar et equi i rium of the competitive system, Equilibriumlibrium
condi tions for the competitive system consist (where the relevant func-
tions are twice differentiable) of a set of equalities and inequalit ies in-

volvionly private marginal rates substitution and transformation
(that is, those of the decision maker to whose decision variables the mar-

ginal rates apply). Optimality of resource allocation, however, requires
the satisfaction of precisely the same equalities and inequalities but this

time  involving the social marginal rates of substitution and transforma-

tion. Because pecuniary externalities produce no divergences between pri-
vate and social marginal rates of substitution and transformation, they
do not create any differences between the optimality conditions and those
characterizing a competitive equilibrium. Consequently, despite the pres-
ense of pecuniary externalities, the competitive equilibrium wilLproduce
sffijmal. allocation of resources,  provided. of course, that all of the
other necessary conditions (existence, the appropriate convexity-concavity
requirements, and so on) are fulfilled. 

9	 Variations in Pigouvian taxes as pecuniary externalities

The analysis of the preceding section can shed some light on the opti-
mality of the Pigouvian tax measures. It has been argued recently that
the imposition of such a tax can itself introduce a set of externalities, for
those who - • • - a b the tax can, by their own decisions, affect the
magnitude of the payment.  If a household moves near a smoke-generating
factory or undertakes to do more laundry in its vicinity, the social dam-
age caused by the smoke will be increased and this, in turn, will lead to
an increase in the tax rate that will harm the factory owner; this rise in
tax rate constitutes an externality caused by the decision of the household
just as surely as the smoke produced by the factory. In the words of Pro-
fessor Coase,

An increase in the number of people living or of business operating in the vi-
cinity of the smoke-emitting factory will increase the amount of harm produced                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
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by a given emission of smoke. The tax that would be imposed would therefore
increase with an increase in the number of those in the vicinity. This will tend to
lead to a decrease in the value of production of the factors employed by the fac-
tory, either because a reduction in production due to the tax will result in factors
being used elsewhere in ways which are less valuable, or because factors will be
diverted to produce means for reducing the amount of smoke emitted. But people
deciding to establish themselves in the vicinity of the factory will not take into
account this fall in the value of production which results from their presence. This
failure to take into account costs imposed on others is comparable to the action
of a factory-owner in not taking into account the harm resulting from his emis-
sion of smoke. 25

This rising tax relationship that Professor Coase described is equiva-
lent, analytically, to a pecuniary, not a technological, externality. In the
case where the number of victims is large (the case with which Coase was
not dealing), it will produce no misallocation of resources. Ägain his is
not difficult to show. The generation of smoke increases the real resource
cost of laundry production and perhaps influences the marginal utility
of various types of consumption as well. However, the increase in the
tax has no such effects. It merely changes the marginal pecuniary return
to the activities of the factory. An increase in laundry activity that in-
creases the tax rate is precisely analogous to an increase in shoe produc-
tion that increases the cost of leather to handbag manufacturers. In each
case, a resource (in one case, leather, in the other, clean air) has become
more valuable and the price of the resource has increased commensu-
rately, as proper resource allocation requires.

It is true that the rise in tax rates has some real effects and not just pe-
cu iniary consequences: it leads "... to a decrease in the value of produc-
tion of the factors employed by the factory," but exactly the same is true
in the handbag example. People formerly employed in handbag produc-
tion may, because of higher leather prices, find themselves "being used
elsewhere in ways which are [or, rather, formerly were] less valuable."
But this is, of course, a common property of pecuniary externalities, one
that has already been emphasized. Price changes do have real effects on
the equilibrium values of various economic variables but need not result 
in resource misallocation.

 A note on the small-numbers case

As we stressed in Chapter 2, our emphasis in this volume is on the large-
numbers case, which we consider the more important case for purposes

25 R. H. Coase, "Problem of Social Cost," Journal of Law and Economics, Section IX,
p. 42.
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Figure 3.2

of environmental policy. However, there are a few points that are worth
noting here. Coase has shown that where voluntary bargains that exhaust
the potential gains from trade are struck among the_p_arties_to an exter-
nalrt an thcienf outcome will be reached.2 6 The setting for such bar-
gaining requires, in general, a small number of participants on both sides
of the activity: one or few generators and one or few victims. In such
a setting, Coasian behavior may indeed eliminate any distortions in re-
source use. Obviously, there would be no need for a Pigouvian tax o
subsidy under such circumstances.  In fact, as Coase argued and Turvey
later emphasized, a Pigouvian tax in the Coase setting will itself become
a source of misallocation of resources. This is easily seen in terms of an
adaptation of a useful diagram introduced by Turvey. 27

In Figure 3.2, the horizontal axis depicts the level of some activity by
individual A that has associated with it external damages to some other
party, B. The curve CD indicates the marginal benefits to A from this

activity, and the curve JK reflects the marginal damages that B absorbs

26 R. H. Coase, "The Problem of Social Cost," Journal of Law and Economics.

27 Ralph Turvey, "On Divergences between Social Cost and Private Cost," Economica

XXX (August, 1963), 309-13.
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as an external cost of A's doings. In the absence of any extraordinary
incentives, utility-maximizing behavior by A will lead to a level of the
activity, OD, at which point marginal benefits become zero. Marginal
benefits to society, however, become zero at OE, the point at which the
marginal benefits to A are precisely offset by the marginal damages to B.
Hence, OE is the Pareto-optimal outcome. Note that in a Coasian world
of bargaining, individual B would be prepared to pay A to cut back on
the activity to OE. For any unit of the activity to the right of OE, the
marginal damages to B exceed the marginal gains to A; there are thus
potential gains from trade to be realized. The Coasian equilibrium is OE,
the socially correct outcome.

Suppose, however, that a public agency, behaving like a good Pigouv-
ian, levies a tax on A equal to marginal social damage at the efficient level
of output OE. The tax would be a levy of EF per unit of the activity. The
effec of this tax would be to shift A's marginal benefit curve down to the
dashed line MN; MN depicts the marginal gains to A net of the tax. In
the absence of any bargaining, this would clearly lead A to the socially
efficient outcome OE. But suppose that Coasian bargaining takes place
in the presence of the tax. Realization of the gains from trade will now
lead the parties to point P and the associated level of activity OG. A's
activity will now be below the efficient level. We thus find that in a Coasian
world, Pigouvian taxes are not just superfluous; they themselves become
the source o 41 ro5'i • s in resource a ocation.

The small-numbers case can undermine the optimality of the Pigouvian
solution in yet another way. A tax (positive or negative) upon generators
of an externality always invites strategic behavior by at - i e-
liberately designed to change the magnituTe of the tax in a way that bene-
fits the victims at the expense of society a mso etnmental external-
ities will aim for further (and socially excessive) restriction of the quan-
tity of externality generated, whereas those who enjoy the consequences
of beneficial externalities will seek to elicit socially excessive externality
outputs. An example will make the mechanism clear. Imagine a laundry
with two plants: plant A located near a smoky electricity-generating sta-
tion, and plant B, located farther away. Suppose also that plant B is free
of smoke damage but that its operation incurs heavy transport cost. Then
the laundry firm may find it profitable to assign more of its operation to
plant A than it would have otherwise, because the greater the level of ac-
tivity at plant A, the larger the marginal damage of a puff of smoke and,
hence, the larger the tax upon the electricity generator will be. The net
effect will then clearly be an inappropriately low level of electricity out-
put from the viewpoint of social welfare. The laundry will benefit by re-
duced transport costs and reduced pollution damage at plant A through
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socially excessive use of that plant. Of course, none of this can happen
if every victim is too small to be able to affect significantly the magnitude
of the tax upon the polluter.

This discussion also helps to explain why Coase suggests that a tax on
victims may be necessary or optimality, along wi i the-igöuvian tax -

on the generator of the externality. For if the victim's strategy involves
deliberate and excessive self-subjection to damage from the externality
in order to raise the tax on the generator , then a tax on the victim will
be needed to discourage such antisocial strategic behavior. Thus, in the
small-numbers case where there are incentives for strategic behavior, a
tax on victims that accompanies a Pigouvian tax on generators may, in-
deed, make sense, at least in theory.

Perhaps more to the point, where both the number of generators and
victims are small, the Pigouvian tax approach may well be impractical
(imagine a tax rule devised for just a handful of people!). For such a case
the Coasian property-rights  approach may well be the most sensible way
to control the externality. 

The moral of the story is clear. In a small-numbers setting where Coas-
ian bargains are likely, we should be wary of the introduction of Pigouvian
measures. At the same time, we must reiterate our contention in Chap-
ter 2 that the most widespread and serious of our environmental prob-
lems involve the large-number case for which Coasian sorts of negotia-
tions are not to be expected. Moreover, even in the small-numbers case,
there may be serious impediments to efficient bargains in the form of
strategic behavior by the parties. 28

28 In  fact, under certain forms of strategic behavior, Pigouvian taxes can yield optimal
outcomes, even in the small-numbers case.  On this, see Donald Wittman, "Pigovian
Taxes Which Work in the Small-Number Case," Journal of Environmental Economics
and Management XII (June, 1985), 144-54.



CHAPTER 4

Externalities: formal analysis

In this chapter, we construct a model of externalities that can then be
used to derive formally the results discussed in the preceding chapter.
This model and the associated analysis will serve as the basis for much
of the treatment in later chapters.

Throughout the book we will utilize general equilibrium models almost
exclusively. In welfare economics, perhaps as much as in any branch of
our subject, there is real danger in partial analysis. When we consider ex-
panding one sector of the economy, say, because of the net social benefits
that it generates, it is essential that we take into account where the neces-
sary resources will come from and what the consequences in other sectors
will be. Interdependence among location decisions, levels of polluting
outputs, and the use of pollution-suppressing devices are all at the heart
of the problem. Indeed, the very concept of externalities implies a degree
of interdependence sufficient to cast doubt upon the reliability of the par-
tial analysis that, curiously, has often characterized writings in this area.

1 Pareto optimality in the basic externalities model

In this section, we first describe the structure of the basic model and then
derive the necessary conditions for Pareto optimality. With this done, we
can determine fairly easily in the two subsequent sections what prices and
taxes are necessary to induce firms and individuals to behave in a manner
compatible with the requirements for Pareto optimality.

Assume we have a perfectly competitive economy.' Let the productive
activities of the firms generate an externality (for concreteness, it will be

The reader is reminded that, in accord with the Pigouvian tradition, our pure competi-
tion assumption is taken to involve both a "large number" of producers and a "large
number" of consumers of the externality, in the sense that each one of them takes the
magnitudes of the pertinent prices and taxes as given and beyond his influence. Thus,
everyone in the economy is assumed to be a "price taker" in this extended sense. Without
this premise, one gets into problems of monopolistic strategies designed to affect the
levels of taxes and prices to be used to control externalities. This case is discussed briefly
in Chapter 6.
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referred to as smoke) that increases the cost of (at least some) other pro-

duction processes and constitutes a disutility to consumers. The choice Of
activity levels, including levels of outputs and input usage, are taken to
influence the firm's output of smoke either directly or indirectly through
the use of less polluting technological .processes. Similarly, by the choice

both of activity levels and of location, individuals and firms determine
their vulnerability to smoke damage.

We use the following notation:

x,^ = the amount of good (resource) i consumed
by individual j (i = 1, ..., n) (j =1, ..., m) 2

Y,k = the amount of good (resource) i produced
(used) by firm k (i =1, ..., n) (k=1, ..., h)

r; = the total quantity of resource i available to
the community

sk = the emission of externality (smoke) by firm k
z = E sk = total emissions in the community

, xni , z) = individual j's utility function

and

f k (Ytk, • • • Ynk, 5k ' z) <_ 0 = firm k's production set.

Here the variable z in each utility and production function represents the
possibility that the utility (production) of the corresponding individual
(firm) is affected by the output of the externality in the community. This
clearly represents the undepletable_externalities case in which any emis-
sion can enter into every utility and production function (that is, in which
the amount of the externality consumed by one individual does not re-
duce the amount available to any other person or firm).

We assume that the feasible set of consumption complexes for each
consumer is convex, closed, bounded from below in the x's, and contains '

the null vector, that the utility function that represents each person's pref-
erences is twice differentiable, quasi-concave, and increasing in the x's,
and that the feasible production set for each firm is defined by a wt of
technical constraints that are twice differentiable and define a convex pro
duction possibility set. Under these circumstances, as is well-known, 01
solutionto the_ maximizatio ^at-rs ab -to be described exists
and is  unique. 

2 We do not distinguish here between manufactured goods and resources, such as land
or labor. In the short run, even the consumption of a manufactured good can be con-
strained by the quantity of that item inherited from the past.

u (x t^, •••
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To find a Pareto optimum, we maximize the utility of any arbitrarily
chosen individual, say individual 1, subject to the requirements that there
be no consequent loss to any other individual, and that the constraints
constituted by the production functions and the availability of resources
are satisfied. Our problem, then, is to

maximize

1u (Xi1, ..., Xn1 , z)

subject to

U* J 	 (j = 2,..., m)
k

f (y1k, ..., ynk,Sk,z)'60 (k=1,...,h)
m 	 h

E xij — E Yik ri 	 (i = 1,...,n)
j=1 	 k= 1

all xij >_ 0, Sk ?0, z>-0.

Note that we do not require all yik ? 0, for some firms may use the out-
puts of other firms as inputs (intermediate goods), and this is described
by treating yik as a negative output when it is employed as an input. 3

Because of our concavity-convexity assumptions we can use the Kuhn-
Tucker theorem to characterize the desired maximum. We obtain the La-
grangian 4

L= E 	 ) —	E fk(•)+ EWi ri— E xij+ E Yik
i 	 j 	 k

where the Greek letters all represent Lagrange multipliers. Differentiating
in turn with respect to the xij , yik , and sk we obtain the Kuhn-Tucker
conditions given in the second column of Table 4.1. Here we use the nota-
tion u; = äuj/äxi j , fik = öf k/äyik , and so on. It will be recalled also from

3 Because y ik is unrestricted in sign, as is well-known, the corresponding partial derivative
of the Lagrangian will be set equal to zero, not less than.or equal to uric. as in the Kuhn-
Tucker condition corresponding to a variable that is restricted take only nonnegative
values. -

'Phis assumption that yik is unrestricted in sign for all i is of course not always valid
for —aTt^ibugh every öutpul cänsserve c n lnpiiTin the -lörm ö inventöry, the reverse is
not true of inputs, such as "the original and indestructible powers of the soil" (land) that
cannot be manufactured by firms. That is, the corresponding variable cannot take a posi-
tive value. The discussion would be complicated needlessly by taking this into account
throughout and we provide the appropriate amendments in footnotes.

4 Ile! e we ni;iv , if we pi cfer, take X 1 = 1 and u'' = 0, so that the first term in L becomes
X, ui( •)—u"))= ut+ 2 Xj[ui(•)—u'J)], the latter, of course, being the form

more usually encountered in the literature. With our concavity-convexity assumptions,
the two forms are equivalent.
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an earlier footnote that there is only a single equality condition corre-
sponding to the variable yik , because that variable is unrestricted in sign.
Conditions3° ° 5 

_._...._`
( )-(5 ), together with ffie `con- sTräints (2) and the con-

cavity-convexity conditions described earlier, are necessary conditions for
any Pareto optimum. That is, no candidate solution that violates any of
these conditions can be a Pareto optimum.

2 Market equilibrium

We will return presently to an economic interpretation of the Kuhn-Tucker
conditions for a Pareto optimum, (3°)-(5°). However, it is more con-
venient to consider first the corresponding market equilibrium require-
ments. Specifically, our objective is to determine the characteristics of the
prices and taxes (compensations), assuming that They exist,' that will in-
duce the behavior patterns necessary Band  sufficient),for the satisfaction,_
of our Pareto-optimality conditions, and whether that set of prices and
taxes is unique,

It is helpful to employ an admittedly artificial distinction between prices
and compensatory taxes or subsidies. A price, in our competitive model,
is a pecuniary quantity charged on each unit of some activity, whose mag-
nitude is the same for all buyers and sellers. If a pair of gloves of some
specification sells for $5.80, then anyone can by it for exactly that price,
and, similarly, each seller will also receive $5.80 per pair.

A compensatory tax or a subsidy rate, however, will presumably depend
on the smoke damage to the individual or firm and hence will differ from
person to person and from firm to firm. If the optimal value of that tax
turns out to be negative, it will represent a compensation payment to the
victim. On the other hand, if it is positive, ä la Coase, it will presumably

5 Associated with the inequality constraints we also have the corresponding complemen-
tary slackness conditions

X [ u J (•) — u *J l =0, µkfk(•)= 0, and

0.71(ri — Exii+ E Yik) = 0.
j k

6 As was noted in Chapter 1, we will not concern ourselves with the issue of the existence
of a competitive solution that is consistent with any particular Pareto optimum. This sub-
ject has, of course, been explored in an extensive literature following Kenneth J. Arrow's
classic paper. Our object here is to describe the prices and taxes that are part of such an
equilibrium, on the premise that the existence issue has been settled. Of course, this is not
meant to imply that the existence literature is either trivial or uninteresting, but only that
it has not yielded any clear implications for policy, which are the primary concern of this
volume. A noteworthy exception arises out of the relationship of externalities and viola-
tion of the convexity conditions, a subject that is examined in detail in Chapter 8.

represent an inducement to the victim to take measures  to protect himself
from the damage (for example, by movingaway from the  source of emis-
sions).' We then assign to each consumer and firm a tax (compensation)
payment for smoke damage he or it suffers, where we use tj and t k to
designate the tax rate for individual j and firm k, respectively, the objec-
tive being to determine Pareto-optimal values for the t ' and the t k .

The magnitudes of these tax-compensation rates must obviously de-
pend on the victim's activity levels. If an exogenous shift - inTiundry de-
mand leads to an increase in output, the damage caused the laundry by
the polluter's smoke will necessarily increase. Hence, compensation pay-
ments to the laundry must rise correspondingly. Thus ti and t k cannot be
treated as constants but must be considered functions of j's and k's re- 1 1;,-((m ,;),),.,)
spective decision variables.

We also impose on the' emission of smoke a tax rate, ts , per unit of
emission whose optimal value is to be determined.

We can now proceed directly to examine the equilibrium of the con-
sumer and of the firm. The consumer is taken to minimize the expenditure
necessary to achieve any given level of utility,' u*j, so that in Lagrangian
form the problem is to find the saddle value of

Li= E p,xii+ti+ai[u*i—u-i(•)] (6)

(all xis >_ 0, where a  is a Lagrange multiplier). We immediately obtain
the Kuhn-Tucker conditions (3C) in Table 4.1.

Similarly, the objective of our (competitive) firm is taken to be maxi-
mization of profits after taxes subject to the constraint given by its pro-
duction relation, f k <_ 0. Its Lagrangian problem is to find the saddle
value of

7 In our model, the victim can, indeed, take such protective action. For example, if item
i' is land in a smoky area and item i" is land in an unpolluted neighborhood, a laundry
(firm k) can reduce its vulnerability to smoke damage by increasing its use of i" relative
to i' (that is, by increasing the absolute value of Yi ^k and decreasing that of y; - k ). So long
as these protective activities do not shift the damage to others, they are consistent with
the model under discussion. For a more extended treatment of defensive activities and
the compensation issue, see W. Oates, "The Regulation of Externalities: Efficient Be-

' havior by Sources and Victims," Public Finance XXXVIII (No. 3, 1983), 362-75; and
H. Shibata and J. S. Winrich, "Control of Pollution When the Offended Defend Thein-
selves," Economica L (November, 1983), 425-37.

8 We proceed in this manner rather than following the usual premise that the consumer
maximizes the utility he derives from his income because our approach simplifies matters
somewhat. First, it produces results more immediately comparable with (3°) and in (3`).
Moreover, our procedure evades the determination of the consumer's income which is
clearly affected by the prices of the resources he holds. In any event, though the two ap-
proaches are not quite equivalent, clearly either is valid for our purposes.
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Lk = E PiYik — t k tsSkk Okfk(.)

sk > 0, yik unrestricted,	
(7)

whose Kuhn-Tucker conditions are (4C) and (5C), in Table 4.1. 9

3	 The price-tax solution

Our objective now is to determine what values of emission taxes and
damage-compensations (taxes) will induce consumers and firms to select
Pareto-optimal activity levels. That is, we want to know what tax struc-
ture can sustain a competitive equilibrium that is Pare o -o e wtl
prove first that this can be achieved by setting

is = — Xi U + µkfk, all t; = tk=0. (8a)
Note that (8a) calls for a zero derivative both of ti with respect to any
xi.! and of t ic with respect to yik . That is, even if damage from the ex-
ternality varies with the victim's activity levels, it requires  compensation
payments to be completely unaffected by those  activity levels (contrary to
the concept of a compensation payment that we have just formulated).

To show that con • itions : a are . ' • . cede market To sat-
isfy the Pareto-optimality requirements, note that competitive equilib-
rium is characterized by conditions (3c)-(5c) together with constraints (2)
(including among them the market-clearancearance condition E x is — E yik s r;)
and the complementary slackness conditions cörresponäirig to12): St b .
stituting the values of ts , t; and, tk from (8a) into (3c)-(5c), we see that the
system of inequalities and equations determining the competitive equi-
librium (i.e., those determining the values of the variables x,5, y,k, sk, ai ,
ßk, and pi ) becomes identical with the system of inequalities and equations
(2), (3°)-(5°) and the complementary slackness conditions for (2) that de-
termine a Pareto-optimal solution: x/, yik , sk, Xi, µk, and Wi . Thus,
these systems will have the same solutions, so that if they are unique 10

9 The yik are unrestricted with the exceptions noted earlier in footnote three in this chap-
ter. We also point out that, for purposes of simplification, we have omitted from the
Kuhn- Tucker conditions (5c) a term, —ßk f k. This term reflects the indirect effect on its
own output  of a firm's emissions (at the margin) operating throu h z (the aggregate
level of pollution). Such an effect will typically be minuscu e, and since it complicates
the analysis considerably, we have chosen to ignore it.  - 

10 will be noted that even if the solution is otherwise unique, one can multiply all of the
p,, t f , t-', and t k and all the Lagrange multipliers in any solution by the same constant
without violating (3)-(5), the only relationships in which these variables appear. This
gives us our one degree of freedom in the choice of absolute prices and taxes. Even if the
solutions to the market equilibrium and optimality requirements were not otherwise
unique, of course (8b) would still hold for corresponding solutions to the two systems.

Pi = Wi^ Xi = aj, µk = ßk (all i, ✓ , k)•

We have

Proposition One. Conditions (8a) are sufficient to render identical the

com
petitive equilibrium and the Pareto-optimality conditions. That is,

given the assumed convexity conditions, market behavior subject to this
set of taxes will yield an optimal allocation of resources.

By (8a) and (8b) we have, in fact, proven that neither any tax nor any

compensation of the victims of externalities is necessary to sustain any

Pareto optimum, for ti = 0 and t ic = 0 will obviously saissfi - tf i,
f the ex

__--  ____.__. Y
the tax on the generäfioternality , is setappropriately. It ma ,
however, be asked whether compensation or taxation of the victims is
even possible without preventing the attainment of a Pareto optimum;

that is, we may ask whether conditions (8a) are absolutely required for 1

an optimum. The answer is that they are if we accept one plausible prem-
ise: that there exists one item, some of which is consumed by every indi-

vidual."
To deal with this issue, the uniqueness of the tax-compensation solu-

tion (8a), we must assume that there is a set of taxes and prices which
yield equality between the market and Pareto-optimal activity levels [i.e.,
that there exist x = x^, yk = y k , and s ic, = sk, which satisfy both (3`)-
(5') and (3°)-(5°)]. We then ask what values of the p i , ts , t ✓, and t k are
consistent with these relationships.

For this purpose we can take leisure (labor) to be the item which is used
by every individual (no one works 24 hours per day).

Let i* represent leisure-labor. Because of our premise all xi .i > 0, the
correspondingconditions  (3°) and (3c) become egualities?rTaking i* as
our standard of value, we set arbitrarily' 3

Wi= =Pi=. (9)

We then obtain from (3°) and (3c), both of which are now assumed to
be satisfied,

Xj = Wi=/u =p i=/u = a.; (for every j) (10)

" We also require the absence of discontinuities in derivatives. For, at such a kinked point,
the slope of the budget line is not generally fixed and hence the corresponding taxes are
not unique.

12 With each firm using labor, the corresponding conditions (4°) and (4C) remain equalities
even though yi .k is not unrestricted in sign because the firm cannot manufacture labor.

13 This is where we use up our factor of proportionality. The reader will verify that if we
had instead set ,p4,_= awi ,, all other prices and taxes in (8) would simply be multiplied
by a.

^

(8b) ✓^
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and"

µk = ', •/f f = pr/f k = ßk (for every k

That is, each X, = a j and each µk = ßk.
Then by (3°) and (3C), we must have, for any one item, i', if it is con-

sumed by individual j' and consumed or produced by firm k',

w;-=p; +t =p ► , —tk. (12)

It follows immediately, because cop — pi ,  takes the same value for every
individual and every firm (that is, it is independent of j' and k'), that we
must have

for all x,- j , > 0 and all y l ,k., t = — t = w,- — p; -,	 (13)

which is independent of j' and k'. That is, Pareto optimality requires the
amount of  taxpaid or compensation received by au.individuaL Dr fir,
subjected to an externality to vary bv._. eN tly. the, same amount in re-
sponse to a given change in the level of any of the activiti .s in whichhe
or it is engaged, that is,

	j 	 k
ti=
' 	 axr^ 	 a .yt

	 =— t , for all xi.; > 0 and all y;k•
rk

Writing t, = t; = — t k and

p► =pt+t; =p, — tk=p,+t*=co„	 (14)

we see that the p i + t; and p, — t k are merely disguised forms of the ordi-
nary prices, given by (8b). Consequently,

Proposition Two. Aside from a lump-sum subsidy or tax, the Pareto-
optimal solution [as described by (1) and (2)] can be sustained only by a
financial arrangement that does not differ from a set of prices p* for all
activity levels and a set of zero (incremental) tax or compensation levels.

From (5°) and (5`) we deduce immediately 15 the remainder of the price-
tax solution (8), that is, we deduce the postulated pollution tax rate, t5 .
Thus we conclude

Proposition Three. Aside from a factor of proportionality and for all
x,i > 0, conditions (8) are necessary for achievement of a Pareto-optimal

14 To derive uk =ILk, we do not have to  find any item  used or produced by every firm. We
met el need some item that is potentially either an output or an input for every firm so
that t he corresponding variable is unrestricted in sign and the corresponding conditions
(4") and (4C) are equations.

" WE-assume that t* döes not vary with sk , the firm's own emissions. Otherwise, we must
repeat the preceding argument to show ta must eidentical for all firms and is there-
fore simply a camouflaged component of  ts .
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equilibrium through a system of prices and taxes under a regime of pure
competition .

 Interpretation of the results and the Kuhn-Tucker conditions

We can characterize the preceding results succinctly:

Proposition Four. The price-tax conditions (8) necessary to sustain t he
Pareto optimality of a competitive market solution under the assumed
convexity conditions are tantamount to the standard Pigouvian rules,
with neither taxes imposed upon, nor compensation paid to,'r' the victims
of externalities (except possibly for lump-sum taxes or subsidies).

This is obviously true of the prices in (8). The only thing that remains
to be shown is that the tax rate, t5 , per unit of smoke emissions is indeed
equal to the marginal social damage of smoke. For that purpose we again
use leisure-labor, i*, as the standard of evaluation. Assume now that every
firm uses some labor and that every individual consumes some leisure so
that all x i s.; > 0 and all y i .k > 0. Then the corresponding inequalities (3°)
and (4°) must be equations. We may then write

A j = ce;./u :, 	 µk = W;=/f k.

Substituting these into the tax relationship in (8) we obtain"

16 The fact that these will be zero only for xis > 0 does not restrict the generality of these con-
clusions, because for any variable that is zero, the marginal payment must clearly be zero.

The reason tax and compensation payments must be zero for Pareto optimality should
be clear. If these payments really are to correspond to the magnitude of the damage they
must vary with the values of the victim's decision variables. The laundry whose output
increases in response to an autonomous shift in demand suffers more damage as a result.
Hence, a true compensation payment to the laundry must vary with the laundry's output
level. But that will serve as an inducement to the laundry to increase its output on its
own volition and, consequently, will produce a violation of the requirements of Pareto
optimality.

If all that is at issue is a single state equilibrium it must be admitted that compensation
can indeed be arranged without precluding a Pareto optimum. For this purpose one
need only (!) calculate the damage that would be sustained by each victim if the Pareto
optimum were somehow to be attained. The victim can then be given in compensation
a payment that exactly offsets that Pareto-optimal damage level, a lump-sum payment
absolutely immune to change by an act of the victim. However, that payment would
at once become inappropriate if there were any autonomous change in tastes, technol-
ogy, etc., which would change the nature of the Pareto optimum and the corresponding
damage levels. As usual, lump-sum taxes have little relevance for policy - even for the
theory of policy.

" Note the similarity of the RHS of (16) to the well-known Samuelson condition for opti-
mality in the output of a public good in which the sum of its marginal rates of substitu-
tion with respect to a private good is the relevant datum. The reason for this similarity
is obvious: we are dealing here with an externality that is, essentially, a public good.

(15)

ii
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ts= E—xj ui+E !Lk fk =wi• — (14/140+ E (fzkifil.f) .
j 	 k

But keeping output and utility levels fixed we have'

tli/ll = — axi• /0Z , 	 f k/fik= ayi•k/aZ,

[writing yi•k for the absolute value of the (negative) input y i .k]. These ex-
pressions represent the increase in quantity of labor needed to keep util-
ities or outputs and use of other inputs constant when there is a unit in-
crease in smoke output in the community. Hence substituting from (17)
into (16), is becomes

ts = wi• E (axi'j/aZ)+ E (ayi•k/ad. 	 (18)
j 	 k

Interpreting the dual variable w is in the usual manner as the shadow price
of labor, 19 we see that (18) is indeed the marginal smoke damage, mea-
sured in terms of the value of the labor needed to offset the various types
of damage.

Having thus shown the economic implications of our solution, we may
return briefly to the Kuhn-Tucker conditions (3)-(4). Their interpreta-
tion is now straightforward. Using w i * as the shadow price of labor, we
find from (15) that (3°) and (3°) call for prices to be proportionate to
marginal utilities; similarly, -(4°) and (4 C) indicate that these same prices
should be proportionate to the ratios of marginal costs (products), all
measured in terms of labor if we wish.

Note also that (8) calls for a tax on smoke emissions, not on either in-
puts or outputs directly. Inputs and outputs that generate smoke are, of
course, subject to tax, but only in proportion to the smoke they produce.
Common sense confirms the logic of this rule. After all, one wants to mo-
tivate the firm to reduce the emissions it generates when it produces a
given output or uses a given quantity of an input, and a tax on outputs
or inputs that is independent of the pollution generated by them is cer-
tainly not the way to go about this. 20

Observe, finally, that from standard Kuhn-Tucker theory we know that

wi r i — Exij+Eyik =0 (i = 1,..., n).
j 	 k

18 Thus, for example, holding all other variables constant, to keep j's utility constant we
must have 0 = dui = ui dz+ u dx ; .i from which the result (17) follows directly.

19 Specifically, if the derivative exists, we have cop= äu 1/8r; ., the marginal utility of indi-
vidual 1 (the person whose utility is being maximized) of a unit increase in the quantity
of labor available.

20 Compare Charles R. Plott, "Externalities and Corrective Taxes," Economica N.S. XXXI II
(February, 1966), 84-7.
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Consequently, because by (8) our solution calls for pi = w i , we have

Proposition Five. The prices pi that can sustain a Pareto optimum will

be nonzero only for items used up completely in the corresponding opti-

mal solution, that is,

pi , > 0 implies E xi ,j = rr + yi-k•
j 	 k

Looked at the other way, any item not utilized fully in an optimal solu-
tion must be assigned a zero price:

< ri.+ Yi°k implies pp =
j 	 k

5 	 Extensions of the basic model: some remarks

Our basic model, we believe, captures the essentials of the externalities
problem. However, our particular construct is not of the most general
form. It involves (at least) two major simplifications that require further
discussion. First, as we noted earlier, the model deals only with external-
ities of the pure public goöc^s or undepletable variety. We assumed that
the same ex erna rty vana e, z, the aggregate level of smoke emissions
in the community, enters into every agent's utility or production func-
tion. One agent's consumption of the externality does not, in this formu-
lation, reduce the consumption of the externality by anyone else. Second,
we assumed that units of emissions from the different sources are perfect
substitutes for one another; a unit of smoke emissions from source i is
thu p ted zo have the same effects on air quality as a unit of smoke
emissions rom source J. This is the "perfect mixing" assumption; it is
the aggregate of emissions, not their composition, that matters.

Each of these simplifications requires some-Tu h r comment. Let us
turn first to our assumption that the externalities are undepletable. As we
discussed in Chapter 3, some externalities are, in fact, depletable. Free-
man illustrates this phenomenon with the case of acid rain. 2 ' In this in-
stance, the sulfur emissions from a particular source are distributed in
the form of acid-rain among a set of locations with the distribution de-
pending on prevailing weather conditions. The point is that "each pound
of sulfur emitted to the atmosphere must land somewhere and if the
quantity falling on A's an increases, t ere is less to fall elsewhere. "22
För this case, we must amend our moaelTo tä account of the distribu-
tion of the externality among the various victims; no longer do all victims

21
 A. Myrick Freeman III, "Depletable Externalities and Pigouvian Taxation," Journal

ofrEnvironmental
.

 Economics and Management XI (June, 1984), 173-9.
22 Freeman, p. 175

(16)

(17)
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consume all the units of the externality - each victim is now assigned a
certain number of units, and the sum of these units consumed over all
victims equals the aggregate of the wastes emitted. Freeman has analyZ ed
this case formally and demonstrates (contrary to what was said in the
first edition of this book) that the relevant modification to the model has
absolutely no substantive effects on the results. It remains true that th e
modified model calls for a Pigouvian levy on the generator of the exter-
nality equal to marginal social damage and no compensation or taxes  on
the victims. If-Mrs -Makes no difference for -56f results_ whether  the ex-
ternality is of the un^e—Ie^able or de letäblevariety (p  p provided that the
victims cannot affect the consumption  of the externality by other victims,
as we will see shortfy). -

We turn next to the assumption of perfect mixing. It is certainly true for
some pollutants that the location and other characteristics (e.g., height
and velocity of emissions) of the source differentiate the effects of its dis-
charges from those of other sources. The effects, for example, on various
victims of carbon-monoxide emissions depend to a significant degree on
just where the discharges take place. For such cases, we obviously must
distinguish among the different sources. It is a straightforward matter to
carry out the required extension of our model. Instead of making a vic-
tim's consumption of the externality simply gual to the aggregate of
the emissions, we now make each victim's  utility depend on the composi-
tion of the waste discharges. Rather than including the same variable,
z, in every individual's utility function, we now introduce the variable
Zi(s l , ... , sn) for victim j (that differs from one victim to another and
that depends in a more complicated way on the levels of discharges,  s; ,
of the various sources). Such a substitution in our model produces one
modification of the results, which follows directly from the same sort of
formal argument as before. Since the effects of the emissions of the var-
ious sources will now differ, Pareto optimality requires the Pigouvian tax
or effluent fee to be tailored individually to each "source. The unit tax on
the emissions of each generator of the externality must still equal mar-
ginal social damage, but since the marginal damages will now vary from
source to source, different tax rates are called for.2 3 So in place of a uni-
form fee on all sources (as under perfect mixing), we now have a set of
Pigouvian taxes that correspond to the marginal damages of the emis-
sions of each source.

We ret urn next to the issue of shiftable externalities that we raised in
Chapter 3. We recall that for a shiftable externality, victims can under-
take activities that pass the externality along to other victims (e.g., they_' Freeman, p. 178.

Externalities: formal analysis 	 49

can 
transfer trash initially dumped on their property onto sites owned by

others). To treat this case, we must amend the equation that deals with
 to includethe amount of

of the shifting  activite byMore
 particular

specspecifically,the consequences	 the amount
of the externality consumed by the ith victim will now be equal to the
amount initially "deposited" upon i by the sources of the externality, plus

any additional units shifted to the victim by other victims, and minus any

units shifted by i to other victims. With this modification of the model
(which we shall not work through formally here), we find that the policy
prescription for the attainment of Pareto optimality must be extended in
a straightforward way. In addition to the Pigouvian tax upon the gener-
ator of the externality, the environmental authority must also::confront

victims with a unit tax on Mfr.—Min-1g activities equal to the marginal

social damage— fo transferring the externality to another victim. The rea-
son for this tax is clear. The extension of the Pigouvian tax to shifting
activities effectively internalizes the social costs that such activities entail.
It makes victims incorporate into their decision calculus the social costs
(benefits) inherent in shifting the externality to someone else. This set of
taxes will ensure that the externality ends up among victims to whom it
does the least damage. Alternatively, where the externality provides a
benefit capable of being distributed amöng different individuals, such a
serf subsidies is needed to ensure that —ale external benefits accrueo
those to whom they do the most good.

There is a further modification of our model that may be of some in-
terest. This is the proposal by Michael Common that a budget-balancing
requirement be imposed upon the public sector so that any addition to its
revenues from its Pigouvian taxes must be offset by an equal increase fri .

its disbursements.24 In an important sense, he is right. In real terms, wel-
fare maximization requires this, for if the government were to collect real
resources equivalent in value to the Pigouvian taxes and were to give
nothing in return, then it would, Tndeei , be possible to make some per-
sons better off without harming anyone._

Having said this, there is an obvious solution of our model when aug-
mented by such a balanced-budget constraint for government. For what
we have now is simply the Ramsey-Boiteux model with the addition of
undepletable externalities. That is, we have a model involving Pareto op-
timization subject to a budget constraint. The solution is nowadays well
known. All prices in the economy, including the Pigouvian tax (price) on
pollution, along with the (zero) price on consumption of externalities

24 M. Common, "On the Concept of Externality and Pollution for Efficiency in Alloca-
tion," unpublished paper (October, 1985).
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must be modified. Rather than all prices (including the Pigouvian taxes)
being set equal to the true social marginal costs (SMC), they must deviate
from these costs in the manner dictated by the formulas

(p i + t i — SMC; ) = k(MR ; — SMC;) for all activities i

t;yi=0

where t ; is the tax rate (positive or negative) on activity i, y, is the ith ac-
tivity level, and MR, is the marginal revenue from its sale. 25

This and other standard properties of Ramsey pricing immediately yield
the following conclusion:

Proposition Six. If a governmental balanced-budget constraint is added
to the model of welfare maximization in the presence of undepletable ex-'
ternalities, then the price-tax results of Table 4.1 will remain completely'
unaffected when the economy's production frontier is locally linearly ho-
mogeneous in a neighborhood of the solution point. However, in the e

absence of linear homogeneity at that point, all prices and taxes in the
economy will deviate from their values in Table 4.1 in accord with the
requirements of (19) and (20).

Corollary. With the addition of the budget constraint of Proposition
Six and in the absence of linear homogeneity, welfare maximization will
require the victims of externalities to receive some payment, positive or
negative, which can be regarded as receipt of some compensation or pay-
ment of some tax. However, the magnitudes of the amounts paid in "com-
pensation" to the victims (along with everyone else in the economy) will
bear no relationship to the damage they suffer.

Note that in a large economy this means that after the proceeds of a
tax upon a particular externality are divided among all the members of
the economy, the returns to any particular victim are likely to be very
small and perhaps not even noticeable. 26

25 For a derivation of these results, see, for example, W. J. Baumol and D. F. Bradford,
"Optimal Departures from Marginal Cost Pricing," American Economic Review LX
(June, 1970), 265-83.

26 Common contends that the introduction of the balanced-budget constraint implies that
victims should be fully compensated for the damages they suffer. However, this result
has its source in a condition that requires the disbursement of Pigouvian tax revenues
solely to victims. Ramsey analysis shows that such a restriction can hardly be welfare
maximizing. In addition, Common implicitly (and seemingly inadvertently) allows indi-
vidual household victims (on page 12) to select the quantity of pollution, zj, that they
consume, despite the recognition that in the undepletable case households have no con-
trol over the amount of pollution from which they suffer. We note these matters in the
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As a final extension of the basic model, we consider the case of pure
crowding or congestion. 27 The distinguishing feature of this case is that
the economic agents are themselves simultaneously both generators of
the externality and victims. For example, on a crowded highway or beach,
individual users simultaneously contribute to the severity of congestion
and suffer from it. To incorporate congestion into the model, we must
therefore introduce into the individual utility function two arguments:
the individual's level of utilization of the congested facility and the ag-
gregate level of usage. We thus rewrite individual j's utility function as
u i(,Ytj, x21, ..., x,,1 , z j, z), where z = E z 1 is the aggregate usage of the
facility. In this formulation, we posit that the individual consumer re-
ceives positive marginal utility from the consumption of the collective
good (so that äu j/özj is positive) but suffers from congestion of the
good (so that äuj/öz is negative). The implications of this extension of
the model are straightforward. As a generator of the externality, it fol-
lows from the earlier analysis that the individual should be subject to a
Pigouvian tax (perhaps in the form of an entrance fee - a toll for use
of the highway) equal to the marginal social damages associated with
the increase in congestion attributable to usage by an additional person.
But as a victim, the individual (as we have seen) should not receive com-
pensation. Existing congestion (in conjunction with the Pigouvian fee)
provides the required economic inducement for the individual to adjust
his usage of the collective good to the efficient level. We note, inciden-
tally, that in the basic model we have already effectively introduced this
formulation for firms: They benefit from their smoke emissions, on the
one hand, but suffer from the aggregate level of smoke discharges on
the other. Firms are thus both generators and victims of the external-
ity in the model used in this chapter. As we have discussed here, this

interest of avoiding any misunderstandings associated with Common's important contri-
bution in introducing the balanced-budget issue.

Taking another tack, David Newbery argues that compensation of victims may be a
good political strategy. Although we certainly agree with his point, we would note that
it has nothing to do with the conditions required for economic efficiency. See D. M. G.
Newbery, "Externalities: The Theory of Environmental Policy," in G. A. Hughes and
G. M. Heal, eds., Public Policy and the Tax System (London: Allen and Unwin, 1980),
106-149.

Finally, we note that both Common and Newbery appear to misinterpret us when they
take us to believe that only decisions on location by victims will be distorted by compen-
sation. As we have indicated in the text, compensation will also discourage other sorts of
defensive activities such as insulation against noise, the use of air-cleansing devices, and
other measures to reduce damages from pollution. It may result in additional distortions
by inducing the entry of an excessive number of victim firms.

27 We are grateful to Henry Peskin for his helpful comments on this matter.

(19)
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formulation can easily be interpreted to encompass the phenomenon of
congestion. 28

6 A note on the entry-exit issue 29

The interpretive discussion up to this point has focused entirely o n the
proper signals or incentives to polluting agents and victims for the choice
of levels of polluting, defensive, and shifting activities. We have derived
the first-order conditions and the associated policy implications for effi_
cient choices in these activities. However, policy measures for the control
of pollution can also have direct implications for another kind of eco-
nomic choice critical for economic efficiency: the decision by an emitting
or a victim firm to enter or leave the industry. The point is that the adop-
tion of policy measures such as effluent fees or compensation of victims
affects the firm's overall level of profits; such fees or other policy measures
thus influence the attractiveness of the productive activities to which they
apply. If they are to be consistent with optimality, pollution-control pol-
icies must not only lead to efficient levels of waste emissions and responses
byvictims; they must also be consistent with the optimal composition of
final output, which depends on the number of sources as well as the out-
put decision of each individual source.

The nature of the polluter's entry-exit problem is readily seen in terms
of Figure 4.1. Suppose that we have an area in which there is a single pol-
luter. The MSD curve depicts the marginal social damages associated
with the polluting firm's waste emissions, and DD' is the firm's demand
curve for emissions. 30 The optimal level of emissions is E*. Note that our
Pigouvian prescription for regulation of the firm's waste emissions calls
for an effluent fee per unit of emissions equal to OB; this will induce the

28 The degree of congestion will, in general, depend on the size of the facility as well as on
the level of usage. Where the size or capacity of the facility is itself a decision variable,
it is necessary to introduce this explicitly into the analysis. The degree of congestion will
then depend jointly upon the size of the facility and the number of users; more formally,
we would introduce as an argument into the individual's utility function c(z, f) to indi-
cate that congestion depends on facility size, f, as well as on the level of usage, z. On
this, see, for example, James Buchanan, "An Economic Theory of Clubs," Economica
XXXII (February, 1965), 1-14. See also our treatment in the first edition of this book,
pp. 49-51.

29 For an excellent, comprehensive treatment of this issue, see Daniel F. Spulber, "Effluent
Regulation and Long-Run Optimality," Journal of Environmental Economics and Man-
agement XII (June, 1985), 103-116.

30 In the figure, we treat waste emissions, as was done earlier, as a factor input so that
DD' depicts the value of the marginal product of emissions. Note that for any point on
the horizontal axis, the vertical distance to DD' is also the firm's marginal abatement
cost; it measures the cost of abatement in terms of the value of foregone output.
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firm to emit the socially optimal quantity of wastes. This may not, how-

ever, bi consistent with optimal industry size and output. The difficulty

is that tie firm's total tax bill, OBCE*, will exceed_the- es that

it imposes on society (OACE*) by the amount ABC. The total levy is thus

excessive and, in the long run, may induce the firm to leave the industry

even though its output has a net positive value to society. In the case

where the MSD curve is downward sloping, the opposite is obviously
true: The firm's total tax bill will undervalue the damages of its emissions

and therefore may induce entry (or discourage exit) where the firm's total

costs to society exceed the value of its output.
In contrast, in the case where the MSD curve is perfectly horizontal, we

see That the firm's tax bill will coincide with the total social damages from

its emissions. For this particular case, the fee will induce both the proper
amount of waste emission from the firm and provide the correct incentive
for the long-run decision concerning entry or exit. This makes clear a
further assumption that has been implicit in our analysis up to this point.
Throughout we have assumed that the individual polluter is "small" in
the sense that over the range of its emissions, marginal social damages are
(approximately) constant. If this is true, then as Schulze and d'Arge and,
more recently, Kohn and Spulber have shown, the Pigouvian tax will lead
to the socially optimal number of firms in the emitting industry. 31 This,

31 William Schulze and Ralph C. d'Arge, "The Coase Proposition, Information Constraints,
and Long-Run Equilibrium," American Economic Review LXIV (September, 1974),

^.I
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incidentally, is really a straightforward extension of the standard assume_
tion of pure competition under which we posit that the individual firm is
sufficiently small to have a negligible effect on the values of the "industry.
level" variables. As is well known, where the firm's behavior influences
these variables, distortions of various sorts result, and the policy impli-
cations differ from those of the purely competitive case. 32

The entry-exit issue (this time for an industry composed of victims of
the externality) is also relevant to our discussion of compensation of v1 e .
tims. As we noted in the preceding section, compensation can be ineffi_
cient because it provides a pecuniary incentive for a victim firth to stay in
business even though its r-ce'pts do nucover its costs. Compensation is,
they' eföre, a source of excessive size in an industry that suffers from a det-
rimental externality. The reason for this is straightforward. Under per.
fect competition, with product prices parametric with respect to the entry
of a new (small) firm and cost equal to true opportunity cost, the welfare
contribution, W, of the entry of an additional firm, all other things re-
maining equal, must be

W= >i PiY1 — C(Yi, Y2,..., Yid
where p i is the market price of good i, yi is the entrant's output of the
good, and C(.) is the entrant's total cost function. Optimality then clearly
requires entry to continue up to the point where W, the incremental yield
of entry, reaches zero. But with a subsidy, further entry will obviously
still be profitable when W= 0, so that a socially excessive level of entry
of victim firms will take place.

We shall return to entry-exit issues in Chapter 14 in our discussion of
subsidies. For now, we simply make explicit our assumption of constant
marginal damages over the range of emissions of an individual polluter.
And we reiterate that economic efficiency requires the absence of com-
pensation of victims of detrimental externalities (or of charges to the re-
cipients of a beneficial externality) in the case where the affected entities
are relatively small.

Footnote 31 (cont.)
763-72; Robert E. Kohn, "A General Equilibrium Analysis of the Optimal Number of
Firms in a Polluting Industry," Canadian Journal of Economics XVIII (May, 1985),
347-54; and Daniel F. Spulber, "Effluent Regulation and Long-Run Optimality," Jour-
nal of Environmental Economics and Management 12 (June, 1985), 103-16.

32
 For the case in Figure 4.1, what is obviously needed is a schedule of fees under which

the fee at any particular level of emissions equals marginal social damages. For a more
general treatment of all this, including the case of a few "large" polluters, see Robert
A. Collinge and Wallace E. Oates, "Efficiency in Pollution Control in the Short and
Long Runs: A System of Rental Emission Permits," Canadian Journal of Economics
XV (May, 1982), 346-54.

7
we are now in a position to draw together a number of important con-
clusions about pricing and optimality in the presence of externalities:

a.
Our optimality and market equilibrium analyses jointly call for a

unique set of (relative) prices to consumers for each and every product

a
nd each and every resource. After normalization by (9), each price be-

comes equal to the value of the Lagrangian multiplier for the correspond-
ing constraint [that is, the shadow price (marginal utility to individual 1)

of the correspondingl
sft those ]goods that yield no externalitiesppetitive suppliers equal

their (private) marginal resources costs, with each resource, i evaluated

at its shadow price, coi .

b. For a producer whose activities generate an externality, however, we
see from (8) that net revenue per unit (price minus tax or plus subsidy)

should not simply be equal to its marginal resources cost. Rather, (8) indi-
cates that unit receipts should also reflect both the marginal (dis)utility of
the externalities to consumers, E Xj (au-'/az), and the marginal resources

cost (benefits) imposed on firms, E µk(afk/az). It follows that the opti-
mal unit revenues of the externality-generating output equals its private
marginal cost plus (minus) the value of the benefits (damage) imposed by
the externalities. This is, of course, the standard Pigouvian result. In a
competitive economy, it calls for a tax (subsidy) per unit on the externality-
generating activity equal to its marginal external damage (benefit).

c. We come next to results of this chapter that are less well known. The
first relates to the issue of compensation to the victims (beneficiaries) of
the externalities. As already noted, there is disagreement on this subject
in the literature, with some writers calling for compensation and others
actually seeming to propose a tax upon the victims, on the ground that
this will be required for optimal resource allocation. But (8) is unam-
biguous on that point for the large-numbers case. It indicates that the
price of any consumer good that generates no externality should equal its
(private) marginal cost. For with tj = t k = 0 by (8) (except for lump sum

payments) we have for i*, any input (negative output) actually used in

33 In concluding the formal analysis of our basic models, we should note that there are
other ways to construct models of environmental externalities. One such approach rec-
ognizes that our environmental resources are assets that yield a stream of services and
introduces explicit variables corresponding to the stocks of these resources. For exam-
ples of this approach, see H. Mohring and J. G. Boyd, "Analyzing Externalities: Direct
Interaction vs. Asset Utilization Frameworks," Economica, N.S. XXXVIII (November,
1971), 347-61; and Henry Peskin, National Accounting and the Environment (forth-

coming).
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firm k, and i any output of firm k, Pi= ßk f/k, p i . = ßk fik [by (4C)] so that
eliminating ßk between these two equations we have at once [by the a ria ,
log of (17)]

Pi °pi•fk%fik= Pi'ayi*k/ayik where yi*k = Iyi'k)

That is, the optimal price of i is the cost of the quantity of input i* neces.sary to produce a unit addition in i, all other inputs and outputs held c on .
stant. In brief, it is the marginal private cost of i. 34 This means that if, for
example, marginal smoke damage to the production of two firms of differ-
ent types, k and k*, is quite different (that is, if µ kaf k/aZ µk. afk*jaz),
there will be no compensation to offset the differential effects on the opti-
mal prices of the two outputs. Laundry and phonograph records will
both sell at their private marginal costs though one cost is more heavily
affected by smoke than the other. Thus, our results imply that, in the
presence of an externality, optimal resource allocation calls for pricing
that involves zero taxation and zero compensation to those affected by
the externalities (but nonzero taxation of their generators). Laundry pu r

-chasers will then not be able to buy laundry at a price below the high
marginal cost resulting from the presence of smoke, because there is no
compensation.

d. Where the externality is shiftable, the result is a bit more compli-
cated. It is still true that no compensation for the damage suffered should
be paid to victims of the externality. 35 However, victims must now be
subject to a tax on any shifting activities they choose to engage in. More
specifically, they must pay a unit tax for shifting equal to the marginal
social damage to the secondary victim. Such an extension of the Pigouvian
tax will create the requisite incentives for an optimal allocation of the
external product among victims.

34 The reader may be disturbed at the notion of expressing marginal private cost in terms
of the single input, i*, rather than the full set of inputs used by the firm. However, in
equilibrium the ratio of input price to marginal physical product will be the same for all
of the firm's inputs. Hence, it will cost exactly the same whether the firm expands an
output by a very small amount by using more of one input, i*, or more of some other
input, i**, or any combination of these inputs.

35 This result requires one important qualification. As Martin Bailey has shown recently,
compensation need not result in any allocative distortions if such compensation is capi-
talized into property values. Such compensation payments become, in effect, an incre-
ment in rent (i.e., a lump-sum transfer). We explore Bailey's argument in Chapter 14 in
conjunction with our treatment of subsidies for pollution abatement.

CHAPTER 5

Uncertainty and the choice of policy
instruments: price or quantity controls?

In the preceding chapter, we focused our attention on a particular policy
measure: Pigouvian taxes (or effluent charges) as a means to regulate pollu-
tion. In this chapter, we will expand the set of available policy instruments
to encompass marketable emission permits. Until fairly recently, most
microeconomists would have argued that the two were virtually equiva-
lent - nearly so in practice and surely so in theory. But a series of papers
published in the 1970s have forced a major revision in this view.' These
papers demonstrated that in the presence of uncertainty, the expected
value of social welfare can differ markedly under a system of Pigouvian-
fees from that under a regime of marketable emission permits. These two
policy instruments remain equivalent in a setting of perfect certainty. But

as we shall see in this chapter, under particular forms of uncertainty,
these two approaches to environmental management will yield very dif-
ferent outcomes. Depending on the shapes of the marginal damage and
marginal abatement cost functions, the environmental authority will be
better advised under some circumstances to use one of them, and under
other circumstances to employ the other.

Our objective in this chapter is to describe the logic underlying the
choice between these two policy instruments. For this purpose, we shall
rely primarily on a series of simple diagrams that depict the basic propo-
sitions.

1 Effluent charges, marketable permits, and direct controls

It is important at the outset to be clear as to the precise character of
the alternative policy instruments. As we have seen in Chapter 4, the

' See Martin L. Weitzman, "Prices vs. Quantities," The Review of Economic Studies XLI
(October, 1974), 477-49; Zvi Adar and James M. Griffin, "Uncertainty and the Choice of
Pollution Control Instruments," Journal of Environmental Economics and Management
III (October, 1976), 178-88; Gideon Fishelson, "Emission Control Policies under Uncer-
tainty," Journal of Environmental Economics and Management III (October, 1976), 189-
97; and Marc J. Roberts and Michael Spence, "Effluent Charges and Licenses under Un-
certainty," Journal of Public Economics V (April/May, 1976), 193-208.

57



5958 On the theory of externalities

Pigouvian fee is a tax (or effluent charge) per unit of emissions set equal
to marginal social damage. In contrast, a system of marketable (that is,
transferable) emission permits is one in which the regulatory authority
effectively determines the aggregate quantity of waste emissions but lea ves
the allocation of these emissions among sources to market forces. To im-plement such a system, the environmental authority would issue permits
for waste discharges such that, in the aggregate, total discharges would
be at the level that equates marginal abatement cost and marginal social
damage. Trading of these permits among sources would then establish
the market-clearing price.

We emphasize that such a permit system is very different from the "
rect controls" approach to permits or licenses. Under a system of direct
controls, the environmental authority specifies for each source an allow.
able level of emissions. The emissions quota assigned to a particular sour
is not tradable so that there is no market in emission permits.  We will
have more to say about such systems of direct controls in Part II of this
book. Here we simply note that in this chapter we are not concerned with
such systems; our interest here is in marketable permits.

The equivalence of marketable emission permits and
charges under certainty

It is clear that when the relevant functions are known with certainty by
a welfare-maximizing regulator, exactly the same result will be achieved
by a market in permits and by a system of effluent charges. If the opti-
mal number of permits is issued by the environmental control agency,
their price will be bid up on the free market to precisely the level of the
Pigouvian tax. At that point, it will make no difference to the polluter
whether he pays t dollars in effluent charges per unit of his emissions and
pays it directly to the authorities, or whether, instead, he pays that same
t dollars per unit of authorized emissions for the purchase of a permit on
the unregulated permit market. In both cases, the polluter will restrict
emissions by exactly the same amount, so each polluter who continues in
operation will react in exactly the same way to the one incentive as to the
other. The increased cost of doing business may also induce some exit
from the field, but since the cost of any type of operation will not differ
from one approach to the other, exit decisions will also be unaffected
either in terms of the number of existing firms or the identity of the units
that find it rational to cease operation.

Figure 5.1, the type of diagram we will be using throughout the chap-
ter, depicts this outcome (it is based on the diagrams in Adar and Griffin).
The horizontal axis of the diagram indicates the amount by which total

Uncertainty and the choice of policy instruments

q
Emissions Reduction

Figure 5.1

emissions are reduced below their uncontrolled level; the origin thus rep-

resents  zero decrease in emissions below the level that would occur in the

absence of an emissions-control  policy. The curve BB represents the mar-

ginal social benefit of emissions reduction as a function of the quantity

of emissions that has already been eliminated. In accord with the usual

observations, it has a negatives ope, indicating that the greater the de-
gree of purity of air or water that has already been achieved, the less the
marginal benefit of a further "unit" of purification. Similarly, CC, the

curve of marginal control costs is increasing because of the rising cost of
further abatement as the zero emissions point is approached. The opti-

mal point is obviously E at which the marginal cost and benefit are equal.

E can clearly be achieved by imposing a charge equal to f upon each unit

of emissions; polluters would then find it more costly to pay the tax than

to adopt measures that reduce their emissions up to the point where q

units of emissions have been eliminated.
Similarly, the optimal solution can be attained if the environmental

control agency issues a quantity of emissions permits just sufficient to
lead to a q-unit reduction in discharges. If R is the amount that would be

---------- -
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Emissions Reduction

Figure 5.2

emitted in the absence of intervention by the public sector, the permits
mus ow, in R -q units off"emissions . AssurimingTiät t ie market
ör permits is competitive, thrice of a permit  (allowing one unit of dis-

charge) will be bid up exactly to f, that is, to the corresponding marginal
cleanup cost.

Thus, both approaches will have the same result, reducing emissions to
the optimal level and  cürrin 	-	 e	 e r is eve o control.

3 Regulatory uncertainty about the benefits function

Matters obviously become rather different when the regulator is unsure of
the position of the pertinent curves and is therefore to be expected to make
some error in calculating the optimal quantity of emissions reduction.

We will examine, in turn, the case of uncertainty about the benefits
curve and uncertainty about the curve depicting marginal control costs.
We will show in this section that when the regulator does not know the
t rue position of the benefits curve, policy will, in general, not be optimal,
which is to be expected. However, the resulting error and the correspond-
ing social cost will be the same under effluent charges and marketable
permits.

Figure 5.2 depicts this case. In the figure, the regulator has precise and
correct information about the cost curve, CC. However, on the unfounded
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	..'. belief  
that the benefit curve ^

fee,	
agency

	 the	 quantity of
nt,

	selects 	 the optimal

and so either introduces	 , f or	 q	 Y permits

onding to q*• Under either policy, the outcome will be the same if

(heh market for permits is competitive. Emissions will be cut by q* units

ari
d, if permits are issued, their price will rise to f* .
If, however, the true benefit curve is B** (rather than B*) and the mar-

ginal benefits of abatement are thus greater than the regulator had thought,
the q*-unit reductions in emissions will be undesirably modest. In this in-
stance, the optimal point is obviously E** with a corresponding reduction

in emissions of q**. The social loss resulting from choosing q* instead of

q** is equal to the shaded triangle to the right of and above point E* (i.e.,
the excess of benefits over costs over the range from q* to q**). In con-

trast, were B*** the true benefits curve, then the choice of q* would rep-
resent an excessive level of abatement activity. The social loss in this case
would equal the shaded triangle to the left of and below E*, which indi-
cates the excess of control costs over benefits over the range q*** to q*.

In short, any r in estimating the benefits curve necessaril has un-
desirable consequences, utt_ 056 consequences and their undesirability
will be exactly the same whether effluent charges or market-We—permits
are the regulator's chosen control instrument. It follows that uncertainty
about the • osition of the benefits curve by itself offers no guidance on the
choir between the two types o measures.

Why do the two approache s yi Id the same result when the cost curve
is known? The answer is summed up in

Proposition One. Given any marginal control cost function MC(q),
then the regulator can be sure in a competitive market that emissions re- $
duction q* will emerge if price (the effluent fee) is set at p* = MC(q*),
and p* will emerge as the equilibrium price of a unit emissions permit if
a quantity of permits just sufficient to require emissions reduction of q*
is available. These prices and quantities depend exclusively on the cost ;
function and are entirely independent of the shape or position of the
benefit function..

Thls result follows because sources respond to the policy choice along
the cost curve, CC. The authorit _either set q* directly through the
issue of permits or, equivalently, can attain q* indirectly by setting an
of l ent fee of f . The choice of a fee ofd'* is identical in its etl ect s to the
issue ofq* of marketable permits.

4	 Uncertainty about control costs

The key property of a system of marketable permits is that, if enforced,
such a system guarantees a ceiling, on emissions, no matter how high or
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how low the cost of keeping them to that level. Similarly, the choice of a
neffluent fee guarantees that if the polluters are minimizers of the cost of

achieving a given vector of outputs (level of utility), the marginal cost of
emissions control will be equated to the level of the effluent charge th at
has been selected, no matter how large or small the resulting quantity of
emissions. Thus, a regulator who adopts a system of marketable permits
will be able to achieve the amount of reduction in emissions that he h ad
decided upon beforehand, but he may be greatly surprised at the asso-
ciated costs. In contrast, the regulator who employs an effluent fee can
be confident about the resulting marginal control cost, no matter h ow
uncertain he is about the cost function, but he cannot rely on this means
as a device to achieve a target level of emissions reduction.

However, this should not be taken as a claim that the regulator who
uses marketable permits will be satisfied ex post with the quantity of emis-
sions that emerges or that he will be content ex post with the level of mar-
ginal control cost if he uses an effluent charge. On the contrary, if his esti-
mate of the cost function turns out to have been imperfect, his original
estimate of the optimal level of emissions reduction and the associated
level of marginal control cost will both prove to be erroneous; he will
wish, in retrospect, that he had been less successful in attaining his orig-
inal target of whichever of the two he turns out to achieve. More specifi-
cally, we have

Proposition' Two. When the position of the marginal cost curve is lowert
than expected, the emissions reduction will generally be inadequate under
a system of permits and excessive under an effluent charge if both are set
at what appear to be their optimal levels ex ante; the reverse will be true
if the actual cost curve is higher than the expected one.

Figure 5.3 confirms these results. In the figure, the marginal benefits
curve, BB, is, by assumption, known with certainty. The cost curve, in
contrast, is now subject to uncertainty. We see part of the anticipated
cost curve, Ca , and the associated "optimal" point, Ea . Assuming the reg-
ulator selects either the corresponding effluent fee, f, or the correspond-
ing volume of permits, leading to an emissions reduction, qp , we can now
see the consequences if the true curve of marginal control costs, C t , lies
below Cu . First, we see that with the marginal benefit curve having a neg-
ative slope, the true optimum, point Et , must lie below and to the right
of the anticipated optimum, Ea . The optimal reduction in emissions, q0 ,
will thus always be greater than qp , the quantity selected by the regulator
under his misapprehension about costs. We also see that qf , the emis-
sions reduction achieved by effluent fee f, will be greater than either qp or
q0 , so that we must have qp < qo < qf . This must be so if the BB curve
has a negative slope and if the CC curve has a positive slope.

Figure 5.3

The intuitive explanation for the preceding result is straightforward.
The emissions reduction qp achieved under a system of marketable per-

mits will be inadequate because it yields just the size of reduction the

regulator initially thought to be optimal; the permit system offers no flex-

ibility in adapting itself to the fact, which emerges subsequently, that
additional emissions reductions are less costly than had been expected.
The effluent fee, on the other hand, forces adoption of a level of q (de-

noted qf) that incurs the same marginal cost as had initially been thought
optimal; the fee approach does not adapt itself to the fact that at qf the

marginal benefit will have fallen below its level at q„ as a result of the

diminishing marginal benefits to increased emissions reductions.

5 On the magnitudes of the relative distortions

Even though the true optimal value, q0 , lies between q,, and qf , the emis-

sions reductions achieved by marketable permits and effluent fees, respec-

tively, do not lend any presumption that there will be anything close to

equality either in the respective quantity distortions, I qp — q„i and q1 — tl,,1
or in the resulting losses in consumers' and producers' surpluses. In both
cases, the relative magnitudes or, rather, their expected values will do:
pend on the shapes of the marginal cost and benefit curves and on t he

distribution of the random errors associated with the cost function.
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As an introduction to the relationship, we start with the quantity dis-
tortions and derive

Proposition Three. All other things being equal, the steeper the slope
of the marginal benefits function, MB(q) (i.e., the greater the absolute
value of dMB/dq), the smaller will be the distortion I qp — q0 l resulting
from regulatory error about the cost function under a system of market-
able permits, and the greater will be the distortion 1q1 —  qa yielded b
an effluent fee.

This can once again be shown diagramatically. Figure 5.4 depicts four
marginal benefit functions, ranging from the horizontal benefits curve,
Bh, to the vertical benefits curve, Bv , with B* and B** being of interme-
diate steepness. All four curves must go through Ea since, by hypothesis,
they were known correctly by the regulator and so went through his esti-
mated optimal point, Ea . Based upon the anticipated cost curve, Ca, the
regulator would thus select a fee level, f, under a system of effluent fees
or, alternatively, a quantity of permits, qp, under a system of marketable
permits. We see immediately that if C, turns out to be the true cost curve,
the fee approach will result in emissions reductions of qf . We can now
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compare the distortions under the two systems. For the extreme case of a
perfectly horizontal marginal benefits curve, Bh, we see that the fee in-
strument achieves the true optimal outcome, qf ; the distortion under the
permit regime is, in contrast, relatively large, encompassing the entire
range from qp to qf . In the other extreme case, a vertical marginal bene-
fits curve, Bv , just the opposite is true; here, the permit approach pro-
duces the optimal outcome, and the fee system results in a large distor-
tion (qf — qp).

The intermediate cases show that, starting from Ef , as the benefit curve
grows steeper, the optimal point must move leftward along the true mar-
ginal cost curve, from Ef to E* to E** to Ev ; in short, it must move
ever further from the effluent fee equilibrium, Ef , and ever closer to the
permit equilibrium, Ev . Similarly, the optimal emissions reduction must
move leftward, away from qf and toward qp . 2

An identical argument shows that precisely the same relationships hold
when the true marginal cost curve, C,, lies above the estimated curve Ca .
This completes the formal argument for Proposition Three.

Once again, an intuitive explanation is not difficult to provide. If the
marginal benefits curve is declining very sharply, even a fairly severe fall
in marginal costs will justify very little increase in the quantity of emis-
sions eliminated since such an additional reduction will have little value
to society. The same will obviously be true when the true marginal-cost
curve turns out to be higher than the estimated cost curve (and the bene-
fits curve is steep). In other words, in that case the quantity that was
thought optimal in the erroneous ex ante calculation will still turn out
to be very nearly correct, and so a system of marketable permits which
enforces that quantity will turn out to produce a result very close to the
true optimum.

On the other hand, when marginal benefits decline very little as q in-
creases, then despite the error in the estimation of the cost function, the
optimal value of the actual control cost will turn out to be very close to
its estimated value ex ante, and the corresponding effluent fee will there-
fore come closer to yielding the desired results. Or, put slightly differ-
ently, if marginal benefits are relatively constant over the relevant range
of waste emissions, then the fee, even though based on the anticipated
function, will provide close to the right signal as a measure of external
costs.

2 A formal proof of the generality of the result is hardly necessary. C, by assumption is a
positively sloping curve that lies below and to the right of point Ea . Hence, if two nega-
tively sloping curves emerge from Ea, and one uniformly has a greater absolute slope
than the other, the former's intersection point with C, must lie to the left of the latter's,
and the result follows.
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6	 Effect of the slope of the cost function

In a similar manner we can derive

Proposition Four. All other things being equal, the steeper the curve of
marginal control costs in the family of such curves meeting at of (the equi-
librium value of the reduction in emissions under the effluent fee based
on the erroneous cost estimate), the greater will be the distortion I qp —q0 I f
produced by a system of marketable permits and the smaller will be the
distort ion produced by the effluent fee.

The argument is indicated in Figure 5.5 and will only be sketched very
briefly, since it is so similar to that of Proposition Three. In the figure, we
see four cost curves through point Ef corresponding to effluent fee f and
associated emissions reduction, qf . As the true cost curve shifts from Ch
to C" to C . to C, (i.e., as it increases successively in steepness), the op-
timal value of q moves from qp to q** to q* to q1 ; that is, it moves stead-
ily further from the quantity that will be achieved under a system of
permits and toward the quantity that will result under an effluent fee. We

thus see that as the slope of the cost curve increases, the size of the dis-
tortion under the permit regime rises, whereas that under the fee system
is diminished.

7 Relative slopes and the linear case

As a preliminary step toward a basic theorem first derived by Weitzman,
we have

Proposition Five. When the marginal benefit and ginal L t►tit ■

are linear, marketable permits and effluent fees will produce the same at),
solute distortion when the regulator miscalculates marginal ,)tits if the
absolute values of the slopes of the two curves are equal. If the absolute
value of the slope of the marginal cost curve is greater than that of the
marginal benefit curve, effluent fees will lead to a smaller distortion, and
vice versa.

The argument for Proposition Five is depicted in Figure 5.6, which
shows the special case in which the slopes of CC and BB are equal in
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absolute value (but no assumption is made about the magnitude of that
slope). EQ is again the regulator's (mistaken) ex ante estimate of the opti-
mum so that he either adopts effluent fee f or imposes emissions reduc-
tion qp via a set of permits. The true optimum is q„, corresponding to
the intersection of the (true) cost and benefit curves, and the emissions
reduction under the effluent fee is q f . To prove Proposition Five, we ex-
tend the vertical line segment q0 E„ to point K, where its height equals the
value of the effluent fee. Then triangles EQ KE0 and EfKE„ are congruent,
since they are right triangles, share side EoK and have another angle in
common because of the assumed equality of slopes of E,E, and EoEf ,
Consequently, Ea K, the absolute distortion under permits, is equal to
KEf, the absolute distortion under the effluent fee.

This completes the proof for the case of equal slopes. The remainder
of the result is an immediate corollary of what has just been shown and
of Propositions Three and Four.

8 Relative slopes and consumers' and producers' surpluses

The true social damage from regulatory miscalculation is, of course, indi-
cated by the consequent loss in consu iers and producers s' ürpluses, not
by the distortion in emissions reductions with which we have been deal-
ing so far. However, as we will see now, the analysis of the lattertakes
us a good part of the way toward analysis of the former. It is obvious
that, in general, the permit approach will result in a loss of surpluses that
differs, and can differ substantially, from the loss when the regulatory
instrument is an effluent fee. This is illustrated in Figure 5.7. Here, qp ,
q0 , and q f indicate the reductions in emissions, respectively, under a sys-
tem of permits, in an optimal solution, and under an effluent fee. The
shaded areas represent the associated losses in consumers' and producers'
surpluses. STEQ is the social loss under a system of permits and TUE s
the loss under an effluent charge (both measured relative to the social
optimum, q„). In the diagram, the former loss is clearly greater than the
latter, showing that the two need not be equal. Once again, their rela-
tive magnitude depends primarily on the slopes oft a marginal benefit
and marginal control cost curves. Indeed, here we Egre—theinen äl
theorem Lust derived by Weitzman:

Proposition Sii . When the marginal benefit and marginal control cost)
curves .0 c linear, where the former is known with certainty but an addi
live error term with zero expected value enters the equation for the latter
(i.e.. t he cost curve), then a marketable permit system will produce the
same expected welfare loss as an effluent fee regime if the slopes of the
two ny i i ginal curves are equal. Otherwise, an effluent fee will be the pref-`
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erable policy instrument to a risk-neutral regulator whose objective NI'
welfare maximization if the marginal control cost curve is steeper titad
the marginal benefits curve, and vice vers . The choice is independent otj
the properties of the random element.

Note that this result is very similar to that in Proposition Five relating
to the relative distortion of the value of q. As we will see in a moment,
this is no accident. We shall provide a formal proof of this proposition
shortly; however, a rough geometric argument leading to Proposition Six
is now easily sketched.

We recall from Proposition Five that the absolute magnitude of the
distortion under fees and under a permit system is the same if the slopes
of the marginal benefit and cost curves are equal (in absolute value). In
terms of Figure 5.6, we saw that this equality of slopes implied that EQ K =
KEf . But we can take this one step further. The equality in Figure 5.6 of
EaK and KEf implies that the shaded triangles, EQ EoL and E f E„ M, have
the same area.' But these areas, of course, represent the welfare losses,
respectively, under systems of tradable permits and effluent fees. More

3 This follows since the two triangles are necessarily similar and have the same height,
EQK =KEf , measured from point K.
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to take account of the influence of the stochastic properties of the regula-
tor's uncertainty about the pertinent functions. We therefore summarize
a formal derivation of Proposition Six, mostly to illustrate the method of
approach generally adopted in the literature.

Weitzman s proof deals with the total cost and total benefit functions

and assumes that the random error is sufficiently small to justify qua-
dratic approximations to those functions, that is, linear approximations
to the marginal cost and benefit functions. Adar and Griffin simply as-
sume such linearity and their exposition is, consequently, a bit easier to
follow. We will, therefore, employ the general procedure of the latter.
For our notation, let

q =quantity of emissions reduction
u = a random error, E(u) = 0
E = the expected value operator

MB = a— bq = the marginal benefit of q 	 (1)
MCC = w + vq + u = the marginal control cost	 (2)

and * denotes optimal value.
Then the objective of the regulator is to select either a reduction in

emissions, q*, achieved by a set of marketable permits, or an effluent fee,
1*, which yields the expected reduction in emissions thal_maximizes the
expected _ value:

Figure 5.8

generally, as illustrated in Figure 5.7, the size of the distortion is related
to the magnitude of the welfare loss as follows:

(EQK) 2/(KE f ) 2 = (Area EA ST)/(Area TUE».

This is clear, because the two welfare loss triangles are necessarily similar
and EaK and KE f are their respective heights measured from point K.

We thus see in Figure 5.7 that when the marginal control cost curve is
steeper than the marginal benefits curve, the expected welfare loss under
the fee approach is less than the expected loss under a permit system.
Similarly, as depicted in Figure 5.8L where the marginal benefit function
is the steeper of the two curves, the permit instrument is the preferred
policy because it promises a smaller welfare loss than a fee regime.

9 	 A more formal proof of Proposition Six
The geometric approach used so far in dealing with the propositions of
this chapter suffers from some limitations, most notably from its inability

W=E o [MB(q) — MCC(q, u)] dq. (3)

Our procedure will be to calculate optimal values of q* and f * and
then, by substituting these successively into (3), to obtain expressions for
the respective welfare gains under permits and effluent charges. The dif-
ference between these two expressions will be used to measure the ex-
pected net benefit of the one policy over the other; this will yield Proposi-
tion Six (and a bit more).

To find f*, the optimal fee, we first solve for q as a function of f by
noting that profit maximization requires f = MCC = w + vq+ u, or

q(f, u) = (f— w — u)/v. (4)

Next, we note that optimality requires the derivative of the welfare gain
(i.e., the derivative of expression (3) with respect to f) to be equal to zero
after substitution of the linear expressions (1) and (2) for MB and MCC,
respectively. Integrating, we obtain

2dW	 dq dE 	 (b+v)q(f*, u)
df 	 df dq 2

[(a — w)q(.f* ' u)— 	
(5)

01-
uq(.f*,u) = 0 .
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Because E(u) = 0, we have, after differentiating with respect to q,
a— w— (b+v)E[q(f*, u)] = 0

or

E[q(f*, u)] = (a — w)/(b+ v).
From (4), we have

E[q(f * , u)] = (f*— w)/ v.
Equation (6), incidentally, indicates that f* should be chosen so that the
marginal benefits from emissions reductions equal the expected m nalcontrol costs.

Similarly, we obtain q*, the optimal quantity .Qf _perm its, by differen-
tiating (3) with respect to q, yielding

q * = (a — w)/(b+ v) = E[q(f*, u)]
From Equations (8) and (6), we see that both policies will yield the same
expected value of q. Ho_w_ever , they will not promise the same expected
level of social welfare. To see this, we first calculate the welfare gain W(q*)
offered by q*, the optimal quantity of permits. Substituting q* into (3),
the linear expressions for benefits and costs, we obtain, by integration,

W(q*) = (a— w)q*— [(b+ v)/2]q* 2 —E(q*u)
with the last term equal to zero because E(q*u) = q*E(u) = 0. To find
W(f*), the welfare gain under an optimal  effluent fee, we again integrate
(3), obtaining the same expression as (9) but this time with (7) and (4)
substituted for q*, q* 2, and uq*. We thus have

W( f*) = (a— w)E[q(f*, u)] — [(b+v)/2]E[q(f*, u) 2 1 — E[uq(f*, u)].
( 1 0)

Now, (4), (6), and (8) give us

q(f*, u) = q *— u/v
so with E(u) = 0,

W( f*) = (a— w ) q*—[(b +  v)/2] [g*2+E(u/v)2j +E(u) 2/v
or, by (9),

W(f* ) = W(q*)—E[(b+v)u 2/2v 2 ]+E[u 2 v/v 2 ]
or

W(f* ) — W(q * ) =E(u 2 )(v— b)/2v 2 .	
'A.446440i*NifigiuM (11)1

W Oliva
^
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the expected welfare gains under the two policy regimes are equal. Wher e
the slope of the marginal control cost curve, v, exceeds the absolute value

b, of the marginal benefits curve, the fee approach is to be preferred, an
vice versa. Equation (11) also shows that E(u 2 ), the variance of u, affects i
the magnitude of the difference between the welfare yields of the two pol-
icies, but it does not affect the choice of policy instrument. 4

curves, (11) shows that where these slopes have the same absolute valttei
are, respectively, the absolute slopes of the marginal benefit and the cost

Of course, in the more general case, where the marginal cost and ben-

Equation (11) is the basic result given in Proposition Six. Since b and v

__

efit functions are nonlinear,_ where the disturbance terms do not ne_ces	_-) 	 a,,,,,
sarily enter r-enter 	 and where the regulator is not risk neutral, the 	 -
results are less straightforward. The choice of instrument may now de-
pend on the parameter values in the cost and benefit functions, the way
in which the random variables enter the functions, and the frequency dis-
tributions of those variables. In such circumstances, qualitative generali-
zations are no longer easy to obtain.

10	 On the choice between marketable permits and fees in
practice

Pro osi ion Siz does not in itself establish any realpresumption in favor
of one of our policy instruments over the other. In particu är cases, of
course, where one hhas some empirical information about the shapes of
the marginal cost and marginal benefit functions or even some a priori
grounds on which to base an informed guess about their magnitudes,
Proposition Six does provide some guidance to the regulator in choosing
between them. But for the economy as a whole, we should not be sur-
prised to find that each instrument will prove the better choice in some
considerable number of cases.

Not everyone has aräwn so noncommittal a conclusion. Weitzman, for
exa ec s t at quantitative control instruments (such as market-
able permits) will most frequently prove preferable. We quote his reason-
ing (which is obviously generalized well beyond the environmental issues
that concern us here), leaving an evaluation to the judgment of the reader.

There is, it seems to me, a rather fundamental reason to believe that quanti-
ties are better signals for situations demanding a high degree of coordination. A

4 In Figure 5.7, E(u 2 ) reflects the expected distance between Ca , the cost curve anticipated

by the regulator, and CC, the true cost curve. The additivity of the error term implies
that the two curves must be parallel, meaning that their distance from one another can
be measured unambiguously.

(8)

(9)
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classical example would be the short run production planning of intermediate
industrial materials. Within a large production organization, be it the General
Motors Corporation or the Soviet industrial sector as a whole, the need for bal.
ancing the output of any intermediate commodity whose production is relativel y
specialized to this organization and which cannot be effortlessly and instanta-
neously imported from or exported to a perfectly competitive outside world puts
a kink in the benefit function. If it turns out that production of ball bearings of
a certain specialized kind (plus reserves) falls short of anticipated internal con-
sumption, far more than the value of the unproduced bearings can be lost. Fa c.
tors of production and materials that were destined to be combined with the ball
bearings and with commodities containing them in higher stages of production
must stand idle and are prevented from adding value all along the line. If on the
other hand more bearings are produced than were contemplated being consumed,
the excess cannot be used immediately and will only go into storage to lose im-
plicit interest over time. Such short run rigidity is essentially due to the limited
substitutability, fixed coefficients nature of a technology based on machinery.
Other things being equal, the asymmetry between the effects of overproducing
and underproducing are more pronounced the further removed from final use is
the commodity and the more difficult it is to substitute alternative slack resources
or to quickly replenish supplies by emergency imports. The resulting strong cur-
vature in benefits around the planned consumption levels of intermediate mate-
rials tends to create a very high comparative advantage for quantity instruments.
If this is combined with a cost function that is nearly linear in the relevant range,
the advantage of the quantity mode is doubly compounded (p. 487).

The Weitzman argument, however, does not seem applicable to many
issues in the design of environmental policy. The case for the use of fees,
in some instances, seems compelling. David Harrison, for example, in a
study_of the control of air sort noise, finds that the marginal benefits from
noise control are fairly constant over the relevant range,5,0 he lzasis.of
the results embodied in Proposition Six in this chapter, Harrison recom-
mends the use of fees, rather than marketable permits, to regulate noise
levels if-local airports. Similarly, it has been argued that the use of quan-
tity instruments (in this instance, direct controls) for the regulation of
automotive exhausts in the face of rapidly rising marginal control costs
has resulted in large welfare losses through excessive severity of controls
and the associated high costs. A fee approach might, in this instance,
have reduced social costs significantly.

On the other hand, where the marginal benefits function is quite steep,
close control over quantity becomes im ortant. For various hazardous
wastes, or examp e, a permit system may well be preferable since it pro-
vides greater assurance against excessive, and possibly highly destructive,
emissions of such pollutants. We shall return to these issues in a somewhat

s "The Regulation of Aircraft Noise," in Thomas C. Schelling, Ed., Incentives for Envi-
ronmental Protection (Cambridge, Mass.: M.1.T. Press, 1983), pp. 41 -144.
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11	
Mixtures of instruments for pollution control

lip to this point, we have treated quantity and price instruments as al-
ternative policy tools. However, Roberts and Spence have constructed
an ingenious hybrid control instrument that employs marketable permits
supplemented by an effluent fee and a subsidy. The fee serves as an escape
mechanism to limit the detrimental consequences of extreme misjudg-
ment of the optimal value of q and in the corresponding quantity of emis-
sions permits issued. The system works as follows: the regulator issues a
number of marketable emission permits, and on the market for those
permits there emerges an equilibrium price per permit. Let us now use,

p to represent that price. At the same time, the regulator allows pollut-
ers to generate emissions without permits (or in excess of the quantity ,

authorized by their permit holdings) but charges an effluent fee, f, pert
unit of such emissions. Finally, the regulator offers the polluter a subsidy,!

s, per unit for any unused permits, where s ^ f.
It is easy to show that in equilibrium we must have

ssp<_f.

This is so because if p were greater than f, no one would purchase a
permit but would pay the effluent charge instead, so p would have to

fall. On the other hand, if s exceeded p, it would pay to purchase as
many permits as were available and hold them unused at a profit of s — p
per unit; but obviously no one would be willing to sell a permit at that
price.

It is also easy to see that by an appropriate choice of values of s and, f,

ythe mixed" s stem cane transformed either intos a pure permit scheme or
a ee regime It becomes a pure permit system if one sets s= 0, f = co so
that both the subsidy and effluent charge elements are effectively elimi-
nated. It becomes a pure effluent charge of any desired magnitude, k, if

one sets s = f = k so that by (12) the price of a permit is driven automati-
cally to that level.

It follows at once that if the three regulator-controlled parameters. . in
the system, s, f and the number or permits issued, 1, are selected so as
to maximize expected welfare, the result must be at least as desirable as
either a pure permit regime or a pure effluent fee. For if it should tran-
spire that either of the latter is optimal, then the maximization calcula-
tion will automatically select the corresponding parameter values that ef-
fectively eliminate the mixed system.

(12)
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There are at least two other ways to describe the reason for the superi-
ority of the mixed system. As we have seen, the use of a permit system
limiting effluent quantity to q* gives rise to two possible dangers: First,
the regulator's estimate of cost on which his choice of q* is based may
turn out to be far too high, in which case the selected quantity of effluent
reduction,_q*, could be far below the optimum.  Second, the cost estimate
might be far too low, in which case q* will be correspondingly excessive.

y	 polluters	 both errors when they areThe mixed system induces olluters to avoid b 	 rr
extreme. For example, if actual marginal cleanup cost turns Out to be
higher than f, it will pay polluters operating under the mixed arrange-
ment to emit more than the permits allow and to pay the fee, f, on all
emissions that exceed those justified by their permit holdings. Sim,_ ilarly,
if cleanup costs turn out to be lower than s, it will pay polluters to con-
tinue to their emissions and hold their excess licenses unused in
return for the subsidy payment. Automatically, then, whenever the per-
mit system would have performed very badly, it pays the polluters under,
the mixed scheme to act in a way that transforms it into a fee regime.

The reason a pure effluent fee is apt to perform badly when the regu-
lator is uncertain about the cost function is that the fee is a fixed number,
f, which corresponds to the marginal benefits of emissions reduction only
at one value of q - the one the regulator considers, ex ante, to be optimal.
Suppose, instead, it were somehow possible and feasible to institute a
variable total effluent fee F(q) that varied with q and whose marginal
payment always equalled the marginal social benefit corresponding to that
value of q, so that dF(q)/dq = MB(q). Then in our diagrams, instead of
corresponding to a horizontal line, the marginal effluent payment curve
would coincide with the marginal benefit curve. In that case, at any value
of q not equal to the optimal value, a polluter would find that the mar-
ginal cleanup cost was not equal to the marginal effluent charge; it would
then pay the polluter to alter his emissions in the direction of the opti-
mum. Note that to operate such a scheme, the regulator needs absolutely
no information about marginal control costs, so his uncertainty on that
subject becomes irrelevant. A penalty function that coincides with the
damage function will yield the optimal outcome irrespective of the level
of control costs. 6

Now, the mixed system of Roberts and Spence represents a compro-
mise between the horizontal effluent curve, f, and the pure variable pay-
ment F(q). Instead, it is a step function which constitutes an approxima-
tion to the marginal benefit curve, as shown in Figure 5.9. We see there

6 For another such scheme, see Robert A. Collinge and Wallace E. Oates, "Efficiency in
Pollution Control in the Short and Long Runs: A System of Rental Emission Permits,"
Canadian Journal of Economics XV (May, 1982), 346-54. 
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the three regulatory decision variables, q*, f, and s. We also see that for
an emissions reduction less than the prescribed quantity, q*, there is an
effluent fee, f, whereas for emissions reductions greater than q*, incre-
mental emissions have a low opportunity cost (equivalent to an effluent
charge), s. Along the vertical segment SR, the effective fee is some value
p, where f >_ p >_ s. It is clear that the implicit effluent locus fRST is a
better approximation to the marginal benefit curve, BB, than is any hori-
zontal line. We also see how extreme errors in the regulator's estimate
of marginal control costs (like curves C** and C***) can lead to adapta-
tions in the value of q, unlike a pure permit system.

Roberts and Spence go on to show how one can design an effluent fee
system whose graph constitutes a number of steps (unlike the one-step
curve fRST in Figure 5.9). With such a procedure, effluent payments
can be made to approximate the marginal benefits curve, BB, even more
closely, leading, in general, to an expected welfare level that is higher
still. In the limit where the number of steps goes to infinity, we would, of
course, have the variable fee system that we described earlier and which
produces the optimal outcome.                                                                                                                                                                                                                            



In this chapter, we have found that in the presence of particular forms
of uncertainty, fee and permit systems are unlikely to produce optimal
outcomes and, moreover, may produce quite different results. We note
in concluding this discussion that the analysis in this chapter has been
wholly static in character. Moreover, we have considered only "once-and-
for-all" choices of the policy variables. The results would be "softened"
somewhat if we were to allow the environmental authority to amend pol-
icies that turn out, ex post, to involve significant welfare losses. Environ-
mental regulators have, for example, revised environmental targets and
rules for compliance. There are, of course, costs associated with changes
in policies, and, in certain instances, policy decisions may be virtually irre-
versible in terms of their effects. However, for a wide range of environ-
mental policy choices, there exists some opportunity for later corrections.

We raise this matter in anticipation of the analysis in Part II, where we
will explore the design and implementation of environmental policy in a
somewhat more realistic setting that incorporates a more diverse set of
criteria for the selection of policy instruments. Expected welfare gains
and losses in the standard static sense employed in this chapter will figure
as an important consideration in the design of policy measures - but cer-
tainly not the only consideration.

Market imperfections and the number of
participants

In Chapter 4 we derived our results for optimal taxes and payments from
a competitive model in which individuals and firms both behave as price-
takers. In this framework, prices and our prescribed fees are parameters
for individual decision-makers; they take them as given and simply re-
spond so as to maximize utility or profit.

In this chapter, we consider some of the complications that market im-
perfections introduce into the analysis. More specifically, we will examine
the implications of two sources of such imperfections. First, a firm that
generates externalities (smoke emissions) may not sell its output  in a com-
petitive market:For example, we will consider how a profit-maximizng
monopolist iw1 respond to the Pigouvian taxes prescribed in Chapter 4.
We will show that an emissions tax rate that is appropriate for the pure
competitor will not, in general, induce behavior that is consistent with
optimality in the second-best world inhabited by a monopolist.

We then consider a second source of imperfection:  the presence of pol-
luters who are not "feeTt keys." There can be situations involving few pol-
luters, the manipulation of whose activity levels can influence the unit tax
paid on waste emissions. In such cases, we will see that producers (and per-
haps also consumers) of externalities will have an incentive to adjust their
behavior so as to influence not only their tax bills, but also the tax rate they
pay per unit of pollution. As for the monopolist, this necessitates some
modifications in the prescription for an optimal fee. In fact, we will find
one case to which the Coase result calling for a tax on victims is applicable.

Finally, we offer a proposition that relates, not only to the number of
producers of an externality, but also to the number of consumers or vic-
tims. This establishes a strong presumption that increasing marginal costs
will characterize many sorts of externality-generating activities (particu-
larly those involving congestion).

1 Externalities produced by a monopolist

We found in Chapter 4 that a unit fee on the polluting activities of com-
petitive firms equal to the costs at the margin that they impose on other
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economic units is, in general, required to sustain a Pareto-optimal pat-
tern of resource use. However, Buchanan has shown that the levyin g of
such a fee on a monopolist will not usually lead to optimality, and, under
certain circumstances, can even reduce the level of welfare.' The problem
is that the Pigouvian tax on the output of the polluter may be too much
of a good thing. Such a tax normally will reduce the outputs of the indus-
try below their previous levels. However, a monopolist will already have
restricted his outputs below their optimal levels, and the additional con-
traction in output induced by the tax may, on balance, be detrimental to
society. The point is that a polluting monopolist  subjects society to two
sorts of costs: the external costs associated with the pollution and a cost
resulting from the restriction of output. Our Pigouvian tax, while reduc-
ing the pollution costs, at the same time increases  the welfare-To-Ss -result-
ing from excessively low levels of product of n, so that the net effect on
social welfare is uncertain.

2 A diagrammatic analysis

We can obtain some further insights into this problem with the aid of a
simple diagram. In Figure 6.1, let DD' represent the industry demand
curve confronting the monopolist, with DMR being the corresponding
marginal-revenue curve. We assume that the monopolist can produce at
constant cost (PMC = private marginal cost) but that his production ac-
tivities impose costs on others. In particular, in the absence of any fees,
the monopolist's (private) cost-minimizing technique of production gen-
erates pollution costs per unit equal to AB so that the SMC (social mar-
ginal cost) curve indicates the true cost to society of each unit of output.
To maximize profits, the monopolist would produce 0Q,,,.

Suppose next that we subject the monopolist to a pollution tax, a fee
per unit of waste emissions. This will provide an incentive to him to al-
ter his production process in a way that yields lower emissions per unit
of output. In Figure 6.1, this would have two effects: it would raise the
PMC curve and, over some range, would tend to lower SMC. 2 This sec-
ond effect results from the choice of what from society's standpoint is a
lower-cost method of production (taking into account the costs of pollu-
tion). The minimum social cost of production will be reached when the
pollution costs are wholly internalized so that PMCI = SMC, (where the
subscript t refers to costs in the presence of a Pigouvian tax). At this

' J. M. Buchanan, "External Diseconomies, Corrective Taxes, and Market Structure,"
American Economic Review L1X (March, 1969), 174-77.

2 Buchanan's analysis assumes a fixed external cost per unit of output that is independent
of the method of production.

Figure 6.1

point, the firm's selection of a production process will be based upon a
set of input prices (including a price of waste emissions) that reflect true
social opportunity costs.

In Figure 6.1, we see that the optimal output is 0Q0 , which is produced

at the least social cost. To achieve this optimum, we would require two

policy actions: a Pigouvian tax on waste emissions in order to reduce

SMC to SMC, and a subsidy per unit of output equal to GI.' (the differ-

ence between marginal cost and marginal revenue at the optimal level of

output). Since we have two types of distortion, full correction generally
requires two policy instruments.
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The environmental agency, however, will typically have neither the au-
thority nor the inclination to offer subsidies to monopolists. Suppose,
more realistically, that it is empowered only to tax waste emissions. The
preceding discussion suggests that the agency should not impose the stan-
dard Pigouvian fee equal to marginal social damage, but should alter the
fee to reflect the welfare losses associated with monopolistic restrictions
in output. In the absence of the two policy instruments required for com-
plete correction of the set of distortions, the agency should determine  the
second-best fee on waste emissions.

This is, in principle, a straightforward problem. Both Lee and Barnett
have derived formulae for such a second-best fee. 3 Following Barnett's
formulation, we note that maximization of social welfare requires that
we maximize difference between the value of the monopolist's output
and the full social cost (includingdamages from pollution) of providing
that output. We thus must maximize

W = Jo f(y) dy — c(y, a) — D(s)
	 S CY,a) (1)

where y is the monopolist's level of output, f(y) is society's willingness
to pay for that output, c(y, a) is the firm's cost of production and abate-
ment (where a indicates the level of abatement activity), and D(s) de-
notes the social damages associated with the level of waste emissions, s.
Differentiating equation (1) with respect to t, the unit tax on waste emis-
sions, yields the following first-order condition for the maximization of
social welfare:

dy_ ac dy ac da _ dD [as dy as da
A  dt ay dt aa dt ds ay dt + aa dt

The monopolist's problem is to maximize profits:

^r =f(y)y – c(y,a) – st. (3)

Assuming for now that the monopolist takes t as given, profit-maximizing
behavior implies the first-order conditions:

air
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ac –t  – 0	
(4)ay	 dy ay ay

3 D. R. Lee, "Efficiency of Pollution Taxation and Market Structure," Journal of Environ-
mental Economics and Management 2 (September, 1975), 69-72; A. H. Barnett, "The
Pigouvian Tax Rule under Monopoly," American Economic Review LXX (December,
1980), 1037-41.

Substituting (4) for f(y) and (5) for ac/aa into equation (2) and solv-

ing for t yield the solution for the welfare-maximizing tax (t*):

df dy
t*– dD
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Letting 71 denote the price elasticity of demand, we can write equation (6),
in the form	 i p - M F i	 C )

\ii(7) dy f

f(y) dy
* dD	 ^^^	 dt

t*
dsasdy as da

äydt + ^t-7dt

On examination of (7), we note that the first term on the right side is
simply the marginal social damages associated with an additional unit of
waste emissions; this is equal to our standard Pigouvian fee on a per-
fectly competitive firm (tc ). The second term should thus reflect the wel-
fare losses associated with the reduced output of the monopolist. This
is, indeed, the case. What equation (7) indicates is that 4

dy
r —M 2^ ^`_ \1f)  - M I 1

t* = te – (P–MR) —
ds ^̂

dd
^s

44-

"
(8)

where P= f(y) is the price of output and MR = f(y)+yf'(y) is marginal
revenue. Since a profit-maximizing firm sets marginal revenue equal to
marginal cost (MC), we have

t* = tc — (P — MC) 
dy	

(9)ds

The second term on the right side of (9) is thus the welfare loss from re-
duced output expressed as the difference between the value of a marginal
unit of output and its marginal cost times the reduction in output asso-
ciated with a unit decrease in waste emissions.

The second-best fee for a polluting monopolist should thus be less than
that for a perfect competitor. Moreover, as (7) makes clear, the fee will
vary directly with the monopolist's price elasticity of demand. This is as

To see this, note that the denominator of the last term in (7) can be interpreted as ds/dt.
Moreover, by the standard formula, MR= P(1-1/,1), so f(y)/,1= P/,t = P -MR.
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it should be, for the more price elastic is the demand, the smaller is th e
divergence between price and marginal cost and hence the smaller the
welfare loss associated with any reductions in output. In the limiting case
of perfect competition where ri = co, the second term on the right side
becomes zero, and t* = tc .

The implication of the analysis is that in the presence of monopolistic
sources of pollution, the environmental authority must, ideally, impose —a
differentiated set of effluent charges in which the fee for any given source
will depend not only on the marginal social damage but also on the price
elasticity of demand for the source's output and on its abatement cost
function. This last form of information is needed to determine _dy/ds in
equation (9).

4 Pigouvian taxes on monopolists: some further thoughts

In principle, therefore, we can determine the optimal set of effluent fees
on all polluters, be they competitive firms or monopolists. However, this
is not, in fact, very comforting. First, such a determination would re-
quire an enormous amount of information encompassing both the price
elasticities of demand and the abatement costs for each polluter. Second,
even if the environmental authority were able to assemble all these data,
it is difficult to envision a legal and political setting in which such a dis-
criminatory set of fees would be acceptable. And, third, complex as all
this would be, the rules for other market forms (oligopolists, monopo-
listic competitors) may be yet more complicated!

At the policy level, the real choice may well be that between a single
fee applicable both to perfect and imperfect_ competitors or the abandon-
ment of a system of fees for environmental protection. From this per-
spective, the important issue is the extent of the welfare loss associated
with the pattern of reductions in output induced by the charge on waste
emissions. There is a substantial empirical literature (with the seminal
Harberger paper as its source) suggesting that the magnitude of the over-
all allocative losses in the economy attributable to monopolistic distor-
tions is quite small. 5 Since the large estimated welfare gains offered by
pollution abatement would seem to dwarf the apparently small welfare
losses resulting from the effects on industry outputs, it is tempting to con-
clude that concern over monopolistic distortions represents, in this case,
a theoretical nicety that we can safely ignore in the design of environ-
mental policy.

5 A. Harberger, "Monopoly and Resource Allocation," American Economic Review, Pa-
pers and Proceedings XLIV (May, 1954), 77-87.

This, however, will not quite do. The proper question is: Given the ex-

istingPa of monopolistic distortions (i.e., divergences between price
and marginal cost), do the additional reductions in monopoly output that
would result from competitive Pigouvian charges generate efficiency losses
of a substantial magnitude? Returning to Figure 6.1, we see that the stan-
dard Pigouvian fee would result in a reduction in output from OQm to
°Q t . At this output, the fee would generate a cost saving to society indi-
cated by the shaded rectangle EBTS. At the same time, it would be accom-
panied by a welfare loss represented by the trapezoid UVWT; this is the
loss in consumers' surplus resulting from the contraction in output to OQ t .

The net effect of the fee on social welfare thus depends on the relative
sizes of these two areas, and this is obviously an empirical matter. In one
study, Oates and Strassmann have drawn on the empirical literature to
obtain some representative values of the various parameters that deter-
mine the sizes of these areas. 6 Using these parameter values, their calcula-
tions indicate that the likely welfare gains from improved environmental
quality (the rectangle EBTS) will typically be far larger (roughly by an
order of magnitude) than the loss from reduced monopoly outputs (the
trapezoid UVWT). If c orrect, their findings would suggest that, in view
of the range of policy options available to the environmental authority,
it is probably best to ignore the issue of incremental output distortions
associated with a system of effluent fees. The case for Pigouvian taxation
is, in all likelihood, not seriously undermined by the presence of monop-
oly producers.'

5 Monopolistic offsets to external effects

There is one line of argument that suggests that monopolization can some-
times reduce the need for taxmeasures in the control of extern:rliiies.
Should a monopoly take over both the firms that generate some cxtct nal-
itiesand those that are affected by them, the externalities would be inter-
nalized and, therefore, what (in this respect) is good for society would
then be good for the monopoly. For example, an electricity-laundry com-
bine that took control of both these activities might soon enough recognize

6 W. E. Oates and D. L. Strassmann, "Effluent Fees and Market Structure," Journal of
Public Economics XXIV (June, 1984), 29-46.
For more on this issue, see P. Asch and J. Seneca, "Monopoly and External Cost: An
Application of Second Best Theory to the Automobile Industry," Journal of Environ-
mental Economics and Management III (June, 1976), 69-79; W. S. Misiolek, "Effluent
Taxation in Monopoly Markets," Journal of Environmental Economics and Manage-
ment VII (June, 1980), 103-7; P. Burrows, "Controlling the Monopolistic Polluter: Nihil-
ism or Eclecticism?," Journal of Environmental Economics and Management VIII (De-
cember, 1981), 372-80.
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the costs to the laundry of the smoke generated by electricity production,
and it would be motivated to deal with the smoke in the most economical
manner available.

Although the argument  is valid, it seems to us that its relevance is rather
limited. Some of the most serious externalities that now beset society
affect private individuals far more than they do firms. There is presurn_
ably no way in which we as individuals can merge with or be acquired b y
a monopoly firm, so that the health effects of the pollutants we breathe
become a relevant entry in the account books of the polluting firm. More-
over, even where the polluter and his victim are both firms, their fields of
operation are often so diverse that their merger is simply not practical.
Conglomerates made up of oil refineries or electricity generating plants
and laundries do not seem very common in practice.

6 Pollution by manipulators of the tax rates

Even where a polluting activity is not carried out by a monopolist, the
analysis may have to take account of a small-numbers problem if only
one or a very few sources of substantial emissions are to be found in a
particular geographic area. There are many communities whose air and
water quality is effectively determine activities of one or several
producers and smaller cities that are enveloped by the smo e emitted 1
one factory's chimneys.  

Although voluntary negotiation is not more to be expected here than in
the large-numbers case, another analytic complication for the Pigouvian
approach does arise that our discussion up to this point has assumed away.
The polluting firms may recognize that their behavior can affect the rate
at which their emissions are taxed. Just as a monopolist or an oligopolist
can profit by adjusting his output to obtain a more profitable price, he .

may be able to benefit by modifying his emissions to obtain a more favor-
able tax rate. And in both cases the result will generally violate the re-
quirements for Pareto optimality unless special corrective measures are
undertaken.

a situation that is t least initially, not Pareto-optimal. Suppose that, in
an optimal solution, five thousand gallons of a given effluent will be emit-
ted into a stream and that the marginal damage at that point is five cents
per gallon. Today, however, suppose four times that much is being poured
into the waterway and that the corresponding marginal social damage is
ten cents per gallon. What, then, is the appropriate Pigouvian tax rate
on effluents for today: the optimal social damage level (that is, five cents),
or the current marginar§-ocial damage (ten cents per gallon)? The litera-

tu—
re is ambiguous on this point and, indeed, Coase and others have ques-

tioned whether the second of these two possibilities, a tax rate that varies
over time with the current marginal damage rate, would actually con-
verge to an optimum. Elsewhere, one of the authors of this book has
argued that it would converge if the usual stability and convexity assump-
tions forapetitiVe equilibrium also hold in the presence of extei -nat-
ides.' It can, indeed, be argued that this is true by definition: if the mar-
ket equilibrium is unique and (with the appropriate tax-subsidy rates)
is also Pareto-optimal, then the assumption of stability means that the
economy must approach the optimum, with current tax rates converging
to optimal tax rates as marginal damages approach their optimal levels.
After all, in this sense, the tax rates are perfectly analogous to competi-
tive prices that converge along with marginal products and marginal rates
of substitution to their optimal values.

The distinction between the two Pigouvian solutions is critical for t he
discussion of' this section. If we define the—Pigo—Viiiiu	 prescription t 0
for the calculation and imposition of an optimal tax rate from the begin-
ning, leaving it invariant come hell or high water, then it will obviously
constitute no invitation to the isolated firm to modify its emissions in
order to influence that tax rate.

However, if the tax rate is adjusted (iteratively) to the magnitude of
current marginal damage, the single polluter may find it in his interests to
take into account the effects of his decisions on the tax rate he pays. Ile
may find it profitable to emit more or less than he otherwise would in
order to improve his tax position.

Certainly, the analogy with flexibility of competitive pricing makes it
worth considering the case of the current Pigouvian tax that is_adjustable
with current damage costs. We may remark, however, that there is little
justification tor tne view that this iterative approach is somehow the more
"practical" of the two (that is, that it is simpler to approach the optimal
tax rates step by step rather than trying to construct a detailed model of

Z•

Preliminary: two interpretations of interim Pigouvian tax
rates

Before getting down to a more formal discussion of the issue, we must
note an ambiguity in the definition of the Pigouvian tax prescription for

8 The discussion of the next three sections is based entirely on the analysis of Earl A.
Thompson and Ronald Batchelder, "On Taxation and the Control of Externalities: Com-
ment," American Economic Review LXIV (June, 1974), 467-71.

9 See W. J. Baumol, "On Taxation and the Control of Externalities," American Economic
Review, LXII (June, 1972), 307-22.
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the entire economy and calculating the optimal tax rate from the start).
In our view, as we will note again in a later chapter, neither of these pro- ,
cedures seems to lend itself well to implementation. The fixed tax rate
does not, because we are still very far from being able to construct from
empirical information the requisite general equilibrium model in the de-
tail needed for numerical evaluations of all the many pertinent tax rates.

. But the iterative method is hardly more promising, because the calcula-
tion of detailed and periodic revisions of estimates of marginal social
damage for all significant externalities problems is an undertaking we do
not know how to carry out.

8 A single-polluter model

To investigate the behavior of the polluter (or of his victim, if one or the
other of them is a single-decision unit), we utilize the Kuhn-Tucker rela-
tionships corresponding to the emissions variable in our basic externalities
model of Chapter 4. It will be recalled (Table 1 of Chapter 4) that rela-
tionship (5°) constitutes the relevant necessary condition for Pareto opti-
mality. For sk > 0 (that is, positive emissions by our one emitting firm),
(5°) thus becomes, after some obvious modification of notation,

ilk Lk —Ex./4 — _E Nkfk— —Nk Jsk—D=O. (5°)
kok

Here we take firm k to be the polluter, and all other firms -k �  k to suffer
some pollution damage (that may, in some cases, be zero). Thus, the first
term in (5°) represents the marginal cost to the emitting firm, k, of a

reduction in emissions,and (after multiplication by —1) the other two
terms, which we now write for simplicity as D, represent the marginal

social damage to individuals, j, and to other firms, k*, as was shown in
Chapter 4. The optimal pricing policy in the large-numbers case, as de-
scribed in (8) of Chapter 4, called for a tax rate on emissions equal to the
marginal social damage. Specifically, we have

t=—F,xfui+Eµkfzk=D. (10)

Let us now examine the profit calculation of the emitting firm, k, when
such a tax is imposed. Its Lagrangian profit function becomes (where
yik is its quantity of output or input i) 1 aaL1 Su.

L= EPiYik — ßkf k (Y1k , ••• , Ynk , sk) — s

in which the last term represents the emissions tax payment. The first-
order maximum condition corresponding to the variable sk now becomes,

writing Ds for aD/ask ,

aL
ask — —ßk ✓ sk—D—skDs = 0.

Comparing the condition for profit maximization (11) with the correspond-
ing optimality requirement (5°), we see that the two are no longer iden-
ti^. Only if A is zero will the two equations be the same. 10 But if there
is only a single emitter-o smoke—we can no longer assume that this ele-
ment will be zero, because the level of its emission can affect the marginal
cost of smoke to others. Thus, suppose an increase in pollution leads
others to move away from the vicinity of the source and thereby reduces
the marginal damage of its emission. Then Ds. will be negative, so that at
the point at which —ßk f k —D= 0, as Pareto-optimality condition (5°)
requires, 8L/ask will still be positive, that is, the polluting firm will ben-
efit by increasing its smoke emissions. The reason, of course, is that by
doing so, it will drive some of those who suffer from the smoke away from
the source and hence reduce the number of individuals subject to smoke
damage, with the firm's tax rate declining correspondingly. In that event,
optimality requires a tax higher than that given by the Pigouvian pre-
scription. The additional tax is necessary to discourage the excess smoke
emissions that would otherwise become profitable.

Thompson and Batchelder point out that this analysis is symmetrical
in the sense that the Pigouvian rule works no better where there are many
polluters but only a single victim, a case of some theoretical interest though
it is probably of rather limited importance in practice. If the one victim
is a firm, for example, it will benefit by transferring a proportion of its
operations in excess of the optimum to the geographic area where t Mere
is pollution damage. The single laundry will move an excessive propor-
tion of its activities near its plant that suffers from pollution, knowing
that thereby the marginal smoke damage and, hence, the tax rate will
be increased. It does this as a means to force an uneconomically large
amount of investment in pollution control on the emitters.

In this case Coase does turn out to be right, after all. A tax on the vic-
tims is necessary to prevent resource misallocation. The tax must be suffi-
ciently high to discourage excessive absorption of damage by the single
victim, something he will undertake as a means to beat the tax game by
forcing emitters to be cleaner than is socially desirable.

9 	Why marginal congestion costs must generally be increasing

So far, we have considered almost exclusively the role of the number of
generators of an externality. We come now to a significant policy issue in

It will be remembered that, then, as was shown in Chapter 4, 13k = µk . On this, see (8b) in
Chapter 4.
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which the number of persons consuming the externality also has an im-
portant bearing on the matter. It has been observed that the social costs
of externalities seem to increase more rapidly than the density of the pop-
ulation involved. A case in point is that of congestion, where damage ap-
pears to rise disproportionately to the number of individuals causing the
crowding. What has not generally been recognized is that the very logic
of congestion costs makes it implausible that they will increase only lin-
early with the size of the relevant population.

Let

n be the size of the population creating and consuming the conges-
tion (for example, the number of cars on a stretch of highway) ;

c(n) be the congestion cost per capita of this population (for example,
the number of minutes lost per vehicle in traversing the stretch
of highway).

Evidence on congestion problems suggests that, after some point at  which
congestion begins to set in,

c'(n) > 0.

That is, per unit congestion costs will be increased by an increase in num-
bers. But total social cost to all persons affected must be 

f(n) = nc(n).

The result follows immediately, for we must have

c(n)+nc'(n),

so the elasticity of congestion cost with respect to n is

n ^' nc(n) 	 n 2c'(n) 	 nc'(n)
f(n) f'(n) = 	 > 1.nc(n) + nc(n) =1+ c(n) 

Hence, the social cost of congestion must increase more than proportion-
ately with the number of individuals involved unless c'(n) <_ 0. In prac-
tice, of course, observation indicates that once congestion begins to set
in, both c'(n) and c"(n) are positive and substantial in magnitude so that
the preceding result will be strengthened correspondingly."

Clearly, the preceding observation does not apply only to congestion
problems. It is equally relevant to any case involving reciprocal exter-
nalities.

I " Numerous studies of highway congestion indicate the striking rapidity with which traffic
speed is reduced by additional vehicles once congestion has set in.

CHAPTER 7

Are competitive outputs with detrimental
externalities necessarily excessive?

In this chapter we examine the direction of the bias produced by exter-
nalities. Is it true, as often asserted, that when an activity generates ex-

ternal benefits, its competitive equilibrium level will always be below its
optimum, and that where an activity imposes external costs, its eq lu iib
rium level must be excessive?'

his is ä proposition that underlies much of the policy advice given by
economists on externalities issues: allocate more resources to goods that
yield beneficial externalities and reduce their allocation to those that gen-
erate detrimental externalities. But suppose that advice is not always cor-
rect - what do such exceptions imply about the economist's advisory role?

As a matter of pure theory this problem is not as serious as the one dis-
cussed in the next chapter, for the difficulty we are considering here does
not undermine the Pigouvian tax-subsidy solution. S inn.g_as the appro-
priate convexity conditions  hold and the economy is competitive, one
need merely impose the appropriate tax rates and the market equilihritint
must occur at a Pareto  optimum, wherever TT-nay lie in relation  to the
equilibrium that would hold in the absence of Pigouvian taxes.

In practice, however, as will be emphasized in Pail. II, we do not know
how to find or perhaps even to approximate optimal tax rates and so
considerably coarser policy measures must be utilized. Usually these rely

The literature on this issue includes J. M. Buchanan and M. Z. Kafoglis, "A Note on l'ub-
lic Goods Supply," American Economic Review LIII (June, 1963), 403-14; W. J. Baumol,
"External Economies and Second-Order Optimality Conditions," American Economic
Review LIV (June, 1964), 358-72; A. Williams, "The Optimal Provision of Public Goods
in a System of Local Government," Journal of Political Economy LXXIV (February,
1966), 18-33; W. C. Brainard and F. T. Dolbear, Jr., "The Possibility of Oversupply of
Local `Public' Goods: A Critical Note," Journal of Political Economy LXXV (February,
1967), 86-90; A. Williams, "The Possibility of Oversupply of Public Goods: A Rejoin-
der," Journal of Political Economy, LXXV (February, 1967), 91-92; P. E. Vincent, "Re-
ciprocal Externalities and Optimal Input and Output Levels," American Economic Re-
view LIX (December, 1969), 976-84; M. Olson, Jr. and R. Zeckhauser, "The Efficient
Production of External Economies," American Economic Review LX (June, 1970), 512-
17; Peter A. Diamond and James A. Mirrlees, "Aggregate Production with Consumption
Externalities," Quarterly Journal of Economics LXXXVII (February, 1973), 1-24.
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heavily on the conventional wisdom that constitutes the subject of this
chapter: the acceptance of the view that one should expand outputs that
yield beneficial externalities, and conversely.

We will find that there can, indeed, be cases in which the equilibrium
output of a competitive industry that yields external benefits exceeds its
optimal level and the reverse may be true in the case of damaging exter-
nalities. But, contrary to what has been implied in a number of recent
writings (including a note by one of the present authors), 2 we wilt show
that this cannot occur where there is a single activity that generates one
externality  and the usual convexity premises hold: That is, if there is one
externality-producing activity and if convexity holds throughout, the con-
ventional wisdom on this subject is strictly accurate: the competitive out-
put of a good that generates external benefits will always be less than any
of its Pareto-optimal values, and that of an output that yields detrimental
externalities must always exceed such an optimum.

This result is rather more surprising than it may at first appear, for the
obvious implication of an externality about the direction of change that
is socially desirable is only local (that is, it tells us only about the best
direction for a small move from the competitive equilibrium). Yet com-
parison between the competitive equilibrium and a social optimum is a
global issue. We will see that the assumptions that have just been listed
are sufficient to permit us to leap from the local to the global conclusion.

Although this result seems to be comforting to those who use theory as
a basis for advice to policy makers, it is a weak reed on which to rely in
practice. For, as will be shown, the theorem can break down if any one
of the following four conditions holds:

a. the initial position is not a point of perfect competitive equilib-
rium;

b. there is more than one activity in the economy that yields an ex-
ternality, or where different activities yield different externalities;

c. there exists any activity such as recycling or purification that can
abate the externality;

d. the standard concavity-convexity conditions are violated some-
where in the economy.

Because none of these conditions is in fact satisfied in reality, we end
up with relatively little confidence in the applicability of the global prop-

2 See Baumol, "External Economies and Second-Order Optimality Conditions," American

Economic Review. Different errors in a recent attempt to prove my original contention
were pointed out to me by Robert Dorfman and by members of my seminar at the Stock-
holm School of Economics in January, 1973. I am, of course, deeply grateful to them
for keeping me from falling into traps of my own devising. W.J.B. 
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osition that was just described. Moreover, as we will show in the next
chapter, the presence of externalities contributes to the likelihood that
the concavity-convexity assumptions constituting the second-order opti-
mality conditions will not be satisfied. To put the matter starkly but not
inaccurately, the more significant an externality, the more likely it is that
the convexity assumptions will break down, thereby reducing the con-
fidence we can have in the rules about the relation between the competi-
tive equilibrium and the social optima that are described in this chapter.
Add to this the likelihood that violation of the convexity conditions will
be accompanied by a multiplicity of local maxima, and it is clear that this
can complicate enormously the problems of policy design; in particular,
it can undermine a price-tax program designed to induce optimal resource
usage.                                                                                                                                                                                                                                                                           

1	 Marginal externalities and the direction of misallocation

Before turning to the relatively new materials beginning in Section 3 we
must, as a basis for comparison, review what may be considered the fun-
damental policy proposition of the theory of externalities:                                       

Proposition One. If yf = E yak is the competitive level of the only activ-
ity that generates externalities, 3 or if the activity levels of all other items
that generate externalities are held constant, then

a. If y t generates social damage, a small decrease in y i from yf
(that is, a marginal transfer of resources from y i to other activ-
ities) will increase social welfare;

b. If y t yields marginal social benefits, a small transfer of resources
from other activities to y t will increase social welfare. "

The proposition may be considered self-evident. In competitive equi-
librium, the marginal private benefit of an increase in any activity level is
zero (mpb t = mpb 2 = 0). But for any other activity, 2, whose level is per-
mitted to vary because it produces no externalities by hypotheses, we
have mpb2 = msb2 (marginal social benefit of 2). For activity 1, say, in
the detrimental externalities case, msb t < mpb t . Hence, in competitive
equilibrium we must have msb t < msb2 , and it follows that a transfer of
resources from 1 to 2 will be socially beneficial. That is, essentially, all
there is to the matter.                                                                                                                                        

3 Commodity 1 can, of course, be a composite of all externality-generating activities, some
of which may be detrimental while others may be beneficial. A few moments considera-
tion confirms that no change in argument is required by this generalization.                                                                                               
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2	 A more explicit analysis

A proof taking explicit cognizance of the pertinent general-equilibrium
relationships is somewhat tedious and not really more rigorous. Never-

theless, we provide it now, first, because, so far as we are aware, it is not

available elsewhere, and, second, because it is needed for our analysis at

a critical point later in the chapter.
In deriving our result, we return to our basic externalities model of

Chapter 4. We again use the notation

x;j = the level of consumption of commodity i by individual j

yik = quantity of output (input equals negative output) i produced

(used) by firm k

r, = the available quantity of resource i

sk = the output of pollutant by firm k

z = E sk = total pollution output

u j(x i j , ..., xn j , z) = individual j's utility function

fk (Yik, • • • ' Ynk' z) = firm k's production relationship

Sk = g k(yak, ... Ywk ) = firm k's emissions function,,

where the yak, ..., ywk are those activities that either generate externalities
or can be used to suppress them (for example, labor used in recycling).

We will refer to y ak ,..., ywk as the activities directly affecting the magni-

tu e^of the externality.
Then the production constraints for a Pareto-optimality calculation

are:

(1)

and the nonnegativity conditions listed in Chapter 4.
To derive Proposition One, we will posit a small change, dy ak , in the

activity levels y ak , holding constant the levels of all other activities that
affect externalities directly; that is, we set

dy2k = . . = dYwk = O.

We will then undertake an adjustment in all other activity levels that ren-

ders this change feasible (that is, we will find a set of dxi j , dy ik , dz values

that, given the dy ak , will satisfy our constraints). These adjustments in
the values of the other variables that are required for feasibility will be
obtained by total differentiation of our constraint relationships. We will
then substitute these feasible changes in the values of the variables into
an appropriate objective function to see whether its value increases or
decreases. In this process we will also make use of the information de-
rived from the assumption of competitive equilibrium to relate the state
of affairs on the production side with that on the consumption side of the
equilibrium. This, in outline, is the logic of the argument.

To derive our proposition, we must assume that our constraints (1)
hold as equalities throughout or that the two sides of any such relation-
ship differ by a constant that drops out in differentiation. This may seem
to evade the issues that led to the utilization of inequalities in our model.
However, in the analysis of Proposition One, this premise is required by
the logic of the issue, because it is equivalent to the assertion that the level
of employment and of direct waste of resources is held constant through-
out. These must be held constant in this analysis, because we are con-_... 
cerned here with the effects of reallocation of  resources as contrasted'
with changes-in— their level of employment.

To obtain values of the changes in activity levels consistent with the
conditions our technological constraints impose on the reallocation (that
is, requiring the postulated change in the externality-generating activity
Yak to be feasible), we differentiate each of the constraints (1) totally to
obtain

dfk= fk dyik+ fl` dz= O or
 Fi fk dYik= —fk dz (all k)

j 	 k
dxij = E dyik (all i)

w

dz= 	 gkdYik= Egi dYak , 	(5)k i=1 	k

because by (2) we have assumed dyik = 0, (i = 2, ..., w).
We now want to determine how much the resulting changes are worth to

the individuals who compose the community. For this purpose we evaluate
the effects on each individual, j, in terms of the amount of some numeraire
commodity, call it item n. We take n to be something like labor (leisure)
that is used by every individual and every firm. Thus, a change, dx;v , in the
quantity of item i in j's possession would be evaluated as (u//u 1 ) (Lt U ,
where the ression- inside the parentheses istFie marginal rate of sub-
s i ütion between i and n. Hence, the total value of the output changes
we are considering to the community as a whole is

(2)

(3)

(4)
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dv = E	 (u//u') dxi j+ (u1/u/) dz.
i J 	 J

If dv> 0, we say that the change is a "potential Pareto improvement " 4

We assume the system is in competitive equilibrium at prices p i , with
p,,, the price of the numerative commodity, equal to unity. Consequently,
by the standard result [compare relations (3c)-(5c) of Chapter 4] we have
for every individual and firm that uses (produces) some of i and n

p i = u/ /un = .fik/ffn (all i, j, k) .	 (7)

We obtain, through the following sequence of tedious but straight-
forward steps, a translation of dv into a form that is directly interpret-
able in terms of the externality. Using the simplified notation

7'= E (uz/un) dz,
J

we have, substituting from (7) into (6)

dv= E pi dxii+T
i 	 J

= p, > dxu + T
i 	 J

E Pi > dyik+ T
i	 k

= E Pi dyik + T
i k

=	 (.fik/.fn ) dyik+T [by (7)],
i k

4 This is tantamount to a use of the Hicks-Kaldor criterion because we are, in effect, ask-
ing whether the gainers from the change would be willing to compensate the losers. If
that compensation is actually paid, the change is obviously a Pareto improvement be-
cause someone gains and no one loses. In (6), du may be interpreted as the maximal pay-
ments that the gainers would be willing to make rather than forgo the change, minus the
minimal amounts the losers must receive if they are not to suffer from the change. As is
now generally recognized, the Hicks-Kaldor criterion evades the evaluation of income
distribution by taking each individual's income and, hence, his ability to pay, as given.
It should be recognized that, like the standard theorem on the gains from free trade,
Proposition One need not hold if income redistributions are not ruled out and if arbi-
trary ant el personal evaluations are not prohibited. For if the elimination of an externality
damages the well - being of even one individual and the welfare function weighs that indi-
vidual's interests sufficiently, we are forced to reject the change, no matter how great the
benefits it offers the remaining members of the community. See J. R. Hicks, "The Foun-

dations of Welfare Economics," Economic Journal XLIX (December, 1939), 696-712;
Nicholas Kaldor, "A Note on Tariffs and the Terms of Trade," Economica, New Series

VII (November, 1940), 377-80; and for an evaluation, 1. M. D. Little, A Critique of Wel-
fare Economics, 2nd ed. (Oxford: Clarendon Press, 1957).
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or recalling the expression (8) represented by T, then by (3)

dv= - (fk/.fk)	 (ui/un) dz.	 (10)

This states that the net effect of the changes in question is simply the
sum of the value of the resulting external effects to each affected firm, k,
anach affected individual, j, all measured in terms of the numeraire
commodity: s_ _____ 	 .._

Our result now follows directly from (5), because by our assumption that
the Yik produce the externality, we have g1 > 0. It also follows immedi-
ately, by permitting the appropriate dy ik � 0, (i= 2, ..., w), that if one were
to have simultaneous increases in several activities, all of which directly
increase (or all of which decrease) the magnitude of an externality, then
Proposition One applies, with the obvious modifications, to this realloca-
tion of resources to a number of activities directly affecting the externality.

Finally, note that we have proved with (10), in addition to Proposition
O

Proposition Two. Starting from a position of competitive equilibrium,
the net effects of a marginal increase in exactly one of the outputs t Itat t1-
feet externality levels directly and any adjustments in Other activity levels
necessary to meet the requirements of productive feasibility, will he eval-
uated by the affected firms and individuals, in terms of a flume' aiie com-
modity, at the net value of the external effects alone.

Proposition Two consequently confirms that a compel competitive equilihr main
involving an externality but no corrective taxes-0 r subsidies ;tu nee er ht:
Par - _ , an sows that a small increase in the level O1 ;to activity

a ethat yie	 xternal benefits can always be introduc ed in a w tN, that con-
stitutes a Pareto improvement, 6 and that the sameis t r tie tot a runt y.tnal
decrease in the level of an activity that yields a detrimental extet t►;thly.

3	 Which way toward the optimum? Inefficiency and resource
reallocation

Having gone this far, one is immediately tempted to go one step fur-
ther. The literature is full of assertions that at least suggest the following
proposition:

It will be recalled from the discussion of Section 4 of Chapter 4 that the expression inside the
brackets in (10) is equivalent to the expression for the external damage E f ^ uZ — — k µk f k
that is used in (5°) of Chapter 4 and from which the Pigouvian tax rate is determined.

6 That is, the changes will make some persons better off without harming anyone, provided
the initial gainers compensate the losers. As usual, a Pareto improvement will occur if a
change satisfies the Hicks-Kaldor criterion and compensation is paid.

(6)

[by (4)]

(8)

(9)
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Proposition Three. If output y t = > ytk is the only activity that gener-
ates net social benefits, then Pareto optimality' requires an output of y t
larger than that which would occur in competitive equilibrium, and the
reverse holds if y t generates social damage. That is, if 01, ..., y,) and
(y; , •••, y°) are competitive and Pareto-optimal output vectors, respec-
tively, then yf< y; if y t produces external benefits and )1> yf if y t yields
external damage.

The difference between this and the Proposition One is that the former
deals with marginal changzes from the competitive equilibrium that yield
increases in welfare, but the present proposition makes a much stronger
assertion about the direction of the (possibly large) change needed to.^t-
täin optimality when all activity levels are changed to their optimal values.
That is, Proposition One relates to ceteris paribus 8 marginal changes that
yield (presumably small) Pareto improvements; Proposition Three refers
to large changes in which society moves all the way to an optimum and
in which all other variable values are adjusted appropriately. As already
indicated, the proposition of the preceding section is true, but this one
is not always valid. However, as we will show in the next two sections,
Proposition Three is valid if the appropriate convexit conditions h 
and there is only one externality-yielding activity.

Beforeatt me ptt ng to show the validity of Proposition Three under the
convexity assumption, we must comment on a significant matter of inter-
pretation. Though Proposition Three refers to levels of the externality
generating activities themselves, it seems frequently to have been inter-
preted to refer to the allocation of society's resources among them. But,
as we will now see, these two propositions are not equivalent to one an-
other; the latter states that excessive quantities of resources will be allo-
cated by the market to an activity that generates detrimental externalities,
but our formal Proposition Three asserts that the level of such an activ-
ity will be excessive. 9 For__if the efficiency conditions are not satisfied, an
increase in the level of x 1 will not necessar Ty require an _ m ease in the
gtrantity of resources allocated to activity x t .

7 Strictly speaking, we may not include all Pareto-optimal points in our calculation, but
only those that constitute potential Pareto improvements over the initial point, in the
I licks-Kaldor sense indicated by expression (6).

" 'hat is, other activities that affect externalities directly are held constant in Proposition
One, though, obviously, feasibility does require a change in some other activity levels
from which the resources are transferred in order to make possible the postulated mar-
ginal change.

'' Olsen and Zeckhauser, "Efficient Production of External Economies," American Eco-
nomic Review, seem to have been the first to point out the difference between the two
assertions, and to discuss the difference systematically.  
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Buchanan and Kafoglis 10 demonstrate that if efficiency is not assumed,

the assertion  that refers to resource allocation is clearl fa ŝ e. Jnlike the
activity- evel analysis of the next few sections, no formal argument is
needed to show this. Instead, we need only consider a simple counter-
example. Imagine a community in which police protection against crime
is not provided by the state; rather, it takes the form of the employment
of private policemen by individuals and organizations who can afford it.
Assume that each additional policeman hired reduces the overall crime
rate and thus contributes an external benefit. In these circumstances, op-
timality may well require more police protection, but it need not call for
the hiring of more policemen. For, if a centralized department of police
can protect the general public more efficiently than an uncoordinated set
of policemen, then optimality may require more protection but a smaller
allocation of resources for the purpose.

It is easy to provide other examples of this phenomenon, some of them
quite significant. Consider the possibility of the substitution of relatively
inexpensive public health measures, such as the spraying of the breeding
grounds of disease-carrying insects as a substitute for individual inocula-
tion against a communicable disease. Whenever individualistic decision
making leads to inefficiency in the suplily of an external benefit, it i.s dear
that, even ifptimality Cirri for äntlnerease in the supply of the benefit, it
does not follow that an expansion in theZjüantities of r esources devoted

to its production need be required." Interpreted in terms of resource use,
where production is not efficient, the standard allegation about the di-
rection of resource misallocation produced by externalities is obviously
false: despite its external benefits, the competitive allocation of inputs to
police protection may exceed the optimal level.

4	 Direction toward the optimum in the convex case: graphic
version of the argument

We will now provide a somewhat heuristic, graphic argument showing
that under appropriate convexity assumptions, Proposition Three relat-
ing to the levels of externality-generating activities must be valid. A more
formal analysis is offered in the following section.

In our graphic discussion, the variables have been aggregated highly
so that we end up with the three variables, x t , x2 (representing the total

10 "A Note on Public Goods Supply," American Economic Review.
For more formal counterexamples, see Buchanan and Kafoglis. Careful analytic discus-
sion of these examples can be found in Vincent, "Reciprocal Externalities and Optimal
Input and Output Levels," American Economic Review and in Olsen and Zeckhauser,
"Efficient Production of External Economies," American Economic Review.                                     

ii                                                                                                                                                                                                                                                                                                                                                                                                 
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Figure 7.1

consumption of all other goods), and x3 (representing the consumption of
resources, say of labor, in the form of leisure). In Figure 7.1a, the three-
dimensional region ORST represents our production-possibility set, 12 Y,
corresponding to the constraints (2). The figure also depicts what we may
refer to as an isowelfare locus given by setting dv = 0 (that is, v = con-
stant) in our social valuation relationship (6). The figure shows the inter-
section of the upper boundary of the production-possibility set with one
of the family of isowelfare loci. The projection of several such intersec-
tion loci on the x 1 x2 plane is shown in Figure 7.1b. Such a locus plus its
interior constitutes a set, We , (Figure 7.1a) of points socially preferable
or indifferent to points on its boundary. Now, by assumption, neither x 2

nor x 3 generates any externalities. Hence, starting from a competitive equi-
librium point, if we hold x 1 = y1 constant but increase x 2 (with whatever
change in x 3 is required), we will have dz = 0 (no change in the externality
level) so that by (10), social welfare will neither rise nor fall. That is, the
marginal shift in resources (say, to produce more x 2 and less leisure) will
not cause any change in social utility because, in competitive equilibrium,
the marginal private yields of resources in the two activities will be equal,
and, for these two activities, marginal private and marginal social yields
will also be equal.

12 We assume in this section that every net output is consumed totally, so that for each i we
have x, = yi .
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Now, the increase in x 2 (holding x 1 constant) represents a vertical move
in the x 1 x2 plane. 13 It follows that any competitive equilibrium must oc-
cur at a point on an isowelfare curve at which that curve is vertical (that
is, a point such as C in Figure 7.1 b). Thus, the curve must have a ver-
tical tangent, xi CA, at the competitive equilibrium point C. Because the
shaded set of points, we , preferred to or indifferent to C is convex, it
must lie entirely to the left of xf CA or it must lie entirely to the right of
that vertical line segment.

Our result now follows at once. For, say, if x 1 yields a detrimental ex-
ternality, by Proposition One some small decrease in x 1 , say the leftward
move from C to D, must move us into the shaded region of points pre-
ferred to or indifferent to C. 'Hence, by the convexity property, all points
in the shaded region must lie to the left of C. But the points in the shaded
region represent all possible reallocations that are potential Pareto im-
provements over the competitive equilibrium point C. Hence, any point
that represents a Pareto improvement over C must lie in this region, in-
cluding the Pareto-optimal points, in which opportunities for Pareto im-
provement have been exhausted. In particular, if there is a point, M, that
represents a maximal Pareto improvement over C I vLasindicat_ed
(6), maximal], then M must lie in this shaded region.

5 Direction toward the optimum in activity space: convex case
We will not formalize the graphic argument of the preceding section,
showing that Proposition Three, taken as a statement about the relation
between competitive and optimal output levels, is valid if the appropriate
convexity conditions hold.

Among the premises is the assumption that the production set, call it
Ythat is, the set described b constraints[ y (-IE is convex. We take this
set to ie - e n-• imensi • .1 p . ce o a p . • - evels of the n pro-
duction activities. Assuming that the competitive process and the initial
incomes yield a unique distribution of every output combination repre-
sented by a point in that space,' 4 let us utilize the function v, defined im-
plicitly by (6), to measure the improvement in social welfare. In partic-
ular, let v(x, x b) represent the sum of the maximal payments that the
members of the economy who gain in the process are willing to offer
rather than forgo the change from x b (the vector representing the initial

13 This is the point in the argument at which our premise that we begin from a competitive
equilibrium plays its crucial role.

14 That is, every point y = (y i , ..., y„) in n-dimensional output space is associated with a
unique point x = (x11 , ..., Xnm ) in the n x m dimensional consumption space representing
distributions of the n commodities among the m consumers.
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or base position) to some other point, x, minus the minimal payments
necessary to compensate those who lose from the change, all calculated
in terms of a numeraire commodity.

Accordingly, we can use the

Definitions. xa is potentially Pareto-preferred to x b if

zv(x°,xb) > 0,

and x° and x b are potentially Pareto-indifferent if

Av(x°,x b ) = 0.

Now let x represent the vector (x 11 , ..., Xnm ) and x° and x b be any
two such vectors with some particular values of the xis . It seems natural
to assume that the function v is strictly quasi-concave in x space in the
sense that if x° is potentially preferred to or indifferent to x b [that is, if
O v(x°,x b ) >_ 0], then for any intermediate point, x'= ax°+ (1 — a)xb,
where 0 < a <1, we must have Ov(x', x b ) > O.

Now, let c designate a competitive solution point, at which the vari-
ables take the values xf,, and let v` be the corresponding value of our
social maximand, v. Define Ve to be the set of all values of x such that

v(x, x `) ? 0, which may be described, somewhat inaccurately, as the set
of all solutions socially preferred or indifferent to the competitive solu-
tion, x`. Then the sell/4/_=-YLi.Ye will also be convex, where We can be
characterized - as the set of all feasible solutionspreferred to or indifferent
to x`. We assume that We is not empty and that it contains some interior
points. 1 5

We will now show that our equilibrium point, c, must lie in the set of
the boundary points of the convex set, We . For, by our externalities as-
sumption, the competitive equilibrium point, c, is not Pareto-optimal.
Hence, with o designating a potentially-preferred point we must have
v° > vc. Thus, if c were not on the boundary of We , then We must contain
a line segment ock* whose end points are o and k*, with c an interior
point of that line segment. Because k* lies in We , we must by definition
have v k* >_ v`. But because c is in the interior of this line segment, the

13 In fact, W need not inevitably have some interior points. If the production set, Y, in-
cludes only one process with absolutely fixed proportions it is represented by a ray with
no interior points and so there must be no interior point in Wb= Yfl Vb. However, as
Figure 7.1a indicates, if the Y and -I-7c have the shapes usually assumed of them in neo-
classical analysis, then interior points of Wc must exist. For the production possibility
set is hounded from above by surface RST, which is concave to the origin, and isis
bounded from below by the surface abet, which is convex to the origin. If the competi-
tive solution is not optimal, as must be the case when externalities are present, then We ,
the shaded intersection of these two sets, will not be empty and will have an interior that
is not empty.
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strict quasi-concavity of v requires either V ` > U V or v ` > v°, which pro-
duces a contradiction. We have proved:

Lemma. The competitive equilibrium point, c, must lie on the bound-
ary of We.

Next, consider the hyperplane, call it  4 vi, that is obtained by fixing
y i at y;, the competitive value of the externality-generating activity,  leav-
ing the values of all other variables unrestricted. We will shoes now that
this is asupporting hypernlane_of W. Obviously,  it includes the bound-
ary point c of W. Moreover, the hyperplane y, = yf can include no inte-
rior point of We , for suppose, on the contrary, that here is s, h a point,
call ii jr. Then by the convexity of We , the line segment pc must lie en-
tirely within We and within the hyperplane y i = yf. Then, any point q on
pc arbitrarily close to c must be potentially preferred to c by the strict
quasi-concavity of the function v. But it is impossible for q to be poten-
tially preferred to c because the move from c to q involves &y 1 = 0 and
so, presumably, 16 all Dyik = 0, so that in the limit, by (5), this move yields
dz = 0 and hence, by (10), dv = O. Thus, the assumption that the hyper-
plane y i = yf contains p, an interior point of Wc , leads to a contradiction.

In sum, because the hyperplane includes &boundary point, e, cif' WW

and none of the interior points of We (which we  have assumed to e.xkt ),
it must-b-e a supportingg hyperplane for the convex set_W .

Proposition Three now follows at once from Proposition One. For
We , the points socially preferred to or indifferent to c, have now all been
shown to lie in one of the halfspaces bounded by the supporting hyper-
plane y i = y; . Taking, for example, the beneficial externalities case, be-
cause a small increase in the value of y i must increase social welfare as
measured by v, by Proposition One, it follows that no decrease in the
value of y 1 can ever increase the value of v (that is, any Pareto-optimal
pomt that is pote ä fy  super ö to the competitive egt ilibrium m ust in-
volve a yi > `Obviously, the corresponding argument holds for the
etnmental externalities case..^'-----__

6	 Invalidity of Proposition Three where several activities yield
externalities

It is trivial to show by simple counterexample that, if Proposition Three
is amended to permit two activities to yield an externality (or to permit

16 We require a zero change in each ytk and not just in their sum, y,, because otherwise a
decrease in the activity level of a lightly polluting plant and an equal increase in that of
a heavily polluting plant would raise emissions despite the absence of any change in
total y,. As will be proved in the next section, if we permit independent changes in the
individual y i k , Proposition Three can be violated.
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two different types of externalities directly affected by several activity lev-
els), then the resulting proposition is no longer valid. That is, we simpl y

are not entitled to say  in advance whether an optimal level of an activity
that yields a detrimental externality is or is not smaller than its com-
petitive valts Li' Moreover, we will show by concrete illustration (a) that
the problem is a very real one, and not a mere theoretical curiosity, and
(b) that the choice of those externality-yielding activities that should not
be reduced is apt to be a complex matter requiring considerable infor-
mation and the demanding calculations that are generally called for by
interdependencies.

To prove that the theorem is invalid, we utilize a simple linear pro-
gramming model in which the social welfare function is taken to be known
and to be such that its components that are purely private benefits (ignor-
ing externalities) are maximized in the competitive equilibrium.

Using the same notation as before, let there be two outputs, x 1 and x2 ,
each of which yields some of the externality, z, and one resource of which
the available quantity is r. Then the social welfare function is

w = a01 x1+4/02 )(2 — a03 z,
	 (12)

which is to be maximized subject to the two production conditions

a l 1 x 1 + a 12 x2 <_ r (the resource constraint)
	

(13)

and

a 21 x 1 + a22 x2 = z (the externality output function)	 (14)

where all parameter values, au , are assumed positive and all values of the
variables are nonnegative.

Under pure competition, we assume that (14) and the last term in (12)
will play no role in the mai- et equl tbrlum. Instead, the equl 1 rlum will

maximize a01 x1 + a02 x2

subject to (13), which has the solution

xf = 0, 	 x2=r/a 12 > 0

if and only if

a01/a11 < a02/a12•

17 This suggests that one of the things that may go wrong in moving from the local Prop-
osit ion One to its global counterpart, Proposition Three, is that, in the latter, other ex-
ternality - generating activities cannot generally be held constant. Optimality may require
all such activity levels to change and the resulting interaction can lead to consequences
that follow no simple rule of thumb.
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However, social optimality requires maximization of (12) subject to
(13) and (14). Direct comparison with the previous solution is facilitated
by the elimination of z between (14) and (12), yielding the maximand

w = (a01 — a03 a21)xl + (a02 — a03 a22)x2.	 (18)

This is again to be maximized subject to the constraint (13). Assuming
the first expression in parentheses is positive, this will have the solution )

xi =r/a ll >0 	 x?= 0	 (19)

if and only if

a01 — a03a21 	 a02 — a03a22 .

all a12

For suitable values of the externality coefficients a03, a21, and a 22 , (17)
and (20) are clearly compatible. For example, setting a 01 =1, a02 = 2.3,

a03 = 0.2, a 11 = 1, a12 = 1, a21 = 2, a22 = 10 we have, in accord with (17),

1 = aol°1 < a-02 = 2.3
all	 a12

but, as called for by (20),

0.6 = a01 — a03 a21 > a02 — a03 a22 = 0.3 .

all	 a12

Thus, by (16) and (19), xf <xi , even though x 1 produces . an externality,
z, as shown by (14), andthat externality is detrimental, as shown by (12),
wrr event ough all the convexity conditions required for maximum ion
are satisfied, as is always true in a linear programming problem for which
ä solution exists. 18

Thus we have proved that modified Proposition Three does not neces-
sarily hold where more than one activity produces an externality, and the
same sort of argument shows readily that the proposition breaks down
where one activity produces an externality and another can be used to
suppress it.

A simple illustration, transportation by railroad and private automo-
bile, will show intuitively why this is so and will suggest that the problem
is very real and significant. It is well known that emissions of pollutants
per passenger mile by railroads are much smaller than those of autos. It
is clear then that Pareto optimality may call for a decrease in the use of
automobiles from the competitive level and some offsetting increase in

18 It should be fairly clear that the linearity of this counterexample is in no way essential
for the argument and that the only purpose of the linearity assumption is to provide a
very simple case of the phenomenon.

(20)
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the use of rails, despite the fact that railroad transportation is a polluting
activity. The world of reality is full of such cases in which we cannot elirn_
inate pollution but instead have to consider substituting more of a slightly
polluting activity for another that is highly damaging. 19

A similar problem arises where there are several different types of emis-
sions. For example, automobiles give off carbon monoxide, particulates,
lead aerosols, hydrocarbons, and a number of other deleterious pollu-
tants. But devices for the suppression of some of these emissions char-
acteristically contribute to others. 20 If these pollutants are not equally
harmful and their suppression is not equally costly, it is obvious that a
Pareto-optimal solution may actually call for an increase in the emission
of some pollutants that are themselves undesirable, but are less damaging
than others.

These illustrative cases suggest the subtle and complex character of
comprehensive policy analysis. As a further example, consider two emis-
sions, z 1 and z2, each of which does damage that is measurable in money
terms. Suppose a pound of z 1 does twice as much damage as a pound of
z 2 . It does not follow that z2 should be increased and z 1 diminished. If
suppression of z 2 is ten times as costly per unit as that of z t , then the re-
verse is more plausible, and suppression of both of them at a much greater
cost cannot be ruled out a priori. A reexamination of the issue indicates
that selection of the activity to be increased requires a delicate balancing
of their relative (marginal) valuation by consumers, the relative marginal
damage resulting from the emissions they produce, the relative costs of
the activities, of suppression of their emissions, and of substitute and
complementary activities and emissions.

As has been recognized by designers of emission control programs,
whether for waterways or for automobiles, the interdependencies involved
in such calculations easily get beyond the powers of unaided intuition or
the simple sort of advice that seems to follow from oposition Three.

7 Violations of Proposition Three resulting from nonconvexity

Next, we turn briefly to the sort of case in which (a modified) Proposition
Three may not hold even where only a single activity produces a single

' An example will also indicate why Proposition Three can be violated by an activity that
abates the effects of an externality. It is conceivable that an optimal change in the com-
petitive output of electricity requires both the production of more smoke suppression
equipment and the generation of more electricity.

20 For example, it is reported that a number of scientists have expressed concern over the
sulphates and "sulphuric acid mists" yielded by the catalysts planned for installation on
automobiles .ts a means to reduce the emissions of hydrocarbons and carbon monoxide.
See V. K. McFlheny, "Environmental Agency Is Divided over Car Pollution Control
Issue," The New York Times, October 15, 1973, p. 40.

Figure 7.2

pollutant. It involves a situation that will be discussed more carefully in
the next chapter: a case of multiple local maxima resulting from the vio-
lation of the usual convexity-concavity assumptions. The nature of the
problem in this case is almost self-evident. Where there are several max-
ima, even if the rule proposed by Proposition Three can be relied upon to
move the economy toward a local optimum, it may very well propel it
away from the global optimum.

Leaving the details for the following chapter, the problem can he illus-
trated with the box diagram in Figure 7.2. The activity of an electricity
producer generates smoke; it operates near a laundry industry and the
results are economically inefficient. We assume that there are two possi-
ble locations, A and B, in which industry can operate, so that laundry
and electricity output can be separated either by moving the former to
A and the latter to B or vice versa. In our diagram, the abscissa and ordi-
nate of any point, such as C, show the quantities of electricity and laun-
dry produced at location A. Assuming that whatever is not processed
here will be turned out at the other location, the outputs of electricity and
laundry at B are indicated analogously, taking point O* rather than 0 as
our origin. If smoke damage is sufficiently costly, there will be (at least)
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two possible arrangements that are desirable and so constitute local op-

tima: a) locating all (or most) of the laundries elsewhere without the el ec.
tricity producers reducing their smoke output at A (point E in the di a

-gram), or b) placing the electricity producers at B while the laundries
remain in operation at A (point L). Accordingly, the isowelfare loci in
the diagram are at their highest near points E and L, and are relativel y
low at points in the diagram, such as Q, representing simultaneous oper-
ation of both industries at A.

Suppose now that C is the competitive equilibrium point at which mar-
ginal private yields are zero. Then, as Proposition One tells us, and as we
would expect, society will benefit from a small decrease in the output of
the electricity industry at A, the generator of the external disservice; that
is, the move from C toward D moves society to a higher indifference
curve. We cannot tell from the diagram whether point E or L is the global
maximum, but suppose it is point E. Then the optimal output of elec-
tricity produced at A will in fact be greater than the market equilibrium
output, Ox`. This is precisely what we wanted to show: where the social
optimum is not unique and other things (the laundry output's location)
are not held equal, the competitive equilibrium output of an item that
generates an external disservice may, in fact, be less than its optimal level.

How such a case can arise is also easy to understand; it is a relative of
Coase's well-known example in which society benefits if electricity output
at A is curtailed, but, say, because cheap generating power is available at
A and not at B, it benefits even more if electricity output at A is increased
and laundry activity is simultaneously moved elsewhere.

8 Invalidity of Proposition Three if the initial point is
noncompetitive

It is now easy to indicate intuitively why Proposition Three, suitably
amended, does not hold for an initial point that is not a competitive equi-
librium.

Ret urning to Figure 7.1b, if our initial point is not a competitive equi-
librium, it need not correspond to a vertical point on an isowelfare bound-
ary, such as point C. Suppose, then, we begin at point E from which a
small rightward move is socially beneficial (presumably there is a local
beneficial externality). The diagram shows how the optimal point, M, can
nevertheless lie to the left of E. Moreover, without detailed knowledge
of the social welfare function and the social production set, information
which is not usually available, there is no way of realizing that a small
increase in x 1 , say from point E to F, is beneficial, but that once we get
to G and beyond, things begin to get worse. There is no iterative process
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whereby society can move in a sequence of steps always in a preferred

direction.
For an illustration of this difficulty, we can simply recall a problem we

posed in the preceding chapter. If we have a polluting monopolist, we
cannot be sure whether social welfare will be increased or decreased by a
reduction in his output below the profit-maximizing level. A fall in output
will presumably reduce the social costs his waste emissions impose, but

at the same time it will add to the welfare losses resulting from his failure
to extend production to the point where marginal cost equals price. The
net effect on social welfare depends upon the particular values of the vari-
ables in each case, and one simply cannot construct a dependable rule
of thumb about the direction in which the firm should be induced to move
to serve the interests of the community.

Conclusion: implications for policy recommendations

The upshot of all this seems fairly clear. Although the domain of validity
of Proposition Three may be somewhat greater than some people had
previously believed to be the case, it cannot be relied upon to hold in any
class of cases that is really relevant for policy. That is, there seem to be
few, if any, areas in which we can depend on the rule of thumb implied
by that proposition. The world confronts us with many difficult and com-
plex trade-off decisions, and there just seems to be no simple rule that
permits us to cut through them.



CHAPTER 8

Detrimental externalities and
nonconvexities in the production set

The preceding chapter showed that the conventional wisdom concerning
the direction in which to modify output in the presence of externalities is
likely, at least sometimes, to be misleading. The problem can arise when-
ever the relevant convexity conditions break down.

In this chapter, however, we will show that detrimental externalities of
sufficient strength will produce  a breakc own in cavity-convexity
conditions (the so-calle second-order conditions) usua y postulated for
a social maximum; so that instead of a unique optimum, society may have
the difficult task of choosing among a set, and, sometimes, a substan-
tial set of discrete local maxima. Indeed, in a system otherwise charac-
terized by constant returns everywhere (that is, a linear model), any det-
rimental externalities, however minor, can produce a nonconvexity. This
problem is no mere theoretical curiosity. We will see that it produces some
very real and difficult issues in the choice of policy.

Moreover, even in theory, prices and taxes cannot help with this matter.
Prices and taxes (which, in general, influence the first-order maximum
conditions) can affect the decisions of individuals and firms and thereby
determine the location of the economy in relation to its production-possi-
bility set. However, prices or taxes cannot change the shape of the possi-
bility set itself to transform it from a nonconvex into a convex regionor
that is essentially a technological matter. Moreover, as we will see Iater in
this chapter, in the presence of nonconvexities, these prices may also give
the wrong signals - directing the economy away from the social optimum.

It is not our objective here to review in any detail the difficulties caused
by nonconvexity. Some of these consequences have long been recognized
and are widely known.' However, until the recent appearance of papers

Our colleague, David F. Bradford, is a coauthor of this chapter, which draws heavily on
W. l3aumol and D. Bradford, "Detrimental Externalities and Non-Convexity of the Pro-
duction Set," Economica XXXIX (May, 1972), 160-76.
' l'igou, for example, commented that ". .. if several arrangements are possible, all of

which make the values of the marginal social net products equal, each of these arrange-
ments does, indeed, imply what may be called a relative maximum for the [national]
dividend; but only one of these maxima is the unequivocal, or absolute, maximum....
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by Starrett, Portes, Kolm, and Baumol, 2 it was apparently not recognized
that externalities themselves are a source of nonconvexitese more
recent writings suggest more than one connection between the two phe-
nomena. However, one particularly straightforward relationship seems
to have received little or no attention. With sufficiently strong interactive
effects, nonconvexity follows from the simple fact that if either of two ac-
tivities, one of which interferes with the other, is operated at zero level, no
hindrance is suffered.' The goal of this chapter is to explore this phenom-
enon and to show how it is that sufficiently severe detrimental externalities
and nonconvexity necessarily go together.

In the first three sections we show, with the aid both of illustrative ex-
amples and more general analysis, that detrimental externalities of suffi-
cient magnitude must always produce nonconvexity in the production
possibilityy set for two activities: one generating the externality and - one
affected by it. In the fourth section we show that the problem is reduced,
but not generally eliminated, by the possibility of spatial separation of
offender and offended. However, achievement of the "right" spatial sepa-
ration turns out not always to be a simple matter. Section 5 contains some
speculations about the way in which the number of local peaks in the
production-possibility function grows with the number of interacting ac-
tivities. In Section 6, we discuss the possibility of using Pigouvian taxes
to sustain desirable behavior and, in a concluding seventh section, we re-
view briefly the problems for social policy inherent in the sort of noncon-
vexity we have been analyzing.

It is not necessary that all positions of relative maximum should represent larger dividends
than all positions which are not maxima. On the contrary, a scheme of distribution ap-
proximating to that which yields the absolute maximum, but not itself fulfilling the con-
dition of equal marginal yields, would probably imply a larger dividend than most of the
schemes which do fulfill this condition and so constitute relative maxima of a minor char-
acter." The Economics of Welfare, London: Macmillan and Co., 1938 (4th ed.), p. 140.

2 See D. A. Starrett, "Fundamental Nonconvexities in the Theory of Externalities," Jour-
nal of Economic Theory 4 (April, 1972), 180-99; R. D. Portes, "The Search for Effi-
ciency in the Presence of Externalities," in Unfashionable Economics: Essays in Honor
of Lord Balogh, ed. Paul Streeten (London, Weidenfeld and Nicolson, 1970), pp. 348-61;
S. C. Kolm, "Les Non-Convexites d'Externalite," CRPREMAP Rapport No. 11, mimeo-
graph, 1971; and Baumol, "External Economies and Second-Order Optimality Condi-
tions," American Economic Review.

3 Note that this observation does not hold for externalities that Davis and Whinston (page
244) have termed "separable." Here, if industry l's output affects the costs of industry 2,
the latter's cost function would be of the form f(x2 )+g(x 1 ). This implies that g(x 1 ), the
ill effects of industry 1 upon industry 2, would remain unaffected even if 2 were to go out
of operation altogether! There is obviously no contradiction in such a premise, but it
would seem to cast doubt upon the widespread applicability of the separable-externalities
concept. See O. A. Davis and Andrew Whinston, "Externalities, Welfare, and the Theory
of Games," Journal of Political Economy LXX (June, 1962), 241-62.
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An appendix contains a formal demonstration of the workability of
Pigouvian taxes in this context. It is shown that, as long as indivir141
production sets are convex, all socially efficient output vectors can Sus-
tamed as a  sum of profit-maximizing output choices under taxes designed
to equate marginal social and private costs.

1 A simple model

Consider a two-output, one-input economy in which each output is pro-
duced by a single industry. To avoid compounding pr- öb ems We shall
assume that each industry has a convex technology in terms of its ow n
inputs and outputs. 4 However, the presence of detrimental externalities
means that increases in the output of one of the industries raise the other's
costs of production, which is to say, the amount of input required to pro-
duce any given output. What we wish to show is that, if this detrimental
externality is strong enough, then the social production set must be non-
convex. 5

For consistency with the general analysis in the appendix, let us begin
by carrying through this example following the practice of measuring in-
puts as negative outputs. As in the previous chapter, we consider an econ-
omy having three or more outputs that, for concreteness, we take to be
leisure, electricity, and laundry. The shaded region of Figure 8.1a shows
the production set (the set of attainable net output vectors) for the elec-
tricity industry, bounded by the ray OE. Figure 8.1b displays the produc-
tion set for the laundry industry under two alternative assumptions about
output in the electricity industry. The detrimental externality generated
by electricity means that, for a given input of labor to laundry, less laun-
dering will be produced when electricity output is positive than when it is
zero. Thus, in Figure 8.1b, OM, the ray serving as the laundry produc-
tion frontier when some positive level of electricity is produced must lie
below OL, the laundry frontier when no electricity is produced. To make
things easy to follow, we have assumed constant returns to scale for each

4 Thus, if rk is the quantity of input to industry k and yk is its output, and if (4, 4) and
(rk', yk * ) are two feasible input-output combinations (holding constant inputs and out-
puts in other sectors), then 0< a <1 implies that [ark+(1 —a)rk*, ay; +(1—a)yk*] is
also a feasible input-output combination. Convexity of a production set is sometimes re-
ferred to as generalized nonincreasing returns, which means that a convex technology
cannot exhibit increasing returns to scale and that it obeys the laws of diminishing mar-
ginal rates of substitution among factors and among outputs, and diminishing marginal
productivity of outputs by factors.

s In the notation of footnote 4, the social production set is the set of all vectors
(r,+r 2 , y i , y2 ), such that (r,, y t ) and (r2 , y2 ) are simultaneously feasible for their re-
spective industries.

Figure 8.1

of the industries taken alone; hence the straight-line boundaries. We will
now show that in this linear model any detrimental externality, however
weak, can undermine the convexity conditions.

Consider two social production vectors on frontiers OE and OL, vec-

tor A on OE ( - 8 leisure, 20 electricity, 0 laundry) and vector B on OL ( - 8
leisure, 0 electricity, 400 laundry). Obviously both of these are technically
feasible, as are (by constant returns to scale) the vectors A': (- 4,10, 0)
and B': ( - 4,0, 200), which are, respectively, halfway to the origin from

A and B. However, the vector V= (- 8, 10, 200), which is a convex com-

bination of A and B because V=A'+B'= 2A+1B, is not feasible tech-
nically. If we wish to give up 8 units of leisure altogether and insist on
10 units of electricity, requiring four of these units of leisure, the most we
can obtain is 100 units of laundry (point C). More generally, if L is the

amount of leisure devoted to the two outputs and a and b represent the

respective outputs of electricity and laundry, if L is devoted exclusively
to the one or the other, then the assignment of IL to each output must
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Figure 8.2

necessarily provide less than b/2 of laundry output if there is any detri-
mental externality present. Point B' is never attainable under these con-
ditions and nonconvexity must follow. Thus we have

Proposition One. In a linear model, any detrimental_ externality that
occurs only when there are nonzero levels of each of two activities must
produce a nonconvexity_ the social possibility set.

2 An alternative version of the nonconvexity argument

Another way of looking at the matter may be helpful to the intuition.
Figure 8.2 depicts an ordinary production-possibility frontier RAR' in
the absence of externalities. Dropping our earlier assumption of a con-
stant marginal rate of transformation between outputs, we take this curve
to bound the convex feasible region ORAR'. Let us, for expository con-
venience, introduce a parameter w measuring the strength of the exter-
nality. In terms of our example, w can be taken to measure the mean
addition to the resources cost of cleaning a given batch of laundry that
occurs when an added unit of electricity output causes smoke to increase.
By definition, then, along RAR', which corresponds to the absence of
external effects, the value of w (call it W a) is zero.
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Consider what happens to the production-possibility locus as the value
of w is increased. We will show that the position of the end points R
and R' will be totally unaffected, but all other points on the locus will be
shifted downward. Point R, where electricity production is zero, will be

unaffected by a rise in the value of w; whatever the social cost of smoke,
at that point there will be no increase in damage because, by assumption,
there is no smoke produced in the absence of any electricity output. Simi-
larly, the location of R', where laundry output is zero, is invariant with
w, because at that point no resources are devoted to laundry production,
and hence there can be no increase in the resources cost of laundry out-
put. There simply is no laundry to be damaged so that the electricity in-
dustry can smoke away without causing any harm to the only other out-
put in our model.

However, consider some intermediate level of electricity output, say
y; . Here an increase in w means that with a given amount of electricity
and a given quantity of resources, a smaller quantity of clean laundry can
be produced than before. Consequently, point A must shift downward to
some lower point, B, and the entire possibility locus becomes something
like RBR'. With further increases in the value of w, point A will be shifted
lower still. If, at some value of w, it is pulled below line segment RCR',
the possibility set becomes a nonconvex region, such as shaded region
ORDR'.

This must certainly happen if the individual industries exhibit constant
returns to scale, as in our example of the previous section, 6 so that the
production possibility frontier is a line segment like RCR'. For then any
downward shift in point C, with points R and R' stationary, must yield
a nonconvexity. Thus, in the nonlinear case, a detrimental externality will
produce a nonconvexity if it is sufficiently strong to offset the influence of
the diminishing marginal rate of transformation between the outputs in
question.

Even in the nonlinear case, if the external damage is sufficiently serious'
(that is, for sufficiently high values of w), A must lie below C. For it' the
marginal smoke output is so great and so noxious that no quantity of

6 Figure 8.2 can be connected directly to the interrelated individual production sets of
Figure 8.la and 8.lb. Points R and R', respectively, represent the social output vectors
(-8, 0, 400), that is, point B in Figure 8.1a, and (-8, 20, 0), that is, point A in Figure
8.1a. With constant returns to scale and a single input, the production frontier, in the
absence of externalities, must be the line segment RCR'. However, with electricity output
at y; =10 in Figure 8.2, the most laundry we can obtain in the presence of the externality
is HD = 100, not HC = 200.
Of course, even if A lies below C, the resulting nonconvexity need not lie in the interior
of curve RAR'. For example, the frontier may cut the vertical axis at some point R' that
lies below R, with a perfectly well behaved segment of the frontier connecting R' and R'.
This case certainly seems implausible.
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resources can get laundry as clean as it would be in the absence of smoke,
then A must fall all the way to the horizontal axis (point H). That is, in
the limit, the possibility locus then must consist simply of the axis seg..
ments ROR'.

The simplicity of the preceding argument may belie its generality and
rigor.' The point is that, with any pair of commodities at least one of
which interferes with the production of the other, there will be no such
interference if one or the other is not produced. On the other hand, if the
interference is sufficiently great, the maximal output of the activity suf-
fering the external damage will approach zero for any nonzero level of
output of the other and a nonconvexity in the feasible set is unavoidable.

Note that this argument holds for such a pair of commodities no matter
how many goods the economy produces; so that if there is a nonconvex-
ity in the production set for any pair of commodities, the full n-dimen-
sional production set in the n-commodity economy is also necessarily
nonconvex.

Thus, we have

Proposition Two. If it is sufficiently strong, a detrimental externality
that arises only when the level of each of two activities is nonzero must
produce a nonconvexity in the social production set.

3 A further illustration

Some readers may prefer to deal with a concrete algebraic example ex-
plicitly relating a measure of the degree of detrimental externality to the
"wrong" curvature of a production-possibility frontier of the type dis-
played in Figure 8.2. We therefore offer a case in which the separate pro-
duction sets of the two industries are strictly convex. Let y e be the out-
put of electricity and y, the output of laundry services, re and r1 be the
amounts of labor (negative leisure) used by them, and suppose

re= yp/ 2

r,= y1/ 2 + wyeyi•
 (1)

Sec Kohn, "Les Non-Convexities d'Externalite," CEPREMAP. For an alternative and
useful diagrammatic treatment of the nonconvexity issue, see J. R. Gould, "Total Condi-
ti;ms in the Analysis of External Effects," Economic Journal LXXXVII (September,
1977), $S8-64. In addition, where victims engage in defensive activities, the interaction
hetwren these defensive activities and abatement measures by the generator of the ex-
trrn.ilit y may be a further source of nonconvexities. On this, see Hirofumi Shibata and
J. Strsen Winrich, "Control of Pollution When the Offended Defend Themselves,"Eco-
,r,,„ rmra 1, (November, 1983), 425-37; and W. Oates, "The Regulation of Externalities:
I nicient Behavior by Sources and Victims," Public Finance XXXVIII (No. 3, 1983),
362-73.

Thus each industry separately is subject to strictly diminishing returns
to scale in terms of its own input. The coefficient w now ntcasttres the

strength of the effect of electricity_output on laundry costs; I lse cited is

etri_ fw> a tota of r units o f labor is available for the two
acti es, we can write the implicit equation for the laundry-electricity
possibility frontier as = r^ t «

w
r= ye/2+WYey,+y,/2, 	 y - ti ^ . re -

ye o, yi'= O. 	 (2)

We can deal with any such differentiable possibility locus in an obvious
manner, calculating its second derivative and showing generally that when
the exfernalif-y parameter, w, becomes sufficiently large, that derivative
must take positive values. The present illustration, however, permits us
to show this result more directly. If w = 0 (no externality), (2) describes
a quarter circle in a (ye , Y,) coordinate system. This boundary obviously
has the "right" curvature. For small positive w, the boundary continues
to be concave to the origin. However, when w = 1, (2) b ecomes the equa-
tion of a straight line [(ye +y,) 2 = 2rj, and, for larger values of w, non-
convexity of the production set occurs. ✓'

the  p	  exampel the boundary between convexity and noncon-
vexity happens to involve a value of w, that is, w = 1, that is independent
of the magnitudes of the outputs and that can, perhaps, be considered
fairly large. More generally, however, _ the appearance of the nonconvexity
will depend both on the magnitude of the externality parameter s and on
the values of ye and y,. For example, suppose in the preceding illustra-
fi ii a leave the electricity-cost function unchanged but make the laun-
dry resource requirement function

rt=y1+ WYe YI.
Then the production-possibility locus is given by

r=re+r1

A straightforward but tedious calculation of the second derivative
shows that  troduction set wil a convex if and only if

3._ W212LwVe <

Clearly, for w or ye or y, sufficiently large, this requirement will not be
satisfied. In this illustrative example, the maximum feasible values of y,
occur in the vicinity of ye = O. Here we have y, = r the total daunt it y of
resource available, and it is not difficult to imagine values of w and r that

9 See Appendix A, which also presents a more general version of the utguntwnts for tho
three-output production possibility locus using the differential calculus.

It
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will violate the preceding convexity requirement. If r is very large, say
on the order of thousands or millions of units, even a very small value
of the externality parameter, w, will violate the second-order conditions.
For example, if r= 10,000,  then any w > 0.01 will have this effect.

4 Spatial separation as a palliative 10

A lower bound to the degree of nonconvexity in the social production set
arising from detrimental externalities is provided by the possibility of
separating the generators and their victims geographically, for instance,
by moving the laundries from the vicinity of the electricity producers or
vice versa. This is illustrated by the following example:

Assume once more that we have two outputs, this time call them 1 and 2,
and that these can be produced at either of two locations, a and b, with
respective output levels, yi a , ye a , ytb, and y2b . To begin with, we take all
substitution relationships in the absence of externalities to be perfectly
linear. Let us assume that, were there no externalities, it would pay to pro-
duce both items at the same location, say A. In Figure 8.3, line segment

10 For a very careful analysis of the location issue, see T. C. Koopmans and M. Beckmann,
"Assignment Problems and the Location of Economic Activities," Econometrica XXV
(January, 1957), 53-76.

ST represents the production-possibility locus for our two items when
external damage is zero and both are manufactured at the more econom-
ical location, A. SD represents the more restricted set of output levels"
that remains possible if y 2 were still produced at A but the production of

y i were moved to B. Because B is assumed to be a less suitable site, all of

SD must lie below ST, with the exception of endpoint S, which corre-

sponds to production of y 2 alone, which, by hypothesis, still occurs at

A. Similarly, line segment CT represents the production possibilities when

manufacture of y 2 is moved to B and that of y i takes place at A.
Now suppose that externalities generated by the production of y i at A

grow serious, so that the locus corresponding to manufacture of both
items at A shifts from the line segment ST to the convex locus SI/117 by
the process described in the discussion of Figure 8.2. Then, if society
wishes to produce, say, quantity y, of item 1, it can only obtain .v; K'

of y2 if both goods continue to be produced at A. However, by separat-
ing the two production processes, shifting the manufacture of' item 2 to
site B, the community can increase its output of' commodity 2 to vi A'.

Obviously then, if we take into account the possibility of %pati.tl sep-

aration of output processes, the production-possibility louts beeoines
SJUWKT. Innoeventsan.externalities force t his locus to rctrrat i It'ser
to the origin than SVT. However, even here, the feasible t (Tim,  t )" I !'

cannot be convex, because the boundary point I" 	 he behi%s ihr line
ST Figures 8 	 aril-8.4b generalize the argument of l.iguie 8.3 to the

" This shrinking of the possibility set takes into account any resources that must be de-
voted to transportation as a result of the separation of activities.
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case of nonlinear substitution relationships in which it is no longer ne Ces-
sarily true that one location, A, is the best place for both outputs. Onc

eagain, ST is the possibility locus in the absence of externalities. The tw
o

possibility curves corresponding to the two ways of separating the two
outputs geographically are PR and CD. These two curves need no long
have even a point in common with ST because along ST some of one..or
bat items may now be produced at B as well as at A. Nor, as Figure 8.4b
shows, need PR and CD intersect. They will limit the extent to which ex-
ternalities can pull the possibility locus toward the origin, but they can-
not prevent the appearance of a nonconvexity in the feasible region, as
Figures 8.4a and 8.4b indicate. For suppose externalities transform the
locus ST, along which the activities are not separated, into the curve SJT.
The true possibility locus will now be SWVUT, yielding a feasible region
OSWVUT (shaded areas) that is nonconvex.

In sum, these figures illustrate

Proposition Three. Sufficiently severe externalities make locational spe..?
cialization economical. Separation limits the magnitudes of the noncon-
vexities resulting from externalities but does not prevent them.

The figures also bring out a disconcerting possibility.

Proposition Four. The location pattern that will be optimal socially
may vary with the proportions among the various outputs that is desired,
by the community.

Thus, in Figure 8.4a, with fairly strong externalities the production
possibility function is SWVUT. For output combinations along segment
WV, all of y 2 is produced at A, all yi at B. Along segment VU, the spe-
cialization is reversed. The danger of an incorrect choice  by planners in
this context appears clear, particularly because in this area it may be very
difficult and costly to undo an incorrect decision or one that was appro-
priate at the time it was made but no longer is.

5 The two-location case: an alternative graphing

A somewhat different graphic representation of the two-location case from
t hat in the preceding section may help to show how nonconvexities arise
when geographic separation is possible, and will tie the discussion back
to a topic discussed at the end of the previous chapter (Figure 7.5 of
Chapter 7).

Suppose, once more, that there are two locations, A and B, and that
it is proposed to establish at one or both of these two places two activi-
ties, at least one of which yields externalities detrimental to the other.
We also still suppose that these are the only activities (other than leisure)
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under consideration, with yra and ylb representing the quantities of the
first item produced at the two locations, and Y2a and y2b, the correspond-
ing outputs of the other. To avoid any problems about variation in to-
tal outputs resulting from the differing effects of externalities when geo-
graphic patterns vary, let us assume that the investment plan calls for

a fixed proportion between t ie total outputs of the two commodities,
ytb v2a+y26): This leaves  us, essentially, with two deg' yes of lice:

(yla
döm v l = yta/(yta+YiD, and v2= y ea /(y2 a +y2b), the: respective _pro-
p rions of the two outputs produced at location /1. -

This formulation permits us to utilize a box diagram to describe the

effect of the ext,e rnalities (Fi ure 8.5a). Along the two axes, we l el -i resent

the values of vt and v2 , where clearly 0 s v 1 is 1 and 0 <_ v 2 <_ 1. Point E in
the diagram with coordinates (1, 1) represents the case where both out-
puts are concentrated at location A and, similarly, the origin is the case
where all activity takes place at B. The two other corners, C and D, are
the arrangements under which the two activities are completely separated.

Now, if the externality were completely negligible or innocuous, a plau-
sible social welfare function might very well have an interior maximum,
as shown by the isoproduct curves in Figure 8.5a at point K. For example,
having laundries next to electricity-generating plants will save on trans-
mission costs, and having some of each type of plant at each location will
avoid congestion costs and, perhaps, reduce the transportation costs of
serving local customers. Depending on the geographic features of the two
locations, the optimal scale of activity at the two locations will vary. _In
Figure 8.5a, the optimal solution point K involves the location of about
two-thirds of each activity at 4.

Now consider the opposite case, in which the emissions of one activity
substantially reduce the efficiency of the other. In that case, when the
emission cost becomes sufficiently great, total output will be maximized
by separating the two activities completely. There will now be (at least)
two local maxima. One of them will be point C, with all of output 2 lo-
cated at A and all of item 1 production at B. The other local maximum
will be D, where the locations are simply reversed. Figure 8.5h illustrates
the isoprofit curves in such a case. Here 0 and E are both local minima,
and the arrows indicate directions of' increasing welfare. It is clear also
that there can be intermediate cases when the social cost of (h r exte i rr:rlity
is more moderate, with the result that there exists some ulterior local
maximum M, as well as the two corner maxima, ( • anti /> (I i ■ , I x s ∎ ).

The important point is that these sorts of . .er
one activity interferes with the efficiency of anot het , so t hat their Belmar a
tion can increase the efficiency of resource utilization. III 111  tills I 
a multiplicity of maxima is in the nature of things. It is liIaus►hIe that the
social welfare function will exhibit at least two local maximal values cal'



122 	 On the theory of externalities

0

U
f6

0
V, ( fraction of electricity output at A) 1

(a)

V2

0

ww111PAN

V,

(b)

V2

0
V,

(c)

Figure 8.5

(Yia , Yib , Y2a , Y2b) occurring at (y;a , 0, 0, Y2 b) and (0, y;b, yia, 0), (that
is, at the solution points in which the two activities are carried on at dif-
ferent locations).

To return briefly to the subject matter of the preceding chapter, the dia-
grams indicate once again that, in the presence of a multiplicj 	 local
maxima resulting from 	 ^--_nonconvexity of the possibilit set, the market-.. _ 	 _._._. det ermined output of an activity that generates detrimental externalities
may be below its optimal level, contrary to the impression that seems to
be so widely held. For suppose (Figure 8.5b) that the social optimum is

point D (all of y t produced at A, all of y2 at B). With electricity output
at A yielding harmful externalities, point P is a possible competitive equi-
librium point. For with the indifference curve at P vertical, a small shift

in laundry_o ut 011nnot change söctal welfare, but a small shift in clec-
triclyoutput from location A to B will increase social welfare (MSC of
e ectricity greater than MPC - marginal private cost). Yet the socially
optimal  proportion of total output of electricity to be produced at A, as
indicated by point D, is greater than it is at P, as was to be shown. The
point, of course, is the well-know.n.observation that, with a multiplicity
0 oca maxima, a route that takes one.._uphill-may, in fact,.lead away
fromTe highest point in the graph.

6 Generalization to n activities

The arguments of the preceding sections have dealt with a world in which
(including leisure) there are only three "activities." However, as was al-
ready indicated, generalization of the argument to a world of n activities
is immediate. 12 In a world of n outputs, convexity can be guaranteed only
if each of the partial possibility loci representing substitution between a
pair``ö m^m d ies is concave. Any single exception, like that in Figure
8.2, means that at least two local maxima become possible. Thus, the
analysis holds whether the economy encompasses two outputs or n.

There is, however, one aspect of the matter that does require explicit
analysis in terms of n commodities. One may well ask whether and to
what extent the number of local maxima is likely to grow as the number
,of  activities in an economy increases. Here we can oeiff—anly a few ob-
servations about some polar cases, none of them rigorous. They suggest,
however, that in at least some cases the number of local maxima may
grow very rapidly with the number of activities involved.

First, however, we deal with a case in which a proliferation of activities
does not necessarily increase the number of local maxima.

Polar case a: If one activity imposes external costs on m other
activities, even if the detrimental effects are very great, no more than t wo
local maxima need result, 13 and

12 Our discussion has also confined itself only to detrimental externalities. In principle, the
presence of external benefits can also produce a multiplicity of local maxima, but here it
is not so clear that the problem is likely to be serious. On this see Baumol, "External
Economies and Second-Order Optimality Conditions," pp. 366-67.

" This does not preclude the possibility that there will be more than two maxima if the
relevant functions violate the -appropriate concavity-convexity conditions in the at,wi ice
of externalities. Even where the maximum would otherwise be unique, externalities that
are of intermediate strength may lead to three (or more) local maxima, characteristically
two corner maxima produced by the externalities, and one interior maximum, a vestige

il
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' Polar case b.:t A similar result holds when n activities each impose!
external benefits on one other activity. These results are suggested by Fig-
ure 8.6a, in which the smoke from electricity production is taken to in-
crease laundry cost and make it more expensive to produce deterioration-
resistant masonry. The production locus will then tend toward the form
indicated (surface ABC). Because laundry and masonry activity impose
no adverse external effects upon one another, their production-possibility
locus can be assumed to have the normal shape (concave to the origin)
ill ust rated by curve CB. However, for the reasons indicated in the discus-
sion of Figure 8.2, if smoke damage is sufficiently serious, the other two
partial loci will have shapes like those of AC and AB. We may then ex-
pect two local maxima, one at A and perhaps another at a point such as
M. The interpretation _of. Figure S.6b is exactly the same and we merely
pause to draw the reader's attention to the remarkable similarity of the
diagrct►rr for the two-victim, one-polluter case with that for one victim
and t polluters.

Footnote 13 (cont.)
of the unique maximum that would occur in the absence of externalities. An illustration
occur~ in l.ig►rre 8.5c. Complications such as these and the possibility of irregularities in
the relevant hypersurfaces probably limit the profitability of a more rigorous discussion
of the subject of this section.
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Next, we come to cases involving more complex patterns of interde-
pendence and show that here the number of local maxima may indeed
increase rapidly with the number of activities involved. We have

Polar case c: If each of n activities produces and suffers from

very strong mutually detrimental externalities and spatial separation is
not possible, some n local optima can be expected.

The reason is that, in the limit, as external damage becomes sufficiently
great, it will be optimal (indeed, it will only be possible) to carry on just
one of the n activities because the externalities resulting from any one
activity effectively prevents the operation of any other. Clearly, there are
exactly n possible choices of the activity to be continued. But each such
solution, y i > 0, all yi, = 0 for i i' is a local maximum in the sense that it

Y p g ater than is possible if we attempt to
set some y 

u 0
-WIMT yf 0'TIence, w_.we do indeed have n local maxima,

.yi> 0, yi'= 0, 1= 1,..., n. '-
If matters are not quite so serious, so that only a smaller number, k, of

activities need be discontinued, it may be conjectured, somewhat surpris-
ingly, that the number of local maxima actually will increase to the order
of magnitude of the number of combinations of n activities chosen k at
a time.
Finally, we deal with the possibility of spatial separation that, rather
out of line with its role in our earlier discussion as a bound to the degree
of nonconvexity, seems to increase the growth in number of maxima with
the number of activities involved. We have

Polar case d: If there are n activities, each of which produces
and suffers from externalities, and there are just n discrete locations into It
which they can be separated, then, if the externalities are sufficiently se-
vere, we can expect at least n! local maxima. Note that we have n candi-
dates for the first location and, for each such choice, there remain n — 1
candidates for the second location, then n- 2 candidates for the third, and
so on; this implies that there are altogether n! different ways of achieving
the desired isolation.

In practice, in some respects, this probably exaggerates the number of
possibilities; in other ways, it understates them. "There really is no fixed
finite num er1—discrete locations, and so one will normally have more
than n geograpllif .. iie in which to locate n activities. l f t hat is the ► ight
way of looking at the matter, it is clear that the number of local rir,rsima
(that is, the number of ways of isolating each activity) will exceed ei! . On
the other hand, airborne pollution is known to travel over (1101 111011s dis-
tances. In that sense, we may have -nö hiding place fr0nr one ar►otlrer'x
emissions. We may then find ourselves back at the one-location ease with
its smaller number of local maxima but its higher levels of social damage.

>.
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7 Convexity in social and individual firms' possibility sets

In one respect the externality-induced nonconvexity poses a less-serious
problem for social control than one might expect, for, as all of our exam..
pies indicate (see, notably, Figure 8.1)

Proposition Five. Noncö exities in the social product ion-possibilit
set arising from detrimental externalities are entirely compatible with con
vexity in the sets over which individual producers make their choices.

This has an important theoretical consequence,

Proposition Six. Despite the presence of nonconvexities in the social
production-possibility set as a result of detrimental externalities, it is pos
sible through the use of prices and taxes alone to induce any individua
firm to choose any designated point on its production-possibility frontier,
We can thus use these devices to sustain any designated point on the social
possibility frontier, despite its "incorrect" curvature. 5

This may be contrasted, for example, with the case 5f nonconvexity
due to increasing returns to the scale of individual producers' produc-
tion. There, if every firm's average costs decline continually with scale
over some substantial range, a competitive producer confronted by a fixed
price will either turn out zero output or some large quantity of output.
Output combinations calling for intermediate levels of production of the
good in question cannot be attained with the aid of the price mechanism
alone. 14 But the nonconvexities with which..we-.are now concerned affect
only the social possibility set, and so they are perfectly consistent with
the possibility that a producer can be induced to turn out any interme-
diate quantity of output by an appropriate choice of prices.

The general principle may be illustrated with the example of Section 3,
involving two producers using their input fully, with input cost functions
( 1). I f a fixed total quantity of the input is used, any pair of output choices
by the two producers will be on the production-possibility frontier. It
need, then, only be demonstrated that any attainable (ye , yt) combina-
tion will be chosen by them at some specifiable set of prices. Let the
prices Pe for electricity (ye) and pt for laundry (y 1 ) be chosen and let

Note, however, that intermediate output levels for the competitive industry are perfectly
possible in these circumstances. In an industry producing two outputs, y, and y2 , if each
to m's possibility set is nonconvex some firms will specialize in the production of y i and
others will now produce only y2 . See Jerome Rothenberg, "Non-convexity, Aggrega-
tion and Pareto Optimality," Journal of Political Economy LXVIII (October, 1960),
pp. 435-58, and see E. Malinvaud, Lectures on Microeconomic Theory (Amsterdam:
North-1 Tolland Publishing Co., 1972), Chapter 7 for a more general discussion of non-
convexities in the large numbers case.
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labor be given a price of unity. The profit functions of the two firms are
then given, in accord with (1), by

^e = Pe Ye — Ye/ 2

^l = PI Yt — Yi/2 — wyeYl.

With the individual production sets being strictly convex in each firm's

"o-Ti n ion vana e, the profit functions are strictly concave in its
own varia es. That is, the second derivatives of both profit functions are
negative. Specifically,

8 2„, a 2 7 ,
1.

aye ay;
Hence, the first-order conditions are sufficient, as well as necessary, for

profit maximization by the individual firms. These first-order conditions
are obtained directly by differentiation of (3) to yield

Ye=Pe t/'

WYe+Yt =PI- L
Equations (4) are obviously invertible, which means that any desired pair
of outputs (ye , yt ) can be obtained as a solution to (4) for some combina-
tion of prices. Thus despite the fact that, as shown in Section 3, for w > 1,
(that is, for externalities sufficiently strong), this set of functions yields a
nonconvex social possibility set, there is a uniq pit of prices that in-
duces the firms to produce any efficient output vector (ye, y,) that is de-
sired. This simple counterexample is in fact sufficient to prove our point
here; that is, that nonconvexities in the social possibility set result ing from
externalities need not result in nonconvexities in the private possibility
sets and so may not prevent the price system from yielding any predetet
mined efficient vector of outputs.

Having dealt with the position of the firm in our world with a noncon-
vex social possibility region, we must next bring consumers into the pic-
ture. In Figure 8.7b, let II be a social-indifference curve, so constructed
that along it social welfare is constant and that its slope at any point
equals the common slope of all consumers' indifference curves at the cor-
responding distribution of the two goods.'s A social welfare maximum
involving positive outputs of the two goods must be characterized by
tangency of a social-indifference curve with the production-possibility
frontier, as at point T in Figure 8.7b. As we have just suggested, so long

'S See P. A. Samuelson, "Social Indifference Curves," Quarterly Journal of l.conuntles

LXX (February, 1956), 1-22 or W. J. Baumol, Welfare Economics and the Theory of

the State (2nd ed.), (Cambridge, Mass.: Harvard University Press, 1965); Chaplet 3,
Section 9, and Appendix.

(3)

(4)



^!Ip^^I!I ., .^^f '..'FNO ,,^:^p i ^ 	 i ivnm i
I,,

129128	 On the theory of externalities

Y2
R

0
(b)

R

R' y 1

Figure 8.7

as the only source of nonconvexity is the presence of detrimental exter-
nalities, such a point can be sustained as a tax-adjusted competitive equi-
librium, in which producers are maximizing profits and individuals are
maximizing their utilities in the small and in the large.

With this observation we are now in a position to offer some com-
ments on the consequences of externality-induced nonconvexities for so-
cial welfare.

8 Who needs convexity?

It has long been recognized that the absence of convexity creates prob-
lems for pub 'c po icy. 16 However, aside from the fact that earlier writers
generally did not see that the externalities themselves tend to produce the

16 See, for example, the quotation from Pigou at the beginning of this chapter.
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nonconvexities that are the source of the problem, they may not have
recognized the full extent of the complexity that besets the policy prob-
lem here both in theory and in practice.

Where the appropriate concavity-convexity assumptions arc sat isfied,
it will be recalled that everything works out nicely in the competitive cqui_.
librium case:

There will be a set of prices that determine an optimal budget,
line (hyperplaneJ. In the differentiable case with an interioi max-
imum, this budget line will simultaneously be tangent to the pro-
duction-possibility locus and to a community-indifference curve
at the optimal point. More generally, the budget hyperplane will
constitute a separating hyperplane for the possibility set and the
preference set at that point.

b) At that optimal point and at those prices, all consumers and all
producers will be in equilibrium.
The value of total output at the optimal prices will be maximized
at the optimal point. That is, the budget line described in a) will
be the highest of the family of parallel budget lines that has any
point in common with the production-possibility set. It is this
property, the fact that maximization of value of output coincides
with maximization of social welfare, that permits us to infer the
Pareto optimality of the competitive equilibrium.

With the nonconvexities introduced by externalities, the preceding prop-
erties run into complications that increase, at least in principle, the prob-
lem of formulating rules capable of leading the economy to an optimal
solution.

For simplicity in the following discussion we will assume that the pro-
duction-possibility curve is strictly convex (that is, that the possibility set
has the simple smooth upper boundary RR' illustrated in Figure 8.7a).
The reader can consider for himself the additional complexities that arise
where this locus takes on a more irregular shape involving both concave
and convex ranges.

As we can see in Figure 8.7a, with such a possibility set, no interior
point on the possibility locus can be a point of maximum value at any
positive output prices. Let the set of parallel lines labelled P t,, P I , ... he
members of the family of price lines. Then it is clear that the point of
tangency, T, between such a price line and the possibility locus must he
a point of minimum output value, given production efficiency (that is,
P0 must be the lowest price line along RR'). At any other inlet for point
on RR', such as A, obviously the output value will not he a ma sin min
either. Only at R and at R' will weTiaVe two local value Inasuna. Which
of these is the global maximum depends on the prices in question.

(c)

a)

c)



However, in this case it is not true that the social optimum must lie at
one of the corner points. Figure 8.7b shows a well-behaved interior opti-
mum at T, the point of tangency of the possibility locus RR' and the .̂  ĉ rPd ^'
social-indifference curve II. All that is required is that the curvature of
the indifference curve be greater than that of the possibility locus. Here,
then, the social-optimum point  obviously cannot be a point of maximu&
output value, because it does not lie on the highest price line passing
through the possibility set.

Moreover, even irffie social optimum occurs at a corner (Point R in
Figure 8.7c), t is sti nee no e e g o al value maximum. Thus, we
observe inFigure 8.7c that if we use the prices corresporidmgo price line
P0 tangent to the community indifferent curve Io at the social optimum,
then it is price-line PU R' through point R' that gives the maximum v_ alu_ e
of output._-.

We conclude

Proposition Seven. With nonconvexity of the possibility set, the soci
optimum may or may not lie at a corner, but if the possibility frontier  i
convex (to the origin) throughout, there will be a local point of maximu
output value at every corner of the possibility frontier (and nowhere else)
In neither case need the social  optimum and the value maximum coin-
cide, as they would in the case where the usual convexity assumptions
hold.

As a final curiosity, in Figure 8.7d we see a point of tangency, S, which
is a point of minimum social welfare and, yet, which, after the imposi-
tion of Pigouvian taxes," is a possible point of competitive equilibrium!
After all, we assume that individual consumer and producer relationships
have the convexity properties required by the second-order conditions.
But at S, the first-order conditions for consumer and aroducer equilib-
rium must be satisfied, as we have„ just seen. Hence S now becomes a
competitive equilibrium point.'$

One must keep in mind that in the competitive equilibrium under discussion here, Pi-
gouvian taxes and subsidies have been imposed in order to induce consumers and pro-
ducers to make their decisions in accord with the correct marginal rates of substitution
and transformation. This point is important because our discussion is intended to show
t hat, even after proper corrective taxes have been imposed, the nonconvexities problems
remain.
Whether S will be a point of stable equilibrium is not entirely clear. It depends in part
whether Pigouvian tax-subsidy levels are adjusted when the economy leaves point S. It
is our conjecture that if these tax values are not changed, with a suitable set of adjust-
ment relationships S need not be unstable, but if taxes are varied continuously so that
they are always equal to marginal social damage then S will generally be unstable. Thus,
with a sufficiently sensitive taxing scheme we should at least be able to prevent the econ-
omy from settling at a welfare minimum point, such as S.
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Note also that even if the point of tangency is like T in Figure 8.7b, it
may only represent a local maximum. Thus, in Figure 8.7d, point _W is
such a tangency point, but any position on RR' to the left of V is better
than  And this is possible even when the social-indifference curves are 
entirely well-behaved.

9	 Conclusion: the policy relevance of externality-induced
nonconvexities

In sum, we can no longer utilize the familiar proof of the optimality of
competitive equilibrium that depends upon convexity in the set of attain-
able output combinations to show that the actual output point attained .
as an equilibrium, in this case with appropriate corrective taxes (that is,
taxes forcing producers to take externalities into account), must maxi-
mize the value of output at efficiency prices that are also market-clearing.
Now that other attainable points may be more valuable at current prices,
the equilibrium need no longer be Pareto optimal. Prices no longer can
be depended upon to give the right signals. They do not tell us whether
we are at a welfare maximum or minimum, whether a maximum is local '
or global, or in which direction the economy should move to secure an
increase in welfare.

In short, in a world in which detrimental externalities are sufficiently
severe to cause nonconvexities, efficiency prices are robbed of much of
their normative usefulness. Although it remains true that an equilibrium
that maximizes the value of output over all feasible outputs is Pareto op-
timal (this is assured by the convexity of preferences), it is no longer true
that the availability of outputs that are more valuable (at current equi-
librium prices) means that the current output is not Pareto optimal. Thus,
in Figure 8.7b, point T is obviously the optimal output, but the most
valuable output combination must lie either at R or R'. Notice that this
problem arises even where the more valuable outputs can be obtained by
infinitesimal (marginal) adjustments. More generally, even if we know
the entire set of feasible output points, equilibrium prices tell us nothing
about the Pareto optimality of current output or the direction in which
to seek improvement. Although tax instruments may still be of some help
in guiding the economy, as later chapters will suggest, the choice of t he
equilibrium point at which it is desired to have the economy settle must
somehow be made collectively, rather than by automatic market processes.

Appendix A: Analytic representation: nonconvexities in the
possibility locus with three activities

In Section 3, we presented a concrete illustration of a possibility locus to
show explicitly how externalities can produce nonconvexities in such a
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case. This appendix generalizes the argument of Section 3 using some ele-
mentary differential calculus and derives explicitly the numerical results
reported at the end of Section 3.

We again consider a three-activity economy that provides electricity
(industry e), laundry (industry 1), and leisure (unused labor). We have
well-defined production functions for the two industries. From the two
production functions, we deduce the shape of the production-possibility
locus and see how it responds to changes in the coefficient of the exter-
nalities term. Both activities are taken to use the same resource, labor, as
their only input. The greater the quantity of electricity generated, the
more labor it takes the laundries to get a given wash to an acceptable
level of cleanliness; that is all there is to the externality.

Proceeding first in general terms, we have as our resources-demand
functions for the two industries

re=c e (Ye)	 rl=c l(Ye,YI)	 (1)

where rk = the quantity of input used by industry k and
yk = the output of that industry.

Then, the equation of the production-possibility locus corresponding to
the utilization of some fixed quantity, r, of the labor resource is clearly

r= c e(ye)+c l(ye, yl).	 (2)

From this, we derive immediately [letting ce represent dce(ye)/dye , and
so on]

(Ce+ce)dye + cjdy,= 0.

Because increased outputs presumably require increased quantities of in-
puts and because we are considering a detrimental externality, we must
have

ce > O	 c/>0 	 cel > 0.	 (3)

Consequently,

d'yl = — Ce + C
e <0.

dye 	 ci
We assume that there are diminishing private returns (increasing costs)

to each output, so that

c e >0	 c/J> 0 . 	 (5)

From (4), we obtain directly

2
	

(4e+ Cee+ Cell dYl )c/— C/e +C^1  dyl (Ce+ CI)
d YI  	dYe	 dye 
dye	 (C!) 2

(Ce + c 1 )2
— (Cee +Cee) Ci T(Ce i1 Cle)(Ce + Ce)—C!l  e i

 e 

cJ

(ci )2
	. 	 (6)

If there were no externalities, so that eel = Ce J = Cle = Cee = 0, then (6) would
be ambiguously negative by (3) and (5) because its numerator would re-
duce simply to — cee cl — c/,(CQ)2/cl. Thus, the production-possibility locus
would have a negative slope by (4) and be concave by (6), as the second-
order conditions require. However, with detrimental "cross-marginal" ex-
ternalities (increasing marginal laundry cost with an incremental rise in
smoky electricity output), we may expect ce 1 = c/e > 0, and the sign of
(6) is no longer clear. The externality term (Cell + C/e ) (Ce + eel ) is positive.
Hence, if it is sufficiently large relative to the other terms, it must give
(6) a positive value, thus violating the concavity condition.

Specifically, utilizing the second illustrative example of Section 3, we
have

re = Ce(ye) = ye/2 (electricity cost function) and

ri = C'(ye , y,) = y,+wye Y J (laundry cost function),

so that by direct differentiation we obtain

Ce — Ye
e— 	 Cel = Wy!

	 4 = 1 +wye
e 	

eee = 0
 

Cei = C1e —— Wcee = 1

Thus, substituting into (6) we obtain directly

d 2y, _ — (1+ wye)+( 2 W)(Ye +wyl) _ wye + 2 W 2Y1 - 1 
dye	 (l+wye)2	 (1+ wye)2

which will clearly be negative if, and only if, 2w 2y,+ Wye < 1, as asserted
in the text. That is, for w (or y e or y J ) sufficiently large, the production-
possibility set cannot be convex.

Appendix B: A formal model of external effects and
corrective taxes

by David F. Bradford

This appendix is intended to show that, when every individual producer's
choice set is convex, any socially efficient net output vector can be sustained

(4)

/c J , = 0.
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by profit-maximizing production with externality-offsetting taxes, as as-
serted in Section 7. For this purpose, we first offer a formalization of our
definition of detrimental externalities of the sort discussed above. Armed
with this definition, we show that social efficiency requires individual effi-
ciency when external effects are all detrimental. A producer's net output
vector (including negative entries for inputs) can be said to be "individually
efficient" if no dominating net output vector is available to him without
changing some other producer's net output choice. From this, we go on to
derive our result about the sustainability of socially efficient output vectors.

Let y k = (Ylk , •••,Ynk) be the net output vector of the kth producer,
where negative entries represent net inputs. We assume that y   is chosen
from a feasible set Y k. For the usual reasons, 19 we assume that Yk always
includes the origin and the negative orthant of Euclidian n-space (free dis-
posal), and that Yk has no elements other than the origin in the nonnega-
tive orthant (no outputs without inputs).

The size and shape of Yk depend on the net output choices of other pro-
ducers. Let Y stand for the matrix of net output choices of the m producers
in the economy, whose (i, k)th element, yik, is the net output of commod-
ity i by producer k. We shall represent the dependence of Yk, the feasible
set for k on the choices of other producers, as a functional relationship,
mapping Y into subsets of n-space, and denote this relationship by Yk =
Yk( Y). Thus Y k(Y) is defined as the set
We shall say that these relationships embody detrimental external effects
if for any two different producers, k and k'

X> 1 Yk (... Xy ik ...) C Yk
,(Y)

where (... Xy ik ...) denotes the matrix obtained from Y by replacing y ik

by Xy ik . This definition implies that every producer tends to hurt every
(strictly, "at best doesn't help any") other producer by increasing the in-
tensity of any of his own net outputs or net inputs. Obviously, a defini-
tion of beneficial external effects would be obtained by reversing the set-
inclusion sign in this definition. The definition can also be made to apply
specifically to a particular element, y ik, so that variables can be taken to
exhibit either detrimental or beneficial external effects. We confine our
attention to relationships involving only detrimental externalities, which,
by the definition, include the case of zero externality.

a Requirements of socially efficient production

Under this definition, it follows trivially that socially efficient production
(total net output of some one item maximized for any set of given totals

19 See, for example, J. Quirk and R. Saposnik, Introduction to General Equilibrium Theory
and Welfare Economics (New York: McGraw-Hill, 1968).
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of the other net outputs) requires efficiency on the part of every individual
producer. For, if a producer has chosen an individually inefficient net
output vector, he can alter his choice in a way that preserves his net out-
put but reduces his net input usage. Because the external effect of the
latter action in our case must, if anything, enhance the productive oppor-
tunities of the other producers, such a choice is clearly required by social
efficiency.

Because, by assumption, the feasible set of each producer, considering
only variations in the vector under his control, is convex, any point in
that set that is efficient from the producer's point of view will be a profit-
maximizing choice for some vector of prices. And since, as we have just
shown, any socially efficient point will be composed of a sum efficient for
each producer, it follows that any socially efficient net output vector can
be sustained as a profit-maximizing point for all producers if the prices
are appropriately adjusted for each producer by a set of taxes. It remains
only to show that the "appropriate" taxes are precisely equal to the mar-
ginal external damages arising from changes in output and input choices."

For this demonstration, it will be convenient to assume that the feasible
set of the kth producer is defined by the inequality f k( Y) <_ 0, where f k is
a differentiable function. Recall that Y is a matrix of which the typical
element, yik , specifies the net output (negative for inputs) of the ith com-
modity by the kth producer. Fixing net output vectors y for k' k,
f k(Y) = 0 defines the "private production possibility frontier" constrain-
ing y k, the net output vector choice of the kth producer. By assumption,
the set of vectors y k satisfying f k(Y) <_ 0 in this case is convex.

If the rows of the matrix Y* sum to a point on the social production-
possibility frontier, then it is a solution to the nonlinear programming
problem

maximize E y ik (maximize total output of commodity 1)
k=1

(i = 2, ..., n) (no reduction in any other output)

fk(Y)_<0 (k=1,...,m) .

By a simple extension of the Kuhn-Tucker theorem on optimization with
inequality constraints, necessary conditions 21 for a solution to this problem

20 Note the formal similarity of the following argument to the basic analysis of Chapter 4.
Z ' Strictly speaking, a certain "constraint qualification" must be satisfied at the solution

values to assure the necessity of these conditions. The qualification concerns a possibility
that we may take to be pathological in this context. See any textbook treatment of the
Kuhn-Tucker theorem.

iY k ^ y l , ..., yk-1 , yk+1, 
..., y m },

subject to
m 	 m

*
Yik — 	 yik ^ 0

k=1 	 k=1
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are that there exist nonnegative multipliers X 2 , ..., X n , corresponding to
the constraints requiring no reduction in availability of commodities other
than commodity 1, and corresponding to the individual pro-
duction constraints, such that

m

1— E yk'flk O
k'=1

m
(k=1, ..,m)
(i = 2, .., m).

(The notation fik' stands for the partial derivative of fie with respect to
y ik .) By the usual interpretation, Xi equals the amount of commodity 1
(in effect here, the numeraire commodity) obtainable by a unit reduction
in the amount of commodity i produced. The multiplier -yk is the value
(in commodity 1 terms) of the extra output that could be obtained if firm
k's production constraint were relaxed by requiring f k(Y) 1 instead of
f k(Y) ^O.

b 	 Requirements of individual producer equilibrium

Consider next the profit-maximizing problem faced by producer k faced
with a vector p = (p i , ...,p,) of prices and a vector t k = (t1k , ..., to+k) of
taxes:

maximize E (pi — tik)yik,
i = 1

subject to f k(Y) 0,

where all variables other than the "own" vector, y k, are treated as exog-
enously fixed in the constraint. By the Kuhn-Tucker theorem, if y k is a
solution, there necessarily exists a nonnegative multiplier, Sk , such that

p i — tik—Skfik(Y)=O (i=1,..., n).

Furthermore, because the constraint set is convex, these conditions, to-
gether with the constraint, are sufficient as well as necessary for a con-
strained maximum. The multiplier Sk indicates the profit that would be
lost to the kth producer if his production constraint were "tightened" by
one unit.

e	 Synthesis: producer equilibrium and productive efficiency

Now we need only put the two problems together. if Y is a set of individual
producer vectors summing to a point on the social production possibility

Nonconvexities in the production set
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frontier, use the Lagrange multipliers from the associated nonlinear pro-
gramming problem and set

P1 =1, 	P2 = X2 , ..., Pn = Xn

tik = E i^k'fik (k=1, ..., m)
k' k
k, =1 	 (i =1,..., n)

Then the Kuhn-Tucker conditions for the social production possibility
frontier reduce immediately to

PlcPi — tik — ^k fik— O.

Thus, we see that y k, a point that satisfies these social frontier require-
ments, is associated with a set of prices and taxes at which yk also satisfies
the necessary and sufficient conditions for a profit maximum for producer
k, with the multiplier ök of his problem equal to ry k in the economy-wide
problem.

To interpret this result, note that for k' k, fik is, in effect, the con -

striction in the k'th production constraint per unit increase in the kth
producer's net output of the ith good. Hence, Ek' k Yk'fi is the total
external social cost per unit increase in y ik . Furthermore, because Se =
7k., the external social cost will also exactly equal the marginal external
profit loss per unit increase in output of Yi by firm k. That is, when the
proper corrective taxes are applied, the marginal tax on a firm that gen-
erates externalities will exactly equal the marginal profit loss it imposes
on other firms.

^

(k=1, .., m)

E 	 fi k, — 0
k'=1
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criterion to the interests of individuals living in different time periods,
taking as our object the maximization of the welfare of some arbitrarily
selected member of an arbitrarily selected generation, with no loss in util-
ity to any other individuals in his or any other generation.                              

CHAPTER 9                                               

On optimal pricing of exhaustible
resources'                                1 	 Three prototype cases

A little consideration of the matter suggests that the depletable resource
case really encompasses several heterogeneous phenomena. As a st a r t i I; t t d
of reference, we begin with the case that we call pure resource &p lot,
(although it is one that is probably not even approximated in reality).
Suppose that a fixed stock of a useful and perfectly divisible material
(which we will call glob) is available at one single location and that it is
certain that there are no undiscovered deposits of glob. Thus, t here is no
way of augmenting its supply and no prospect that it will increase of us
own account. In addition, we take glob to incur no cost of slot or avc and
not to deteriorate. We assume, finally, that the marginal cost of .t, (1111..1-

lion, transration, and utilization of glob does not cf► tttrr ,ts its',took
decreases The pile in which it is kept simply grows smaller , like a stack
of lumber in a lumberyard. If it is used af._Q,.ady rate, one simply runs
out of it and that is the end of the story.

The second prototype  we may call the autonomous regeneration , ,l%1 , .•A
This is a somewhat oversimplified representation of the depletions of a
living species that is in danger of extinction by hunt inn, fishitw. rutting,
and so on. The essence of this case is that the available quantity of tha t
resource will grow at a rate dependent on the quantity not used up at that
moment. The exponential growth case (with which we will deal) is that in'
which growth is proportionate to the existing stock of the rsoure,

We may describe our third prototype as the case of rising supply (, v N t' .
Here the available stock of the resource in question may 01 may trot lie
exhausted completely in the foreseeable_ future. The critical chat act et kt tc
of this case is that the marginal cost of obtaining the item increases as its
cheaper sources are used up. 3 The obvious examples of this case ate the
depletion of scarce mineral resources and the depletion of energy sown ces

2 The model assumes away a variety of complications that are considered in the Wet at
such as the possibility of overpopulation of the species and the resulting fall in the Kt „wth
rate. This does not, however, seem highly pertinent for a species threatened with extinc-
tion, the case with which we are concerned here.

3 This is essentially the Ricardian case, in which cheaper sources are taken to he t , mica
efore the more expensive ones. Note that sometimes there is little choice in t 	 tear,

One may have to mine coal that lies near the surface before it is possible c  	 r. ,
get to the deeper deposits. Of course, this "Ricardian" case is not props IV t, 	 I
to Ricado, who admittedly dianot discover the "Ricardian" ren t Linui y, I 11c1 	 , i              

As some growing scarcities have begun to alarm the public, the pricing of
exhaustible resources has claimed increased attention. Thus, it seems ap-
propriate to consider the issue here even though it represents something
of a digression from the main line of our discussion. Here, again, opti-
mality of pricing is defined in terms of resource allocation, but in this
case the central issue is allocation among time periods rather than output
categories. The results we will d escribe are all based largely on standard
propositions of capital theory going back to the work of Irving Fisher
and Bohm-Bawerk.

Yet when applied._to_exhaustible resources, some of our conclusions
may be slightly surprising. For example, our instincts are likely to suggest
that items in danger of depletion should tend to rise in price with the pas-
sage of time. We will see, however, that this is by no means generally
true, and that, in some cases, optimality requires prices that decline, not
only in discounted present value, but in current terms as well. Moreover,
we will find that, although an optimal policy may call for prevention of
the depletion of certain types of exhaustible resources, in other cases we
should encourage their current utilization; obviously, this will be true of
an item whose early use makes it possible to preserve some other resource
whose returns to the future are larger.

Clearly, in dealing with the allocation of resources over time, the issue
of intergenerational equity arises unavoidably. Most of the discussion of
this chapter avoids direct consideration of this problem that the careful
work of some of the most distinguished writers in the field has failed to
resolve. Rather, we deal with the matter by the extension of the Pareto

There now exists a large theoretical literature on the optimal use of exhaustible and re-
newable resources. The classic paper on the subject is Harold Hotelling's "The Economics
of Exhaustible Resources," Journal of Political Economy XXXIX (April, 1931), 137-75.
For a more recent and comprehensive treatment complete with an extensive bibliography,
see Anthony C. Fisher, Resource and Environmental Economics (Cambridge: Cambridge
University Press, 1981). Some of this literature addresses two issues that we will not ex-
amine in this chapter: the common-property characteristics of certain resources (such
as fish), and the dynamics of resource depletion (in which, for example, the time path
of fishing activity depends upon the size of the remaining fish population, and vice-versa).                                                                                                                                                                                                                                                                                                      
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(the "fuel crisis"). The latter is clearly an example in which resources will
not be exhausted in the pertinent future. We may use up our petroleu m
reserves, but then we can turn to nuclear or solar energy at a higher cost.

These three prototypes: pure depletion, autonomous regeneration, and
the case of increasing costs perhaps do not represent the full range of phe-
nomena falling under the heading "resource depletion." 4 However, they
all capture important aspects of resource depletion problems, and their
analysis will certainly serve to illustrate some of the relevant relationships,

2 The basic model

In most of our models in this chapter we will assume that there are three
items to be consumed and w ose _.consumption  is to be allocated over
time:: öür depletable resource, a second (storable)  good whose production
requires labor, and leisure (labor). Only labor is taken to be a productive
input with our depletable-iesource serving only as a con sumers' goo—d. To
keep the number of variables finite, we will also assume that there is a
finite horizon and, hence, a finite future population. Because those finite ,
numbers can be as large as we wish, and particularly because we can take
the horizon to be well beyond the time at which scientists predict the
demise of human life (or even the universe, if one wishes), this premise
is not really very restrictive. Accordingly,' let

x jt = the quantity of the depletable resource consumed by per-
son j in period t, where (j = 1, 2, ..., m), (t = 1, 2, ..., h)

at = the unconsumed quantity of the resource at the end of t
(to = the initial stock of the depletable resource
k = rate of growth of the resource

q jt = the quantity of the second good consumed by j during t
qt = the total output of commodity Q in period t
b 1 = the unconsumed quantity of Q remaining at the end of t

Footnote 3 (cont.)
series of writings, including Volume III of Capital, in which it is argued that those natural
resources whose _utilization is Jess-e,xpeusive are not necessarily used first. 

Note also that rising costs, in the sense used here, need not always involve costs that
increase monotonically with the passage of time because autonomous improvements in
technology may offset the rise in expenses that would otherwise occur.

4 Obviously, combinations of these cases are encountered in practice. For example, the
marginal cost of fishinggincreases as the stock of fish grows smaller, making this a case
of both the autonomous regeneration and the rising cost prototypes.

S In our discussion, we will not concern ourselves with individual producers and their out-
puts so that there is no need for a separate set of variables distinguishing output from
consumption. To avoid a proliferation of subscripts, we use different letters to represent
different outputs (inputs).

rjt = the quantity of leisure consumed by j during t
r = the total labor time available per period

f(q t ) = the labor time required to produce qt
Lti(xii , ..., Xjh , qJ1, ..., qJh , rj1 , ..., rJh) = ✓ 's utility function.

This set of utility functions includes not only individuals alive at the
time the calculation is carried out but also all members of generations yet
unborn whose interests must be considered symmetrically with those of
our contemporaries in a full analysis of Pareto optimality.

3	 The autonomous regeneration case

We begin by considering not the pure depletion case but that of autono-
mous re  eneration, because the regeneration case is in fact easier to un-
derstand. Pure depletion is best examined as a special case of autonomous
regeneration: that in which the regeneration rate is zero.' Moreover, it is
convenient to begin with the regeneration prototype, because that is the
case in which Pareto optimality may most clearly call for prices that fall
with the passage of time.

The basic device we will utilize to represent the automatic replenishing
of our resource is simple. With at left over at the end of period t, we as-
sume it will grow at rate k and thus add (1+ k)a t to the amount available
during period t +1.

Our problem, then, is to

maximize u 1( • ) 	 (1)
subject to

U(.) >_ u*J (constant) [for all individuals, (j= 2, ... , m) in
current and all future generations]

E xjt +at <_ (1 +k)a t -
J

(j 	 m) (t = 1,...,h) 	 (4)

f(qt) + E rjt < r,
J

the initial values of a t and h t given and all variable values required to he
nonnegative. Here constraint (4) implies that storage of q can be ;t I
out without cost and without either increase or loss in the quantity of tf►c'
commodity that has been put into inventory.

6 Smith also treats pure depletion as a special case of autonomous regeneration, See hh
"Economics of Production from Natural Resources," American Economic Review I VIII
(June, 1968), 409-31.

) ^J
(2)

(3)

E gjt -I- bt<_q t +bt - 1
J

(5)
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iVj urt — at <- 0

X1 uQt —ßt<0

Xj u, — yr<0

(l +k)ar+1 — at <_0

ßt+1 - 01 <0

Or— vt .f'(gt) < 0
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The preceding relationships immediately yield the Lagrangian'

L= E X1 [uj(•)—u*i]+ E ar ( 1 + k)at-1 — E xjt — at
j 	 t 	 j

+E ßt qt+bt_i — Egjt — bt + E yr r — f(qt) — Erjt , (6)
t 	 j 	 t 	 l

where the Xi , v t , a t and ßt are Lagrange multipliers whose values are re-
quired to be nonnegative. We obtain from (6) the Kuhn-Tucker condition s

xjt(Xju't— at) =0 (7)

gjt(Xjugt—ßt) =0 (t =1,..., h)
(8)

,,o	 rjt(Xjt4t — vt)= 0 (9)

at [(1+k)a t+ 1—a t ] =0
(t=1,...,h-1)

(10)

bt(ßt+1 — ßt) = 0 (11)

gt[ßt-vf'(0]= 0 (t=1,...,h) (12)

where we write ujt to represent ö08xjt , and so on. First, simply as a
manifestation of the horizon premise that, in effect, assumes that the end
of the world occurs after period h, we prove

Proposition One. If ujh > 0 for any 8 individual j for whom X > 0, then
ah = 0, that is, all stocks of our depletable commodity will be used up by
the end of period h.

For because there is no ah+1 in our maximand, for t = h, (10) yields
a h ah = 0. But by (7), ah > 0 so that necessarily ah = 0, as was to be shown.
Thus in our model the resource in question will be consumed and, even-
tually, completely exhausted. 9 17

To come now to the essential issue, assume that prices for our goods
for each period are somehow assigned. We will examine now what values
of these prices are necessary to sustain a Pareto-optimal consumption
plan in accord with the Kuhn-Tucker requirements (7)-(12). Let pxt rep-

resent the price of x in period t, discounted to the initial perio`Ic, and so

' Here again, to put the Lagrangian into more conventional form we may set X 1 =1, u* t = 0,
though given the appropriate convexity assumptions there is no need for these restrictions.

" That is, roughly speaking, for any individual who "counts" in the social welfare function
made up of the weighted sum of utilities E X u'. Obviously individual 1 is such a person
it we take X 1 = 1, in accord with the comment in note 7. These weights must, of course, be
those derived from the maximization problem as the u*j values are varied.
This proposition need not be taken to suggest that the assumption of a finite horizon is
an unacceptable oversimplification. After all, h can be very long longer than , the ex-

pected duration of human life.

on. We will presently specify the units in which the prices can be r11ea-
red. However; because for the moment we are concerned only with

relative prices of a given commodity at different dates, that is not imme-
diately relevant. Now if j is a utility maximizer, he will make his con-
sümption decisions both among commodities and among time periods so

that the relevant marginal rate of substitution between any two items that
he actually uses is always equal to the corresponding pr ice r,tt io. We thus
have for any individual j who during t consumes some of the item in
question that

cj Pxt = u t, Cj Pqt = u4t,

Now if person j consumes some of our depletable resource in two con-
secutive periods t and t+1, then, if his choice is to be consistent with the
requirements of intertemporal Pareto optimality, we must have by (13),
(7), and (10)

Pxt 

Pxt+1
This gives us

Proposition Two. The present values of the prices that will sustain :t
Pareto-optimal choice pattern by individuals for a self-reproducible lc
source must decline with the passage of time over periods when the items
is consumed. These present values will decline at precisely the same rate
as the resource reproduces itself.

This paradox has a simple explanation. The reduced future price is just
a bonus for postponed consumption of the item. For in every period that
consumption is postponed, the corresponding supply will increase by it-
self in the proportion (1+ k). As standard capital theory tells us, optimal
pricing in such a case must put a premium on the postponement of the util-
ization of the resource and that is precisely what our result (14) calls for.

Thus we should perhaps not be so  surprised that discounted prices de-
cline wrt time ed to prices in the distant t ut ut a being
discounted more he yily than prices that are closer to us. however, in
our simple model, the same relationship can easily be shown to hold for
prices expressed in some appropriate current terms, specifically, in terms
of the quantity of q in period t for which the resource will exchange at
time t.

For by (13), (8), and (11) we derive at once for any two consecutive
periods in which stocks of q are not consumed completely but [so that
bt > 0 and hence (11) becomes an equality]

Pgt/Pgt+ 1 = fit/fit-I-1 =1

uzr 	 at = (1+k) >1. (14)uit+1 	 a t+1

^i/r t
( ISl

Cj prt = urt. (c1 some constant)
(l3) ✓
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Pxt+i/Pqt+1 Pxt+ i
Moreover, assuming that the production function and the range in varia-
tion of outputs as determined by the maximization process are such that
the marginal product of labor is approximately constant over the same
two periods, the same is true if we measure the price of our resource in
wage units of period t, because by (13), (9), (11), and (12)

ßr/f
Prt/Prt+1= vt/vt+1= 	

^(^lt) 	_ 1.
ßt+1/.f (qt+1)

Thus we have

Proposition Three. Even measured in current terms in the simple econ-
omy described by (1)-(5), the optimal price of the depletable resource
may decline and perhaps decline steadily in any sequence of periods in

• which the resource is consumed. 10

Moreover, so far, discounting makes little difference to this result, be-
cause our model has up to now largely ruled out opportunity costs in
terms of roundabout (time-using) methods of production." Tha iC_ there
is no way in our construct for the "other commodity," Q, to be produced
more effectively by t o 1me-consumi ngng p ses. To show the im-
portance of this consideration, we now modify our production relation-
ships to introduce roundaboutness in the simplest possible manner. 12 We
will assume that Q is something like unfelled lumber (trees). Once the

The argument assumes there is at least one person who consumes the resource in any
two such consecutive periods. However, for the proposition to hold in the interval from
t to t +2 it is sufficient for our purpose if j consumes some X in both t and t+ 1, while

some other person, j', consumes some of X in both t+ 1 and t+ 2.
There is one way in which the opportunity cost of time does enter: people can reduce
their current consumption of X by using more of Q instead. This will give•more time

for growth to the portion of X whose consumption has been postponed.
It is noteworthy that in our model the superior productivity of time-consuming methods
of production will now be seen to suffice to introduce a positive discount rate; in its ab:
Bence there will be no discounting as shown by comparison of (14) and (16), apparently
regardless of the nature of the utility functions (that is, whether or not consumers have
a subjective preference for present over future consumption). Actually this is more a
matter of appearance than of substance. We have, in effect, assumed ä diminishing mar-
ginal rate of substitution between consumption in two different periods. By (4) we have
implicitly assumed that there is a fixed technological rate of transformation etween

q, and q, + 1 ; that is, the former can be transformed into the latter by storavf withdeither

loss nor gain. In equilibrium, the consumers' marginal rates of substitution must be ad-
jested and equated to that marginal rate of tra fcunlation.

t ees	 ow--furth^ äy` at a  constant rate ,x. 13 
labor is expended to plant the trees nennle can_ if they wish, leave the

In that case constraint (4) must be replaced by

4it+ b r 5 q,+ (1 +g)br-1, 	 (4*)
r

in obvious analogy with (3). Kuhn-Tucker condition (11) is then replaced

by
(1+g)ßt+1_ßt<_0 	 b1[(1+ g)ß1+1 — ßr]= 0 , 	 (11*)

and finally, assuming stocks of commodity Q are not exhausted com-
pletely in period t, so that b r >0, (15) becomes

Pqt/Pqt+1= (l+ g)• 	 (15*)

It is now easy to show that undiscounted current prices of X measured in
terms of Q need no longer fall with the passage of time, for by (14) and
(15*), (16) is immediately changed into

Pxt /P t _ 1+ k9 	 <1 if g> k. .. 	 (16*)
Pxt+1/Pqr+1 	 1+g

In effect, then, with time contributing to the productivity of labor in other
substitutable outputs, we obtain a discount factor, 1/1+g, for prices are
measured in terms of Q, and if g is sufficiently great it can produce the
rising current prices that intuition may lead us to expect for exhaustible
resources. But note that the discounted price of our self-replenishing re-
source must continue to fall at the rate indicated by (14), for, even in our
modified model, (14) continues to be a necessary condition for Pareto
optimality. Thus we have

Proposition Pour. The prices that will sustain a Pareto optimum for a
resource that regenerates itself at rate k> 0 will always fall with the pas-
sage of time when expressed in discounted present value. However, if ex-
pressed in terms of some commodity that grows (or for which produc-
tivity increases) at a rate in excess of k, the current price of the resource
will rise with time.

Once again, these conclusions are not difficult to explain intuitively.
Our new relationship of current prices, as given by (15*), reflects the pos-
sibility that although postponement of consumption of X is productive,
postponement of the consumption of Q will be more productive still.
Consequently, in this case society will come out ahead of the game if it
lives initially on its stock of X that multiplies itself slowly, thereby leaving

1; This relationship can, of course, be incorporated directly into the production function.

so that by (14)

Pxt/Pqt _ PXt = (1+ k). (16)

w

u
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its stock of Q to grow, unconsumed, until later periods. Thus, despite the
fact that our model permits no direct technical substitution in the pro-
duction of X an, i oes permit indirect substitution that is_equally
effective in imparting a high opportunity cost to postponed consumption

of örr depletable resource,. X.
We can also show

Proposition Five. If X and Q are perfect substitutes in consumption,
but Q grows more rapidly than X, then, if it is optimal for any person to
consume commodity Q during some period, t, it will never be optimal for
anyone to consume X in any period after t.

In other words, when they are perfect substitutes, it will always be op-
timal to consume at an earlier date the commodity for which waiting con-
tributes less to future output.

Proof (by reductio ad absurdum): Assume the contrary (that is,
assume qjt > 0, xj- t+ 1 > 0, for some individuals j, j'. Then by (7) and (8)
and the premise that X and Q are perfect substitutes

at Xi uzt = Xi ug t = ßt,	 at +1= Xfurt +1 = Xfuyt +1 5- ßt - i• 	 (17)

But because X is, by assumption, not producible, if xß ,1+1 > 0 some of it
must have been left over from the previous period, that is, we must have
a,> 0. Thus (10) becomes an equality and so by (10), (17), and (11*)

a t+1 (1 +k) = at ^ ßt ^ ßt+1( 1 +g)

so that with g> k,

at +i >ßt +1•

Now, because x1 , 1+1 > 0, the second relation in (17) holds so that

at+1 ßt+l

contradicting (18).
Thus, we have proved that if qj1 > 0 for any j, we cannot have xjt+1 >0

for any j', and a direct extension of the argument shows the same result
for any future period beyond t+1. Q.E.D.

I'roposit ion Five tells us, in effect, that if investment in Q is more pro-
ductive than in X, it will pay the community to consume all of its stock
of' X before beginning to consume any of Q. For we have seen, in Propo-
sit ion One, that the stock of X should be used up entirely at a time no
later than the horizon period. But Proposition Five indicates that no X
should ever be consumed after the consumption of Q begins. Hence,
society's stock of X must be exhausted no later than the date at which
consumption of Q begins.
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4	 The pure depletion prototype

As has already been noted, the pure depletion analysis is a special case
of autonomous regeneration in which the autonomous growth rate, k,
equals zero. We obtain our solution at once, for (14) becomes simply

P1=P2= •.• —Pn• 	 (19)

That is, the solution calls for prices whose discounted present value re-
mains completely unchanged over the period during which the stock of
the commodity is exhausted. There is a simple explanation of this result
that we obtain with the aid of a reformulation of our model. If we con-
sider a plan formulated initially for the entire h periods, we see that there
really are not h independent constraints. In fact, there is only one effec-
tive constraint circumscribing the entire decision process:

x i +x2+ ... + Xh < ao .

That is, the total quantity of the resource, glob, used over the entire pe-
riod cannot exceed the initial stock. Because there is only one constrain
t ere will be only one corresponding shadow pace, that for the deplet-
able resource, and, hence, the optimal price of glob will also remain un-
changed as indicated by the constancy of this dual value.

In  terms of current values, however, the optimal price of glob may rise
with ti.  me_if price ismeasured in terms of a commodity, Q, whose output
is increased by rondabout processes (that is, for w iiich gu	 > 0). For the
reasons noted earlier, if p7 is the current price of X in terms of Q in pe-
riod t, we will have

Pt	 Pi+i 	Pi __  1 so that
(l+g)t —Pr=Pr+i= (l+g)t+1	 Pi+i	 1 + g •

Curren,,prices of glob will then, indeed, be rising.
Obviously, the current money price of glob must be rising so long as

the discount rate is positive, for otherwise in terms of present values these
prices would be falling, in violation of (19). In sum, we have

Proposition Six. Pareto optimality requires a constant discounted price
for an item whose supply is fixed and whose supply cost does not rise as it t
is used up. This means that the annual rate of increase in its current price ,
must equal the interest rate used in the discounting process.

5	 The case of rising costs

We come, finally, to the case so important in practice, in which deple-
tion of our resource manifests itself through rising production costs. Our

(18)
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model will continue to include the labor resource in terms of which costs
can be expressed. Rising labor cost will then be interpreted as a rising
labor input requirement per unit of output of our resource, as the cumu

-lative consumption of the resource grows.14 Under the appropriate con-
vexity conditions, Pareto optimality therefore calls for us to maximize
for all arbitrarily assigned set of weights, X j , the analog of our previous
objective function

E ^j [u^(Xjl ,..., Xjh,rj l , ...,rjh ) —u*ij .

J

subject to

E x» � x,xt
J

E rjt^rt
J

wt = x 1 +x2 + ••• +x,_1

f(xr,wl)+rr -� Rt (t = 1,...,h)

where

xjr is the quantity of resource consumed by individual j in period t,

xt is the total output of the processed resource in period t,

w, is the cumulative past consumption of the resource (leaving out
consumption before the initial period as a "sunk" element),

r jt is unused labor (leisure) of individual j in period t,

f(x t , wt ) is the total labor cost of processing the resource in period t, and

R, is total labor resource available in t.

We assume

fxr > 0 fwr > 0 and fxwt > 0,	 (21)

where fxr represents öf/öx t , fxwr represents 3 2f/8xt öwt , and so on. That
is, we take the marginal cost of X to be positive, and both the unit and
marginal cost of processing to be increased by resource depletion.

Our Lagrangian is

E %j [ui(• )— of] "+' E y [Rt — f(xt, w1)—r1]+ E at xt— 
xjr

j 	 t 	 t 	 J
t-1 )

+ Eßt rt— E rjt + E-t wt— E xs
t 	 j 	 t 	 s=1

" We can easily continue to include in the calculation the consumption of other commod-
ities. However, it is readily verified that their inclusions do not affect any of the Kuhn-
"1 ticker conditions used to derive our conclusions; they merely increase the number of nec-
essary maximum conditions, but these additional conditions are not used in our argument.

We obtain as Kuhn-Tucker conditions for all x jt > 0, rjt > 0 (so that nec-
essarily xt > 0, rt > 0, wt > 0)

X j uX 1 — a t = 0	 (22)
("t 	 (23)

(24)

(25)

(26)

Eliminating a t , ßt , and y t by substitution of (24), (25), and (26) into
(22) and (23) we have

c
h 

ys fws 	 t=1,
^^j uzt = yr .fxr 

s
 L 1 	 ••,h)

Xj u;t = vt .

Hence, substituting for v t and vs from (28) into (27) and dividing through
by X j we obtain

h

Uzt= fxt us + E fws u s
s= 1+1

or
h

urt /us = fxr + E fws u s /urts=t+1
If prices pxs , and prs are somehow assigned to x and r in period s, for
the usual reasons, we may assume that the utility maximizing individual
who consumes some of each of these items will select quantities such that
their relative price equals the marginal rate of substitution. Thus (29)
becomes

pxt/Prt = fxt+ E fwsu s/ur1•
[ham 	 (30)

s=t+1

Equation (30), which for convenience can be rewritten as
h

u
Pxr".,...r^ 	 j 	 j ,^„

—^rtfxt+Prl Fi fwsrs/urlr 	 t .. 	 "' 	 (31)

is the relationship we are seeking. It  tells us

Proposition Seven. Pareto optimality requires that the price or an itetwi
whose supply cost increases as it is used up be made up of t wo coin; ilrnt s:
the marginal input cost of the item (that is, its marginal privatc tint),

(20)

Xj u't— ßt = 0
h

— Pt fxt+ at — E 'rs= 0
s=t+1

—P t +ß t =0

— vt.fwt+yt=0.

(27)

(28)

(29)
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Prt fxt ) plus an expression that represents, in terms of inputs, the cost that
current utilization imposes on future consumers of the commodity.

The interpretation of this last term in (31) is not difficult to justify. Be-
cause, by definition, aws /axt =1 for s > t, it follows that

of aws af(Rs , WS )

fws — aws ax, — ax,
represents the incremental labor cost in period s resulting fromnit
increase in x t . Therefore, because u 5/urt is the MRS of labor in s and t,
we see that —pi" represents the marginal cost that x t imposes on
production in period s measured in terms of labor of period t.

Two significant conclusions can be drawn from pricing equation (31)
1. Because by definition wt+t wt , then by (21), fxt+t>_, Hence,

there is at leäst one component - in (31), the expression for  the Pareto-
optimal-discounted price of our resource, that is monotonically nonde-
creasing over time. In other words, this is the only o of our three cases
in which it is at least possible for the time path of Pareto-optimal dis-
counted prices for the depletable resource to follow the rising pattern
that we might have expected in advance, though even here we cannot be
certain of it. Much depends on the time path of the price of labor and the
behavior of the summed terms in (31) as the horizon date approaches and
the number of these remaining terms consequently declines.

2. Our second conclusion from (31) is that current consumption in this
case impsse an increased production cost on future generations so tat
the optimal price, of the resource must exceed its current marginal re-
sources cost. Strictly speaking, this cost is not an externality; it is rather
a case where a certain quantity of resources is available to a group of in-
dividuals, so that the more that is consumed by one of them, the less
there is left for the others. What is involved, therefore, is not really
externality but rather a redistribution of the available stock of resources."

It is nevertheless appropriatefor us tö äsk whether the market is likel
to misallocate such resources by pricing them improperly. The answe
here is that, generally, it need not do so. Suppose there were a single pro-
prietor-supplier of the depletable item and that his lifetime were expected
to extend beyond horizon period h. If he were to follow the dictates of
his own interests he would then surely price in accord with (30), making
consumers pay for all the costs that are incurred in supplying goods to
them. Just as monopolization can internalize an externality that extends

IS It may also be interpreted as a user cost - a case where wear and tear resulting from
usage of an item reduces its efficiency in future use - again, not something we would
normally call an externality. We are grateful to F. M. Peterson for this observation and
for saving us from several errors in the following paragraphs.
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within an industry, a single ownership that lasts through the full set of
relevant periods can lead to the setting of a price that eliminates the ad-
verse consequences of the intertemporal interdependencies in our model.

But we know that if this is true for a single owner, it may also hold for
the entire community. That is, an ideal futures market for our scarce re-
source can lead to current prices that reflect fully the social costs of con-
sumption of the item. The market may be able to achieve this even if the
rise in costs is introduced through a switch in technology and a concom-
itant change in the source of the output (input) in question. If exhaustion
of our petroleum reserves simply hastens the day when we will have to
make use of solar energy which, we may assume, will be very costly to
process, the price of oil will rise as the date of substitution approaches,
because of its rising opportunity cost; in a competitive market, this will
be reflected as a higher current price. Of course, to the extent that mar-
kets are imperfect, that our telescopic faculty really is defective, or that
interest rates differ from the appropriate social discount rate, the alloca-
tion produced by the market will depart from an intertemporal Pareto
optimum.
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CHAPTER 10

Introduction to Part II

We have now completed our discussion of the basic theoretical frame-
work. There is much to the theory of externalities that we have made no
attempt to cover, for our central objective is the formulation of an ana-
lytic structure for the study of environmental policy.

At this point, we seem to have an illuminating, but somewhat destruc-
tive, set of results - one that creates severe difficulties for the application
of theory to practical problem solving. In this part of the book, we de-
crease the level of abstraction of our discussion and seek to approach
more closely the problems of application. Here too, we will encounter
obstacles, though of a different kind from the theoretical complications
of Part I. For example, we will find reason to suspect that many pro-
posed environmental programs may well make the distribution of income
more unequal.

Nevertheless, we will argue that these obstacles do not preclude the
design of effective environmental programs, and, in spite of the difficul-
ties encountered in Part I, that economic theory can be very helpful in
the design of these programs.

In particular, Chapter 11 presents a proposal for a feasible tax or fee
program. We suggest what we believe to be a practical and effective pro-
cedure for the protection of the environment: the use of pollution charges
to achieve a predetermined set of standards for environmental quality.
Some degree of arbitrariness in the design of such standards is inevitable.
And in agreeing to such a procedure, one gives up any attempt to reach the
true social optimum. Yet this proposal, which is essentially a "satisficing"'
approach to the problem, can be shown to offer some significant optimality
properties. Aside from the administrative savings made possible by avoid-
ance of central direction and direct controls, we will show that the pro-
posed procedures, properly designed and implemented, can lead to the
attainment of the selected standards and that in appropriate circumstances,
they can do so at something approximating minimum cost to society.

That is, there is no attempt to seek any sort of optimum. Rather, one seeks merely to
find policies capable of meeting some preset standards and, so, of producing results con-
sidered acceptable or "satisfactory." The term satisficing was coined by Herbert Simon.
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Chapter 12 describes and analyzes an alternative pricing instrument for
the attainment of any predetermined environmental standards: a sy stem
of marketable emission permits. We find that a properly designed per mit
system, like a set of fees, possesses the least-cost property; it too can
achieve the standards at minimum social cost. In addition, we shall sug-
gest that in a policy setting, the permit approach may, in certain circum-
stances, have some important advantages over a fee regime. In particular,
it promises to give the environmental authority more direct control of
levels of pollution without necessarily imposing a new form of cost on
current sources of emissions. It may, therefore, represent a more attrac-
tive approach to the introduction of pricing measures for environmental
protection.

Chapter 13 represents a sharp departure from the economist's usual
policy recommendations; here, we suggest that direct controls can be a
useful supplement to a system of charges for the continuing maintenance
of acceptable environmental conditions. Their usefulness arises from the
inflexibility of tax rates and the comparative ease with which certain types
of direct controls can be instituted, policed, and removed. The problem
is that the state of environmental quality at any time depends not only
on the level of emissions but on such essentially stochastic influences as
wind velocity and rainfall, which determine the rapidity of the dispersion
of accumulated pollutants. As a result, we can expect occasional environ-
mental crises that can, at best, be predicted only a short time before they
occur. It would be too costly to society to keep tax rates sufficiently high
to prevent such emergencies at all times. Instead, it may be less expensive
in such cases to make temporary use of direct controls, despite their static
inefficiency. The chapter ends with the description of a nonlinear pro-
gramming model that illustrates the logic of the design of an optimal
mixed program (that is, a program utilizing both fiscal methods and direct
controls in a way that minimizes society's expected cost of achievement
of its environmental targets).

Chapter 14 turns to a third pricing instrument for the control of detri-
mental externalities: the use of subsidies as a reward for decreased dam-
age by those who generate the externalities. First, we describe formally
the conditions under which fees and subsidies are equivalent. Here we
find that the equivalent subsidy is a very strange sort of construct, one
that we are unlikely to encounter in practice. Next, we show that subsi-
dies in the more conventional sense are, at least theoretically, a poor sub-
stitute for taxes. Although the two may be equally effective in reducing
emissions by the individual firm, the subsidy encourages the entry of new
firms (or plants) into the industry, whereas taxes encourage their exit. As
a result, we can expect that a subsidy program will be less effective in
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discouraging pollution than a tax program with similar marginal rates. In
particular, we find that, under pure competition, if emissions are uniquely
determined by the industry's output level and rise monotonically with
output, a subsidy program will necessarily backfire. Although the sub-
sidy will produce a reduction in the emissions of each firm, it will lead to
an entry of new firms that more than offsets it. Total emissions under a
subsidy program will in this case always be greater than they would have
been if no cleanup subsidy program had ever been instituted!

Chapter 15 discusses a practical issue that can be of considerable sig-
nificance for environmental policy. Measures designed to improve the
quality of life may, unfortunately, make it more difficult to deal with a
second of the major issues of our time: the distribution of income. We
will suggest, on theoretical grounds, that under a variety of circumstances
the rich can be expected to value the benefits flowing from an environ-
mental program more highly than the poor. Using the Samuelson and
Tiebout models of public goods as polar constructs, we argue that pro-
grams offering similar observable benefits to everyone are likely to offer
greater welfare gains to the affluent, and that even programs whose ef-
fects differ by income class cannot be presumed to favor the impecu-
nious. Moreover, it is by no means clear that progression in the tax sys-
tem means that the rich will bear a disproportionate share of the costs.
For example, where waste-treatment plants are financed locally, a con-
siderable share of the costs may well fall on the central cities with their
heavy concentrations of the poor. In addition, a review of the available
empirical evidence (which is, unfortunately, very limited in quantity and
subject to all sorts of qualifications) certainly does not suggest that taxes
on pollutants and other types of environmental damage are likely to be
progressive. Given the types of activity that are prime candidates for such
charges and the pattern of consumption by income class of the outputs
from these activities, there is some reason to suspect the reverse.

In Chapter 16, we turn to the international side of environmental pol-
icy. Here we discuss two issues: the effects of measures for environmental
protection on the balance of payments and the level of income of the
country that imposes them; and the control of environmental damage
that flows across the borders of the source country and affects welfare
in neighboring states.

On the first of these issues, we contend that matters are not as cut and
dried as intuitive judgment is likely to suggest. The analysis indicates t hat
there are circumstances under which a country's balance of payments can
be improved by its unilateral adoption of effective environmental poli-
cies, and that its domestic employment may also be stimulated in t he pro-
cess. The analysis specifies conditions under which this can occur, as well                                                         
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as circumstances under which such measures can, in fact, aggravate the
country's short-run economic problems. Next, we consider what the rest
of the world can do about a country whose economic activity generates
externalities that are harmful to people outside its borders. In such a case,
the usual free-trade argument may no longer apply, and an appropriate
set of tariffs against the offending products may serve as a partial sub-
stitute for Pigouvian taxes; we find that nonzero tariffs are generally re-
quired for international Pareto optimality, taking into account the inter-
ests of the externality-generating country as well as those of the rest of
the world.

In Chapter 17, the concluding chapter, we return to environmental de-
cision-making in the domestic context. Here we examine an issue in regu-
latory federalism: Which level of government should determine standards
for environmental quality? Should the central government set uniform
national standards, or should "local" governments determine standards
appropriate to their own jurisdictions? A purely economic view suggests
an unambiguous answer to this question: Standards for environmental
quality should balance marginal gains against marginal control costs, juris-
diction by jurisdiction, for pollutants that do not travel across the bound-
aries of the jurisdiction - standards for such pollutants should thus be
local in nature. However, the political economy of local decision-making
complicates matters. What if local agencies, in their eagerness to attract
new business investment and jobs, reduce environmental standards to
attract new firms? Will not the result be destructive interjurisdictional
competition leading to excessive environmental degradation? Chapter 17
explores these issues and finds that for the basic case, local competition
need not lead to inefficiently low levels of local environmental quality.
Local-standard setting can lead to desirable outcomes. However, we find
that there are various sorts of circumstances where fears that excessive
pollution will result from local decisions are justified. Here, some con-
straints on local choice may well be justified.

CHAPTER 11

Efficiency without optimality: the charges
and standards approach

The results arrived at in Chapter 8 may seem to constitute insuperable
barriers to a rational environmental policy. The very presence of exter-
nalities is likely to produce a large number of local maxima among which,
in practice, it seems impossible to choose with any degree of confidence;
we may not even know in which direction to modify the level of an ex-
ternality-generating activity if we want to move toward an optimum. It
should be emphasized that these problems beset equally all attempts to
achieve optimality by any of the means usually proposed - direct controls
and centralized decision-making at one extreme and pricing schemes, such
as the Pi ouvian taxes and subsidies, at the other.

Nevertheless, we believe that it is possible to design policies for the
control of externalities that are reasonably efficient. The approach that
we will propose in this and the next chapter consists of the use of a set of
standards that serve as targets for environmental quality coupled with
fiscal measures and other complementary instruments used as means to
attain these standards. The standards, while admittedly somewhat arbi-
trary, are, in principle, not unlike the growth or employment goals that
have guided governmental macroeconomic policies. In both cases, em-
ployment and environmental policy, the approach is, in practice, basi-
cally of the "satisficing" variety, with acceptability standards based on
individual judgments and, often, compromise. Yet, in both cases, the
choice of effective means to achieve the established goals has been fa-
cilitated by a substantial body of economic theory. This them ,.m'r•(•si s
that fiscal measures can contribute to the efficiency 01 a pr ( w . t t i , , , n
trol externalities. Wöreover, the use of these fiscal nit. i s tit.s in combi-
nation with standards for acceptable environmental quality, ,twitls, at

least in part, the policy pröblems that have been rai It o ( 'h ;tl^trr s 7'
and8.

Much of the material in this chapter is taken from W. J. Baumol and W. L. Outer, "The l 1w
of Standards and Prices for Protection of the Environment," which originally appeal ed ht
Swedish Journal of Economics LXXIII (March, 1971), 42 -54 and was reprinted in I' ituhtn
and A. Kneese, Eds., The Economics of the Environment: Papers from tour Nations,
London & Basingstoke: Macmillan, 1971.
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Although in this chapter we emphasize the efficiency properties of efflu-
ent fees, we should not be taken to argue that this is always the best or
the only way to deal with externalities. In the following chapters, we ex-
pand the analytic framework to allow the introduction of other policy
tools and show that, under certain circumstances, an optimal environ_
mental policy requires the use of several such measures.

1 Information requirements for optimization policy

The use of predetermined standards as an instrument of environmental
policy recommends itself primarily because oTthe vast ifrormation re-Pc Y re P ^ Y
quired by the alternative approaches. Economists have^öngTee`n aware  öi^
the enormous amount of information necessary to achieve anything that
can even pretend to approximate optimality by means of centralized calcu-
lation. This is a major component of the Mises-Hayek argument against
the potential effectiveness of full-scale central planning and direction. For
the case of externalities, the argument is, if anything, strengthened by the
analysis of Chapters 7 and 8, which emphasizes that data relating only to
the neighborhood of an economy's initial position are particularly likely,
in the presence of externalities, to lead the planner in the wrong direction.

Prohibitive information requirements not only plague centrally directed
en iv ronmental programs, they raise si" imiIär difFicu ties for t'^ie calcula-
tion öf optimal Pigouvian taxes and -subsidies. The proper level of the
Pigouvian tax (subsidy) upon the activities of the generator of an exter-
nality is equal to the marginal net damage (benefit) produced by that ac-
tivity, and it is usually not easy to obtain a reasonable estimate of the
money value of this marginal damage. There is a promising body of work
applying a variety of techniques to the valuation of the damages from
a polluted environment.' However, it is hard to be sanguine about the
availability, in the foreseeable future, of a comprehensive body of sta-
tistics reporting the marginal net damage of the various externality-gen-
erating activities in the economy. The number of activities involved and
the number of persons affected by them are so great that, on this score
alone, the task assumes Herculean proportions. Add to this the difficul-
ties in quantifying many of the most important consequences - the dam-
age to health, the aesthetic costs - and the problems in determining a
money equivalent for marginal net damage become quite apparent.

This, however, is not the end of the story. The optimal tax level on an
externality-generating activity is not equal to the marginal net damage it

1 For a useful survey of the techniques for estimation of the value of environmental ameni-
ties, see A. Myrick-Freeman, The Benefits of Environmental Improvement (Baltimore:
Johns Hopkins University Press, 1979).

generates initially, but rather to the damage it would cause if the level of
t le äctivrty-fra been a dusted to its optimal level. To make the point
more specifically, suppose that each additional unit of output of a fac-
tory now causes fifty cents worth of damage, but that after the installa-
tion of the appropriate smoke-control devices and other optimal adjust-
ments, the marginal social damage would be reduced to twenty cents. As
our results in Part I indicate, the correct value of the Pigouvian tax is
twenty cents per unit of output, that is, the marginal cost of the smoke
damage corresponding to an optimal situation. A tax of fifty cents per
unit of output corresponding to the current smoke damage would lead
to an excessive reduction in the smoke-producing activity, a reduction
beyond the range over which the marginal benefit of decreasing smoke
emission exceeds its marginal cost.

The relevance of this point for our present discussion is that it com-
pounds enormously the difficulty of determining the optimal tax and ben-
efit levels. If there is little hope of estimating the damage that is currently
generated, how much less likely it is that we can evaluate the damage that
would occur in an optimal world that we have never experienced or even
described in quantitative terms.

One alternative route toward optimality may seem to be more pi act i-
cal.nstea of trying to go directly to the optimal tax policy, as a first ap-
proximation, one could base a set of taxes and subsidies on the current
net damage (benefit) levels. In turn, as outputs and damage levels were
modified in response to the present level of taxes, the taxes themselves
would be readjusted to correspond to the new damage levels. It ttti, l►t h,
hoped that this would constitute a convergent iterative process will) tax
levels affecting outputs and damages, these, in turn, leading to modifica-
tions in taxes, and so on.

Unfortunately, such an iterative process also requires information t hat
is ery ü cu o acquire. oint >tn the sequence of l e.t^ i►inp, steps,
one must be able to evaluate what the preceding step has achieved and
to'^[c eterm'<ne t e 'tree s to further-improvement. But knowing nei-
ther the relevant costs nor the incremental damages corresponding to
each conceivable step, that is precisely what we cannot calculate. Because
we are unable to measure social welfare, and because we do not know t he
vector of inputs and outputs that characterize "the optimum," we simply
do not know whether a given change in the tax rate has moved us toward
that optimum or has even been able to improve matters. There seems to
be no general way in which we can get the information necessary to imple-
ment the Pigouvian tax-subsidy approach to the control of externalities. 2

2 There may be particular instances where careful analyses can produce some rough estimates
of benefits and costs that can serve as the basis for a Pigouvian tax. For an interesting
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2	 The environmental charges and standards approach
P YM c&-

The economist's predilection for the use of the price mechanism makes
him reluctant to give up the Pigouvian solution without a struggle. Dim
is a fairly obvious way to avoid recourse  to direct controls and retain  the
use ofthe pace system as a means to control externalities: it involves the
selection of a set of standards for an acceptable environment.' On the
basis of evidence concerning t e e o unc can air on ea th or of
polluted water on fish life, one may, for example, decide that the sulfur-
dioxide content of the atmosphere in the city should not exceed x per-
cent, that the oxygen demand of the foreign matter contained in a water-
way should not exceed y, or that the decibel (noise) level in residential
neighborhoods should not exceed z, at least 99 percent of the time. These
acceptability standards, x, y, and z, then amount to a set of constraints
that society places on its activities. They represent the decision maker's
subjective evaluation of the minimum standards that must be met in or er
to achieve what may be described as "a reasonable quality of life." The
defects of this procedure are b-vious, and, because we do not want to
minimize them, we shall examine the problem of the choice of standards
in a later section.

For the moment, however, we want to emphasize the role of the price
system in the realization of these standards. The point here is simply that
the public authority can impose a system of charges that would, in effect,
constitute a set of prices for the private use of social resources, such as
air and water. The charges (orslices) would be selected so as to achieve
specific acceptability standards rather than attempting to base them on
the unknown value of marginal net damages. For example, one might tax
all installations emitting wastes into a river at a rate t(b) cents per gallon,
where the tax rate, t, paid by a particular polluter, would, for example,
depend on b, the BOD 4 value of the effluent, according to some fixed
schedule. Each polluter would then be given a financial incentive to reduce

Footnote 2 (cont.)
application to the control of airport noise levels, see D. Harrison, "The Regulation of
Aircraft Noise," in T. Schelling, Ed., Incentives for Environmental Protection (Cam-
bridge, Mass.: M.I.T. Press, 1983), 41-143.
"['his proposal is not new. Most attempts to write a system of effluent charges into law are
based on a set of prescribed standards.

4 BUD, biochemical oxygen demand, is a measure of the organic waste load of an emission.
It measures the amount of oxygen used during decomposition of the waste materials.
HOD is used widely as an index of the quality of effluents, but it is only an approximation
at best. Discharges whose BOD value is low may nevertheless-Fe considered serious pollu
tants because they contain inorganic chemical poisons whose oxygzen requirement is MI
because the poisons do not decompose.
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the amount of effluent he discharges and to improve the quality of the
discharge (that is, reduce its BOD value). By setting the tax rates suffi-
ciently high, the community would presumably be able to achieve what-
ever level of purification of the river it desired. It might even be able to
eliminate at least some types of industrial pollution altogetlier.s

In marked contrast to an attempt at optimization, should iterat ive ad-
justments in tax rates prove desirable in a charges and standards approach,
the necessary information would be easy to obtain. They require no data
on costs or damages - only figures on current pollution levels. If the ini-
tial taxes did not reduce the pollution of the river sufficiently to satisfy
the preset acceptability standards, one would simply raise the tax rates.
Experience might soon permit the authorities to estimate the tax levels
appropriate for the achievement of a target reduction in pollution. 6

One might even be able to extend such adjustments beyond the setting
of the tax rates to the determination of the acceptability standards them-
selves. If, for example, attainment of the initial targets were to prove un-
expectedly inexpensive, the community might well wish to consider mak-
ing the standards stricter.' Of course, such an iterative process is not
costless. It means that some of the polluting firms and municipalities will
have to modify their operations as tax rates are readjusted. At the very
least, they should be warned in advance of the likelihood of such changes
so that they can build flexibility into their plant design, something that
may itself not be cheap. 8 But at any rate it is_clear that, through the ad-
justment of tax rates, the public authorities can usually realize what ever
standards of environmental q'ity have been selected.

3 Optimality property of the pricing and standards technique:
cost minimization

Although the pricing and standards procedure will not, in general, lead
to Pareto-optimal levels of the relevant activities, it is nevertheless true

S Here it is appropriate to recall the words of Chief Justice Marshall when he wrote that
"The power to tax involves the power to destroy" (McCulloch v. Maryland, 1K19). In
terms of reversing the process of environmental decay, the power to tax can be also the
power to restore.

6 Of course, the political problems likely to beset either iterative process must not be
minimized.
In this way, the charges and standards approach might be adapted to approximate the
Pigouvian outcome. If the standards were revised upward whenever there was reason to
believe that the marginal benefits exceeded the marginal costs, and if these judgments
were reasonably accurate, the two might well arrive at the same end product, at least if
the optimal solution were unique.

8 See A. G. Hart, "Anticipation, Business Planning and the Cycle," Quarterly Journal of
Economics LI (February, 1937), 273-97.
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that the use of unit taxes (or subsidies) to achieve specified quality stan-
dards does possess one important property: under appropriate condi-J
tions, 9 it is the least-cost method for the achievement of these targets. 10

A simple example may serve to clarify this point. Suppose that it is de-
cided in some metropolitan area that the sulfur-dioxide content of the at-
mosphere should be reduced by 50 percent. An obvious approach to this
matter, and the one that often recommends itself to the regulator, is to
require each smoke producer in the area to reduce his emissions of sulfur
dioxide by the same 50 percent. However, a moment's thought suggests
that this may constitute a very expensive way to achieve the desired re-
sult. If, at current levels of output, the marginal cost of reducing  sulfur -
dioxide emissions for Factory A is only one-tenth of the marginal cost
for Factory B, we would expect that it would be much cheaper for the
economy as a whole to assign A a much greater decrease in - sin- oke emis-
sions than B. Just how the least-cost set of relative quotasas would be ar-
rived at in practice by the regulator is not clear, because this obviously
would require calculations involving simultaneous relationships and ex-
tensive information on each polluter's marginal cost function.

It is easy to see, however, that the unit-tax approach can automatically
produce the least-cost assignment of smoke-reduction quotas without tbg
neerfor any col Iii ate calculations by the enforcement authority. In
terms of our preceding example, suppose that the public authority placed
a unit tax on smoke emissions and raised the level of the tax until sulfur-
dioxide emissions were in fact reduced by 50 percent. In response to a
tax on its smoke emissions, a cost-minimizing firm will cut back on such
emissions until the marginal cost of further reductions in smoke output is
equal to the tax. But, because all economic units in the area are subject
to the same tax, it follows that the marginal cost of reducing smoke out-
put will be equalized across all activities. This implies that it is impossible
to reduce the aggregate cost of the specified_decrease in smoke emissions
by rearranging—smoke-reduction quotas: any alteration in this pattern of
smoke emissions would involve an increase in smoke output by one firm

9 These conditions are spelled out later in this and the next chapters. Specifically, we will
sec in Chapter 13 that the presence of stochastic influences can sometimes make other
instruments of control more efficient than taxes.

10 This proposition is not new. For some early discussions, see, for example, Kneese and
Bower, Managing Water Quality, Chapter 6; and L. Ruff, "The Economic Common
Sense of Pollution," The Public Interest XIX (Spring, 1970), 69-85. There is a similar
proof by Charles Upton in "Optimal Taxing of Water Pol -lution," Water Resources Re-
search IV (October, 1968), 865-75. The theorem takes no explicit account of metering
costs which can, of course, be substantial. However, there seems to be little reason to
expect these to be out of line with the enforcement costs associated with other environ-
mental protection methods.

the value of which to the firm would be less than the cost of the corre-
spon ing reduction in smoke emissions by some other firm. A formal
proof of this least-cost property of unit taxes for the realization of a spe-
cified target level of environmental quality is provided in the next section.

It is significant that the validity of this least-cost theorem dot . not r0►
quire the assumption that the firms generating the externalities are profit
maximizers or perfect competitors. All that is necessary is that they mini-
mize costs for whatever output levels they select, as would be done, for
example, by an oligopolistic firm that seeks to maximize its growth or its
sales, and that the market prices of the inputs reflect reasonably well the
opportunity costs of their utilization."

4 Derivation of the cost-minimization theorem

Let us turn now to a formal derivation of the optimality property of the
charges approach that was described in the preceding section. We will
show that, to achieve any given vector of final outputs along with the at-
tainment of the specified quality of the environment, the use of unit taxes
(or, where appropriate, subsidies) to induce the necessary modification in
the market-determined pattern of output will permit the realization of
the specified output vector at minimum cost to society.

Although this theorem may seem rather obvious (as the intuitive dis-
cussion in the last section suggests), its proof does point up several inter-
esting properties. As already emphasized, unlike many of the proposi-
tions about prices in welfare analysis, the theorem does not require a
world of perfect competition. It applies alike to generators of externali-
ties who are pure competitors, monopolists, or oligopolists, so long as
each of the firms involved seeks to minimize the private cost of producing
whatever vector of outputs it selects and has no monopsony power (that_
is, no influence can the prices of inputs) and so long as input prices ap-
proximate their opportunity costs. The firms need not be simple profit-
maximizers; they may choose to maximize growth, sales (total revenues),
their share of the market, or any combination of these goals (or a va-
riety of other objectives). Because the effective pursuit of these goals typ-
ically entails minimization of the cost of whatever outputs are produced,
the theorem applies to whatever set of final outputs society should select
(whether by central direction or the operation of the mar ket).'2

" A similar argument suggests that the rationing of pollution by the sale of pollution II-
- censes (rights) at a market-clearing price offers the same advantages in cost muumiia-

tion. We shall demonstrate the validity of this argument in the next chapter.
12 The theorem may even be extended to certain agencies that are not cost-minimirrrs over•

all, but have incentives to minimize expenditures on pollution control. Sec W. (we. and



subject to the output constraints

v	 c f k(rlk,•••,rnk,sk)=yk>y;=constant (k=1,...,m)

and the constraint on the total outpüt of pollutants

It may appear odd to include, as a constraint, a vector of given outputs
for the firms, because the firms will presumably adjust output levels as

l
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We shall proceed initially to derive the first-order conditions for the
minimization of the cost of a specified overall reduction in the emission
of wastes. We will then show that the independent decisions of cost-mi ni-
mizing firms subject to the appropriate unit tax on waste emissions will

,

in fact, satisfy the first-order conditions for overall cost minimization.
Let

rik

Sk

Yk

Pi
s* the desired level of E sk , the maximum permitted discharge

of waste per unit of time.

In this formulation, the value s* is determined by the administrative
authority in a manner designed to hold waste emissions in the aggregate
to a level consistent with the specified environmental standard (for exam-
ple, the sulphuric content of the atmosphere). Note that the level of the
firm's waste emissions is treated here as an argument in its production
function; to reduce waste discharges while maintaining its level of out-
put, the firm will presumably require the use of additional units of some
other inputs (for example, more labor or capital to recycle the wastes or
to dispose of them in an alternative manner).

The problem now becomes that of determining the value of the rik and
sk that minimize input cost for all ems together:

min c = E > Pi rik,
	 (1)

i k

well as the pattern of inputs in response to taxes or other restrictions on
waste discharges. This vector, however, can be any vector of outputs
(including that which emerges as a result of independent decisions by
the firms). What we determine are first-order conditions for cost-mini-
mization that apply to any given vector of outputs no matter how it is
reached. 13

Using Xi, ..., X,n , and X as our m + 1 Lagrange multipliers, we obtain as
Kuhn-Tucker conditions

	X — Xkfk >_ 0 	 Sk(X—Akfk)= O

	

Pi — Xkfik ?O
	

rik(Pi—Xkfi
k )=O

	

Yk —f k(rik, ..., rnk , Sk ) < O
	

Xk[Yk —f k (rlk, ..., rnk , Sk)] = 0
	sk — S * < O

	
X( Sk —S*)=O

for all i, k, where we have written f k for äf k/ösk and f/' for öf k/ar;k .

Now let us see what will happen if the m plants are run by indepen-
dent managements whose objective is to minimize the cost of whatever
outputs their firm produces, and if, instead of the imposition of a fixed
ceiling on the emission of pollutants, this emission is taxed at a fixed
rate per unit, ts . So long as its input prices are fixed, firm k will wish
to minimize the cost of whatever output level it produces; that is, it will
minimize 14

c= tssk +E pi rik

subject to

fk(rlk,..., rnk,Sk)>Yk•

Direct differentiation of the m Lagrangian functions for our m firms imme-
diately yields the first-order conditions (2); these are the same conditions

represent the quantity of input i used by plant k (i = 1, ..., n ) ,
(k=1, .., m);

be the quantities of waste it discharges;

be its output level;

Yk = f k(rlk, ..., rnk , sk ) be its production function;

be the price of input i; and
(2)

(3)

oot note 12 (cont.)
I). Strassmann, "Effluent Fees and Market Structure," Journal of Public Economics
XXIV (June, 1984), 29-46.

13 The reason for prespecification of the vector of output has its analogue in the elemen-
tary theory of the firm. Where we use a cost-minimization premise in the analysis of
the firm's input choices, it is obviously not correct to assume that it seeks to operate at
as low a cost per unit as possible, without specifying its output level. For the firm's out-
put level is determined by demand relationships as well as costs, and the output it decides
to produce may be far from that which minimizes average costs. It is, however, rea-
sonable to posit that whatever the output level it selects for itself, the firm will seek to
produce it at as low a cost as possible. Our premise here is the analogue of this last
assumption.

14 Note again that this assumes identity between the prices in (1) and (3), that is, that input
prices to the private firm correspond to the cost of their use to society. Thus, although
our result does not require pure competition in the regulated firm, it does call for input
prices that are not too far from their competitive values.



168	 The design of environmental policy Efficiency without optimality 169
as before, 15 provided is is set equal to X where X (and hence t s) is the shad-
ow price of the pollution constraint - the marginal social cost of an in-'
crease in the stringency of the pollution standard. 16

We have thus proved

Proposition One. A tax rate set at a level that achieves the desired
reduction in the total emission of pollutants will satisfy the necessary
conditions for the minimization of the program's cost to society. 17

The preceding discussion indicates, incidentally, that pricing can play
an effective role as a substitute for part of the information that is pertinent
in the presence of externalities. In an illuminating remark, S. C. Kolm
reminds us that the choice of efficient measures for the control of exter-
nalities requires, in principle, detailed information both about the bene-
fits these measures offer the various members of the economy and the
costs they impose on each of them. 18 The pricing mechanism offers no
help with respect to the first of these because the very presence of exter-
nalities means that an individual decision maker's behavior does not re-
flect all of the relevant social benefits.

However, pricing does serve to eliminate the need for detailed cost in-
formation. 19 Under a system of central direction, a planner who wants to
calculate the least-cost allocation of pollution quotas among the firms
under his control must, as is shown in (2), have at his disposal data giving

' s The last of the Kuhn-Tucker conditions, E sk <_ s*, obviously has no counterpart in the
calculation of the individual firm. However, it will clearly be satisfied if the sk corre-
sponding to a given set of prices is unique.

16 Clearly, the value of X is an important datum and would be helpful in selecting a stan-
dard if that figure were available. Unfortunately, this information is lost in the standards
and charges approach because no optimality calculation is carried out in the process.
['here are, indeed, no free lunches.
In addition to satisfying these necessary first-order conditions, cost minimization re-
quires that the production functions possess the usual second-order properties. An inter-
esting treatment of this issue is available in Portes, "The Search for Efficiency in the
Presence of Externalities," in Unfashionable Economics. We should point out also that
our proof assumes that the firm takes is as given and beyond Its control. Peter Bohm in
"Pollution, Purification, and the Theory of External Effects," Swedish Journal of Eco-
nomics I .,XXII, No. 2 (1970), 153-66, discusses some of the problems that can arise where
the firm takes into account the effects of its behavior on the value of ts . See also our
discussion in Chapter 6.

18 S. C. Kolm, "Economic de l'Environment" (unpublished manuscript), Chapter 2.
"This advantage, not needing to know the value of the right to pollute, is one of the great
points of interest of the method of regulation by taxation (or subsidy). It is a property of
decentralization of decisions: by requiring everyone to pay a financial charge equal to
the damage he causes, one leaves the necessity of knowing the value of the right to pol-
lute entirely in the hands of the person who knows it best - the polluter himself." Kolm,
ibid., Chapter 2, p. 4.

all of the Lk and f'  (that is, the marginal product figure for every input,
i, and for every polluting plant, k). The herculean proportions of the
task of collecting this mass of information and then carrying out t he req-
uisite calculations is clear. 20 A pricing approach dispenses wit h t hr acrd
for all these data and computations because it gives that portion of the
optimization calculation over to an automatic process. t In IL... I
the charges and standards approach may he looked upon .ts a pt
that frankly abandons any attempt to obtain extensive info, mat km on
benefits but which uses the pricing system where it is at its best, in Ili
allocation of damage-reducing tasks in a manner that appi es thin
imization of costs, even though detailed data un the costs of these task:, 1
are unavailable.

5 Geographical and other appropriate variations in tax rate"

Even the cost-minimization claims for the standards and pricing approach
must be qualified carefully. The theorem as stated runs into several prob-
lems in practice that may complicate its applicability.

One relevant assumption implicit in the preceding analysis asserts that
there is a direct and additive relationship between the emission of pollu-
tants and the djree of welfare  loss suffered by the_community. However,
tats not always the case. A firm that emits waste into tine upper parts
of a river may do more or less damage to the community than one that
discharges the same amount of effluent downstream. The upstream emis-
sions may be less damaging than those downstream if the upper part of
the river is sufficiently unpolluted to permit natural processes to disperse
or degrade a considerable portion of the wastes before anyone is affected
by them. On the other hand, if there is little natural cleansing of the up-
stream discharges, they may well be more costly to society than discharges
into the lower parts of the river because people and activities along the
entire length of the river may be affected primarily by upstream emissions.

Because the social damage caused by upstream and downst ream dis-
chärges obviously differs, it is-rrotappropriate to tax them at the swne
rats. In such circumstances, an equal tax per unit of effluent in the two

20 Although the calculation has ignored the costs of surveillance, obviously such outlays
would be required under any system of environmental regulation. There seems to be
reason to believe that, in many applications, the routine metering costs that would br
needed will be considerably smaller than the costs of surveillance and judicial enforce-
ment that are the instruments of direct controls.

21 This section is based on comments by Elizabeth Bailey and on two illuminating papers:
Thomas H. Teitenberg, "Taxation and the Control of Externalities: Comment," Ameri-
can Economic Review LXIV (June, 1974); and Susan Rose-Ackerman, "Effluent Charges:
A Critique," Canadian Journal of Economics VI (November, 1973), 512-28.
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regions will generally not minimize the cost of a specified reduction i n
pollution as a simple counterexample demonstrates. Suppose that only
the area near the mouth of the river is polluted so that the objective of
the program is to reduce the level of pollution in that portion of the w a

-terway. Suppose, moreover, that treatment of emissions will cost fifteen
cents per gallon in a typical downstream plant but only ten cents per gal-
lon upstream. Finally, assume that although all of the downstream firms'
discharges add directly to the filth in the polluted part of the river, half
of the upriver plants' discharges are eliminated automatically by natural
processes. In that case, a tax of twelve cents per gallon of effluent will
induce only the upstream plants to cleanse or reduce their emissions, be-
cause only their private costs of treatment per gallon are smaller than the
tax rate. But to society this is an inefficient outcome, for ten cents nets it
only a half gallon reduction in filth downstream, whereas treatment by
a downstream plant would reduce pollutant discharge by a full gallon for
only fifteen cents. 22

Not only geographic accidents of location can lead to this problem. It
may arise out owe range o " • ' . . • ' • - • e rm 1 se f, with
the result that a uniform  tax on discharges  can induce management to
make the wrong decisions. Turvey cites the case of a firm that has the
option of building a high or a low chimney for its smoke. 23 If the high
chimney can disperse pollutants sufficiently to render them harmless, it
may yield the same contribution to human welfare as the suppression of
smoke emissions and do so at a lower cost in resources. However, a tax

y y based on emissions will clearly alwa 'savor smopC -e suppression rather
than dispersion via higher chimneys, whatever their relative social costs. 2ä

The upshot of all this is that, for the minimum-cost theörem fo holdt
it is necessary for the tax to be based on the effect of an emission on the.
community, and not necessarily on the amount generated. In practice
this can sometimes be done in a rough-and-ready way (for example, by
basing effluent charges on, say, two parameters - the quantity emitted
and the quality of the receiving waters, or the amount of smoke emitted
and on chimney height). Another device that may sometimes work rea-
sonably well involves the establishment  of different zones, based on con-

22 This is obviously a highly simplified illustration. Engineering models of waterways de-
scribing the differential impact on water quality of emissions at different locations use
relationships that are much more complex. See Rose-Ackerman's discussion of the Dela-
ware Estuary Model, "Efficient Charges: A Critique."

23 Ralph Turvey, "On Divergences Between Social Cost and Private Cost," Economica
New Series XXX (August, 1963), 309-13.

24 Higher chimneys can, of course, lead to other sorts of problems, such as distant acid-
rain.

c'entration of population and current pollution levels, with different tax
rates im se m afferent zones. 25 Where some sue-1i simple provision will
o t e tric , t e issues raise in this section create no insuperable diffi-

culties for the charges and standards procedure. However, where deli-
co erentiations are essential,, the attractive mplicity of . the pro posal

can dwindle ra idl .26
One instructive way of looking at the matter is that differences in the

effects of equal quantities of emission upon the effective level of pollution
require the policy maker to retreat part way toward explicit evaluation of
the social damage resulting from an emission. He must det ermine the ex-
tent to which various emissions influence the level of poll ution. Note,

however, that the charges and standards procedure still does not i e tluirC
the ca cu at op -of the effects of pollution on health, recreation, and psy-

chic plaiu re, and,* translation of each of these into conrnroni (urouey)

units.
What all this suggests is that, although the charges and standards pro-

cedure should never be as difficult to implement as the ideal Pigouvian

tax, 27 it may still be quite complicated to take advantage of all the cost
savings it offers in theory, in applications where the level of pollution
damage responds differently to emissions from alternative sources or lo-
cations. The importance of this qualification obviously depends upon the
circumstances at hand. As was just noted, where such differential effects
of emissions are unimportant or where some simple device, such as vat ia-
tions in the charge by zone can deal with them (at least _ roughly), the
charges and standards procedure retains its appeal.

The magnitude of the cost savings promised by more efficient systems I

of pollution control is quite large. There is now a substantial empirical
literature encompassing a variety of air and water . pollutants that rim ides
estima es s - ß ' i is cost-savings from the use of pricing ureasui es
inste• • • II erect controls. 28 These studies typically make use of simulation
models for particular pollutants. Such a model has^_b_asic compo-
nents: a dispersion model that traces emissions from each source to the re-
sulting   pollu tantconcen rations at each receptor (or measurement) point
in the air shed or waterway, and a set of control cost functions for the

25 For further discussion of this proposal, see T. Tietenberg, "Spatially Differentiated Air
Pollutant Emission Charges: An Economic and Legal Analysis," Land Economics 1.I V
(August, 1978), 265-77.

26 We shall explore this issue more systematically in the next chapter.
27 Obviously, the ideal Pigouvian tax would also have to be adjusted for any differential

effects of emissions from different sources.
28 For a useful survey of these studies, see T. Tietenberg, Emissions Trading: An Exercise

in Reforming Pollution Policy (Washington, D.C.: Resources for the Future, 1985),
Chapter 3.
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sources. With such a model, it is possible to simulate the outcomes under
different systems of environmental management. The typical procedure
is to calculate the cost of attaining some predetermined level of environ-
mental quality under the current direct control system and then to corn_
pute the least-cost solution. A comparison of the two provides a measure
of the excess costs under the current system. Such studies have generally 
found that the least-cost  solution entails costs that are only a modest
fraction of those under the current direct contröisystem: -TFie estimates
range from a high of roughly 50 percerit öTcurrent costs to less than 10
percent. A system that can approach the least-cost solution thus can typq
ically promise very large cost-savings. As we have discussed in this sec-
tion, it probably involves something of an overestimate of the potential
savings to assume that a system of effluent fees can realize the least-cost
solution, for any system in practice will involve administrative compro-
mises that will prevent the attainment of the least-cost outcome. Never-
theless, existing studies indicate that the costs of current programs in-
volve inordinately excessive costs; if fee systems in practice could at least
go some distance in the direction of the least-cost solution (which surely
must be true), the cost-savings would be very large.

The charges and standards approach and multiple local
optima

In one important respect, the charges and standards approach avoids com-
pletely the problem posed for the Pigouvian solution and för__central plan-
ning by nonconvexities and the resulting presence of a multiplicity of
local optima. Because it is a satisficing procedure, it makes no attempt to
search for an optimum, and so there is no occasion  for the decision maker 
to aim mistakenly for what is in fact a local optimum instead of the global
one. .

So long as the emission of a pollutant is a monotonically decreasing
fu nrt ion t lie magnitude Of the charge imposedon it, a7'unctrion that is
nOt (hounded away from zero, one can choose a set of tax levels sufficient
to y.uatantee attainment of whatever standards happen to have been se-
lected. If the quantity of pollutant S still exceeds the level called for by
the adopted standards, one need merely increase the charge upon the
rrnission of S until its quantity has been reduced to the "acceptable" level,
and that is all there is to the matter.

The presence of a multiplicity of maxima does, however, require one"
!pm i want qualification of the cost-minimization theorem. For although,

at least in principle, the use of charges guarantees that a given set of stan-
dards will be achieved at some sort of minimum cost, this may, in fact,

be a local rather than a global minimum. Suppose, for example, that there
are two ways of avoiding the pollution produced by some commodity X,
an increase in the output of smoke suppressors, or the substitution of
another commodity, Y, which emits little pollution. Assume, moreover,
that there are decreasing average costs both in the production of smoke
suppressors and in the manufacture of Y. In that case, there will be two
cost-minimizing ways of getting the pollution down to the desired level, the
elimination of a sufficient amount of X and its replacement by a suitable
amount of Y, or through the production of a sufficient quantity of pollu-
tion -suppression equipment. Toward which of these minima the market
process will converge depends on the initial position, for that will determine
the relative initia costs o w suppressors. There certainly is no guar an-

tee that the process will converge toward the less costly of the two minima.
However, the likelihood that this problem will be encountered is ap-

parently unrelated to the presence or absence of externalities. Unlike the
issues discussed in Chapter 8, the multiplicity of equilibria that is rele-
vant for the cost calculation does not seem to be made more likely by the
presence of externalities. For the nonconvexities induced by externalities
stemming from X arise both in the social production possibility set for
X and the activity Z, that is damaged by it. But the externality caused by
X need not affect activities W and V whose purpose is to offset the pollu-
tion produced by X. Thus, it need not introduce nonconvexities into the
XW or the WV production sets, which are the production sets pertinent
for the determination of the cost-minimizing program of pollution con-
trol corresponding to a given output vector. Consequently_,_ alt hough it is
true that the cost-minimization property of the charges and sta►riardj,
approach  n run into multiple maximum problems, it seems no more
l keeTY to encounter these diffenterttrarra decision process in sonic of her
economic area. There seems to be no special reason to expect it to r un
a1 ul of the nonconvexities that are built into the economy by the pres-
ence of externalities and which serve as booby traps that threaten t he ef-
fectiveness of any attempt to design an optimal externalities policy.

7 Where the charges and standards approach is appropriate

As we have emphasized, the most disturbing aspect of the charges and
standar s rocedure ^s' the --somewhat arbitrary character of the itet is
selected. There does presumably exist some optimal level of pollution

- (that is, quality of the air or a waterway), but in the absence of a pricing
mechanism to indicate the value of the damages generated by polluting
activities, one knows no easy way to determine accurately the set of taxes
necessary to induce the optimal activity levels.
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Although this difficulty should not be minimized, it is important to

recognize that the problem is not unique to the selection of acceptability
standards. In fact, as is well known, it is a difficulty common to the pro..
vision of nearly all public goods. In general, the market will not generate
appropriate levels of output where market prices fail to reflect the social
amages (benefits) associated wit par icu ar activities. As a resu t, in

the absence of the proper set of signals from the market, it is typically nec-
essary to utilize a political process (that is, a method of collective choice)
to determine the level of the activity. From this perspective, the selection
of environmental standards can be viewed as a particular device utilized
in a process of collective decision-making to determine the appropriate
level of an activity involving external effects.

Because methods of collective choice, such as simple majority rule  or
decisions by an elected representative, can, at Vest, be expected to pro-
vde önI rough approximations to optimal results, the general problem
becomes one of deciding whether the malfunction of the market in a cer-
tain case is sufficiently serious to warrant public intervention. In partic-
ular, it would seem to  us that such a blunt instrument as acceptability
standards should be used only sparingly, because the very ignorance that
serves as the rationale for the adoption of such standards implies that we
can hardly be sure of their consequences.

In general, intervention in the form of acceptability standards can be
utilized with a degree of confidence only where there is reason to believe
that the existing situation imposes a high level of social costs and that
these costs can be significantly reduced by feasible decreases in the levels
of certain externality-generating activities. If, for example, we were to
examine the functional relationship between the level of social welfare
and the levels of particular activities that impose marginal net damages,
the argument would be that the use of acceptability standards is justified
only in those cases where the curve, over the bulk of the relevant range,

both decreasing and steep. Such a case is illustrated in Figure 11.1 by
t he curve PQR. In a case of this kind, although we obviously will not have
an accurate knowledge of the relevant position of the curve, we can at
least have some assurance that the selection of an acceptability standard
and the imposition of a unit tax sufficient to achieve that standard will
lead to an increase in social welfare. For example, in terms of the curve
PQR in Figure 11.1, the levying of a tax sufficient to reduce smoke outputs
from level OC to OA to insure that the quality of the air meets the spec-
ified environmental standards would obviously increase social welfare. 29

29 The relationship depicted in Figure 11.1 is to be regarded as an intuitive device employed
for pedagogical purposes, not in any sense as a rigorous analysis. However, some fur-
ther explanation may be helpful. The curve itself is not a social welfare function in the
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On the other hand, if the relationship  between social welfare and t he
level of t xterna ity-generating activity is not monotonically decreas-
ing, the changes resulting from the imposition of an acceptability star
dard (for example, a move from S to Q in Figure 11.1) clearly may lead
to a reduction in welfare. Moreover, even if the function were monotonic
but fairly flat, the benefits achieved might not be worth the cost of addi-
tional intervention machinery that new legislation requires, and it would

usual sense; rather it measures, in terms of a numeraire (for example, dollars), the value,
summed over all individuals, of the benefits from the output of the activity minus the
private and net social costs. Thus, for each level of the activity, the height of the curve
indicates the net benefits (possibly negative) that the activity confers on society. The
acceptability constraint indicates that level of the activity that is consistent with the spec-
ified minimum standard of environmental quality (for example, that level of smoke emis-
sions from factories that is sufficiently low to maintain the quality of the air in a partic-
ular metropolitan area). There is an ambiguity here in that the levels of several different
activities may jointly determine a particular dimension of environmental quality (for
example, the smoke emissions of a number of different industries will determine the
quality of the air). In this case, the acceptable level of polluting emissions for the firm
or industry will clearly depend on the levels of emissions of others. I f, as we discussed
earlier, unit taxes are used to implement the acceptability standards, there will result
a least-cost pattern of levels of the relevant externality-generating activities. I f we under-
stand the constraint in Figure 11.1 to refer to the activity level indicated by this particular
solution, then this ambiguity disappears.

■
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1 Marketable permits versus fees in a policy setting

Although both effluent fees and systems of marketable permits have the
capacity to  achieve a set of envlronmen a är s" at east cöst the
are by no means equivalent policy instruments from the viewpoint of as
environmental agency. We shall consider first the grounds on which the
environmental authority might prefer such permits to fees and shall then
turn to the case for fees.

The first, and a major, advantage of marketable permits over fees 1
that permits promise to reduce the uncertainty and adjustment costs in
volved in attaining legally required levels of environmental quality. The
environmental authority cannot be completely sure of the response of
polluters to a particular magnitude of an effluent charge; in particular, if
the authority inadvertently sets the fee too low, environmental standards
will not be met. As we discussed in the preceding chapter, the fee may
have to be raised and then altered again to generate an iterative path con-
verging toward the target level of emissions. This means costly adjust-
ments and readjustments by polluters in their levels of waste discharges
and the associated abatement technology. The need for repeated changes
in the fee is also an unattractive prospect for administrators of the pro-
gram. In contrast, under a permit scheme, the environmental agency di-
rectly sets the total quantity of emissions at the allowable standard; there
is, in principle, no problem in achieving the target.

Second, and closely related to the issue just discussed, are the compli
cations that result from economic growth and price inflation. Continuing
inflation will erode the real value of a fee; similarly, expanding produc-
tion of both old and new firms will increase the demand for waste emis-
sions. Both of these will require the fee to be raised periodically if envi-
ronmental standards are to be maintained. The burden of initiating such
corrective action under a system of fees falls necessarily upon environ-
mental officials; they are forced to choose between unpopular fee increases
or nonattainment of standards. Under a system of permits, market forces
automatically accommodate themselves to inflation and growth with no
increase in pollution. The rise in demand for permits, real and nominal,
simply translates itself directly into a higher price.

l'hird, the introduction of a system of effluent fees may involve enor
mous increases in costs to polluters relative to alternative regulatory pol

this point may seem somewhat paradoxical in light of the wide-
sin cad recognition that systems of pricing incentives promise large savings
in aggregate abatement costs. But the two are not inconsistent. Although a
system of effluent charges will reduce total abatement costs, it will impose
a new financial burden, the tax bill itself, on polluting firms. Although

these taxes represent a transfer payment from the_ viewpoint of society,
they are a cost of operation for the firm. Some recent evidence on this
issue suggests t at the figures can be rather staggering. One such study of
the use of pricing incentives to restrict emissions of certain halocarbons
into the atmosphere estimates that aggregate abatement costs under a
realistic program of direct controls would total about $230 million; a
system of fees or of marketable permits would reduce these costs to an
estimated $110 million (a saving of roughly 50 percent). 2 However, the
costöf the fees or permits to polluters would total about $1,400 million
so that, in spite of the substantial savings in abatement costs, a program
of pricing incentives would, in this instance, increase the total cost to pol-
luters by a factor of six relative to a program of direct controls! Some
studies of other pollutants also suggest that fees can be a major source
of new costs.' It is true that  a s stem of marketable permits making use
of an auction for the initial acquisition of these rights is subject to the
same problem, because sources face high prices for permits. However,
thereis an alternative that gets around the problem: A permit system can
be initiated through a free initial distribution of the permits among cur=
rent polluters. This version of the permit scheme effectively eliminates
the added costs for existing firms without any necessarily adverse conse-
quences for the efficiency properties of the program and with some ob-
vious and major advantages for its political acceptability. It is interesting
in this regard that existing  systems of marketable permits m the United
rates embody a kind of "grandfathering" scheme involving an initial dis-

tribution of emission permits or "rights" among polluters based on his-
torical levels of emissions.

Fourth, as we noted in the preceding chapter, there may be instances 1
where geographical distinctions among polluters are important. In fact, •
for several important air and water pollutants, various studies indicate
that it is imperative for the environmental authority id-differentiate am ong
polluters according tötheir location if environmental standards are to be
realized in a cost-effective  way, Sources at a highly polluted location
within an air shed cannot be allowed to increase their emissions on a one-
to-one basis in exchange for emissions reductions by other sources at a
less-polluted point. As we have indicated, it can be administratively quite

2 A. Palmer, et al., Economic Implications of Regulating Chlorofluorocarbon Emissions
from Nonaerosol Applications (Santa Monica, Calif.: The Rand Corporation, 1980).

3 See, for example, E. Seskin, R. Anderson, Jr., and R. Reid, "An Empirical Analysis of
Economic Strategies for Controlling Air Pollution," Journal of Environmental Econom-ics and Management X (June, 1983), 112-24.
See, for example, Seskin, et al., "An Empirical Analysis of Economic Strategies for Con-
trolling Air Pollution."
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cumbersome to deal with the spatial problem under a system of efflue nt
charges, for it will typically require the environmental agency to deter-
mine a separate effluent fee for each source, depending upon its location
in the air shed or river basin (or alternatively, it will be necessary to  in-
troduce a system of zones with different charges). Such discrimination
among sou_ rces in fee levels may either bephci y illega. or  politically
infeasible. In contrast, a system of marketable permits (as will become
clear in the next section) can address these spatial dimensions of the Pol.
lution problem in a manner that is less objectionable.

Fifth, marketable permits may well be the more feasible approach on
grounds of familiarity. The introduction of a system of effluent fees re-
quires the adoption of a wholly new method of controlling pollution,
new both to regulators and polluters. Such sharp departures from estab-
lished practice are hard to sell; moreover, some real questions have been
raised about the legality of charging for pollution. In contrast, permits
already exist, and it may be a less-radical step to make these permits ef-
fectively marketable.

There is thus a strong case on administrative grounds for favoring mar-
ketable permtts over effluent  fees. But theZase is-far from ironclad. Where
charges arele-gible, they represent a most attractive source of revenues for
the public sector. Most taxes in the economy have undesired side effects:
they distort economic choices in various ways. Income taxesor exam-_
ple, can induce individuals to choose untaxed leisure activities rather than
work; excise taxes shift peoples' purchases away from the taxed goods;
and so on. Such taxes generate an "excess burden" on the economy - a
cost in addition to the reduced disposable income directly attributable to
the revenues. Effluent fees, in contrast, have a beneficial side effect: They
tend to correct distortions in the economy while at the same time gener-
ating public revenues. Such fees can be said to impose a "negative excess
burden." Fees, then, to the extent they are feasible,-are a very desifabTe
source of public revenues in terms of economic efficiency.

One can also make an equity argument on behalf of fees. The Organi-
lat ion for Economic Cooperation and Development has done just this in
terms of what they call the "Polluter-Pays-Principle." 5 Under this ap-
proach, society's environmental resources, including clean air and water,
are taken to belong to the public at large. Those who "use" these resources
must then compensate the "owners" (i.e., the public) for any environ-
mental degradation that occurs. The equity issue is h• . - om ili-
cat cd one. In certain instances, for  example,  a firm may have adopted
measures that minimize the damage from  discharges, only to find some

OECD and the Environment (Paris, 1979), p. 26.
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years later that the recent arrival of residents and other firms now makes
these discharges objectionable. Just who should the cleanup costs
in suc c ses is not wholly clear on equity grounds. Moreover, as a prac-
ti matter,matter, most polluters have already been required to institute exten-
sive control measures to reduce their waste discharges. Grandfathering
would thus involve a free distribution of permits for only the remaining,

or residual, discharges. This may perhaps represent a reasonable com-
promise on equity grounds.  n _ 11111k

There is yet another argument favoring effluent fees - one that involves
savings in certain transactions costs. A system of marketable emission
permits requires an initial distribution of  the permits. However, if this
initial distribution is based on  the grandfathering principle or some of her
mechanism that_does not reflect  the relative marginal abatement costs of
the different sources, a series of transfers (purchases and sales) of per-
mt s wt a required if the least-cost allocation is to be attained. "I'he in -
ceptVl es for such transfers exist: Buyers who can reduce emissions only at
a higher real cost will be willing to pay more than the reservation price
of sellers. But there may well be significant search costs and elements of
strategic behavior that impede the transfers of emissions entitlements that
are necessary to achieve the least-cost outcome. In contrast, under a sys-
tem of fees, no such transfers of permits are needed - each source simply
responds directly to the incentive provided by the fee. It may thus pr ove
easier in certain circumstancesstaces to attain the least-cost allocation of waste
emissions under a set of fees than under a system of marketable l^erutits.

2 The design of a system of marketable emission permits

Although the case, in principle, for marketable emission permits is im-
pressive, it is a long way from a general decision on policy strategy to the
design of an actual system of marketable permits. We turn in this section
to an exploration of some alternative forms of a permit market and their
properties. 6

It will facilitate the discussion to provide here a more specific and for-
mal statement of the control problem in which we shall incorporate ex-
plicitly the geographical dimension of polluting activities. Let us con-
sider a particular region consisting either of an air shed or system of
waterways in which there are m sources of pollution, cacti of which is
fixed in location. Environmental (air or water) quality is defined in let ms
of pollutant concentrations at each of n "receptor points" in the region;
6 This section draws heavily on A. Krupnick, W. Oates, and E. Van l k Vera, "On Mar.

ketable Air Pollution Permits: The Case for a System of Pollution Otkclx," Journal of
Environmental Economics and Management X (September, 1980), 233-47,
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this implies that we can describe environmental quality by a vector Q,
(q 1 , ..., q„) whose elements indicate the concentration of the pollutant
at each of the receptors. The _dispersion__ of _waste emissions  from the 
sources is described by an m x n matrix of unit diffusion (or transfer
coefficients:

In this matrix, the element d,1 indicates the contribution that one unit of
emissions from source i makes to the pollutant concentration at point j.

The environmental objective is to attain some predetermined level(s)
of pollutant concentrations within the region; we denote these standards
as Q* = (q i , ... , q ;) . Note that the standard need not be the same at each
receptor point; the environmental authority can, for example, prescribe
lower concentrations as the target in densely populated areas.

The problem thus becomes one of attaining a set of predetermined levels
of pollutant concentrations at the minimum aggregate abatement cost.
Or, in other words, we are looking for a vector ö1 emissö s fi m our m
sources, E= (e 1 , ..., em ), that will minimize abatement costs subject to
the constraint that the prescribed standards are met at each of the n loca-
tions in the region. The abatement costs of the ith source are a function
of its level of emissions: c,(e1 ). So our problem, in formal terms, is to

Minimize E c; (e; )

s.t.	 ED < Q*

E ? O.

There are two basic approaches to the design of a marketable permit
system that deals with this control problem. First, the environmental au-
thority can simply issue q"; permits at each receptor point, with these
permits defined in terms of an allowed contribution to the pollutant con-
centration at j. This would effectively create a separate market corre-
sponding to each receptor point, and a source, to justify its emissions,
would have to procure a "portfolio" of permits from the various receptor
point s at which its emissions contribute to pollution levels. More specifi-
cally, source i would have to obtain e; d1 permits from the jth receptor

to market. This form of permit market is an ambient-permit system (APS)
in which the permits refer, not to a source's emissions, but to the effects
of I hew emissions on levels of po11utlon a1a particular point. Note that
this implies that emissions entitlements will not, in general, exchange for

one another on a one-for-one basis; a source whose emissions per unit are
more amagi.ng to a particular receptor will have to purchase conunensu -
rately more emissions entitlements from another source whose dischar
contribute less per unit to pollutant concentrations at that r(., cl)tor p01111.

Alternatively, the environmental agency can introduce an emissions.
permit system (EPS). Her the agency would divide the region into bones,

and within each zone sources would trade emissions ent it Icrnc!►t s on a
One-for-one basis. The EPS system has some obvious attractions in terms
of simplifying transactions among sources.

We turn next to the properties of the two permit systems. For t he A I'S
scheme, Montgomery, in a seminal._paper, has shown that, if the sources
of pollution are cost -minimizing agents, the emissions vector and shadow
Prices that emerge from the preceding minimization calculat ion sat isfy

the same set of conditions as do tTie vectors of emissions and permit pi ices
for a conrpetitiverequilibrium in the permits market.' In short, if the en-
vironmental authority were simply to issue q; permits (defined in terms
of pollutant concentrations) for each of the n receptor points, competi-
tive bidding for these permits would generate an equilibrium solution
that satisfies the conditions for the minimization of total abatement costs,

The APS system can thus, in principle,-achie a theleast-cost outcome.
Twopropire tt es of this form of permit market are noteworthy. the trr st
is the utter simplicity of the system from the viewpoint of the environ1
mental agency. In particular, officials need have no information what-
soever regarding abatement costs; they simply issue the prescribed num-
ber of permits at each receptor point, and competitive bidding takes care
of matters from there. Alternatively, the environmental authority could
make an initial allocation of these permits among current polluters. In a
competitive setting, subsequent transactions will then lead automatically
to the cost-minimizing solution. As Montgomery proves formally, the
least-cost outcome is independent  of the initial allocation of the t o !!nit s.
Secörid, in contrast to the modest burden it places on administrators, t hi
system can be extremely cumbersome for polluters. Note that a firm emit-
ting wastes must assemble a "portfolio" of permits from each of the re-
ceptor points that is affected by its emissions: A source at point i will
have to acquire permits from each receptor point j in the amount d,,e,,
There will, therefore. exist n different markets for permits, one tor each
receptor point, and each polluter will participate in the subset of these
markets corresponding to the receptor points affected_by his or her cinis-
sions. Transactions costs for_polluters may be high.

W. E. Montgomery, "Markets in Licenses and Efficient Pollution Control Programs,"
Journal of Economic Theory V (December, 1972), 395-418.
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The APS system suffers from a second deficiency that is potentially i
quite troublesome. The analysis here has run in terms of a given and fixed
set of receptor points at which the attainment of predetermined levels of
air quality are required. However, the Clean Air Act in the United States
requires that the National Ambient Air Quality Standards (NAAQS) be $
met at all locations. But for pollutants with more localized effects (and
this includes most of the major air and water pollutants), it is possible for
changing location patterns of emissions to generate "hot spots" that do
not coincide with designated receptor points. To prevent the occurrence
of localized hot spots for such pollutants, a relatively fine mesh of re-
ceptor points will be needed, implying a large number of receptor mar-
kets wi comparatively high transactions costs. Further, since each re-
ceptor is associateTwit^i an in ivi ual permit market, receptor points u1
would tend to become "institutionalized." The moving of a receptor point
to adapt it to a new pattern of pollution would create dislocations: It
would alter the structure of permit markets and would probably give rise
to difficult administrative and legal problems.  And it would not preclude
Tie need for future readjustments. The APS form of the permit market
is not without serious problems.

As noted earlier, the EPS can greatly simplify life for polluters. In-
stea o in_ t • ' ' - e • •lio of_permits from different re-
ceptor mar ets, each source would find itself assigned to a single zone
within which emissions entitlements would exchange one-for-one. How-
ever, the EPS system cannot, in general, achieve the least-cost solution,
and it makes enormous demands on an administering agency that tries
to approximate this solution. Since polluters with somewhat varying dis-
persion coefficients are aggregated into the same zone, one-for-one trades
of pollution entitlements will ignore the differences in the concentrations
contributed by their respective emissions. In short, the price of emissions
to each polluter will not correspond accurately to the shadow price of
the binding pollution constraint. This objection to EPS need not be se-
rious, if the dispersion characteristics of emissions within each zone are
not ver y different. However, this is often not true. The ambient effects
of emissions (it) not depend solely on the geographical location of the
source; for air pollutants, for example, they depend significantly on such
t ;ts st ack height and diameter and on gas temperature and exit ve-
o, v. ITS cannot readily incorporate such elements without losing the
basic simplicity of one-for-one transfers of emissions entitlements.

I err T her difficulty insetting EPS is that, even were there  no differences
in the dl t 	,i,u„ ■I,;,,;rctcristics of emissions within each zone, the envi-

^nntental :tuthoe ity must still determine how many permits to assign to
rc h /one. And this determination requires the complete solution by the

administrator of the cost-minimization problem. To reach this solution,
the a ministering agency must have not öy a—r äir-quality model (to
provide the d;j ) and a complete emissions inventory, but source-specific
abatement cost functions and the capacity to solve the programming prob-
lem. With less-than-perfect information, the agency's assignment of per-
mits may not result in the attainment of the ambient air-quality targets.
If pollution were excessive, the authority  would have to reenter the it t ar-
ket (in at east someof the zones, where the pattern o- fzonal put chases
would again require a fairly sophisticated analysis) and purchase or con-....._._...-_. 
fiscate permits. Such an iterative procedure is not only c umhersorme for
the administrator of the system, but may create considerable uncertainty
for firms about the future course of permit prices. Note, moreover, t hat
this procedure involves more than just groping once and for all toward
an unchanging equilibrium. Altered patterns of emissions resulting from
the growth (or contraction) of existing firms,, the.  of new hi pus, a rtd
changing abatement technology will generate a continually shiftim ' cast

cost pattern of emissions among zones. Under EPS, the environmental
authority faces a dynamic problem that will require periodic adjustments
to the supplies of permits in each zone.

3 The pollution-offset system

Both the APS and EPS forms of marketable permit systems are, then,
subject to some serious problems. However, there is a third alternative, a
kind of hybrid system, that may be able to circumvent these problems:
the pollution-offset (PO) system.' Under this approach, permits are de-
fined in terms of emissions (e.g., the permit allows the disch:u e of .V
pounds of y, - per week). However, `our s are not .tl
lowed to trade permits on a  one-to-one basis. Mori• `,I)(•ciht;Illy, transter.t

of permits under the PO scheme are subject to the reNtrrction that the
transfer does not result in a violation of the environmental quality stun
clantatany receptörpoint. This is the sole constraint on trades of permits.

The key to the working of the PO system is its implication that if a por-
posed transfer encounters a binding pollution constraint at some receptor
point, then emissions must trade at a rate equal to the ratio of the sources'
transfer coefficients (the d,ls), for the ratio of the transfer coefficients
indicates the rate at which emissions from one source can substitute for
emissions from the other with no change in pollutant concentrations at
the binding receptor point. For example, if a unit of emissions from Bout c

8 See Krupnick et al., "On Marketable Air Pollution Permits: The Can for a System of
Pollution Offsets."
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A contributes twice as much to pollutant concentrations at binding re-
ceptor point I as a unit of source B's emissions, then A will be required
to acquire two of B's unit permits before A is allowed to increase its own
emissions by one unit. Although permits are defined in terms of emis-
sions, as under EPS, trades are really governed by the effects of_emis-

.sions on ambient air quality, in the spirit of APS. _
The PO system shares with the APS the important property that mu-

tually beneficial trades among sources can lead to the least-cost solution
and that this result is independent of the initial allocation of permitil
"fltis coincidence of the "trading equilibrium" with the least-cost solution
can be seen with the aid of Figure 12.1. In the figure, the horizontal and
vertical axes measure, respectively, the levels of emissions of firms 1 and 2
(i.e., e t and e2 ). The curves C 1 and C2 are iso-cost curves for pollution
abatement costs. 9 Note that higher curves correspond to lower total abate-
ment costs. The line AB depicts the pollution constraint associated with
receptor j. Points on AB denote combinations of e l and e2 for which
q1 = qj; the slope of the line equals the ratio of the transfer coefficients

9 A sufficient (but not necessary) condition for the iso-cost curves to have the desired cur-
vature in Figure 12.1 is that both firms face a schedule of rising marginal abatement costs.

(i.e., the rate at which emissions from firm 2 can substitute for emissions
from firm 1 with no change in pollution concentrations at receptor j).
Similarly, CD depicts the pollution constraint for receptor k. The com-
binations of emissions from firms 1 and 2 that satisfy the pollution con-
straint at both receptors are thus the set of points OCFB. We see imme-
diately that the least-cost solution occurs at E, at which point we reach
the highest iso-cost curve consistent with the pollution constraint. At thi ,
point, the ratio of marginal abatement costs equals the ratio of the tram
fer coefficients.

Suppose, owever, that the environmental authority selected for the
initial distribution of permits point G instead of the least-cost outcome E.
(Recall that the authority has no knowledge of sources' abatement cost
functions and hence is unable to determine ei and e2.) In this instance,
source two would find it profitable to purchase permits from source one.
The effective rate of exchange of permits would be the slope of the line
CD, since receptor k's constraint is, in this case, the one that is binding.
At this rate of exchange, the transfer of emissions from source one to
source two will result in a decrease in aggregate abatement costs. The
gains from trade would be exhausted at E, where the ratio of the sources'
marginal abatement costs become equal to the rate of exchange of per-
mits. We thus find that the "trading equilibrium" under the PO system
coincides with the least-cost sötio0u`
Zike APS—(and unlike EPS), the TO scheme makes modest informa-

tion demands on the environmental authority. Officials need to know the
dispersion characteristics of emissions within the air shed or waterway
(i.e., the D matrix), but need have no information on sources' abatement
costs. The authority does not have to solve the cost-minimization prob-
lem to determine the initial allocation of permits: any allocation will do.
This, incidentally, is an important property of the system, because it pro-
vides the degrees of freedom that will probably be needed to reach a "fair"
and politically acceptable distribution of pollution rights.

Unlike APS, however, the PO system does not require sources to trade
in a multitude of separate permit markets. Instead, a firm purchases emis-
sions permits directly from other sources. The. PO scheme thus prmn tises
substantial savings in transactions costs to sources relative to A 1'S. 1 n
addition, it is no-t-Tira.Mta-CrirAPSTto the requirement hat a fixed and

10 We refer to this as a "trading" equilibrium rather than a "market" equilibrium, because
we have not shown formally that there exists a specific set of prices that will sustain an
equilibrium among buyers and sellers corresponding to the efficient allocation of pernuis
among polluters. The discussion suggests that the only allocation of permits for whirl
there exist no potential gains from trade (the definition here of a "trading equilibrium")
corresponds to the least-cost allocation of emissions entitlements.
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"institutionalized" set of receptor points be established. Receptor points
can easily be redefined with respect to each trade to coincide with poten.
tial hot spots and thus ensure that there are no violations of the environ-
mental standard at any point in the air shed or waterway. Receptor points,
incidentally, need not coincide with monitoring locations where air or
water quality is actually measured; receptors serve as reference points
where pollutant concentrations may be monitored or alternatively inferred
from a knowledge of emissions and a dispersion model of the region.

The PO system thus offers a promising approach to the design of a s ys
-tem of marketable emission permits. There may be cases, however, where

a system of zones with one-for-one transfers within each zone promises a
reasonably efficient outcome and is preferable because it simplifies trad-
ing. The attendant gains and losses under the various forms of permit
markets need to be evaluated for different pollutants in different areas.tt

4 On the choice among policy instruments

In the last two chapters, we have explored two alternative approaches to
the use of pricing incentives to attain a predetermined set of environ-
mental standards: effluent fees and marketable emission permits. Each
approach, as we have seen, can in principle achieve the desired standards
at the least cost to society. We reiterate the importance of this property
in the light of recent experience with environmental policies. Study after
study of current policies making use of direct controls has found that
they incur excessively large costs. These pricing approaches thus offer an
opportunity for enormous cost-savings in environmental programs. This
is particularly important during times of sluggish overall economic perfor-

1I
 

There are two recent "experiments" in the United States with systems that allow the
transfer of emissions entitlements. The first, emissions trading, provides for the ex-
change of discharges of air pollutants among sources. The second, the Wisconsin sys-
tem of transferable discharge permits, involves the transfer of BOD emissions among
sources along certain rivers in the state of Wisconsin. Both of these systems, inciden-
tally, are not "pure" systems of marketable emissions permits. They are embedded in a
broader set of command-and-control measures that impose certain requirements upon
control techniques, etc. It is interesting that both systems are in the spirit of the PO sys-
tem discussed in this chapter in that they permit transfers of emissions entitlements sub-
ject to the absence of violations of the predetermined environmental standards. On
emissions trading, see T. Tietenberg, Emissions Trading: An Exercise in Reforming Pol-
lution Policy (Washington, D.C.: Resources for the Future, 1985); on the Wisconsin
"11)1' system, see W. O'Neil, M. David, C. Moore, and E. Joeres, "Transferable Dis-
charge Permits and Economic Efficiency: The Fox River," Journal of Environmental
Economics and Management X (December, 1983), 346-55; for a brief and nontechnical
description of both systems, see W. Oates, "Markets for Pollution Control," Challenge
(May/June, 1984), 11-17.

manCe, when environmental programs are likely to come under very close

scrutiny as a source of increased costs to industry. If we cannot achieve
our professed environmental objectives in a reasonably efficient way, it is
likely that it will be these objectives, and not industrial performance, that
will have to give. Thus, the standards of environmental quality that soci-
ety is willing to accept may themselves depend upon the efficiency of the
policy instruments we adopt to achieve the standards.

The choice between a system of effluent fees and one of marketable
emission permits depends, as we have seen, on the pertinent circumstances:
the nature of the pollutant and its geographical setting, and on various
political and administrative considerations. Each policy instrument has
its place. Where it is important to distinguish among individual sources,
we are inclined to believe that a permit system is the more promising ap-
proach. Under such circumstances, one can introduce a pollution-offset
system in which sources are allowed to trade permits subject only to the
restriction that their trades do not result in any violations of the stan-
dards. Trades under this system automatically incorporate the differen-
tial effects of the sources' emissions on environmental quality. The l'O
system thus offers a very attractive and straightforward design for a per-
mit system, one that has already been embodied, in essence, in some pro-
grams for the control of both air and water pollution. 12 Alternatively,
where a uniform pricing signal is satisfactory, a single effluent charge,
applicable to all sources, becomes more appealing. Each source would
then respond directly to the fee, with no need for any permit transactions
with other sources. Alternatively, the environmental authority can adopt
a permit system with a single zone in which the permits trade one-for-
one. Here, various administrative issues may suggest the approach that
is to be preferred.

In the next two chapters, we shall examine some other policy instru-
ments for the protection of the environment. As we shall see, it is impor-
tant to understand the particular advantages and disadvantages of the
different policy tools, for an effective overall program for t he manage-
ment of environmental quality will be one that embodies the appropt rate
mix of these tools.

12 A straightforward variant of the PO system can, where desired, pirvent .1,•trt lot atlt,n in
environmental quality in areas where existing pollutant concentt,it tom at i +> tl►at^ ne
allowed by the standard. On this, see A. McGartland and W. Oaics, "Mathrtahl,- Prr
mits for the Prevention of Environmental Deterioration," Journal of l nwnnnnnwrual
Economics and Management XII (September, 1985), 207-228.
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CHAPTER 13

Stochastic influences, direct controls,
and taxes

This chapter seeks to show that, in addition to the pricing measures ad-
vocated in the preceding chapters, there is room in a well-designed envi-
ronmental policy for at least one instrument that has attracted virtually
no defenders among economists - the direct controls, so popular outside
the rofession.^

After the demonstration in the preceding chapters that pricing methods
have important efficiency advantages over direct controls, our advocacy
of the use of the latter may appear somewhat inconsistent. However, we
are not suggesting that the preceding discussion is basically incorrect, but
rather that it omits an important consideration. Environmental problems
do not always develop smoothly and ara  uall . Instead, they are often
characterized by infrequent but more or less serious crises whose timing
is^n redictable. Such emergencies may require rapid temporary changes
in the rules of the control mechanism, and it is here that pricing mea-
sures appear subject to some severe practical limitations. In this chapter,
we will show how the uncertainty associated with environmental condi-
tions greatly complicates the implementation of a program of fees or
subsidies.'

We will not conclude from this that such programs are useless. We still
believe that they have an important role to play and that economists have
been right in trying to convince policy makers of their advantages. Rather,
we suggest that the ideal policy package contains a mixture of in tru-
merits, with taxes, marketable permits, direct controls, aDd even moral
suasion each used in certain circumstances to regulate the sources of en-
vironmental damage.

Before proceed need g further, it is desirable to indicate more formally how
we distinguish between direct controls and taxes or fees. This is not as ob-
vious a difference as one might think at first blush, for direct controls are

t The analysis in this chapter will use taxes or fees as the prototypical pricing instrument
to be contrasted with direct controls. Much of what is said about fees applies also to
a system of marketable emission permits. However, it is possible that a more rapid re-
sponse can sometimes be obtained by modification of the provisions of a permit at a
time of environmental crisis than through alteration in the relevant tax rate.

presumably enforced through fines or other penalties and the difference
between a fine and a tax requires some elucidation. To us,  a direct control

must involve a directive to individual decision makers requiring them tee
set one or more output or input quantities at some s peci fied levels 01 pr „-
"f icing them from exceeding (or falling short of) some specified levels.
I t e ac ivity evels satisfy these requirements, they are considered legal
and no penalty is imposed. However, if they are violated, whether by
small or large amounts, the individual is considered to be a lawbreaker
who is subject to punishment. With taxes or fees on the other hand, even
if they are based on standards - for the community asa whole, no indi-
vidual is told what input or out up t levels to select. Moreover, t axes and
fees utilize no knife's-edge criterion. The amount of the decision nt;rk er's

payment  will vary wlTis pertinent activity levels with 110 imputation
of illegality to the activity levels he chooses.

1
	

Exogenous influences and the social cost of emissions

In some cases, the damage done by an mission depends almost exclu-
_sively upon its magnitude and on the number of persons whose 10(::11 1011
makes them vulnerable_to itc Pffects, The annoyance generated by a loud
noise may plausibly be taken to depend largely on its decibel level and
on the number of persons within earshot.

However, under many other circumstances, the social costs of a par-
tic lar ac ivi _ end ön—variables beyond the control of those (iii tly
involved. For example, the polluting effects of a given disch a rge of efflu-
ent into a river will depend upon the condition of the waterway at that
time - whether it has just been replenished by rainfall or depleted by a
drought. The amount of water and the speed of its flow are critical deter
minants of the river's assimilative capacity. Similarly, stagnant air can
trap atmospheric pollutants, perhaps even collecting them until they be-
come a danger to health and life.'

The point of all this is that emission levels that are acerpt.ihi ' :trot

rather harmless under usual conditions eau, 1111,1 (.1 „I
become intolerable. Moreover, these cond it ion . (  I , i " l i,, i
variables that are largely outside the control of th 1 ,
often are not predictable much in adv;t ncc: Mtt cor o11)).A IL condo I ^ ►^^

2 Note, however, that the careful studies by Lave and Scskin of the evidence on the mot
tality effects of air pollution suggest that fears about the cunse(ii •ili c•. (it on 1 ,, 'I! , 	N.
crises may be exaggerated considerably. See Lester Lave and l • ugenc	 in, " 5 jai i 1$.
tionships Among Daily Mortality, Air Pollution and Climate," in t twhi hilt I
Economic Analysis of Environmental Problems (New York: ( ()lumina 	 .11) t', , y,
1975), pp. 325-47.

1.1 E
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for example, must, for most purposes, be considered largely exogenous
and only imperfectly foreseeable.'

Such exogenous influences contribute to an important class of serious
environmental problems: the occasional crises that call for the imposi-
tion of emergency measures and that, in some instances, have grown int o
widely publicized disasters. Typically, we cannot predict these crises much
in advance or with any degree of certainty; we can, however, be certain
that at some unforeseen time they will recur. An environmental program
incapable of dealing with such emergencies is hardly likely to be greeted
with overwhelming enthusiasm.

2 Administrative obstacles to the effective use of taxes

Whatever their other virtues, taxes and subsidies suffer from at least one
serious practical liability -as ä means for the tegulation_of  externalities:
they are very difficult to change on short notice. Anyone who has fol-
lowed the history of recent attempts at t ax reform knows how slow and
painful a process it is. Even during periods when unemployment and dis-
appointing growth rates called for rapid tax reductions, there have been
delays running into months and, in some cases, years. Certainly, the few
days that are as much advance notice as one can reasonably expect for
an environmental emergency are hardly enough to effect a change in the
tax regulations.

Moreover, even if an environmental administrator possessed a sub-
stantial degree of flexibility in the setting of tax rates so that he could
adjust them rapidly, he would still find the instrument illsuited  to short-
term crises. For the sort of response one hopes to elicit from the imposi-
tion of Pigouvian taxes characteristically is not achieved overnight. One
expects them to lead to the use of cleaner fuels, of production processes
that emit smaller quantities of pollutants, to the adoption of equipment
for the cleansing of emissions, and so on. These ar e measures that nor-
mally are effective only in the long run, and that it is neither reasonable,
nor often possible, to press to service in a brief emergency  period.

This second point really involves two sorts of  problems in the imple-
mentation of a system of fees to cope with  occasionalperiods of severe

3 Similar arguments apply to the state of the quality of life more broadly interpreted. The
effects of deterioration of a neighborhood upon crime rates clearly depend on a number
of noneconomic and largely exogenous influences: the level of drug addiction, whether
the country is currently engaged in military combat, on the current rainfall and tempera-
ture (recall the "hot summers" of the 1960s with their frequent outbreaks of urban vio-
lence and looting). Forecasts of the timing of the resulting disturbances are consequently
highly uncertain.
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environmental deterioration. First, the response to a i , i yen level of fee•, Ic
difficult to predict accurately. And, second, the period of .Idiii , J111,1it to

ne^evels öfletivities is typically uncertain. These problems may not be
very SeTu ör ä long-run policy designed to achieve desired standards
of environmental quality. As we discussed in the preceding chapter, the
environmental authority can set tax rates, observe the response in levels

of polluting activities over time, and, where necessary, seek further ad-
justments in the level of the fee. Our point ! ^ rr'(•rt r H it! • ' ^' ire

for the adjustment of fees to aclrrcrc the dc ∎ ii 'cI

effluent fees (or taxes) is a very compelling ones
However, environmental conditions may, under certain situations, al-

ter so swiftly that fees simply may not be able to produce the necessary
changes in behavior quickly (or predictably) enough to avoid a real catas-
trophe. This suggests one major attraction of direct controls: If enforce-
ment is effective, controls can induce, with little uncertainty, the pie--
scribed alterations in polluting activities.'

Direct controls may offer anothersource of flexibility that is difficult to
achieve with taxes. It is certainly true, as many economists have pointed

out, that programs of direct controls frequently require essentially the
same monitoring system (and costs of enforcement) as a pt of;r am of fees.

A plant that is prohibited from discharging more than x units of sulphur
from its smoke stacks should have its emissions recorded just as it would
if it were to be taxed t dollars per unit of sulphur emitted.

But during periods of severe environmental distress, it may he neces-
sary to regulate activities that to normal times are left to pin time their
own' course.Sans -or limitations on motor vehicle travel, the cessation
of certain types of waste disposal, all of which are not normally of suf-
ficient concern to require regulation, may be convenient temporary ex-
pedients. Because of the infrequency of these controls and, perhaps, the
suddenness of their need, comprehensive monitoring and metering sys-
tems may not be sensible, economically. Instead, the authorities may have
to be content to catch only some of the violators, imposing penalties suf-
ficiently severe to make them an effective deterrent to others. l hire pun-
ishment itself becomes a stochastic process, with penalties higher than
those that would be appropriate if their imposition were certain and uni-

4 This, incidentally, suggests another reason for the popularity of direct controls Anions
regulators. Having had little experience in the use of effluent taxes, they seem to sew that
a program introducing a fee for the first time will fall far short of its intended goal .std
that a subsequent increase in tax rates sufficiently high for the purpose will prove u11.1c-
ceptable politically. A set of quotas, they argue, does not proceed so inducoly; it  An
give the community far greater assurance of achieving its objectives than sun an unit ted
program of taxes.
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versal. 5 The landlord whose incinerator continues to run despite an emer.
gency prohibition on trash burning may be jailed for sixty days rather
than being fined the relatively small fee that would otherwise be called
for. This seems not to be too bad a description of the way in which direct
controls actually work in emergency situations.

Just because they do not require metering, direct controls of this sort
can be imposed cheaply and quickly, avoiding the fixed costs that supple-
mentary taxes may require. 6

3 Tax rates and exogenous determinants of damage:
an illustrative model

Using an elementary model, we can illustrate an environmental process
and see why fiscal controls by themselves can sometimes be an excessively
costly instrument for environmental protection.

The basic relationship is built about a random variable, kt , where 0 <
k, � 1. We take kt to depend on exogenous forces (which, for convenience,
we call wind velocity); in particular, kt represents the proportion of the
previous period's pollution that is not dispersed by the time the current
period begins. The current pollution level, P t , equals this residue from
the previous quantity of pollution, kr Pt _ 1 , plus current emissions:'

S Presumably, in a stochastic punishment process, the expected value of the penalty to a
violator who has (as yet) not been caught should bear some direct relation to the fee rates
appropriate where a charge is certain and universal.

6 One might argue that any degree of reduction in polluting activities can be achieved by
a tax that is sufficiently high. A tax of $100,000 per motor vehicle on the streets of a city
should effectively curtail all motor traffic. Moreover, such a tax can also be imposed hap-
hazardly, falling only on those who happen to be caught violating the pertinent rules
or standards. Aside from the purely semantic problem of distinguishing between such
randomly collected taxes and the fines used to enforce direct controls, the preceding ex-
ample also suggests that in practice an environmental protection agency is unlikely to
have the authority to levy taxes of such magnitudes, although it is likely to be able to
enlist the support of the police and the courts in imposing emergency controls.
We believe that this is not a bad representation of the facts of the matter. Rather similar
relationships have long been used in the engineering literature in the field of water quality
analysis. See, for example, H. W. Streeter and Earle B. Phelps, A Study of the Pollution
and Natural Purification of the Ohio River, U.S. Public Health Bulletin, #146 (Wash-
ington, U.C.: Government Printing Office, February, 1925); J. Donald O'Connor, "The
Temporal and Spatial Distribution of Dissolved Oxygen in Streams," Water Resources
Research 111, No. 1, (1967), 65-79; W. E. Dobbins, "BOD and Oxygen Relationships in
Streams," Journal of Sanitary Engineers Division, American Society of Civil Engineer-
ing, XC, No. SA3, (June, 1964), 53-78. We note also that the logic of our analysis holds
for a much broader range of functional forms, say Pt = (13(Pt_ t , k it , ..., kqt )+ nf(r),
where the k  are random variables. All is well so long as we can, from the probability dis-
tribution for the kit , calculate G, the distribution for P.

Stochastic influences, direct controls, and taxes 	 195

Pt=ktP1_1+nf(r)
	

(1)

n is the number of polluters in the community
r is the tax rate on emissions' and

f(r) is the level of emission of a representative polluter.

Equation (1) is, of course, a linear, first-order difference equation with a
stochastic coefficient, and it is nonhomogeneous.

Let us illustrate the workings of the model by starting off with the case
where wind velocity is not subject to stochastic influences. Then the equi-
librium solution of (1) for k1 = k (nonrandom) is .

Pe =nf(r)/(1—k). 	 (2)

If, in addition, we assume that the waste emissions by a representative
firm are a linear function of the tax rate (they can be expressed as f(r).
a—br where r is the tax rate), 9 then the equilibrium level, Pe , is given as

Pe = n(a— br)/(1— k).

Let D be the maximum level of accumulated pollutants consistent with
a given set of standards; then the tax rate, r, necessary to maintain the
equilibrium level of Pe at the critical level is obtained as a solution to

n(a— br)
Pe
_ 

1 —k =D.

Or, solving for the tax rate, r,
a DO— k)

r_ b 	 nb 	 (4)

This gives us a nonincreasing linear relation between r and the pollu_
tton ersion rate, 710, In Figure 13.1, we depict this relationship
for various values of D. For example, in the case D= 0, the second term
in the RHS of (4) drops out so that r takes the constant value a/b as indi-
cated by horizontal locus QR in the figure. This, of course, is the case of
zero waste emissions. As D rises, indicating a higher permissible level of
discharges, the curve pivots down about the fixed vertical intercept, a/b.
All the loci have this same vertical intercept because, for (1— k) = 0, we
have r= a/b for all values of D.

a In this chapter we depart from our notation elsewhere, using r rather than I to represent
the tax rate to avoid confusion with the conventional time subscript, I.

9 f(r) depends in part on how the polluter's costs are affected by the quantity of his emis-
sions. This relationship will enter the discussion explicitly later in the chapter when we
construct a model for an optimal mixed policy, that is, a policy using both taxes and
direct controls.

(3)
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Figure 13.2

Figure 13.1

The linear case we have 'ust discussed assumed impli .i lv that the mar-
ginal—Cost of po lution control is constant. In fact, the cost of eliminating
pollution normally rises sharply as its level approaches zero. To illustrate
this possibility, we can utilize the : missions function f(r) = ce - ', which
implies that the reduction in emi .ions resulting from a given rise in the
tax rate will level off asymptoti• .11 . _ rguing as before, we now obtain

_ nf(r) _ nce - "'D_ 
Pe 1—k 	 1—k

D(1—k) — e —vr

nc
—vr=ln D +ln(1— k) —ln(nc)

In(nc) 1nD ln(1 — k)
r= 	

v	 v	 v

The relationship }0 between r and (1—k) is illustrated by curve R'R in
Figure 13.2.

10 Note that because 0 � (1—k) � 1,  then In (1— k) _< 0, and approaches zero as 1—k ap-
proaches unity.

4 Some qualitative observations

Several broad conclusions are suggested by these simple deterministic mod-
els: i) Increasing D (a lowering of standards) permits a reduction in r hut
does so at a declining rate (because it restores pollution whose eliminat ion
is decreasingly expensive). This result follows directly from (5). It obvi-
ously depends on the assumption that the marginal cost of reducing waste
emissions rises as the level of emissions falls. For example, as (4) indi-
cates, this result does not hold in the linear model. ii) An increase in n,
the number of polluters, increases r, but at a decreasing rate. With more
sources of emission there will be more pollution, but each increase in r also
elicits the associated decrease in emissions from a correspondingly larger
number of polluters. In both (4) and (5), it is easy to show a 2 r/öa 2 < 0.

(5)
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This suggests that, to maintain a given level of waste discharges, a pollu-
tion tax rate in more densely populated cities should be higher than that
in smaller communities, but the increase should be less than proportional
to the rise in the number of polluters." iii) Finally, as is to be expected,
a rise in (1— k), the rate of natural dispersion of pollutants, reduces the
tax rate necessary to meet a given set of standards, for from (2), setting
D=Pe ,

We now illustrate the workings of the model when the wind velocity is
subject to stochastic influences. Unlike the deterministic case, the level
of pollution in each period is a random variable; consequently, the equi-
librium level of pollution is not uniquely determined but is also a random
variable. It has been proved by V. S. Bawa that, for our stochastic rela-
tionship (1), the limiting or equilibrium distribution of the pollution level

11 The declining rate of increase in r with rising n is not dependent on our exponential
response assumption. On the contrary, the increasing cost of pollution control (that is,
the f"(r) > 0) works against that relationship. Indeed, it is only guaranteed to hold if
f"(r) s 0. To show this we return to our basic general relationship,

f(r)= 
D(1-k)

(which includes both the linear and exponential models as special cases). Consequently,

ar	 D(1-k) 	arj'(r )a n = 	 n2 , or an = -D(1-k)n -2 f,(r)-1.

Because f'(r) < 0, it follows that ar/an >0.
Differentiating again, we have

an 
=D(1-k)I f' (r) - 12n -3 +n -2f , (r )-2 f"(r) an ].

here D(1- k), 2n -3 , f'(r) -2 and ar/an are all positive and f'(r) -1 is negative, and so,
if f "(r) s 0, the entire expression will be negative (that is, then r does increase at a de-
creasing rate with n). However, if f"(r) > 0, the first term in the brackets will still be
negative but the second will be positive so that the net result will depend on their relative
magnitudes as it does in our exponential model. In economic terms, the reason for the
ambiguity introduced by the last term is that, with f"(r)> 0, the higher value of r re-
quired by a larger n runs into diminishing returns and this offsets the scale advantages
of having more persons reduce their emissions in response to a given rise in r.
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always exists and is given uniquely as a function of the  distribution of the
random variabak,.n

Firs , for illustrative purposes assume that the dispersion rate, (1— k),
of Equation (2) can take two values: the high usual value (1— k),, that
occurs on most days, and the low emergency-dispersion rate (1— k), that
occurs only infrequently. Then the maximum level of emissions during
emergency periods is (approximately) 13 nf(r)/(1—k),, but the normal
emission level is (approximately) of (r)/(1— k) h . The tax rate necessary
to keep pollution levels acceptable under ordinary wind conditions is il-
lustrated by B in Figures 13.1 and 13.2, and the higher tax rate A is re-
quired to be certain of coping with emergencies. 14 Note that, if the tax
were set high enough to deal with crises and were not reduced at other
times, it would require the community to pay an "excess" tax rate, Ar =
CA, during most of the year when (1— k) is at its normal level. The ex-
pected excess cost to society per period is the resulting outlay on the re-
uct><on o emissions below normal levels, multiplied by the pro-babilify

thät the täx rare is .excessive.
The concept of the excess tax is, of course, not dependent on our use

of the probability distribution encompassing only two possible states,
which we have introduced purely for expository simplicity. Using l3awa's
results described in the Appendix to this chapter, one can, in an analo-
gous manner, calculate the expected excess cost for any given distribu-
tion of k1 .

This result is important because it follows that

Proposition One. In the presence of stochastic influences, taxes may
sometimes be more costly to society than direct controls as a means to
limit environmental damage. 15

If the cost induced by the excess tax is sufficiently high, it can always
offset the static allocative efficiency offered by the tax prow atnt t 11at ww e (lid

eussed.in_the. preceding chapter.Thafi , even if axes incur only a traction

12 Bawa derives these results formally in the Appendix to this chapter. If G(P,) is the distri-
bution of P1 , we define the equilibrium or limiting distribution as the limit of G as P, ap-
proaches Pe .

13 We must say "approximately" because we have not accounted for the level of pollution
not yet dispersed from earlier periods. The actual pollution level will always be lower
than this if the value (1-k)1 does not hold indefinitely, because pollution can then b
expected to approach the "equilibrium level," nf(r)/(1- k),, asymptotically from below,
and hence will never actually reach that level.

14 In Figure 13.1, this assumes D= na so that the relevant locus of r and (1 - k) value% is QU.
13 Of course, this result depends on our earlier argument that taxes are subject to short-run

rigidities and uncertainty that can be circumvented by direct controls.

5	 Stochastic models and the potential superiority of direct
controls
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6 Mixed systems of regulation

Indeed, the analysis suggests that neither reliance solely on fiscal meth-
ods nor on direct controls will constitute an optimal regulatory strategy.
Rather, it may be less costly to society to employ a mixed system that
makes use both of taxes and direct controls. The environmental authority
would set effluent charges and other pollution tax rates so as to meet
prescribed environmental standards during normal periods. Flexible di-
rect controls might then be adopted on a standby basis, to be put into
effect when (unforeseeable) circumstances call for them. The environ-
mental authority, for example, might have available a series of regula-
tions of increasing severity, with the choice among them depending on
the magnitude of the threatened danger at the time the decision is made.
During a mild intensification of air pollution, apartment house incinera-
tors may, for example, be shut down. If atmospheric conditions continue
to deteriorate, the environmental agency could ban private passenger cars
from the streets, and so on. In fact, several cities have already defined
and formulated corresponding policy measures for sequences of increas-
ingly serious "air pollution alerts."

In this way, we may be able to realize the best of both worlds by taking
advantage of the efficiency properties of tax measures in normal circum-
stances and invoking direct controls to cope with temporary periods of
accentuated environmental deterioration.

7 An optimal mixed program: graphic discussion 16

We can use our model to show, at least formally, how to determine an
optimal mixed policy to achieve a prescribed environmental standard.
Assuming for illustrative purposes that we have only one type of direct
control, there is only one degree of freedom in the selection of the mixed
policy. Specifically, once the effluent tax rate is determined, the remainder
of the policy follows directly.

This is illustrated in Figure 13.3, which shows schematically how the
level of pollution in some particular area might vary over time with the

16 Formal proofs of the results used in this section are given in the Appendix.

o- 	 ta 	 tb 	 tc
	 td 	 t

Figure 13.3

tax rate set for the entire period at some specific level, r = r0 (the upper
curve). If the inviolable pollution standards call for pollution levels that
never exceed danger level, D, it is clear that there are four periods of
time, ta , tb , tc , and td , when the environmental authority will have to in-
voke direct controls. The extent of the controls will vary with the amount
of excess pollution that might otherwise be expected, as indicated by t he
shaded areas above line DD'. Now suppose that the tax rate had instead
been set for the entire period at some higher level, r = r i > r0 . Emissions
will now be lower than they would have been otherwise, and the pollution
curve must shift downward correspondingly, say, to the lower curve in
the figure. Now, two of the periods that formerly required direct controls,
ta and tc, will no longer need them. Moreover, the two remaining pe-
riods of high potential pollution, tb and t d , will now require much milder
doses of controls, as indicated by the black areas remaining above 1)1)',

We see that the choice of the value of r determines unambiguously, in
retrospect, both the periods when direct controls are invoked and the
strength of these measures. But an optimality calculation must, of course,
be prospective rather than retrospective. We must therefore deal wit h t he
probability distribution of Pi (r) and with the corresponding cycucd
values of the pollution-control costs.

of the social costs imposed by direct controls in stationary conditions ,
with unforeseeable variability in those conditions, safety may require the	 p(f)
maintenance of an extremely high tax rate that generates heavy, unneces-
sary costs in nonemergency periods. We cannot simply assume that taxes
will always be the more efficient of the two regulatöry ifistranrents-T

—
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V. S. Bawa has proved that for our stochastic relationship,

Pt= krP1
-

1+ nf(r),

given the probability distribution of our random variable, kt , the equi-
librium or limiting distribution of Pt exists and can in principle be deter-
mined (though its precise calculation can be very difficult). Let us then
take G[P(r)] to represent that distribution.

We will now describe our optimality calculation graphically and then
express it more explicitly with the aid of algebraic notation. Figure 13.4
shows two probability distributions of P(r) corresponding to r = ro and
r = r t > ro . The curve corresponding to r o lies below that for r t because
the former involves larger frequencies of higher pollution levels. Once
again, we see that as r is reduced, the expected use of direct controls will
automatically increase. That is, there will be a  greater expected freguency
of P(r) > D, represented by VW in Figure 13.4, as _r decreases  from r t

to ro .
Figure 13.5 now translates this observation into cost terms. The curve

TT' shows the total social cost of the reductions in emissions induced
by the taxes. This will obviously be a monotonically increasing function,
because a rise in the tax rate will normally induce less (and certainly no

more) waste emissions. The curve CC' is the same relationship for the
program of direct controls. The slope of this curve will, of course, be
negative, because with an increased tax rate, r, the use of direct controls
will fall and so will the total cost they impose on polluters. Adding these
two costs vertically, we obtain curve SS' giving the total cost of the mixed
program." The minimum point on SS', at which the marginal cost of two
component programs are equal, yields the optimal tax rate r°. 1 "

8 A model for determination of the optimal mixed policy

To formalize this process, we will formulate an expected social cost func-
tion that is to be minimized by a suitable choice of tax rate, r. This mini -

We should note that SS' measures the cost to polluters of various combinations of tix
rates and controls that will maintain the level of environmental quality at or above the
prescribed standard at all times. This calculation does not allow for the added %o. sal
benefits that a higher tax rate generates by providing environmental quality in est c" Of
the standard during normal times. The analysis is still framed in terms of the objective
adopted in Chapter 11: the attainment of prescribed standards at muumurn root.18 The curve SS' can have a number of local minima. Monotonicity of ((' and /./ ' Is not
enough to prevent this possibility. We can be confident that SS' will have at least one
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II1 I1'."

mization process is, of course, constrained by a set of relationships re_
stricting pollution to a level no higher than D and invoking direct con_
trols whenever the tax rate does not suffice to do the job. We will first
describe the constraints, leaving specification of the objective function
until later.

Assume that for each polluter, i, there is a cost function

.. )

representing total cost as a function of his emission level, s ; , among other
variables that, for our current purposes, we need not specify.

Then, with tax rate r and no direct controls, we will presumably have

_ ac;

c,s 	ras. =
r

or, assuming we can solve for the inverse, c;s 1 (r), of this derivative we
have in the absence of direct controls 19

s; = cs 1 (r).

That is, the emission level of firm i will be adjusted to the level at which
the cost of reducing emissions by one additional unit equals the unit tax._ 

However, in times of crisis in the absence of further restraints for all
firms together, this level of emissions will be unacceptably high. For these
circumstances we may define 20

Excess emissions = 0= E c;s 1 (r)+k1 Pt _ 1 (r)—D. 	 (8)

Excess emissions are the excessof accumulated pollutants over the maxi-
mum acceptable level, D. Note that this includes new emissions of all
firms plus pollutants undispersed from the previous period. To meet the
prescribed standard corresponding to D, we require direct controls to re-
duce total emissions by the amount A if 0 > 0 (if there really are excess
emissions); but we require no direct controls ifQ, <_ 0,so ttha,__there_is no

l.00tnote 18 (cont.)
minimum in any closed interval because CC' and TT' cannot take negative values. CC'
and 7T' can be expected to take very high values toward the left and rightward ends of
the diagram, respectively, so that we may expect SS' to be roughly U-shaped. However,
t hat is not necessary for the curve to have at least one minimum.

' 9 Note that E ; c;sl(r) equals nf(r) of Equation (1).
10 Note again that, although for concreteness of illustration we continue to use k,P,_ 1 to

r epresent the pollutants left over from the previous period, obviously such a multiplica-
tive relationship need not always hold. But nothing is changed by substituting into (8)
the more general relationship f(Pt _ 1 , k 11 ,..., kg,) for lc, P,_ 1 , where the k ; , are all ran-

dom variables, provided we can determine probability distributions for the k; ,, and from

them can calculate a probability distribution for P,(r), in accord with Bawa's results.

threat of emergency. More formally, we require direct controls to reduce
emissions by the amount S, where

S=0 if 0 >0 ✓

6=0 if 0<-0.^/

This is equivalent to requiring 21

SO- 0)=0

S > 0.

The direct controls on emissions must in some way assign to each pol-
luter, i, an emission quota

s ; = c;s 1 (r)— w; S 	 (12)

where

E w; =1

so that total emissions will be reduced by the required amount E w; S = S.
Note that relationship (12) holds at  all times whether it is a "normal" or a
"crisis" period, because during the latter, we will have 6> 0, but during the
former, (9), (10), and (11) guarantee that we will automatically have S = 0.

Relationship (12) is a rough, but not necessarily a bad, representation
of emergency direct controls. For example, a directive simply to "shut
down incinerators" amounts to an assigned quota for reduction of emis-
sions independent of what other emissions the polluter finds it conve-
nient and profitable to continue. Relation (12) distinguishes between the
effect of the tax on waste emissions and that of the controls. I he lt i
term on the RHS represents the former and obviously corresponds to the
necessary condition (6) for private cost minimization in the presence of
emissions taxes. On the other hand, the second term is the direct controls
component whose value is determined by the assignment of the weights w ; .

We turn finally to our objective function, which requires us to mini-
mize the expected costs of emissions control

C= 	 c;(s;) dG[P(r)]•o ;

21 The purpose of relationships (9), (10), and (11) is to express the two regimes, the situa-
'tion requiring the imposition of direct controls and the one that does not, in a single set
of constraints. Equation (10) assures us that either (5=  0 or (5=  0. The other two condi•
tions then guarantee the use of direct controls (6#0) if, and only if, there arc excess
emissions (0 > 0).

(6)

(7)

(9)

(10)

(13)

(14)
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That is, we minimize the sum over all firms, i, of the costs, c,, of their
emission levels, s ; , where the emission levels are in turn determined by
the current pollution level, P(r), all this multiplied by dG(P), represent-
ing the probability of occurrence of that pollution level. Thus (14) is to
be minimized subject to the constraints (8)-(13) and the additional non-
negativity conditions

r>0,	 s,>0.

The solution to this nonlinear programming problem will yield the speci-
fications of our optimal mixed policy by determining the optimal tax rate,
r, and residually [by (9)-(11)] the amount, S, the expected excess emis-
sions to be eliminated by direct controls. It will represent the tax rate that
incurs the lowest possible social cost of the overall program of pollution
controls when direct controls are assigned the task of removing any unac-
ceptable emissions that escape the influence of the fiscal incentives.

9	 Concluding comment

The models of this chapter clearly have not encompassed all there is to be
said for the usefulness of direct controls in environmental policy. Much
of their appropriate function, arising out of issues such as relative moni-
toring costs, can be discussed effectively only on a more pragmatic level,
as is done in the companion volume. We have intended to show here that,
even considered in their own arena, that is, cost minimization, pricing
measures do not have the field entirely to themselves. In many important
cases, there is a significant role to be played by direct controls and other
types of nonfiscal measures. We are convinced that economists are justi-
fied in continuing to emphasize the advantages of pricing methods; their
relative neglect by policy makers has very likely incurred heavy costs. But
we economists should also broaden the scope of the methods we are will-
ing to espouse and should attempt to determine the appropriate func-
tions and use of the several policy instruments that are available.

Appendix

By V. S. Bawa

As in Section 3 of this chapter, the pollution level P, in period t, t = 1, 2, ...
is taken to be given by the following recursive relation:

Pi = k,P,-1+nf(r),	 (Al)

where k„ 0 < k, 51, a random variable, represents that proportion of
the previous period's pollution not dispersed by the current period. We
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assume that k 1 , k2 , ... are a sequence of independent and identically dis-
tributed random variables with common probability distribution F( . ).

Using (Al), we note that P 1 , the pollution level in period 1, is given as

P1= k 1 Po +a,

where we denote nf(r) by a for typographical simplicity. P1 is a random
variable because k 1 is a random variable. Thus, if we let G 1 (•) denote the
probability distribution of P 1 , then

G1(Y) = Pr[P 1 <y}

Pr[k 1 Po +a<—y]

=Pr[k 1 s(y—a)/Po}

or
G1(Y) =F[(Y — a)/Po].	 (A3)

Thus, knowing F(.), the distribution of the basic random variable k,
the distribution, G 1 (• ), of P 1 , the random level of pollution in period 1,
is given by (A3). Similarly, using (Al), the level of pollution in period 2,
P2, is also random and given as

P2=k2P1+a, 	 (A4)

and if G2 (•) denotes the probability distribution of P2, then

G2(Y)=Pr[P2<—y}

Pr[k2 P1 +a<Y}

= 
Jo 

Pr [Pl <_ (y — a)/x I k2 = xi dF(x)

or

f 1
G2(Y) = J o G1[(Y — a)/x] dF(x).

Thus, knowing F(•), G2 (y) can be calculated recursively using (A3) and
(A5). In general, it follows from this reasoning that for t > 1, P, given by
(Al) is a random variable with probability distribution function G,(y)
given as

L Gt_i[(y — a)/x]G1(Y)=  dF(x), (A6)

and hence for any value of t 2, G,(y) can be calculated by using (A3),
(A5), and (A6) recursively. Although for a general distribution function
F(.), G 1 (y) cannot be expressed as an explicit function, G,(y) can be
evaluated numerically quite efficiently using the recursive relation (A6).

(A2)

(A5)
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We are interested in the equilibrium, steady state, or limiting value of
the pollution level. If k t =1 with probability one (that is, zero pollution
is carried away each period), then it follows from (Al) that P,= Po + to
where a> 0. Hence, as would be expected intuitively, as t —► oo, pt

and thus there is no way to control the pollution level. We are interested
in the other, more realistic, case when E(k t ) <1 (that is, at least some
pollution is carried away each period). In this case, it can be shown, using
standard asymptotics, that the equilibrium or steady-state pollution level,
denoted P, is a proper random variable, and, as would be expected in..
tuitively from (A6), its probability distribution, G(.), is given uniquely
as a solution to:

G(y) = Jo G[(y — a)/x] dF(x).

If we let Gr (y) denote the distribution of P when r is the tax rate, then
the effect of the tax rate r on the equilibrium pollution level P is sum-
marized by the following:

Lemma. If r 1 > ro , then for all y

1 — Gr i (y) s 1— Gro (y) •

Proof: Using (A1), we see that Pt is a stochastically increasing
function of a; thus, it follows that P, the equilibrium pollution level, is
a stochastically increasing function of a. Because a= of (r) is a decreas-
ing function of the tax rate r, it follows that P is a stochastically decreas-
ing function of r. This completes the proof of the Lemma.

This result has the intuitive interpretation that as the tax rate r de-
creases, the probability of a higher equilibrium pollution level increases.
This is illustrated in Figure 13.4 of this chapter. The result is also useful
in proving the existence of an optimal tax rate r°. To do that, we note
that the steady state total expected social costs TSC(r) for a pollution
control policy with tax rate r is given as

TSC(r) = T(r) + 
JD
 c(x—D) dGr(x), 

(A8)

where T(r) represents the total social costs of emission reductions induced
by tax rate r and c(x—D) represents total direct control costs necessary
to reduce the pollution level from x to critical level D [where c(x—D) = 0
for x s D]. T(r) is assumed to be a monotonically increasing function
of r. (l'his is illustrated by TT' in Figure 13.5.) It is also plausible that
c(x— D) is an increasing function of (x—D); as the level of excess pollu-
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don (that is, the amount over the critical level D) increases, the total costs
of reducing the pollution level to acceptable level D increases.

Integrating by parts, (A8) can be rewritten as

TSC(r)=T(r)+
JD

 [1—Gr (x)]c'(x—D)dx.	 (A9)

Thus, using the Lemma, it follows that the second term in (A9), repre-
sented by CC' in Figure 13.5, is a decreasing function of the tax rate r.
In other words, as tax rate r is increased, there is a decrease in the fre-
quency with which direct controls are used in short-term crises or emer-
gencies to keep pollution levels acceptable and, hence, the expected direct
control cost decreases. Moreover, both terms in (A9) are certainly non-
negative. Hence, their sum, TSC(r) (represented by SS' in Figure 13.5),
that is, the sum of the tax costs and expected direct control costs, must
have at least one minimum in any closed interval 0 _< r r*, where we
take the constant, r*, to represent a tax rate so high that the probability
of P(r*) > D is less than some arbitrarily small G. Thus, there exists a tax
rate, r°, that minimizes TSC(r). We have proved the following:

Proposition Two. Given some maximal level of pollution, D, that is
not to be exceeded, the optimal pollution control policy is a mixed policy
completely specified by an optimal tax rate, r°.

We note that, from the monotonicity of T(r), it follows that r° is finite.
However, depending on the rate of change of T(r) relative to direct con-
trol costs, it may happen that r°= 0. In such a case, the optimal policy
for pollution control is to impose no taxes and use only direct controls.
(This may be viewed as a special case of a mixed policy with r° = 0.) We
also note that to guarantee the uniqueness of the optimal tax rate r° and
to obtain practical methods for the calculation of r°, we need some more
assumptions about the cost functions (for example, T(r) is a convex func-
tion). Such issues are considered in detail in Bawa [see reference].

The multiplicative model (Al) considered in this chapter is an appro-
priate choice for problems of air pollution where there is no constraint
on the level of pollution that can be carried away in each period. In some
other cases (for example, water pollution problems), there may be a con-
straint on the level of pollution that can be carried away in a period by
the natural sources and the following model may be more appropriate:

Pt = max(O, Pt _ 1 + a—kr). (A10)

For this and some other general stochastic models, it can be shown that
the preceding results still hold. These general models are considered in

(A7)
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detail in Bawa and some additional results on optimal pollution control
policies are obtained.

Reference

Bawa, V. S., "On Optimal Pollution Control Policies" (unpublished paper).

CHAPTER 14

Taxes versus subsidies: a partial analysis

We can rest assured that firms and municipalities that are asked to reduce
their damage tö the environment will look to state and federal agencies
for financial assistance. Such a request may seem uncomfortably .aitalo-
gous to the case of a holdup man who appeals to his victims to finance
the costs of his going straight. Sometimes,  however, a persuasive case
can be made in terms of equity. What of the firm that built its smoking
factories well away from  the centers of population only to find itself sur-
rounded by inhabitants a few decades later? Is it really the company that
is responsible for the damage generated by its emissions of smoke?

We must admit to feeling that too much has probably been made of
such cases in the literature, and that there usually is some presumption
against rewarding government agencies and private enterprises for t he
damage they have done to the environment in the past. But whatever the
virtues of the matter, the issue is a real one. There will continue to be
calls for subvention of industrial activities that may otherwise find them-
selves at a competitive disadvantage and of local agencies whose budgets
are already under heavy strain.

The central question here is whether or not it is possible to attain an
optimal pattern of resource us-Ft-h.-Toughthrough a program of subsidies rather
than fees. In Chapter 4, we showed that there is a set of Pigouvian taxes
that will sustain optimal levels of externality-generating activities in a
competitive system. Can this also be achieved by some specified set of
payments?

T h literature has occasionally suggested an affirmative answer to this
question. Some writers (including one of the present authors)' have ar-
gued that the public authority can use either the stick or the carrot to
induce socially desirable patterns of behavior. In recent years, however, a
short series of articles has shown that, on any reasonable interpretation,
this is simply untrue. Kamien, Schwartz, and Dolbear 2 have demonstrated

See W. J. Baumol, Welfare Economics and the Theory of the State, 2nd ed. (Cambridge,
Mass.: Harvard University Press, 1965), p. 104.

2 M. I. Kamien, N. L. Schwartz, and F. T. Dolbear, "Asymmetry between Bribes and
Charges," Water Resources Research 11, No. 1 (1966), 147-57.
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that where the polluter recognizes the effects of his actions on the regu_
latory authority, a subsidy scheme may make it profitable for the fi rm
to start off by polluting more than it would have otherwise in order to
qualify for larger subsidy payments.' Wenders, moreover, has suggested
that, where there is this sort of interaction between the polluter's behav-
ior and regulatory standards, there is less of an inducement for new pol-
lution-abatement technology from a system of subsidies than a pr ogram
of taxes. 4 Consider a firm that is evaluating a pollution-reducing innova.
tion. If the introduction of the new technique (and the resulting lower
level of waste emissions) is likely at some future time to induce the public
authority to reduce fiscal incentives, then the decision of the firm may
well depend upon whether the agency is employing taxes or subsidies. In
the former case, the prospective tax reduction would promise increased
profits to the firm and thus encourage the introduction of the new tech-
nology, but under a system of subsidies, the change in fiscal incentives
would take the form of a reduction in the future rate of payments from
the agency and hence reduce the profitability of the innovation.

Bramhall and Mills' have pointed out what to us seems to be the most
important distinction between the two types of stimuli: the fact that an 
enterprise that would be unprofitable under a taxe made profitable
by a subsidy. Whereas a tax will typically ve firms out of a competitive
industry and so generally lead to a decrease in its output, a subsidy may
increase entry and induce an expansion in competitive outputs. We shall
explore this issue in some depth in this chapter and will contend that it
is far more significant than a casual reading of the literature would sug-
gest. We will show, for example, that, under pure competition, although
a subsidy will tend to reduce the emissions of the firm, it is apt to increase
the emissions of the industry beyond what they would be in the absence
of fiscal incentives! Moreover, paradoxically, the more the subsidy sac-

3 I n this case, the firm need not be very large for this sort of interdependence to arise. The
pollution benchmark will presumably have to be set for each firm in light of its product
line, its output level, and its inherited plant and equipment. As with price-control mecha-
nisms, it would not be surprising to see the firm's benchmark pollution level, s", against
which improvement is to be measured, set on the basis of its emissions during some arbi-
trarily chosen period. The firm might then have much to gain by emitting a great deal of
pollution during that period to increase the value of the base level of its subsidies.

' J. T. Wenders, "Methods of Pollution Control and the Rate of Change in Pollution
Abatement Technology," Water Resources Research II (June, 1975), 343-6.

S D. E. Bramhall and E. S. Mills, "A Note on the Asymmetry between Fees and Payments,"
Water Resources Research II, No. 3 (1966), 615-16. On this see also the papers by A. M.
Freeman, "Bribes and Charges: Some Comments," Water Resources Research III, No.1
(1967), 287-88; and T. D. Tregarthen, "Collective Supply Problems in the Allocation of
an Air Basin," paper delivered to the Economics of Pollution Section of the 1971 Annual
Meetings of the Western Economic Association, Simon Fraser University, August, 1971.
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ceeds in limiting the emissions of the firm, - the more it may stimulate those
oft_heindustry. Similar problems may well arise under oligopoly vs here -

the relevant exit.-.and entry may, preponderantly.  lake _thef•ornt of the
opening and closing of plants rather than firms.

- Before-turning to these propositions, however, it is important to note
the element of truth in the contention that there can be equivalence be-
tween the carrot and the stick. We will show formally that, in principle,
there does exist a program(s) of subsidies that can sustain optimal levels
of polluting activities. But the very character of this program suggests
immediately that, although it may be an interesting theoretical construct,
it is virtually inconceivable that any such program would ever be adopted
in practice. We will see that any plausible systems involve fundamental
asymmetries between fees and subsidies.

For expository convenience, we will for the most part deal only with
detrimental externalities so that, according to the analysis of Chapter 4,
the appropriate instrument for the achievement of Pareto optimality is
always a set of taxes. We will find it convenient in this discussion to deal
with just one polluting industry and with the firms that compose it. 'Thus,
for most of ,.his-chapter_,we leave our general- -equilibrium framework
and turn mporarily to a partial analysis.

One more matter remains to be settled before getting to the substance
of our discussion: the nature of the subsidy program we will consider.
This is not as obvious as it may seem on first thought. Several different
types of subsidy programs have in fact been proposed and their effects may
well differ considerably. For example, some proposals have called for a
tax credit for investment in pollution-control equipment or for some other
device to help cover some proportion of the cost. 1-however, as Kneese
and Bower point out, such a subsidy is, at least in principle, likely to
prove quite ineffective in stimulating pollution abatement.° for, if the
equipment adds to a firm's costs and contributes to thing to its to (rru `,
the absorption of k percent of the cost_ by a jover Ii►nc•nt .1,'ency ..t u of

6 See A. V. Kneese and B. T. Bower, Managing Water Quality: l''eono►rrirs, li•ch oluith
Institutions (Baltimore: Johns Hopkins Press, 1968), pp. 175-78. 1 hey t''tnt out that
various legislative proposals introduced in Congress offer this type of suthsidr in a vru tery
of forms including rapid tax write-offs and tax credits. They argue that Ii.,ii t he
fact that such subsidies can never by themselves make abatement invest unlit, p„, Ic,
they suffer from at least three other defects: First, they increase the "rst.css hurdle ." lift
posed by the tax system; second, this sort of arrangement rewards only the inst allation of
particular types of equipment (for example, treatment equipment), and, hence, may not
induce the adoption of the most efficient pollution-control methods; and, third, this r>Q
of subsidy aids only firms that are profitable enough to invest and inay not be \ r ,rl
to marginal concerns. We may note, however, that, from the point of view of tth Ilk y,
failure to rescue marginal firms may well be desirable socially.
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P k (yk) = the price of its product
c k(yk , ak ) = total production cost

t = the tax rate per unit of emission
s k (Yk, ak ) = the total emission of pollutant

as k

sä = as
 <U .

k
(3)
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turn its ac uisition into a profitable proposition.  So long as k is less than
100 percent, the installation of the equipment will lose money for the
firm, and its attractiveness to management will remain doubtful, except
perhaps as a public-relations gesture or as a pure act of conscience by the
businessman.

The  type of subsidy with which we will be concerned in most of this
chapter is of quite another sort. It involves a payment to the firm based
on the reductions in its output of a pollutant or in some other sort of
da ge to the environment. Thais, taking s to be the firm's output of
the pollutant, and s* to be the base (benchmark) against which improve-
ment is to be measured,' the subsidy payment can be described by the re-
lationship g(s*—s), where dg/d(s*—s) > 0 (that is, the payments to the
firm increase wita amoun y w is it decreases its emissions). In the
bulk of our discussion we will assume that the subsidy payment per e unit
reduction in emissions is constant, so that the payment becomes

v(s* — s),

where v and s* are constants. Expression (1) immediately indicates one
fundamental difference between programs of taxes and subsidies. Wit*
taxes, we need concern ourselves with only one parameter, the tax rate
but a system of subsidies requires that we specify values for two pars
meters: the unit subsidy (v) and the benchmark level of emissions (s*).

In the subsidy programs with which we will concern ourselves, pay-
ments are made only to firms that are actually engaged in an activity that
is (potentially) polluting. The firm that closes its doors ceases to receive
any such payments, and no subvention is given to a firm that is consider-
ing entry into the area but has not actually done so. These are features
we would expect to characterize any real subsidy program. Their critical
significance for the analysis will become clear presently.

1 	 The formal subsidy relationship and the general case

Assume that firm k is subject to a fixed Pigouvian tax per unit of emis-
sion. Its profit function is

^k = Ykp k (Yk) — c k (Yk, ak ) — ts k (Yk' ak)
where

yk = the output produced by firm k
ak = its abatement outlay

Note that s* may, but need not be, based on observation of the firm's past behavior (for

example, its previous levels of smoke emission).

and where we assume

as k
Sy = 	 > 0,

aYk

Similarly, it is clear that if the firm is instead offered the subsidy (1), its
profit function becomes'

^k = Ykp k (Yk) — c k(Yk, ak)+. v[sk — s k (Yk, ak)]

2	 The equilibrium of the individual firm 9

It is convenient to begin by comparing directly the subsidy profit function
(4) with the tax-profit function (2); this comparison immediately yields
a significant result about the relative effects of the two types of fiscal in-
centives on the equilibrium of the individual firm. We see at once that if
v = t, the two profit  functions differ only by the constant quantity vs*. If
the company is a profit maximizer and continues to engage in the same
types of activity under either fiscal program, we see that the choice be-
tween a tax and subsidy  system will not affect any of its decision .~ one
iota. Whatever values of its decision variables it will find most profitable
in the one case will also maximize profits in the other. 10

There is another way that this conclusion has been described in the lit-
erature. The subsidy program (1) has been interpreted as egniv to a
tax on pollution, vs (with v being the per-unit tax rate), plus a lump-stun

8 We should note that the profit function (4) for the firm receiving a subsidy rot the reduc-
tion of emissions can be taken to represent the profit function in the genet al case u nn-
passing all three of the relevant possibilities: a subsidy program, a tax progt.un, of the
absence of either. The function, as it stands, is the subsidy relationship. Ily setting t 0,
we at once obtain the case with neither taxes nor subsidies. Finally, setting s• i 0, we are
left with the pure tax case, with the firm having vs deducted from its profits and thus
paying the tax rate v per unit of emission. This observation about the generality of (4)
will prove useful to us in Section 4 of this chapter.

9 For an illuminating discussion of the subject of this section, sec Kneese and Bower, Man-
aging Water Quality, pp. 98-109. See also A. P. Lerner, "Pollution Abatement Suf si•
dies," American Economic Review LXII (December, 1972), 1(x)9-10.

10' In an unpublished note, Yakov Amihud has argued that in the presence of risk the lump-
sum payment, use, may reduce the marginal risk of the subsidized firm and may (brie•
fore induce it to maintain an output level larger than that of the taxed firm. On this rcp t

for example, A. Sandmo, "On the Theory of the Competitive Firm Under ('rice t /met.
tainty," American Economic Review LXI (March, 1971), 65-73.

(1)

^

(2)

(4) 
t/'
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subsidy given by the constant vs*. Because, by definition, a lu-sum
subsidy does not affect behavior, it should hardly come as a surprise that
the choice between a tax and a subsidy policy does not influence any of
the firm's decisions.-This, then, is the basic argument rationalizing the
intuitive notion suggested at the beginning of this chapter that a tax an 
a subsidy, like the carrot and the stick, should be able to achieve the same
result.'4 ` -

Strictly speaking, this conclusion is, however, incorrect. For suppose
that, in the absence of taxes and subsidies, our firm's maximum profits
are zero. Then the imposition of a tax would ultimately force it to close
its doors, but the subsidy program could end the precariousness of its
existence. Put another way, it is not quite legitimate to describe the com-
ponent vs* in the subsidy (1) as a lump-sum payment, for it may influence
the firm's decision between continuation and cessation of operations. —

This suggests immediately the provision that is required for the subsidy
program to establish a set of incentives identical to those of the tax: The
lump-sum payment (vs*) must not be contingent upon the firm's decision
to stay in business.l 2 In principle, this payment must be made to the pol-
luter, whether potential or actual, so that it has no direct influence on and
choice that confronts him. 13 Note that once this stipulation - is introduced,
the choice of the benchmark level of emissions becomes wholly arbitrary
in terms of any implications for optimal resource use; the selection of a
value for s* affects only the magnitude of the subsidy payment.

The  infeasibility of such a system of payments is evi-

dent. The 1 p -sum subsidy must be paid not only to those who continue
polluting activities, but also to any potential polluters. For example, a
firm that chooses to cease its operations altogether must continue to re-
ceive the subsidy payment indefinitely (otherwise the subsidy  program
might have induced the firm to remain in business). Similarly, potential
entrants into the polluting activity must be eligible for the subsidy to

11 There is a different argument whose invalidity is shown in Section 5. Suppose there are
two industries, A and B, and that a tax rate of t on A's output will achieve the desired

reallocation of resources from A to B. Then surely the same thing can be accomplished
by an r dollar subsidy to A if a sufficiently greater subsidy is provided to B and (fiscal
and monetary) policy keeps the levels of employment of resources from changing. As
will be shown later, this argument is, in fact, incorrect so long as the relative prices cor-
responding to a given optimum for the economy are unique, and the absolute prices are

fixed by some normalization rule or otherwise.
12 Kneese and Bower note this condition (Managing Water Quality, p. 104).
" We must say no "direct" influence here, because a set of lump-sum taxes or subsidies

will have income effects leading, in general, to a new general equilibrium set of relative
prices. The point is that such a program has no direct price effects in the sense of altering
the terms of choice in the initial equilibrium situation.
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prevent them from initiating waste generation simply to qualify for t he
lump-sum payment. The difficulty of identifying these economic units
(along with the obvious political obstacles to such a system of payments)
imply that we must restrict our consideration of this form of subsidy
program to the conceptual realm, as ids  not represent a real policy
alternative.

Throughout this chapter, it is therefore assumed that subsidy payments
in any period t are limited to firms that are actively in —business dill my.y. t his
period. The equivalence of the incentives under the tax and subsidy pro-
grams then vanishes, and we conclude

Proposition One. For the individual firm, the choice between a t;t \ and
a subsidy program to induce a decrease in pollution emissions ma , I 14
mine whether or not the firm continues its operations. I lowevet , , H I
things being equal, no other decision of the protit-maximizing tit Hi \\ i
be influenced by the choice between the two fiscal nt^^,Isin e', provided tit
marginal tax and subsidy rates are equal.

Note that Proposition One does not enable us to reach any unambig-
uous conclusions about the relative desirability of taxes and subsidies in
practice. If the firm stays in business, its level of output will he identical
under the two fiscal programs. However, we know (ignoring any external
effects) that monopoly outputs are normally less than optimal. 14 It is thus
conceivable that a subsidy, if it permits  a monopoly to continue its opera-
tions, may be a second-best solution superior to a tax that leads to the
cessation of production. However, when we turn next to the case of pure
competition, the conclusions are unambiguous. As we have already shown
in Chapter 4, the appropriate taxes imposed on detrimental externalities
are indeed capable of yielding a Pareto optimum. In the next section,
we will see, however, that, for the competitive industry, stulh s i.lic.. Mil),

be expected to produce pollution levels very different frorn t lione coil e-
sponding to a Pigouvian tax program. We find that subsidies rrnINNt un-
avoidably violate the necessary con iti.ons for Pareto optimality (table I
of Chapter 4). 15, 16

14
 As we noted in Section 1 of Chapter 6, Buchanan and others have pointed out that the
imposition of effluent charges on monopoly firms may actually reduce welfare, because
they will induce a fall in the level of an output that is, perhaps, already less than optimal.
See his "External Diseconomies, Corrective Taxes, and Market Structure," American
Economic Review LIX (March, 1969), 174-77.

15
 In most of this chapter, we will take the utilization of resources achieved by the Pigouvian

' tax as the standard of optimality against which to measure the subsidy program. It is
easy to argue the propriety of this procedure intuitively. After all, the tax merely makes
the individual pay all of the social costs of his activity. The optimality of a system of
pure competition in the absence of externalities follows in part from this characteristic
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Before turning to the behavior of the industry in the next section, the
reader should note that Proposition One refers explicitly to the individual
firm and applies only with "other things being equal." This means that,
if the tax or subsidy has no effect on the price of the firm's output, then
the firm (if it stays in business) will operate at the same level of output
with the same level of waste emissions under both fiscal programs. How

-ever, as we shall see in the next section, a system of taxes in a competitive
industry will generate a different industry supply curve (and hence a dif-
ferent price) than a subsidy program. As a result, the new equilibrium
output and emissions level for the competitive firm will differ under the   

v^                                                     

two sets of fiscal incentives.
^
7
^                    

3	 The case of the competitive industry

Matters turn out quite differently in the competitive industry, because
exit and entry are an integral element in the determination of total out-
put. Here we can expect the choice between a tax and a subsidy to have
a significant effect on total output. In fact, the results of a subsidy may
well prove surprisingly unsatisfactory, as we will now show. In this sec-
tion the argument will proceed on the simplifying premise that emissions
are a single-valued function of industry output, and in the next section it
will be generalized to take account of the possibility of changing  emis-
sions independently of output (abatement .

it may be helpful to consider the argument first in diagrammatic terms.
In Figures 14.1a and 14.1b, we depict the equilibrium positions of a rep-                                                                                                                                                                             

Footnote 15 (cont.)
of its operation. The tax program, in effect, internalizes all externalities and makes a
competitive system operate as if no externalities were present. That is why the tax sys-
tem always yields optimal results and why, if a subsidy program leads to a different pat-
tern of resources utilization, it is likely not to be optimal.

However, we must be careful in using this argument. Because a Pareto optimum is
normally not unique, one cannot be certain from the observation that the allocation
of resources under the subsidy program differs from that under taxes that the former
is not itself Pareto-optimal. This point will be examined further in Section 5.

16 Note that Table 1 of Chapter 4 shows that Pigouvian taxes will sustain Pareto-optimal
exit and entry decisions by all the firms in a competitive economy and not just optimal
decisions on nonzero activity levels. The exit-entry decisions relating to emissions of pol-
lution are represented by conditions 5° and 5° in Chapter 4, which show that the equi-
librium emissions of the firm will be zero under a Pigouvian tax regime if, and only if,
that is true in the corresponding Pareto optimum. However, we recall that these results
depend on competitive behavior and on each polluter being a "small" source of emis-
sions. As we saw in Chapter 4, if the marginal damages from the firm's emissions are not
(approximately) constant over the range of its discharges, then the firm's Pigouvian tax
bill will not equal the total damages that its emissions impose on society. In such cases,
the Pigouvian tax will not provide the correct incentive for the firm's entry-exit decision.                                      

Ua.      

III 	 :öf^Il                                
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resentative competitive firm (firm i) and the corresponding competitive
industry under three different sets of circumstances: the equilibrium point ,
(y`, p`), when there is no public environmental program; point (y', p t)

with a unit tax on pollution emissions; and point (.Y", p ") when there is
a unit subsidy, v (equal to t), for reductions of emissions below some
benchmark level. Starting from the no-program solution, we note that
the unit pollution tax produces an upward shift in the firm's marginal and
average cost curves (to MC,," and ACt ).

If, instead of having no environmental program, a system of subsi-
dies is instituted (under which we assume there are no negative subsidy
payments), the firm's marginal cost shifts up to MC t   but its average
cost is now reduced to AC". From our earlier results, we know that the
tax and subsidy programs have identical effects on the firm's marginal
costs. Consequently, in Figure 14.1a, the sole difference in the firm's cost
relationships under the two programs is that its average cost under the
system of subsidies (AC") will be less than its average costs (AC( ) under
the pollution tax or in its absence (ACE). However, entry and exit can be
depended upon to drive price down to the firm's minimum level of aver-
age cost.

The result may actually be no change or even an increase  in the equi-
librium -emissions of the individual firm under an emissions tax. For ex-
ample, if emissions are strictly proportionate to output, the equilibrium
output of the representative competitive firm must be exactly the same
with and without the tax, for a fixed tax per unit will then shift its average
cost curve directly upward by a uniform vertical distance (it will not be
increased by full amount of the unit tax because rent will also be affected
by the accompanying change in industry output) and so the firm's cost
minimizing output and emissions levels will remain completely unaffected
by the tax."

However, a subsidy program will generally decrease the equilibrium
emissions of the competitive firm. Geometrically, we see this by noting
that the new marginal cost curve, MCt ,", must now cut the original (no-
program) cost curve, ACE , at a point that lies to the left of the old equi-
librium point, J. But, AC", the average cost curve with subsidy, must lie

17 Robert Kohn has demonstrated recently that although this result holds in a partial-
equilibrium competitive model, it does not, in general, hold in a general-equilibrium
analysis. In a full general-equilibrium setting, Kohn demonstrates that this proposition
is valid only if firms' production functions are homothetic. See his, "A General Equi-
librium Analysis of the Optimal Number of Firms in a Polluting Industry," Canadian
Journal of Economics XVIII (May, 1985), 347-54. Note, however, that the result must
hold for a perfectly competitive equilibrium, where at the equilibrium point production
functions must always be linearly homogeneous locally.
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below ACE , and so, given a positive slope of the marginal cost curve, the
new equilibrium point, L, must lie still further to the left of J.'"

Turning now to the emissions of the industry, which are, of course, the
primary concern of policy, we note that the tax program, because it raises
every firm's average and marginal costs, must result in a leftward shift
of the industry supply curve, from Sc. to S1 ; price rises from p`• to p' and
industry output falls from ycto y t with a consequent decline in the indus-
try's emission of pollutants. This happens though each firm that con-
tinues to operate produces the Erne output in both cases, he•L' ausc t he tax
will drive some firms from the industry. Similarly, the suh s i(iN wiII Induce
the entry of firms (producing the rightward shift of the  in^lt►str 	 nl^l^ly
curve from Sv to S"); the result is a fall in price (to p'') and ;hi ins f 	 in
industry output (to y V) and in industry emissions. Note that, alt hour?*
the individual firm produces less under the subsidy than it would and  r"^
either the tax or in the absence of any prouuram, the v unt pnt
the subsidy (y") exceeds both y' and y`; thus, the entry of new ni fns
more than offsets the reduction in emissions by the individn;tl firm.

More specifically, if waste emissions are a fixed and rising f unction of
the volume of industry output (no abatement technology available), Fig-
ures 14.1a and 14.1b suggest the disturbing conclusion that, although a
subsidy program may reduce the emissions of each firm by itself', the sub-
sidies, far from yielding a reduction in total industry emissions like a pol-
lution tax, may, in fact, increase emissions from their unregulated level!
It is easy to show that this paradox mu.til result if missions ins e ras with
output, and if the slopes of the indust ry supply ;Ind demand Dui ,ue
respectively positive and negative, as we not malty assume. l or, on the
premise that the subsidy program as described by (I) never involves a
negative subsidy payment (that is, a payment by the firm to the govern-
ment), some reduction in average cost to the industry must result, I Irn`c,
with a subsidy, the long-run competitive supply curve roust shift down-
ward and so, with a negatively sloping demand curve, equthbriunr :,114171,11;
and pollution must be increased above the levels t hey would have r t•.t♦ Irrd
in the absence of government intervention. In sum:

18 if emissions are strictly proportionate to output, so that we may write .t l.■ 'hi, tr,ult
is trivial if the average curve has a single minimum and a coottnuius tit 	 I of
if g(y) represents the firm's average cost in the absence of a t .i' 01 I   .ul•
mum point given by dg(y)/dy=0, at that point the slope of the avc.gt • %1 curve with
subsidy is

d[g(y) vb(y' — y)/y]/dy=dg(y)dy — d[uby'/yl/dye- uhy/y 3 >0,

so that the average cost minimizing output in the absence of sub%idy mint iw e'
than that under subsidy.

^^ p
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Proposition Two. In a competitive industry, where polluting emissions
are a fixed and rising function of the level of industry output, equal tax
and subsidy rates will normally not lead to the same output levels or to
the same reductions in total industry emissions. Other things being equal,
the subsidy will yield an output and emission level not only greater than
those that would occur under the tax, but greater even than they would
be in the absence of either tax or subsidy. 19

As already noted, the explanation of our paradox is straightforward.
The subsidy does indeed reduce the level of emissions per firm. But it
necessarily attracts into the industry enough additional firms to offset this
reduction and more. Thus, we can hardly expect the effect of the subsidy
on the decision of the firm to continue or discontinue operations to be an
insignificant matter.

A further examination of the case in which emissions depend exclu-
sively on output can sharpen these results and offer some additional in-
sights. Let us simplify still further by assuming emissions to be strictly
proportionate to output. Then we may write s= by (b some constant) as
the emissions-output relation and let

s* = the base pollution level for calculation of the subsidy,

y* = the corresponding output level where s* = by*,

s" = the emissions of the representative firm after imposition of
subsidy rate, v, per unit of emissions, and

y ° = the output of the representative firm under a subsidy pro-
gram with a pollution benchmark, s*, and a subsidy rate
v = t per unit of reductions in emissions, s v = by'.

With subsidy rate v, the total subsidy payment to the representative
firm must be

v(by*—bye)
so that the subsidy per unit of output will be

vb(y*— y ° )/y"= vb[(y */y v ) -1]. (5)
This will be positive if, and only if, y* > yv (that is, so long as the bench-
mark emission level at which zero subsidy is paid is set higher than the

19 We note that our proof of this proposition employs a partial-equilibrium framework.
Mcstelman has shown that in a general-equilibrium setting, it is possible that a subsidy
will not result in an increase in industry output and emissions. This result, although pre-
sumably unlikely, could occur in response to relative factor price adjustments within
a general-equilibrium system. See S. Mestelman, "Production Externalities and Correc-
tive Subsidies: A General Equilibrium Analysis," Journal of Environmental Economics
and Management IX (June, 1982), 186-93.

Taxes versus subsidies: a partial analysis 223

firm's level of emissions under the subsidy program). Thus, so long as
y * > y v, the subsidy program must produce a uniform downward shift in
the industry supply curve by the amount indicated by (5), though one
that is not generally equal to the upward shift that results from a tax pro-
gram. This, incidentally, points up the importance of the value of the
second  arameter in a suhsi gram_  a enc mär c7^pollution le% el
(s*). The larger s*, the more the industry supply curve shifts down ;hid
the arger will be life in üstry's oütput (and emissions). This is in con-
trast to our earlier conceptual subsidy that was made equivalent to a tax
by paying the subsidy to all "potential" polluters; there, the benchmar k
pollution level had no direct effect on the industry supply curve.

Now from (5), we can immediately derive a second paradoxical con-
clusion:

Proposition Three. If emissions rise monotonically with  in^lu`Ir nl

put, the more effective the subsidy program is in inducing the individua
firm to reduce its emissions, the larger is the increase in total iudustr
emissions that can be expected to result from the subsidy.'

This follows at once, for the smaller the value of y'' relative to y*, the
larger will be the unit subsidy payment (5) and so the larger will he the
resulting downward shift in the industry supply curve. In other words,
the more effective the subsidy program is in inducing the heftav-
iör on the part  of the individu firth- the worse for society I he of c-
sponding subsidy program. will be! 2°
—

To summarize, we see that in a competitive industry ti ro e►►r►seqttr►1, ►
of a given tax and subsidy rate are far from similar; a snh . idy intended t.
curb pollution may produce exactly the opposite outcur r 1k i v i n►11 l , 11112 i n -
creases in total emissions. Note also that the problem need not in I

ited to competitive industries. Under oligopoly, for example, a subsidy`

20 A moment's thought shows that this proposition must hold where the output cm inn,
function for the industry takes the more general form g = G(y) where G' > 0. I I ' ßu11
is in no way dependent on our simplifying proportionality premise s = by. It (I, how•
ever, depend upon our assumption that there is no pollution-abatement tech i ,I DES u1
that the firm is unable to reduce emissions per unit of output. We will relax this  , , ^►►dt•
tion in the next section.

One way to get around the difficulty of Proposition Three is to reduce the unit %ob•
sidy with the number of firms so that, with n firms in operation, the individual hint will
receive (v*/n)(s*—s') instead of v(s*—s') where v* is a constant. There NI111d1 meat
to be serious practical difficulties to such a variable-subsidy arrangement . In .111 s s crq,
it does not help in the more fundamental difficulty described in I'm position 1 s., ‘ for
any positive subsidy payment must, in the conditions we are discussing, nit team ■.41 hot
than decrease the pollution emissions of a competitive industry.
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program may induce the entry of new firms or the opening of additional
plants that can produce precisely the same sort of result. 1

4 Industry equilibrium with abatement technology

As was shown in Chapter 4, appropriate taxes will always lead too tima
industry outputs even when Tie emissions of the ii'rm^epend not ônl_on
TB —outputs but also on the resources it devotes to their abatement. How-
ever, we have seen In Sect ön 6 of Chapter 7 that, where emissions de-
pend on the levels of both of these types of activities by the firm, the level
of the polluting output may very well be increased by the imposition of a
tax simply because the corresponding Pareto-optimal level of that output
is greater than it would be in a competitive market equilibrium. Indeed,
if several industries produce the pollutant or if the community has sev-
eral different pollutants to contend with,the optimal tax may conceiv-
ably result in an increase in the indus y's...emissions-bTTr e  pöllütänt

However, such anomalies generally arise only in cases that violate the,'
concavity-convexity conditions that are usually assumed to hold. The issue
before us here, rather, is the effect in the "normal case" of a tax or a sub-
sidy upon outputs and emissions of the industry in long-run equilibrium,
when abatement techniques (whose effectiveness can be increased by in-
creased abatement expenditures) are available.

We will prove the following result: 22

Proposition Four. Under "normal" concavity-convexity conditions,
where the competitive industry adjusts both outputs and abatement out-'
lays and all inputs are purchased on competitive markets so that cost func-
tions are fixed, then a marginal addition to a tax on emissions will always
reduce the total industry output of the pollution-generating commodity
and reduce total industry emissions, On the other hand, a marginal addi-
iion to a subsidy for reduction of emissions will increase output oTthe
commodity in question, -büt its elect on.tataLindustry emissions cannot
m , crier be predicted from  the maximiz ti•n .conditions, and may go
in cat Iicr direction.

to derive this result, we use the same basic notation as before in writ-
ing our subsidy-profit relationships. Abatement outlays will be dealt with

II We arc grateful to Lionel Robbins for this observation.
" We are deeply indebted to Eytan Sheshinski, who provided the following proofs and to

Peter Coughlin for his helpful comments. We must also t hank Michael Braulke and
Alfred Endres, "On the Economics of Effluent Charges," Canadian Journal of Eco-
ninnies VIII (November 1985), 891-4, for pointing out some errors in our earlier formu-
lution in the first edition of this book.

only implicitly, taking them to be a function, a= G(y, s), of output, y,
and emissions, s, with G,,> 0 and Gs < 0 (i.e., if emissions are to he held
constant, more money must be spent on abatement as output inercases,

etc. )
We use the same expression, v(s*—s), to represent both the subsidy .

and the tax payment, where v is the subsidy (tax) rate and s* is the base
from which reduced emissions are calculated. Thus, if s* > s, the expres-
sion represents a subsidy payment, but if s* = 0, it becomes an emissions
tax payment of vs.

We must begin the proof of the proposition by deriving some results
about the behavior of the representative firm. Then we will turn in suc-
cession to an examination of äy/av and as/av, where y and s are the out-
put and emissions rate of the representative firm. Finally, we will examine
the effect of a rise in v on industry output and emissions, any/ay and .
ans/av, where n is the number of firms in the industry.

We may now express the firm's cost function as the result of its selec-
tion of an emissions level that minimizes its total cost, given the level of
its output. Thus, letting C and c, respectively, be the firm's cost function
with and without the subsidy (tax), we have

C(y, v)= Min[c(y, ․ )— v(s*—s)].

This immediately yields the maximum conditions

cs + v=0,	 css >0.

Using the usual comparative statics approach to determine the effects
of a change in v and the interrelations of the other variables in equilib-
rium, we differentiate the equation in (6) totally with respect to y and s,
and then, in turn, with respect to s and v and set the total differentials
equal to zero to obtain

ay	 css 	a v	 css
ascy ✓ as	 1

	— ,	 — < 0
	

(7 )

and, by (6), (7), and the second-order conditions
O

*-1- 	as
Cy

 cy,+`(cs+ v) aY 
= cy

J as cyyCss—cys Cyy = cyy +cys — = 	 > 0
ay 	 CSS

which imply, by (7), that

D=c c —c 2 >0.yy ss 	 ys

^S 4 r.f^ d y,	 .

♦ / 	 , ^ t

(6)
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We turn next to long-run competitive equilibrium with the zero_profit Then we obtain the effect upon industry output, ny, from (15) and
condition for the firm	 (16) as

YP(nY) — C(y, v) = 0. (10)

Because in competitive equilibrium the firm selects its output to maxi-
mize its total profit at the (fixed) equilibrium price, we obtain, differen-
tiating (10) with respect to y,

p(ny)—Cy (y, v)=0. (11)
- 01, y

Again taking total differentials of the first-order conditions in equilibrium
conditions (10) and (11) in the standard comparative statics procedures,
we obtain

np'— Cyy

nyp'
	

y2p' dy = Cv idu

YP' j L dn	 Cy o
where the determinant of the system, 0, satisfies

0 = y 2p'Cyy< 0
by the second-order conditions. Next, solving (12) as a pair of linear equa-
tions in dy, dn, and dv, we get

dv = 
0 

[YP'C„ — Y 2P'Cy„l = C [C„— yCy„l. 	 (13)
Y yy

From the definition of C(. ) and (6), we obtain

C„= —(s*—s)+(cs + v) as —(s*—s) <0	 (14)

and, by (14) and (7),

	as	 cys
Cy„=—=—

	

ay	 css

Substituting the two preceding expressions into (13) gives

dy	 1	Ls_s * +y cys = 1 ((s— s*)css +Ycys)dv ycyy 	css	 YD

where by (8) and (9) D= Cyy css . From (12), we also obtain

do _ np'	 C„Cyy

dv Y2p'Cyy [C
yvY — C„]+ y 2p ,Cyy

=— 2 n 
cys 

y+s—s* +
 s 

2
 s*

Y Cyy css 	Y '

n 	s—s*
(cysy+(s — s

*
 )css)+ yep ,

dny = n dy + dn

dv	 dv Y dv

= s—s* >
 0 if s * —s > 0, so that v(s* —s) is a subsidy;

YP'
< 0 if s* = 0, so that v(s* — s) = — vs, an emissions tax.

To determine the effect upon emissions, we get, by (7),

ds as dy as 	 cys dy i
dv ay dv  av	 css dv css'

which, by (15),

— —
c  cys 

^ 

((s — s * ) css +Ycys) + 1 ,
ss	 Y

which, by the definition of D in (9),

1= — 
Y

D ((s — s* )cys + ycyy).

Finally, we determine the effect of a change in v on the industry's total
emissions, ns:

dns=n—
ds dn

dv 
	
dv 

+s
 dv

n 	ns	 .s ( s—.S')
=— yD ((s—s*)cys +ycyy)— y2D (cys y + (s — s * )css)+ y2 p,

s( .S —.S')
— — y2D 	 y	[Y(s — s * )cys+y 2 cyy+yscys+s(s — s * )css]+ -	 ,-/,

(12)

(15) =— Y 2D [2y(s —s *)cys+y2cyy +(s — s*)2css]

s*n
	(c +(s —s*)c)+ 

s(s—s*) 
•	 (17)y2D y ysss	 y2p, 

Now it is readily shown that the first term in (17) is negative, because
the bracketed quadratic form

y 2 cyy + 2y(s —s *)cys +(s — s * ) 2 css

2 	 2

(16) = css (s—s*)+. cys y + csscyy—cys y 2 >0 by (lt),
css 	 css
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We see at once that

dvs < 
0 if s* = 0, the emissions tax case,

but that its sign is indeterminate if s* > 0 and s* —s > 0, the subsidy case,
because then the last term in (17) must be positive. 23 Q.E.D.

5 Uniqueness of the tax solution for Pareto optimality

The argument that a subsidy is not usually an adequate substitute for a
tax, because the former will generally not satisfy the conditions for a
Pareto optimum, may at first leave the reader uncomfortable because of
the nonuniqueness of the Paretian solution that is inherent in the con-
cept. We know that there will usually be a substantial set of Pareto op-
tima with each optimum corresponding to a different distribution of ben-
efits among the affected parties. Must it not be true then that one can get
from one such solution to another with a suitable redistribution (that is,
with different combinations of unit taxes and subsidies of the activities
of the affected parties)? Will not a ll such tax and subsidy programs be
Pareto-optimal?

There is an eTement of validity to this argument. Either by changes in
the initial income distribution or through lump-sum taxes or subsidies,
one can get from one of the optimal solutions to any other. But any
Pareto optimum achieved in this manner must always end up satisfying
the necessary optimality conditions derived in Chapter 4. If those neces-
sary conditions call for a tax per unit of output, then a per-unit subsidy on
just that item simply will not do; it will generally prevent the attainment
of opt imality. That is, of course, the nature of a necessary condition.

That the move from one Pareto optimum to another will not change
the Pigouvian taxes into subsidies follows immediately from one highly
plausible assumption: that the change from one optimum to another does
not transform any activity from a generator of external benefits into one
that yields detrimental externalities, or vice versa. The product whose
manufacture yields noxious fumes does not begin to emit Arpege. Our
result follows at once, for we have demonstrated in Chapter 4 that opti-
mality always requires taxation of activities that produce detrimental ex-
ternalities and subsidization of those that yield external benefits in accord
with the standard Pigouvian formula.

23 To show t hat the sign is indeterminate, it is necessary, strictly speaking, to provide con-
sistent examples that go both ways. To avoid further lengthening of the argument, we
have made no attempt to do so.
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Similarly, if the victims of a detrimental externality continue to suffer
from it when one shifts from one optimum to another, but in both cases
generate no externalities themselves, they will be required in both cases
to receive zero compensation for the damage they suffer (neglecting lump-
sum payments). Thus, a shift between Pareto o tima cannot introduce
compensation of the victims of_ externalities 

In sum, we have

Proposition Five. If every activity that yields dletritnclli;tl c\ici Il,,lii

in one Pareto optimal solution also does so in some other solut ion, hot
solutions will call for Pigouvian taxation of these activ l t I:. s 1, I , c•r
there will always be zero compensation and zero t axat ion of the victim,

of the externality. The analogous proposition (with unit suhstdtcs u, t^,,J
of taxes) applies to external benefits.

However, as we will see now, for any particular Pareto optimum, there
is a formal sense in which a complex system of subsidies can generally he
substituted for a simple Pigouvian tax. For the choice of unit of account
does offer a degree of freedom in the selection of the price, tax, and
subsidy values called for by the solution in Chapter 4. It is easy to show
that the solution summarized in Table 1 of Chapter 4 is unique except
for the factor of proportionality permitted by our price normalization
convention. 24

This is, of course, what we would expect: For a particular competitive
equilibrium, relative prices will be determined uniquely, with taxes serv-
ing as prices for the generation of externalities. Thus, we can multiply all
prices, taxes, and subsidies by the same constant, call it (1— k), without
violating the optimality requirements. Now it is true that in a formal
sense, by using some appropriate value of k, we do get a system in which
taxes and subsidies replace one another.

As an illustration, assume for simplicity that any increase in taxes pro-
duces an equal increase in price and that, as in Chapter 4, only commodity
1 produces externalities, requiring the imposition on that good alone of a
tax at rate t. Then the price of that item is changed from p, to (p 1 +1 1 ).

Now, if all prices and taxes are reduced by the factor (1 — k) this becomes

(1 — k)(pi+tt)=p1+[tt
—

k(pt+tt)]=p1+4	 (Ili)

24 Recall the condition p ; .= w ; . (9) of Chapter 4, where w,. is the Lagrange multiplier cor-
responding to the labor constraint. This condition may be interpreted as setting t he i„ •
of labor (leisure) equal to the marginal utility derivable by consumers lt mu a twit nd,t,•
tion to society's labor supply. Comparison of optimality relationships (1") (5") 0 1 t 1,,, t ..
ter 4 with market equilibrium conditions (3`)-(5`) indicates immediately that all optffii.11
prices and taxes can simply be multiplied by the same factor, q.
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which is tantamount to the original price plus a subsidy ti, if ti < 0, that
is, if

ti =t 1 —k(p 1 +t 1 )<0 or 1>k>t1/(p1+t1)>0.	 (19)

However, any other good, i 1, that was previously untaxed will now
have its price changed from p ; to

p,( 1
—

k)=p, — kpi=p,+t7, t7= — kp ;<0. (20)

Thus, for k sufficiently large to satisfy (19) (that is, to permit a subsidy
to the production of commodity 1), (20) must represent a set of universal
subsidies that together with (18) will yield exactly the same Pareto opti-
mum as the simple Pigouvian tax, t 1 , on commodity 1 alone. Of course,
the subsidy option is extremely cumbersome because it requires one sub-
sidy value to be determined for each activity in the economy in place of
the one tax on the externality-generating output. Nevertheless, it is true
that

Proposition Six. If the necessary conditions for any specific Pareto op
timttttt Lan be satisfied by a set of Pigouvian taxes, it is generally possibltl
is ,satisfy those conditions also with a subsidy to the externality-generat .

w O ng activity, counterbalanced by subsidies to other activities. However .

this substitution, in effect, amounts only to a variation in the unit of ac
count t hat leaves all relative prices and taxes unchanged. 25

Of course, this sort of substitution can hardly be considered a prac-
tical proposal, and it certainly is not what the advocates of subsidy pro-
posals have in mind. Yet it is perhaps useful to recognize to what (very
limited) extent there is, theoretically, a choice in the matter.

Subsidies to polluters and compensation of victims:
an important qualification

In Chapter 4, we found that in a competitive setting, a Pigouvian tax on ,

polluters with no compensation to victims can correct the allocative distor-
tions resulting from a detrimental externality. Subsidies, as we have seen
in this chapter, are not, in general, a satisfactory substitute for taxes; they
can themselves be a source of excessive entry with consequent resource
mikallocation. Similarly, compensation of victims can distort choices in-
volving defensive activities by such victims to reduce the damages they

as In reality, this is complicated by cash balance effects, fixed contractual relations, and
56) on, which makes it extremely difficult to institute a pure change in the unit of account,
particularly through a clumsy system of universal subsidies that must vary from com-
modity to commodity by just the right amount after allowance for differences in shifting.

SITE C:
	 SITE B:

	UNPOLLUTED SITE
	 POLLUTED SITE

Figure 14.2

suffer. Subsidi 	 peusatioi of victims are  both sus-
pect measures.

	

However, Martin J. Bailey 	 recently shown that there is an impor-
tant class of cases in which subsidies and compensation will not introduce
intfltetne<es. The Bailey case involves the capitalization of any benefits
or amages into site rents. In such instances of capitalization, subsidies
and/or compensation have no direct effects on individual decisions (in-
cluding the entry-exit choice). This is so_because, if the supply of land is
fixed, a tax upon pure rents (or a subsidy to them) is, in effect, itt■t a
lump-sum transfer . 27

The Bailey argument is straightforward and is easily understood in
terms of a simple example. Consider Figure 14.2, which depicts the con-
figuration of sites and the flow of pollution for our illustrative case. We
assume that a polluting firm is located at site A from which the prevailing

26 "Externalities, Rents, and Optimal Rules," Sloan Working Paper in Urban Public Eco•
nomics 16-82 (University of Maryland, College Park, Md., 1982).

27 Robert Dorfman made this point some years ago in conversation with one of us. Sec also
D. M. G. Newberry, "Externalities: The Theory of Environmental Policy," in t I Iuy.iics

• and G. Heal, Eds., Public Policy and the Tax System (London: Allen & Unwin, 19W)),
p. 132.



(1)	 (2)
Site C	 Site B

Potential
firms

(no pol-	 (no corn-
lution)	 pensation)

(3)	 (4)
Site B	 Site B
(uniform
compensation	 (firm-specific
to tenants)	 compensation)

x 60 60 80 60
Y 100 70 90 100
z 90 80 100 90

"This table comes from Bailey, "Externalities, Rents, and Optimal Rules," p. 8.

winds transport its smoke emissions to site B. Site B is thus polluted,
but site C is unpolluted. Assume initially that the polluting firm is subject
to the appropriate Pigouvian tax so that it is emitting the socially opti-
mal quantity of smoke. Firms from three different competitive industries,
X, Y, and Z, compete for sites B and C on which to locate their plants.
Firms in industry X suffer no damage from the pollution; in contrast,
those in industries Y and Z experience damage in the form of higher costs
of operation, and this will be reflected in their relative bids for the two
sites.

Table 14.1 describes the competitive bids (in terms of annual rents) by
the three types of firms. We assume here that for all firms, sites B and C
would be equivalent were B unpolluted. Column (1) indicates the bids for
site C, the unpolluted site. A firm from industry Y will obviously occupy
site C; this is as it should be since the productive value of the site is, in
t his way, maximized. The figures in column (2) reveal the extent of the
potential smoke damages to each type of firm. Firms from industry X
suffer no damage from the smoke, Y-firms suffer damages of 30, and
A -firrns incur damages of 10. These figures, incidentally, must be under-
stood to reflect the damages after the victims have undertaken the opti-
mal level of defensive activities; as we saw in Chapter 4, optimal levels
of defensive measures will result from standard profit-maximizing (or
utility-maximizing) behavior. From column (2), we see that a firm from
industry Z will make the highest rental bid, namely 80, and will occupy
site B in the absence of any compensation.

The discussion thus far makes one important point. The real victim of
the pollution is not the tenant firm - it is the owner of site B. Potential
t errant s reduce the level of their rental bids by the amount of the damages
that they absorb. So it is the owner of site B who is the damaged party.
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If there were to be direct compensation for damages, it should consist of
a payment of 20 to the owner of site B.

Suppose, however, that compensation is rendered, not to the land-

owner, but to the tenant firm. The proper payment would be a sum of 20
paid to the tenant, where this payment is independent of the particular
identity of the tenant or his behavior. Note that such a payment is effec-
tively a lump-sum transfer to the tenant on site B. As indicated in column

(3)of Table 14.1, competitive forces will, in response to such a payment,
induce all potential tenant firms to raise their bids for site B by 20. So
compensation, in the end, is effectively channeled to the owner of B, irre-
spective of whether the compensation is rendered directly or is routed
through the tenant firm. Note that in either case, a firm from industry Z
will make the highest bid and become the occupant of site B. This is the
efficient outcome because it maximizes the productive value of' the site.
We thus find that with the capitalization of benefits and costs into site
rents, compensation (of the appropriate form) is consistent with efficient
resource use. Such compensation paymnnts,have no direct effects on_allo-
cative outcomes. 

There is, however, a perverse form of compensation that can be the
source of distortions. Suppose that instead of a lump-sum payment of
20 to the tenant (whoever it is), compensation is firm-specific. In this in-
stance, each potential tenant understands that he will receive full com-
pensation for whatever smoke damages he suffers. In this case, the order-
ing of bids will be influenced by compensation, as is indicated in column
(4)of Table 14.1. A firm from industry Y will now be the highest bidder,
with an inefficient pattern of economic activity as the consequence. The
problem here is essentially that which we discussed in Chapters 3 and 4.
The payment of compensation induce_s the_ victim to ignore the proper
pricing signals. But if compensation is provided col r eat I v, it need not

cäuse misallocations, eveWn i it is paid - lö the tenant irrste,rd 0t the Lind •

owner.
We trun next to the treatment of the polluting firm at site A. Once again

suppose that there are a number of competitive firms seeking the use of
this site. We have shown in Chapter 4 that a Pigouvian fee equal to mar
ginal social damage will lead to an optimal outcome. In the presence of
such a fee, firms will adjust their bids for site A to equal the productive
value of the site minus the payment of the tax. Thus, these bids will prop-
erly reflect the value of the site net of any damages from a potential ten-
ant's smoke emissions. Suppose, however, that the environmental au-
thoilly adopts a unit subsidy for abatement rather than a I'i 'oou' an tax.
We have seen earlier in this chapter that such a subsidy is for really equiv.
alent to a unit tax plus a lump-sum subsidy [equal to us' in l ;yuatiun (1)1.
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Table 14.1. Maximum annual rents bid by competing tenant firms"
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Without working through another numerical example (see Bailey on thi s) ,
it is not hard to see that the bids of potential tenants will differ from their
bids under the tax scheme by precisely the amount of this lump-sum ele-
ment. All prospective tenants will thus raise their bids by vs* (relative to
the Pigouvian tax), so the high bidder under the subsidy program will
coincide with the high bidder under the tax regime. We thus find that the
substitution of the subsidy program will have direct allocative effects that
are no different from the tax scheme. 28 Note also that, like compensa-
tion, the subsidy payment under competitive conditions will accrue, in
the end, not to the tenant but to the landowner. Because this does not
affect the supply of the input, the payment is, once again, lump sum.

7 Concluding comment

This chapter has shown that,  although there is some degree of symmetry
in the effects of taxes and subsidies  on the_generdtr4n of externalities, the
two are far from perfect substitutes. Since the opportunity cost of the
failure to collect a subsidy payment is the same at the margin as a tax of
equal magnitude, the effects of the two upon behavior bear some resem-
blance. Yet we have found that in equilibrium they can lead to striking
differences in the behavioral patterns of firms and their industry. For ex-
ample, we examined one pertinent model - that of perfect competition
with a fixed ratio of emissions to outputs - in which the following some-
what paradoxical results emerged: (1) An emissions tax does not reduce
the emissions of the individual firm. (2) An abatement subsidy does re-
duce the firm's emissions. (3) The tax reduces the aggregate emissions of
the industry. (4) The subsidy increases the industry's emissions.

Only in the case analyzed by Martin J. Bailey, in which subsidies con-
stitute solely a contribution to pure economic rent, do subsidies produce
the same results as a set of optimal taxes, and then, incidentally, com-
pensation of the victims of externalities is likewise not a source of ineffi-
ciency. We note in conclusion that the Bailey case - that in which the
detrimental effects of externalities affect only particular sites - may be an
extremely important one in practice.

28 As is clear from the discussion, this assumes that all prospective tenants are assigned the
same s'. Otherwise, the lump-sum element would vary among potential tenants.

CHAPTER 15

Environmental protection and the
distribution of income

At least from a reading of the newspapers, one gets the impression that
environmental po iefe-s are anissue in which n come class, plays asignii'i-

cän rö e. The poor and the wealthy seem to assign different degrees of

pr ö ity to environmental protection: the proposed construction of an
oil refinery is likely to produce anguished cries from middle- and upper-
income inhabitants of a potential site and yet be welcomed as a source of
more remunerative jobs by residents whose earnings are low. Similarly,
proposals to ban DDT have been received with somewhat less enthusiasm
in underdeveloped countries than they have encountered in the wealthier
nations. This should, of course, come as little surprise to an economist.
Assuming environmental quality to be a normal good, we would expect
that wealthier individuals would want to "buy" more of i t . ~`f

In addition to these differences in the demand for environmental goal-,
ity, distributive elements also enter when we consider how the costs of a
policy of environmental protection are likely to be distributed among in-
dividuals with differing incomes. To reach firm conclusions on so broad
a subject is difficult, because the methods that are used to finance such
policies vary widely. Nevertheless, by making some reasonable assump-
tions and exploring the available evidence, environmental economists have
made some estimates of the incidence of these costs.

Obviously, the distributive side of externalities policy is of interest in
and of itself in a world in which inequality and poverty have assumed
high priority among social issues. In addition, without adequate consid-
eration of this aspect of the matter, we may not be able to design poi rr%
that can obtain the support they require for adoption. 'Thus, by ipiu t ing
the redistributive effects of an environmental policy, we may 61 11(1 rruin-
tentionally harm certain groups in society or, alternatively, urruh t wine

the program politically.
In the first section of this chapter, we consider the relation bet wren

Pareto optimality and equity in environmental programs. In part iculat , we

will present a theorem that shows that, under certain conditions (111 users

of common-property resources who impose external costs upon one an-

other may actually be made worse off by the introduction of the l'.rrrto•
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optimal tax! This suggests a possible source of conflict between objec..
tives in the design of environmental measures.

In the next two sections, we construct two polar models describing the
consumption of environmental quality; with these, we explore the extent
to which individuals with differing incomes will succeed in obtaining their
desired level of consumption of environmental services. From this back-
ground, we then use these models along with some statistical evidence to
examine the incidence, first, of the benefits of environmental programs,
and, second, of their costs.

The results suggest that strong measures to improve environmental qual-
ity may indeed have a very uneven pattern of incidence, particularly dur-
ing the period of adjustment to a new composition of output and em-
ployment. Moreover, the evidence suggests that we can typically expect a
somewhat regressive pattern of distribution of the benefits and costs from
environmental programs; we find some basis for the contention that envi-
ronmental concern "is not the poor man's game."

Yet, because there is strong evidence that health and longevity are af-
fected substantially by pollution and by other types of environmental
damage, we continue to believe that the interests of society, including
those of its less-affluent members, require a relatively efficient environ-
mental program even taking account of its distributive consequences. But
the pious hope that the "distributive branch" of the fiscal authority can
be trusted to compensate for the regressive effects of environmental pro-
grams carries little conviction. This suggests that programs to improve
the quality of the environment should incorporate provisions specifically
designed to help offset any distributive consequences; we discuss some
provisions of this kind in the concluding section.

1 Efficiency and equity in the provision of environmental
quality

The efficiency conditions we have derived in earlier chapters of this book
are all founded on the criterion of Pareto optimality. That is, in each
case, we determined a state, or set of conditions, necessary for maximi-
r.ation of the welfare of any one individual, selected arbitrarily, without
reducing the level of welfare (also selected arbitrarily) of any other mem-
ber of the community. This may appear to avoid entirely the issue of
income distribution, for if the proposal harms no one, it would seem, al-
most by definition, to be unobjectionable to everyone.

The matter can be put another way. It is tempting to argue that, what-
ever the distribution of income that is desired or with which one starts,
an allocation of resources that is not Par_ to o-n imal bust be unsatisfac-

Environmental protection and income distribution 237

tory. For, given any such allocation, there must exist some reshuffling of
resources that benefits some individuals and harms no one. This is true
by definition, for if no such alternative were available, the initial alloca-
tion would have satisfied the conditions of Pareto optimality. It is all too
easy to conclude from this that it is irrational to oppose a policy measure
necessary or, perhaps, sufficient for the achievement of Pareto optimality,
for with a supplementary program capable of achieving whatever distri-
bution is desired, the policy maker can always increase social welfare by
combining the socially desired distributive measure with one that achieves
a Pareto-optimal allocation of resources.

Although all this is unimpeachable at a formal level, the difficulty of
implementing  such policy packages in practice is well-known. Neverthe-
less, it is often ignored by economists who advocate concrete policies de-
rived directly from welfare theory. This section offers a specific example
that illustrates dramatically how dangerous it can be to disregard the re-
distributive consequences of environmental policies.

In general terms, the issue is a simple one. Given any initial resource
allocation, A, that is not Pareto-optimal, it is of course true that there
must exist at least one other allocation, say B, that leaves everyone un-
harmed in comparison with A and makes some individuals better off. But
now select randomly some other Pareto-optimal allocation, C. There is
no way of knowing from this whether or not some persons will be harmed
by the move from the nonoptimal point, A, to the optimal point, C. The
distinction here is between a state of Pareto optimality and a move that
can be described as a Paretian improvement. Any point on the utility-
possibilities frontier obviously represents a Pareto-optimal state; no one
can increase his level of welfare without reducing that of someone else.
However, a move from some  position in the interior of utilit y-possihili-
ties space  a point on the frontier may not itself be ('.0 et  optimal , f or
it can make someone worse off. Thus, somewhat paradoxically, .t move
to a state of Pareto optimality may not itself be a Par ct ian irrhpt ov cturrtt .
—Martin Weitzman and Uwe Reinhardt have independently coristr uctrd
striking examples of this point with direct implications for environmental
policies.' We describe Reinhardt's simpler, but less-formal, analysis be-
cause it is easier to follow and its rigor is sufficient for our purposes.

A standard illustration of the effects of externalities is toad ► „wiling.
An additional car that enters an overcrowded highway adds to the con-
gestion and imposes a time loss on everyone else. The driver's entry thus
generates a marginal social cost that exceeds the marginal private co ts.

' M. Weitzman, "Free Access vs. Private Ownership as Alternative Systems for Munoglfl$
Common Property," Journal of Economic Theory VI11 (June, 1974), 225-34; lj, Itrin•
hardt, "Efficiency Tolls and the Problem of Equity" (Working Draft, 1973).

li^ ili^ilh
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Q° 	 QC
Q = Number of Vehicles Completing

the Trip Per Unit of Time

Figure 15.1

In this case, every driver is both a generator of these externalities and a
victim of the same externalities produced by other drivers. The drivers
constitute a self-contained group engaged in inefficient levels of driving
activity. In accord with the conclusions of Chapter 4, optimality requires
the imposition upon each driver of a toll equal to the mafinal social
damage resulting from his presence, with no compensation to him for the
damage he suffers from the presence Qf .others. _
- So far there is nothing new in our discussion. But the novel and rather

startling observation offered by Weitzman and Reinhardt is that this op-
timal Pigouvian tax, far from benefiting some drivers without harming
anyone, may, on the contrary, result in a loss in welfare to each and every
one of the road users.

The proof is easily provided with the aid of a supply-demand diagram,
Figure 15.1. For simplicity, we assume that there is a fixed rate of ex-
change between time spent on the journey and money. That is, we take

one hour to be worth some specified number of dollars to all individ-
uals. 2 We deal with the demand for and cost of travel along some speci-
fied stretch of road. DD' is the analogue of the ordinary market demand
curve that we interpret, subject to the usual qualifications, as an approxi-
mation to a curve of marginal social benefits.

Curve CA indicates the money value of the amount of time spent per
vehicle on the journey (that is, it is a curve of average social time cost per
vehicle trip). 3 We asume that CA is increasing over some range, which
simply implies that the presence of additional vehicles can slow traffic.

The curve labelled CHM is the marginal social cost of an additional
vehicle. 4 The net benefit to this group of drivers is given by the area be-
tween the marginal social cost curve, CHM, and the marginal benefit
(demand) curve, DD'. This is at a maximum (dotted area) at traffic vol-
ume OQ°. However, left to itself, traffic will settle at the "competitive"
level, OQc, at which the demand curve crosses the average cost curve.
This must be so because, at any smaller volume of traffic, marginal pri-
vate benefit exceeds marginal private cost so that traffic will expand (and
conversely). Relative to the optimal level of usage, OQ°, the competitive
level, 0Q`, involves a net loss to the drivers equal to the cross-hatched
area, STU.

Our theory tells us that society can eliminate this loss by imposing a
road tax, Ti T3 equal to VS, the marginal social damage at the optimal
level of usage, OQ°. However, it is easy to see that this must leave every
driver worse off. For as compared with the unregulated usage, the indi-
vidual saves Ti T2 in time-cost per trip, but for this saving he pays the

2 For a notion of time-price that is justified more rigorously, sec Gary Becker, "A Theo! y of
the Allocation of Time," Economic Journal LXXV (September, 1965), 493-517. lip•■ ker's
treatment is much more complex than ours: time -price varies from individual to individ-
ual according to each person's opportunity cost. We assume here that the cost of time is the
same for everyone. Weitzman's approach, incidentally, does not require this simplification.

3 The shape of CA may require a bit of comment. It is horizontal over the stirk h CH,
which indicates that up to some level of utilization, the road is completely unkongcstc4
so that additional vehicles do not slow anyone down. The later backward bend in the
curve represents a phenomenon that has been substantiated empirically: after sonic p ant,
a further increase in the number of vehicles attempting to enter the road ii rcascs the
time-costs so severely that the number of vehicles able to traverse it in a given period of
time is actually reduced. The analysis, however, does not depend in any way on the two
properties of the average cost curve discussed in this note; it requires only that the mat•
ginal costs of congestion be increasing at least over some range.

4 Note that CA, not CM, is the curve of marginal private costs. Consider an t:hvulual
traversing the stretch of road we are examining. If traffic is at level ()^)", the ^ ^^^ 1 ^s^tl ual
who embarks on the road can anticipate a time -cost for his journey of (1°V. I hat  l*, If
the total time -cost of his day's activities would otherwise be x, the d1ct t'.ion to add this
trip to his other activities will increase his total time-cost to (x+ Q"1/).

, 	 , 	 t
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additional amount T1 T3 per trip. Because with a negatively sloping de-
mand curve, the latter must be greater than the former by the amo unt
ZS= T2 T3, he will inevitably suffer a net loss in welfare.

The result seems paradoxical, for here we have a move to a Pareto op_
timum that appears to be detrimental to everyone involved. But this is,
of course, not so. Assuming that the level of employment remains the
same, some members of the economy must gain in the process. The taxes
must either finance the supply of additional public goods or, by decreas-
ing prices or taxes paid by others, it must add to the private-goods con_
sumption of other persons. The point is that, so long as the users of th e
road do not share in the proceeds made possible by the additional public
revenues,' they will actually suffer a loss in welfare from the imposition
of the "optimal" tax. 6 There ' us a net gain to the community, but  it
is associated with a loss to drivers on the taxed road.

Although we have used the case of highway congestion to illustrate the
theorem, it should be clear that this proposition also applies to at least
some other sorts of envirionmental usage. More specifically,  the argu-
ment shows that .. common-property resource is subject to_ris-
ing costs of congesti^the_imposition of the optimal Pigouvian tax will
r&duce the welfare .of, the..users of that resource so long as they are ex-
cluded from the benefits accruing from the tax revenues. We may see here
why opposition to "optimal" taxes is to be expected, unless special pro-_.._..-_ ....... ... ......__
visions are made to assist the losers.

2 The demand for environmental quality by income class

In later sections of this chapter, we will offer some empirical evidence
and tentative conclusions on the probable pattern of incidence of the
benefits and costs of programs to enhance the quality of the environment.
However, to examine the issue theoretically, it is necessary first to con-
sider in this and the next two sections how the demand for environmental
quality is likely to vary with income and how these variations in demand
can, to some extent, be accommodated through the individual's choice
of location.

S Because compensation of the victims was shown, in Chapter 4, to be incompatible with
Pareto optimality, the road users cannot share in the proceeds of an optimal tax program
if that share depends to any extent on their own use of the road.

6 This suggests, incidentally, that the argument will not hold if every member of the com-
munity uses the road. In this case, the welfare gain arising from the move to a Pareto-
opt imal pattern of resource use must get back to (at least some of) the road users. Indeed,
as the preceding footnote argues, in this case, no tax program may even be able to achieve
Pareto optimality. However, if the real tax proceeds are channeled back in a manner that
is sufficiently indirect, they may not cause significant deviations from Pareto optimality.

As suggested earlier, there is good reason to believe that the demand
for environmental quality will rise with income. Such a case is illustrated
in Figure 15.2, where we see that a rise in the individual's budget con-
straint from AA' to BB' leads to an increase in his desired level of environ-
mental quality from qp to qr . We might therefore expect higher-income
groups to have a greater demand than poorer individuals for such things
as clean air and water.

This conclusion depends upon three assumptions implicit in l iti'ti,c 1c ?.
The first is that, for ä typical individual, environmental quality is .t it , •
mal good, so that his desired degree of, say, air cleanliness rises sN
income, an assumption that seems quite reasonable. Second, this pi
osition assumes at least roughly similar preference functions for rich .1 , l/
poor; or, more accurately, it presumes that lower-income groups do IA
possess systematically stronger preferences for environmental quality c hurl
the more wealthy. Otherwise, the poor, because of their more intense
preferences for clean air, might, in spite of their lower incomes, still he
willing to pay more than the rich for a given level of environmental qua!.
ity. This second assumption also seems to us a valid one. In fact, if fact•
erences themselves diverge significantly among income groups, it WW ottld
be our guess that the stronger predilection for environmental piotecttu't1
is to be found among those with higher incomes. The dangers, both to
health and aesthetic terms, of environmental deterioration are frequently
complex and sometimes apparently remote and so are more likely to he

i
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q, 	 qp

Environmental Quality

Figure 15.3

recognized by those reached regularly by the media that offer extensive
discussions of the issues. Some have actually characterized the growing
concern with environmental protection as an "upper-class" movement.'

The third, and most problematic, of the conditions implicit in Figure
15.2 is that there is a fixed price for environmental quality, a price that is
invariant with respect to income. It is certainly conceivable that, with
a progressive tax system, the price of environmental programs will be
higher for the rich than for the poor. In fact, we can even have a situa-
tion like that illustrated in Figure 15.3, where the effect of the price differ-
ential outweighs that of income, so that the poorer individual actually
demands a higher level of environmental quality (qp) than that (qr ) de-
sired by the wealthier person. We will have more to say about this later,
when we examine the various ways in which individuals can "buy" vary-
ing degrees of environmental quality. Let us say here that we frankly
doubt that the situation depicted in Figure 15.3 is plausible as a typical

7 See, for example, J. Harry, R. Gale, and J. Hendee, "Conservation: An Upper Class
Social Movement," Journal of Leisure Research I (Summer, 1969), 246. This, of course,
does not prove that there exist systematic disparities in the preference maps of rich and
poor for environmental quality; the apparently greater concern of the wealthy for envi-
ronmental protection may result simply from a positive income effect like that illustrated
in figure 15.2. Our point here is simply that there seems to be no persuasive evidence that
the poor exhibit stronger preferences for environmental quality than do the rich.
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case. For one thing, what is relevant here is not the progressivity of the

initiate structure, but rather that of the incremental taxes needed to
finance increased outlays on environmental protection. Progressivity of
current taxes by no means implies that the tax-price of a given increase
in environmental protection need be greater to the rich than to the poor.
Moreover, as we shall see shortly, the evidence suggests that private-sector
costs of pollution control are distributed in a regressive manner. Out-
comes like that depicted in Figure 15.3 seem very unlikely.

A public-good model of the provision of environmental
quality

in this section and the next, we want to consider two polar cases of the
consumption of environmental quality. In this first model, we take envi-
ronmental quality to be a pure, Samuelsonian public good; this is a world
in which all individuals in society consume exactly the same quality of
air, water, and other environmental goods. Returning to Figure 15.2, let
indifference curve I and budget constraint AA' represent the situation of'
our typical poor individual, while curve 11 and budget constraint /113' are
associated with a rich person. As noted earlier, the wealthier individual
will, in this case, demand a level of environmental quality, qr , higher than
qp , the amount desired by his poorer counterpart. If, however, environ-
mental quality is a pure public good, all persons must, by definition, con-
sume the same set of environmental services. This means that a single
level of environmental quality (or vector of environmental characteris-
tics) must be settled upon by society. If this decision is made through
democratic processes, let us say by simple majority rule, we might expect
to obtain (roughly) the level of environmental quality most preferred by
Duncan Black's median voter.' The point here is that a likely outcome is
a compromise in which the quality of the environment will 1w loss than
that desired by the wealthy and more than that preferred by the poor, ,ry
qs in Figure 15.2. To the extent, therefore, that environmental quality is
a relatively pure public good, we should find upper-income groups ptt•.h-
ing for greater outlays on environmental programs in opposition to the
wishes of the poor, who want more income to devote to the consunrpt on
of other goods. We will return to this point later.

4	 The model of perfect adaptation by choice of location

As many writers have pointed out, environmental quality is, at least un-
der most circumstances, far from a pure public good. The quality of .ttr,

s D. Black, "On the Rationale of Group Decision Making," Journal of !'uhaurul i eonua+ry
LVI (February, 1948), 23-34.

111 111'1 ,1 1';',ü ' h
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for example, varies substantially even within the confines of a single t-
ropolitan area. This means that an individual does have some choice as t o
his environment: he can determine to some extent his environmental Sur-
roundings by his selection of location.' We can envision, at the opposite
pole from our pure public-good case, a Tiebout type of world in which
a continuum of environmental quality is available at differing points in
space. 10 Individuals choose, in accordance with their demands, a location
that provides the most desired quality of the environment. Locations of-
fering superior environmental quality obviously rent for ahigherprice
and thus command an economic rent. Moreover, in line with our earlier
discussion, we can expect higher-income groups to satisfy their relatively
high demands for environmental quality by selecting sites with compara-
tively little air pollution, noise, and so on. In contrast, the poor can be
expected to occupy the less-attractive parts of the metropolitan area in
exchange for lower rents. In fact, if differentials in environmental quality
are perfectly capitalized into differentials in property values and rents, we
can visualize a locational pattern that is economically efficient in that the
marginal rate of substitution (MRS) between environmental quality and
other goods of each individual would, in equilibrium, equal the oppor-
tunity cost of a "unit" of environmental quality; equality of MRSs among
individuals would then hold. Although poorer individuals would con-
sume an inferior quality of environment (as depicted in Figure 15.2), their
marginal valuation, as measured by their willingness to sacrifice other
goods for another unit of environmental quality, would be identical with
that of wealthier persons if the (marginal) costs of environmental im-
provement were the same for everyone.

Although the Tiebout polar case, like that of pure public good, is surely
an oversimplification, it contains more than a little truth. Empirical studies
have verified that, within metropolitan areas, property values do indeed
reflect differences in environmental quality. In one such study (and there
are others with similar results),Mdker and Henning found, in the St.
Louis metropolitan area, that property values displayed a significant in-
verse relationship with a measure of the extent of air pollution (specifi-
cally, a measure of atmospheric sulfation levels)." Moreover, Freeman,

9 Even in the same locality within a particular city, environmental quality may vary. The
rich, for instance, can insulate themselves from such annoyances as noise and the dis-
comforts of hot and dirty air through the purchase of appropriately constructed apart-
ments, air conditioners, and so on.

10 See the classic article by Charles Tiebout, "A Pure Theory of Local Expenditures," Jour-
nal of Political Economy LXIV (October, 1956), 416-24.

1 ' Ronald Ridker and John Henning, "The Determinants of Residential Property Values
with Special Reference to Air Pollution," Review of Economics and Statistics XLIX
(May, 1967), 246-57. This is a multiple-regression study that attempts to hold constant
the other determinants of property values.
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in a study of three metropolitan areas, determined that exposure to air
pollution varies inversely with income; he concludes that "Air quality is
dts riu e  m a .pro-rich manner." 2 It is thus clear that geographical loca-
tion has, to some degree, permitted individuals to purchase different en-
vironmental qualities in accord with the differences in their effective de-
mands and, as is to be expected, this bears a strong relationship to income.
The poor live in the most heavily polluted sections of metropolitan areas,
while the wealthier seek out the more attractive sites.

Reality, of course, lies somewhere between the two worlds that we have
dealt with: the community in which public goods are supplied to every-
one in equal quality and the range of geographic areas offering a wide
variety of levels of public outputs. The rich and the poor cannot afford to
live too far apart; theist.= offer jobs to the poor, and the former offer
services to the rich. Geographic separation imposes heavy time and money
costs of commuting on one or both parties. For this and other reasons,
one often finds slum neighborhoods cheek by jowl with the homes of the
wealthy:-If the air is foul, neither of them escapes it complet ely, and ittr ri-

ficätiön-of the atmosphere affects both neighborhoods directly. Most en-
- p g have strong elements of "publicness."vtronmenta ro rams thus hay 

5 The distribution of benefits of environmental programs

We turn now to the issue of central concern: the incidence by income class
of the costs and benefits of environmental programs. We will consider,

first, the distribution of the benefits from these programs, and, second,
the pattern of incidence of their costs. At the outset, we stress that it is
difficult to reach firm conclusions on these matters; in some cases, a sin-
gle program has both pro-poor and pro-rich elements. Nevertheless, the
available evidence on these programs, along with some reasonable con-
jectures, suggest to us (as it has to others) that, wit hout specific ►edict r tb-
utive measures as part of an environmental policy, we c.tn expect pro-
grams of environmental improvement to be typically pi o r icft to t fret[

redistributive effects.
Let us first consider the distribution of benefits of a program of envi-

ronmental improvement in the pure public-goods case; we will then re-

examine the issue in the model of geographic specialization. Suppose, for
example, that the public authority undertakes to reduce the level of air
pollution in a metropolitan area. Where the improvement is a pure public
good, it must, by definition, be available to everyone on equal lei ms.
Thus, it will not be provided preponderantly either to the rich or to the

12 A. Myrick Freeman, "The Distribution of Environmental Quality," in A. k anti

B. Bower, Eds., Environmental Quality Analysis: Theory and Method in the 5 ' usl

Sciences (Baltimore: The Johns Hopkins Press, 1972), p. 264.
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poor. Nevertheless, the public-goods model suggests that the dollar value
placed on these benefits will be greater among higher-income recipients.
We recall that our public-goods solution (qs in Figure 15.2) was one in
which the marginal valuation of a unit of environmental quality is highe r
for a rich man than for a poor man. This implies that an incremental in-
crease in the quality of the environment will be worth more (as measured
by willingness to pay) to those with higher incomes than to the poorer
members of the community. In this model, therefore, an environmental
program must be more favorable to the rich than to the poor provid-
ing there is no offsetting differential in the apportionment of the cost
burden. 13

However, in a Tiebout world we can reach no such simple and categor-
ical conclusion. Because there the poor and the rich inhabit separate areas,
it is possible to devise (a) programs whose benefits flow to both parties,
(b) programs that exclusively, or at least primarily, affect the poor alone
or (c) programs directed mainly to localities inhabited by the wealthy.

In fact, one encounters each of these three types of measures in prac-
tice. A general tax on emissions, for example, is likely to improve air and
water quality everywhere to some extent and thus is a measure of type
(a). A set of minimum standards for air and water quality (for example,
a regulation limiting emissions in different communities sufficiently to
achieve an acceptable level of sulphur dioxide in the atmosphere in all
localities) may have its primary impact on poorer neighborhoods, be-
cause the wealthy may inhabit areas in which the standards were already
met prior to the adoption of the regulation. Finally, a program designed
to Pr otect the more unspoiled areas, and so to preserve "sanctuaries of
cleanliness," is likely to focus on the areas inhabited by the wealthy rathetr
than the localities in which the poor live and in which deterioration may
be well under way. We want to consider next somewhat more systemati-
i. ally the etlects of each of these three types of policies. Because in our
I tebout world pollution is likely to be most serious in poorer neighbor-
hoods, we might suppose that a program of type (a) that improves envi-
ronmental quality (for example, reduces levels of air pollution) in all lo-
t alines generates benefits of more critical importance to the poor than
to the rich.

1 loss ever, this conclusion requires several important qualifications. First,
ult hi■ugh su.ih pr ograms may bring greater improvement measured inp-fir,s-

-urul iermc to areas of poorer residents Z it cannot be stated unequivocally

" Noe that we cannot say that the program is strictly regressive. Although the marginal
henehtr to the rich are greater than those to the poor, it still remains possible that the
tnt lemental benefits would be larger as a proportion of income for the poor than for
the itch.
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that the value of these increases in environmental quality will be greater
to the poor than to the rich. Depending on the geographical pattern of
the improvements, the income elasticity of demand for environmental
quality, and current income differentials, the value in money terms of
a lesser increase in, say, air quality may still be greater in rich, than in
poor, areas. Our formal analysis is consistent with this conclusion.

As Figure 15.2 suggests, in a Tiebout equilibrium there need not be a
significant difference n the rich and poor individual's MRS between envies)

ronmental quality and private goods, even though this quality is far more
abundantly supplied to the former. True, the equal MRSs displayed in
the figure depend on the highly questionable premise that the marginal
cost of environmental improvements are the same in the two types of
area. However, there seems to be no clear presumption that the relative
costs will differ systematically in such a way that the relative marginal
value of a given 	will tend to be  higher for the poor than it is
for the rich. -^

Second, suppose that our cleansing of the atmosphere effected a dra-
matic improvement in, say, the air quality in what has been a low-income
area. In our Tiebout world, this should make these sites more attractive,
and thereby lead to a bidding up of rents in the area. To the extent that
they are renters, the poor may well find that much of the benefit of living
in a cleaner environment is largely offset by the higher rents they must
pay. The force of this argument at a practical level is difficult to evalu-
ate. As Freeman points out, the sunk investment in housing and other
neighborhood configurations generally make changes in local land-use
patterns a relatively slow process. 14 It may thus be a long period before the
improvements in environmental quality become capitalised into higher
rents. However, over the longer run, alterations in locational Patterns
and levels of rents may reduce significantly the net benefits realized by
the poor.

Programs of type (b) 1 -requiring, for example, the attainment of cer-
tain minimum environmental standards in all localities, obv iously have
the greatest potential for a pro-poor incidence of benefits. Lven here,
however, the extent of this pro-poor pattern of benefits may he eroded
by one response noted above: the bidding up of rents in areas inhabited
by the poor as a result of the improvement in environmental quality in
these neighborhoods.

We turn finally to the apparently pro-rich [type (c)] environmental pro-
grams. Because of the heavy costs of maintaining high levels of environ-
mental quality in all areas, the environmental authority may decide to

14 "Distribution of Environmental Quality," pp. 268 -69.

►,_.^ ^
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confine polluting activities to specific locations so as to preserve other local-
ities from environmental degradation. 15 Such a result can be obtained in a
rather inefficient manner by zoning devices, or more efficiently by s ome
variety of tax measure (for example, one in which taxes on emissions of
fumes vary directly with the initial purity of the atmosphere in the area),

There is, clearly, a strong presumption that such an environmental pol-
icy will work counter to the interests of the poor in a Tiebout economy.16
Because they may be assumed to inhabit the dirty areas to begin with,
the imposition of these policies is likely to make their communities dirt-
ier still, as polluting activities are driven there from the protected areas.
Moreover, rents in the unprotected regions may be expected to increase
as well as more polluters are induced to locate there! t? Thus the poor

15 As we saw in Chapter 8, this may be an optimal strategy in the presence of nonconvex-
ities caused by the presence of externalities. For then there may be virtue in a corner
solution in which polluting activities are segregated.

16 The Samuleson model is not relevant to this case, which requires, as one of its premises,
differentiation in the environmental quality of different communities.

17 Actually, this is not inevitable. For example, a tax that varies directly with initial air
cleanliness will to some extent discourage pollution in both areas. If the tax on the rela-
tively unprotected area is still not too far below that in the other, it may offset the re-
sulting migration of polluting activities from the more protected areas.

To show this, assume that a firm produces in two areas: A, which is unprotected, and
B, which is protected, and let xa and xb be its outputs in the two locations, which are
produced at respective costs ca (xa) and cb (xb ); its total revenue is r(xa +xb); and as-
sume that the tax rates on polluting production in the two locations are, respectively, kt
and t where 0 _< k < 1. Then if the firm's objective is to maximize profits, its problem is to

Max 7r= r(xa +xb )—ca (xa)—cb (xb )—ktxa —txb ,

yielding the first-order conditions

r'—ca—kt =0

r'—cti—t =0.

Differentiating totally with respect to t, xa , and xb , we obtain

(r"—cö)dxa +r"dxb =kdt

r"dxa +(r"—cb)dxb =dt.

Solving and letting D represent the determinant of the system (where D> 0 by the sec-
ond-order conditions), we have

dta = [k(r" — cb) — r" l/D.

Thus, if as we might expect, r" < 0 and c" > 0, then dxa/dt will be negative if k is suffi-
ciently close to unity (that is, if the tax differential is not great enough, xa , the firm's out-
put in the unprotected area may actually be reduced by the tax), and so its demand for
land there may fall, with rents following suit. A very similar argument holds for a com-
petitive industry.
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will find themselves living in less-attractive areas and receiving less of a
rent_ advantage relative to the cleaner areas than they would in the ab-
sence of the program.

So far, we have largely followed our intention of dealing exclusively
with the distribution of the benefits of an environmental program. But
in the Tiebout model, this procedure forces us to ignore a particularly
critical issue. Suppose that the programs we have been coIHdering re-
quire the individual communities to pay the bulk of the costs oh their en-
vironmental improvements. Then, from the point of view of the mein-
5ers of each individual locality, its own environmental program is, on
net, detrimental to their interests. For in the pure Tiebout case, everyone
will have achieved precisely the level of environmental quality that he de-
sires, given the cost of improvement. Consequently, any measure that
forces further improvement on a community must impose on its inhabi-
tants something they do not want. In terms of our figures, it forces them
to the right of their preferred positions.

Thus in this case, programs of type (b) (the setting of uniform stan-
dards), rather than benefiting the poor, will be disadvantageous to them
and to them alone, and programs of type (a) that affect the environment
in every type of community will be somewhat less anti-poor because they
will be disadvantageous to rich and poor alike! 18

When we bring the analysis to a lower level of abstraction, the pro-
ricfi orientation of the benefits from environmental programs seems even
more likely. For example, substantial funds have been directed into the
provision of outdoor recreation facilities: national parks, the preserva-
tion of surface waters for recreational pu poses, and so on. We might
guess that the use of such facilities_ would be related directly to "nL'onie,
partinTärly in view of their significant distance from densely popt11:tted
areas. Empirical studies confirm this. In a comprehensive study of the
ecoomics of outdoor recreation, Cicchetti, Seneca, and Davidson have
found (using multiple-regression analysis) that level of income was a s ig-
nificant determinant of the probability and frequency of usage by an in-
dividual of a wide variety of outdoor recreational activities."' I. \Ipcn(li-
tures on such facilities thus appear to have a pro-rich («i c ut at ion . [his
result is of particular significance since it has been estimated that "70

18 To the extent that community environmental programs have beneficial external effects
on environmental quality in other jurisdictions, they may of course benefit everyone if
all communities undertake measures, say, to achieve certain standards of environment
quality. In a Tiebout world, the case for additional incentives to communities for envi-
ronmental improvement appears to rest primarily on such external effects.

19 C. J. Cicchetti, J. J. Seneca, and P. Davidson, The Demand and Supply of Outdoor
Recreation (Washington, D.C.: U.S. Department of the Interior, 1969).
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percent of the benefits of improved water quality will be in the nature of
improved recreational opportunities" 20

For air quality, the distribution of the benefits of pollution control by
incöme class  seems somewhat uncertain -Giänessi;-Peskin, än-d-Wölff, In
a study of the U.S. Clean Air Act, find striking locational differentials in
benefits; not surprisingly, most of the benefits from efforts to improve air
quality are concentrated in the heavily industrialized cities of the East.21
The benefits (and costs) accrue primarily to urban rather than rural resi-
dents. Within urban areas, they find that the benefits may be slightly pro-
poor in their pattern of incidence, but this is, in all likelihood, more than
offset by a regressive pattern of costs (as we shall see shortly).

6 The distribution of transitional costs

In our public-goods model, we used the simplif in assumption that the
cöst per unit of environmental quality was the same for rich and poor.
This is admittedly rather unlikely: the i cidence of the costs of an envi-
ronmental program will obviously depend on the means adopted to im-
plement the program, be they effluent charges, government subsidies, or
direct controls that, in turn, influence the structure of prices. In examin-
ing this issue, we will consider two kinds of costs: the transitional costs
involved in a program of improving the environment and the continuing t
costs of maintaining a given state of environmental quality. By transi-
tional costs, we mean the costs of the process of adjustment from one
state of environmental quality to another; continuing costs then become
the costs of maintaining, over time, the newly achieved quality of the
environment.

The most striking feature of the transitional costs of environmental pro-
grams is the likelihood of a highly uneven pattern of incidence. Whether
the improvement of the environment (involving, say, reduced emissions
into the atmosphere and waterways) is achieved by effluent charges or by
direct regulation, the effects will hit some industries much harder than
others. Heavy polluters, such as those chemical and paper plants that are
located in populous areas, may be forced to curtail their operations sig-
nificantly and perhaps even to stop them completely. This suggests, as
testified to by frequent opposition in industrial towns, that one of the

20 Henry M. Peskin, "Environmental Policy and the Distribution of Benefits and Costs,"
in Paul R. Portney, Ed., Current Issues in U.S. Environmental Policy (Baltimore: Johns
Hopkins University Press, 1978), 163.

21 Leonard P. Gianessi, Henry M. Peskin, and Edward Wolff, "The Distributional Effects
of Uniform Air Pollution Policy in the United States," Quarterly Journal of Economics
XCIII (May, 1979), 281-301.
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most...significantnificant transitional costs of environmental programs will he a

loss of jobs.
-The ployment-restricting effects of environmental measures may be
increased by the fact that such policies are not instituted in all regions si-
multaneously. The area that imposes them unilaterally or in coneei t with
only a few other jurisdictions will find itself at a competitive disaclvant age
in the production of the polluting items. Whether or not this will reduce
the level of employment in the region as a whole, it will certainly tmiake
for a decrease in the demand for labor in the industries directly ailed ed.

There are some obvious automatic offsets to these employment dl , . is
and some that are optional. Measures that penalize the emission of pollu-
tants will stimulate the manufacture of recycling and purification equip-
ment. Moreover, appropriate monetary and fiscal programs can be used
to minimize any loss in employment entailed in an environmental protec-
tion policy. However, it is difficult, as we have learned, for conventional
stabilization policy to cope effectively and promptly with highly localised
unemployment resulting from cutbacks in particular lines of activit y. The
short-run costs for the newly_ unemployed are thus likely to he heavy.

n principle, this burden need not inevitably fall more heavily on the
poor -new refining plant, for example, may offer an unusually high
proportion of jobs to executives and technicians. The pattern of transi-
tional costs by income class will thus depend on the relative change in
demand for high- and low-income employees. It is difficult to genet :dim
on the matter; however, where environmental protect ion does t est t is t t(+)

oppörtunit es, it is our conjecture that the costs are likely to tall most
heavily on those  in tffelowest-income stratum. Professional per sonnetti c

qu lteny have a greater occupational and geographical mobility than lower-
wage employees; as a result, lower-income workers may well have more
to lose than higher-salaried employees. This at least appears to he how
workers themselves view the matter. When one reads newspaper accounts
of local of to the cur ailing of activities of some plant, the invari-
able rallying cry of its proponents (who are usually reported to he drawn
largely from the community's lower-income groups) is that restrict ion of
the enterprise will mean a loss of jobs that are "badly needed." 2 =

This discussion has a direct bearing on the diagrammatic analysis of
earlier sections. It suggests that, at least in the eyes of the poor t hemselves,

22 Even if employment is not hurt by environmental protection measures, real output, con.
ventionally measured, will tend to be reduced because a given set of inputs will yrchi a
smaller bundle of outputs than before. In many cases, this cost, too, will probably lall
most heavily on the poor. If a ban on DDT undermines the "green revolution" with its
spectacular contribution to grain outputs in less-developed areas, can there he any serious
doubt about the income group that will suffer the resulting malnutrition or starvati on?
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and, very likely, in fact as well, the transitional costs of environmental
measures may be much higher for the poor than they are for the wealthy.
The slope of the price line in Figure 15.3, interpreted as a curve of total
real cost per unit of environmental quality, rather than being less steep
for the poor, may actually be steeper for those whose jobs are jeopar-
dized by programs for environmental improvement. In such cases, income
as well as transitional "price" effects will make environmental measures
more attractive to higher- than to lower-income groups.

7 The distribution of continuing costs

The continuing costs of programs to sustain a given level of enviro.n,
mental quality relate more to the change_ in thes ruTr at— re of prices of
goods and services. If we assume that, following a transitional period of
temporarily unemployed resources, full (or approximately full) employ-
ment is reestablished, the incidence of the steady-state environmental pro-
grams becomes a matter of the equilibrium set of prices (including levels
of wages). Our expectation here is that there will be a rise in the relative
price of those goods whose production involves substantial external costs
(at least where techniques of production that reduce destructive emis-
sions are significantly more costly than "free" dumping of wastes into
the atmosphere or local waterways).

Suppose, for example, that we were to impose a set of effluent charges on
emissions of the sort discussed in Chapter 11; the level of charges would
be adjusted to achieve desired targets of environmental quality. What can
we say about the pattern of incidence of such a set of charges? In prin-
ciple, the approach to this problem is a straightforward one. Effluent fees
simply amount to excise taxes on certain activities of the industry; the
problem thus becomes one of determining, first, the effect of the tax on
the cost and price of each commodity (including inputs) and, second, of
establishing the incidence of the price changes by income class. Although
all this may be straightforward in principle, the empirical evaluation of
such general-equilibrium consequences is a very complex undertaking.

Although there are no studies that perform this kind of exercise for a
system of effluent charges, there have been some attempts to estimate the
incidence of the costs of existing pollution-control programs. Using var-
ious assumptions, these studies estimate how the costs of pollution abate-
ment have affected the prices of various classes of products and how,
in turn, these price increases have influenced the real incomes of differ-
ent income classes. Some of the early  studies of this type found the Rat-
tern of costs to be re -- essive. Gianessi, Peskin, and Wolff, for example,
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examined the distributive pattern of the costs of the ('lean Air Act and
found that lower-income groups bear costs that constitute a larger trac-
tion of their incomes than do higher-income classes. 23 In a more recent
study, H. David Robison has examined the distribution of the costs of
industrial pollution abatement in a full general-equilibrium model. 24 Using
a highly disaggregated input-output model, Robison assumed that the
control costs in each industry were passed forward in the form of higher
prices. He was then able to trace these price increases through a general-
equilibrium system to determine their effect on the pattern of' consumer
prices. Robison's model divides individuals into twenty income classes,
and for each class he has data describing the pattern of consumption.
With this information, he is able to estimate for each of his income classes
the increase in the costs of the items that they purchase. He finds that the
pattern of incidence of control costs is quite regressive. Costs as a frac-
tion of income fall over the entire range of his income classes, and they
range  from 0.76 percent of income for his lowest-income class to 0.16
percent of income for the highest-income classes. All these studies thus
suggest that the costs of current programs are regressive in their inci-
dence. This, we conjecture, would also be true for a system of effluent
fees.

8 Distributive considerations in environmental policy

In sum, our models and the available evidence lend support to the view
that, on balance, programs for environmental improvement promote the
interests of higher-income groups more than those of the poor; they may
well increase the degree of inequality in the distribution of real income.
Low-income families are more likely to feel that basic needs, such as
better food and housing, constitute more pressing concerns than cleaner
air and water. Moreover, where new environmental progr ants IIn car en
jobs, including higher-paying as well as lower-wage work, tcdr%tr lbw lye
effects may weigh particularly heavily on certain individuals.

InfacLthe rich and the_poor seem often to have ►c;rliic f in‘.tin tively
the difference in_what they  stand to gain front cnvirott►neut.tl 	 .t►ns.

23 "The Distributional Effects of Uniform Air Pollution Policy in the united States " t or
other studies with similar findings, see Nancy Dorfman and Arthur tinuw, "Who W111
Pay for Pollution Control?" National Tax Journal XXVIII (March, 1975), 101 Is, =r,nd
Leonard P. Gianessi and Henry M. Peskin, "The Distribution of the C'ti•ts tit I atrial
Water Pollution Control Policy," Land Economics L.VI (February, 1980), 85 II

24 "Who Pays for Industrial Pollution Abatement?" Review of Economics and ' , r,illrlki
LXVII (November, 1985), 702-6.
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In a case study in California, Perry Shapiro examined voting patterns
in a referendum in Santa Barbara Country. 25

At issue was the development of a large ranch (El Capitan) fronting on the sea
in the rural part of the county. The voters were to decide whether or not a private
developer should be allowed a zoning variance to develop homesites in an estab-
lished agricultural open space area. The project promised to generate an increase
in local economic activity at the expense of environmental quality. The issue, as
related in pre-election press reports, was one of environmental quality versus in-
come, and there is good reason to believe this was the alternative between which
voters chose in the polling booth. 26

Using probit analysis to study the election results by wealthier and poorer
districts, Shapiro found a clear, direct relationship between mean income
and the proportion of voters opposing the project; only in the lowest in-
come class was there substantial support for the grant of a variance for
increased housing density.

In a similar kind of study, William Fischel examined voting behavior
in eight New Hampshire towns in a local referendum on the proposed
construction of a new wood-processing pulp mill. 27 Here again, the issue
clearly involved a choice between new jobs and avoidance of detrimental
environmental effects such as air and water pollution as well as conges-
tion. From a statistical analysis of data from interviews with 359 voters,
Fischel found (much like Shapiro) that the probability of a resident vot-
ing in favor of the pulp mill was significantly increased if the individual
was in a "blue collar" occupation and was reduced if he or she was a "pro-
fessional," had a relatively high income, or had a college degree. These
and other studies indicate that higher-income groups give higher prior-
ity to programs for improved environmental quality than do those with
lower incomes.

There are two obvious polar reactions to these observations. An over-
simplification of the reaction of the pure economist might assert thaLre-
source allocation and income distribution are two separate issues and that
one should not be permitted to interfere with a rational resolution of the

25 Perry Shapiro, "Voting and the Incidence of Public Policy: An Operations Model and
an Example of an Environment Referendum," Working Paper in Economics #8, Uni-
versity of California at Santa Barbara (May, 1972). In several subsequent studies of
voting patterns on other environmental issues, Professor Shapiro and his colleagues have
obtained very similar results. See, for example, Robert Deacon and Perry Shapiro, "Pri-
vate Preference for Collective Goods Revealed Through Voting on Referenda," Ameri-
can Economic Review LXV (December 1975), 943-55.

26 Ibid., pp. 1-2.
27 "Determinants of Voting on Environmental Quality: A Study of a New Hampshire Pulp

Mill Referendum," Journal of Environmental Economics and Management VI (June,
1979), 107-18.
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other. No matter what their distributive implications, one should seek to
institute policies that make for efficiency in resource utilization, leaving
it to some other (unclearly identified) branch of government to take the
steps required to achieve a more just distribution of income.

The other extreme view, again one that is probably rarely held in its
strongest form, asserts that the elimination of poverty is a matter of much
higher priority than the (primarily aesthetic) issue of environmental pro-
tection. If the latter interferes with the former, so much the worse for
it; it is a luxury whose attainment must at the very least be postponed
until the more pressing problem of inequality is reduced to reasonable
proportions.

We find neither of these views acceptable. The past performance of
redistributive policy does not make us confident that the undesired redis-
tributive consequences of environmental programs will somehow be off-
set. Moreover, at a more pragmatic level, the failure to redress at least
the most glaring redistributive insults will generate strong opposition to
the adoption of appropriate environmental programs.

On the other hand, postponement of environmental measures is not an
appealing option. If these are vital matters of public health and perhaps
ultimately of survival, even the poorest citizen may not have much reason
to thank the legislator who resists effective action, even if it apparently is
resisted for his sake. The issues of allocation raised by the literature on
externalities cannot be brushed aside lightly on distributive grounds.

What this suggests to us is the need to incorporate wrr ,.ihlc rc(I,. .tttbtt.

tive provisions into environmental programs, both as a 111.1H-1 ()t pi i e
and as a means to enhance their political fertsi)ility. We should riot, hi,ss-
ever, lose sight of the fact that the primary puml '.,t, u/ , .„■
programs is allocative: their basic rationale is the di r et t i o i o,t r cs^ , it

use to achieve desired levels of environmental quality.!" We ate whiledltnrd to
agree with Freeman's contention that environmental pr ow a t t s ate r tic I -
ally  not very well suited to the achievement of tl ist r ihut i^ ^,.,1 .,»

The goal should rather be to neutralize the more serious of t he ‚cc-
tionable redistributive consequences of our environmental lic , lr, re•s. l wc>^

t promising lines of strategy have been stg','eied. first, as we rrn , tecl cat
tier, the most drastic redistributive effects are likel` trr	 , to dill nip pc•
riods of transition with individuals displaced Iiurrr jobs in badly li„ cd,

28 This is admittedly a tricky issue. As Henry Aaron and Martin Ml c , uire show at a loi trod
level, the appropriate level of provision of a public good can, mulct' cr►tain ►' um.
stances, become, largely, an ethical decision. See their "I tlx irncy and I idy in ow
Optimal Supply of a Public Good," Review of Economics and Stone th l I I t I rht uaU y,
1969), 31-39.

29 Freeman, "Distribution of Environmental Quality," pp. 274-78.
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heavily polluting plants. Such transition problems can be met, at least in
part, by the use of adjustment assistance, outlays common under legisla-
tion to reduce tariffs; such provisions typically offer unemployment com-
pensation, retraining programs, and relocation assistance to minimize the
costs to those displaced by the altered patterns of output and employ-
ment resulting from the legislation. Adjustment assistance can be an im-
portant component that would spread the transition costs of the program
more evenly across society.

Second, we have suggested that the continuing costs of environmental
measures are likely to have a somewhat regressive pattern of incidence.
Two kinds of measures can be employed to offset this. First, as Gianessi,
Peskin, and Wolff suggest, subsidie&rather than taxes can be employed
to reduce somewhat the increases in costs in polluting industries. 30 Al-
though this has some appealppeal on distributive grounds, it is a proposal that
must be considered cautiously, for (as we saw in Chapter 14) subsidies to
firms that reduce their emissions can lead to allocative distortions and
can actually result in increased pollution by inducing the entry of new
polluting firms. The use of subsidies instead of taxes requires compelling
evidence that the subsidy payments will not have such undesirable con-
sequences. Second, the finance of public environmental projects is likely
to be less regressive if the funds come from federal, rather than state and
local, revenues. Since the federal tax system is more progressive than
most state and local taxes, this would serve to distribute the burden of
this part of the cost of environmental programs in a way that is less re-
gressive. As we mentioned earlier, it is the progressiveness of incremental
revenue collections that is important here; we may expect, however, that
at the margin (as well as on average) federal revenues are likely to be col-
lected in a more progressive manner than state and local funds.

3° "The Distributional Effects of Uniform Air Pollution Policy in the United States."

CHAPTER 16

International environmental issues

Almost invariably, public discussion of programs for the protection of
the environment has emphasized their international implications. Two
central issues have emerged from the debates. First, questions have been
raised about the effects upon the competitive position—in  international
trade of the country undertaking the program. It has been suggested,
particularly by representatives of industries likely to bear the costs, that
the proposed measures would impose on exporters a severe handicap in
world markets that is certain to  have an adverse effect on the nation's bal-
ance of payments, its employment levels, and its GNP. This problem has
proved particularly frightening to the less-affluent nations, but even in
wealthy countries it has been a persistent concern.

The second issue in this area is quite a different matter; it involves the
transportation across national boundaries, not of commodities de s ired
by the recipient nation, but of pollutants whose influx it seems pOWCI less
to prevent. Although there is a good deal of talk of international cooper-
ation in the control of transnational pollution, joint programs like those
we have already discussed will undoubtedly prove difficult to institute.
Therefore, it is important to consider whether the victim nation can do
anything to protect itself in the absence of something better in the form
of effective collective measures. Obviously, where int ernational coopera-
tion can be achieved, the theoretical analysis that has been (lest.' ibed in
earlier chapters applies equally to international and domestic policy. It
is only in the absence of joint action that an analysis of special measures
for an effective international policy is required.

International trade theory offers some illumination on both those is-
sues. Accordingly, this chapter is divided into two largely unrelated parts.
The first examines the effects of a domestic pollution-control pr ogram on
the initiating country's balance of payments and on international pat-
terns of specialization; the second part concerns itself with transnational
pollution issues. To avoid unnecessary complications, we will assume

Much of this chapter is taken from the 1971 Wicksell Lectures, W. Ilaumol, "l nvironmeni
Protection, Spillovers and International Trade" (Stockholm: Almgvist and Wikscll, 1971).

I'
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away each problem in turn when discussing the other. That is, when ex-
amining the balance of payments and related issues, we will assume that
the pollution in question remains within the borders of the country that
generates it, and in discussing transnational pollution problems, we will
ignore the issues relating to specialization and trade considered in the
first part of the chapter.

1 Domestic externalities and trade objectives

Just as the management of an individual firm may feel that it cannot un-
dertake unilateral measures to reduce its emission of pollutants for fear
of being priced out of the market by its competitors, as a matter of na-
tional policy, a government may be reluctant to institute significant pol-
lution-control measures for fear of the effects on its production costs and
hence on its balance of trade.' Our objective in this section is to examine
what theoretical analysis can tell us about the validity of such fears.

Let us then consider a world composed of two countries, i and w, which
it may be suggestive to think of as a more impecunious and a wealthier
country, respectively, though that interpretation plays no role in our for-
mal analysis. In our model each country produces, among other goods,
a commodity, D, whose production can, but need not, be dirty. Sup-
pose for example that, unless preventive measures are taken, D generates
smoke, all of which falls in the vicinity of the factory. We assume that
there exists a method of producing D that is smokeless but more expen-
sive than the alternative production method. Assume that country w has
already chosen its environmental policy, say it prohibits the production
of D by the smoky method. Our central concern is the effect of the deci-
sion of the other country, i, between a policy of controls and no controls.
In the next two sections we examine the (short-run) consequences of this
unilateral choice for the balance of payments in i and for the demand for

Some very preliminary calculations by Ralph C. d'Arge and Allen V. Kneese suggest that
the trade and income consequences of the imposition of strong environmental controls
would, in some cases, be very substantial though they would differ from country to coun-
try. On the basis of data consisting partly of available statistics and partly of very rough
guesses, they estimate that each of the countries examined would experience about the
same relative increase in export prices, something on the order of a 3.5 to a 9 percent rise.
However, assuming that a country were to impose environmental protection measures
unilaterally, the effect on gross national income varied considerably from country to
country. In several cases, the effects were negligible, but in others, the loss in income ex-
ceeded 25 percent. See Allen V. Kneese, "The Economics of Environmental Management
in the United States," in Managing the Environment: International Economic Coopera-
tion for Pollution Control, Allen V. Kneese, Sidney E. Rolfe, and Joseph W. Harned,
lids. (New York: Praeger Publishers, 1971), pp. 3-52.

Figure 16.1

employment of its labor. Then, a later section considers the more per-
manent effects on international patterns of specialization (that is, on the
types of industry located in the two countries).

We are concerned, then, with a comparative-statics question: the dif-
ference in its foreign exchange earnings and employment levels that will
result if i decides to continue its cheap but smoky production niet hods
as against the smokeless alternative. The shorter-run effects on balance
of payments and employment have attracted the bulk of public atten-
tion, and they also happen to lend themselves to formal analysis. Con-
sequently, they will occupy most of our discussion. However, it is the
longer-run consequences for specialization patterns that, we believe, will
have the more profound consequences for the welfare of the nations con-
cerned, and they deserve more attention than they seem to have received.

2 Shorter-run effects

Figures 16.1a and 16.1b are the standard supply-demand diagrams used
to examine such issues in a partial analysis. In the case of country i, two
alternative supply curves are considered: the lower curve, S,,., corresponds
to the cheap, dirty method of production, and S fe , the higher broken
curve, corresponds to the choice of the expensive production process in
which pollution is eliminated.

Ignoring differences introduced by transportation costs, tariffs, and t he
like, we shall assume in our discussion that p, the price of D, is the same
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in both countries. This premise simplifies the analysis but does not really
alter its substance. Figure 16.1c then represents total supply and demand
in the two countries together, corresponding to each alternative price.
There are two total supply curves, one corresponding to each of the alter-
natives available to i. The solid combined supply curve, Sc , corresponds
to the case where i decides to keep its costs low by not prohibiting pol-
lution. The corresponding international equilibrium point is Ec, and it
yields equilibrium price pc . In the diagrams as drawn, at this price, i is a
net exporter of D, shipping out quantity U;^ Vi ,  (with w, clearly, import-
ing the same amount). Similar magnitudes correspond to the expensive
production case. We obtain the following conclusions whose derivation
will be examined in the following section.

1. In general, we may expect that a decision by i to use the less expen-
sive (dirty) production process will keep down the world price of the com-
modity ( E),. lower than pe). This will be true so long as the supply curves
have positive slopes or, if those slopes are negative, so long as they are
less steep than the demand curves.'	 --

2. World demand for the commodity, and the demand for it in each
country, will be higher as a result of the lower price. The higher world
demand when the cheaper production method is employed is indicated in
Figure 16.1c by the position of Ec , which lies to the right of Ee . Similarly,
the rise in quantity demanded in country w is indicated by the compara-
tive position of VH,, and V,e , and so on.

3. Country i will certainly produce more of the commodity if it re-
frains from adoption of the more expensive process, because the lower
price will increase both domestic demand (from U1e to U, , in Figure 16.1a)
and foreign import demand (from UweVwe to U,„, V„,, in Figure 16.1b). As
a corollary of items 2 and 3, we have the not very surprising result that
the total world emission of pollutants is likely to be increased as a result
of country i's failure to undertake the pollution control program, for
with greater world demand for commodity D and more of it produced by
the dirty process in country i, the output of pollutant can be expected to
be increased.

4. However, employment in industry D of country i may fall as a re-
M stilt. Alt hough more of the commodity will be produced, less labor (and
/`" other inputs) will very likely be required per unit of output and so it is con-

ceivable, at least in principle, that the net consequence will be a decline in
employment.' In Figure 16.1a, the total cost of i's production of D with

2 To be a bit more precise, we will show in the next section that this result requires the sum of
the slopes of t he supply curves to exceed the sum of the slopes of the two demand curves.

' t ' his is not meant to suggest that environmental policy is the appropriate means to deal
with employment issues. But complete disregard of its employment consequences is equally
inappropriate.

the cheaper polluting process is represented by the rectangle OnV c pc .
Similarly, with the more-expensive process, the corresponding rectangle is
OmVe pe . The relative magnitude of the rectangles depends on the slopes
of the alternative supply curves for country i and the distance between
them, and one cannot generalize about their relative sizes. The effects on
country i's wage bill will therefore also be indeterminate. Specifically,
we know that total expenditures on output in i will fall when its price is
lowered if domestic demand for D and foreign import demand for D are
both price inelastic, so we may expect that, in the absence of other mea-
sures to keep up the level of emplo ment, in these circumstances, de-
mand for labor will also fa11. 4

5. Whether i's foreign currency earnings are increased by failure to
introduce pollution control must be considered separately for the case
where it is a net importer and that where it is a net exporter of the item.

(a) If i is a net importer of D, the fact that its domestic cost of
production has been kept down means that the cost of its imports must
have been held down as well. This reduced cost results in the production
of more D in i and less in w. Note that the marginal costs of producing 1)
in the two countries will (neglecting transport costs) remain equal despite
the more costly production process used by w. By keeping down both I he
amount of its imports and the price of what it does continue to import,
it follows that i will gain in terms of its foreign exchange posit ion.'

(b) If i is a net exporter of D, it is no longer clear that the adop-
tion of the dirty method of production will increase its net foreign ex-
change earnings. 6 True, it will now export more than if it had banned
smoky production processes within its borders. But it also receives a lower
price for its product. Hence, its exchange position will have improved
only if w's price elasticity of demand for imports of D is greater than
unity. Otherwise, i may actually earn a smaller quantity of foreign ex-
change for its exports.' We see, in Figure 16.1b, that receipts of foreign

4 Of course, this need not be the case if the clean method of production is less labor-inten•
sive than the dirty technique.

' This abstracts from side effects on exports and imports of the other good, C. If, for ex-
ample, pollution control raises the world price of D, demand may shift to C. If i is the
exporter of C, then this could conceivably swamp the worsening of its import position
described in the text.

6 It is noteworthy that the d'Arge-Kneese estimates of the trade effects of environmental
protection measures, which were mentioned earlier, suggest that for virtually all of the
countries studied, the result of their unilateral adoption would be an improvement in the
trade balance! That is, the country that refused to institute such measures would very
likely lose in terms of its exchange position. Of course, the calculations were very rough,
as the authors are careful to stress.

7 There is an obvious difference here between the price set by competitive export and import
industries and the administered price set by a firm with monopoly power. Ordinarily, the
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exchange will be less under the smoky production technique if the shaded
area, representing the total import expenditure on D by w at the lower
price, is smaller than the area of the corresponding rectangle at the higher
price, the rectangle Uwe Vwe gf•

In sum, what appear to be obvious consequences of pollution controls
by our poorer country are by no means as certain as widely supposed. A
decision by its government that leads to elimination of the polluting pro-
duction process may produce a deterioration in its balance of payments
and an increase in domestic unemployment, but neither of these is a for-
gone conclusion. Without examining the relevant  elasticities, it is never
safe to argue that arise in productionsoiund price will lead to a reduc-
tion in revenues and input demand. 8 ,

3	 Formalization of the shorter-run analysis

We will now generalize somewhat the arguments of the preceding sec-
tion, though we continue to utilize a partial analysis in the sense that we
will ignore the effects of changes in the price of the polluting commodity
on the exports, imports, and price of the other commodity. We use the
following notation:

p = price
D'(p), Dw(p) = demand for the commodity in i and w, respectively

S'(p, a), Sw(p) = the supply functions in i and w, respectively,

where a is a shift parameter representing the cost of pollution control.
We may assume:

Sa = 8S`(p, a) <O.	 e.0 .	 (1)as

That is, all other things being equal, the higher the cost of pollution con-
trol, the lower will be the quantity of product supplied by i at any given
product price.

International equilibrium obviously requires equality of total supply
and demand for the product in question:

Footnote 7 (cont.)
latter will not end up in the inelastic range of the demand curve for his product, but it
is perfectly possible for the equilibrium output of the former to fall within the inelastic
portion of the industry demand curve. That is why we have the paradoxical result that
a country may be able to improve its financial position by "reducing its cost efficiency,"
as one reader put the issue.

° "Though it should be noted that those "obvious" conclusions do hold for the classical
small country case, the elasticity of demand for whose exports is infinite.

S`(p, a)+S w(p) =D'(p)+D w(p)•	 (2)

To determine the effect of a change in the cost of i's production process,
assuming that equilibrium is then reestablished, we change the value of a
and investigate the equilibrating change in p. Thus, we differentiate (2)
totally with respect to a and p to obtain

Sä da—(Dp+Dp — Sp-Sp )dp= 0

where Si, represents aS'(p, a)/ap, and so on, or

dp/da=Sä/(Dp+Dp —Sp—Sp ).	 (3)

With negatively sloping demand curves, we have Dp < 0, Dp < 0 and, by t/
(1), Sä < 0. Hence, if the supply curves are upward sloping, dp/da will
certainly be positive. More generally,

dp > 0 if S ip +Sp > Dp+ Dp. `^	 (4)
da

We conclude from (4),

Proposition One. If i selects a less expensive process, so that da < () el
then the world price of the commodity may be expected to decline. It
follows as a corollary that with DI, and DI; both negative, demand tor
the item in each of the countries must rise.

It is usually assumed that

Dp —Sp < O.	 (5)

That is, a rise in price will lead to a decline in w's imports (i's exports) of
the item.

Because i's export quantity is Dw—Sw, its foreign exchange receipts
from its sales of the good will be

R` =p(D w— S w )•	 (6)
Differentiating, we have

dR i
da — [p(Dp — Sp)+(D w— S)] ^a

By (4) and (5), dR'/da will be negative if CD' —  S_ w) is negative (if i is a
net importer of the commodity). That is,

Proposition Two(a). If i is a net importer of the commodity, i will al-s
ways improve its balance of trade by reducing  unit costs and prise.

However, if (Dw—Sw) > 0 so that i is a net exporter of the item, its
trade balance may or may not improve from the resulting reduction in
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the world price of the commodity because dR'/da may then be either
pösitive ör negative. Thus:

Propositiön Two(b). If it is v a nerexporter of the item, country i w
gain in its foreign exchange receipts when it keeps down its costs of pro-
ducing the commodity if and only if w's import demand is elastic, so that
a decline in price increases i's receipts as given by expression (6).

We also have

Proposition Three. Output of the commodity in country i `can be ex-
'pected to be higher if it selects the lower cost process of production.

For, in equilibrium, by (2),

dS i
da — [Dp+ (Dp — Sp )] da <0

whose sign follows from (4), (5), and the negative slope of i's demand
curve, D i(p). By (7), a fall in cost in country i (da< 0) will lead to an in-
crease in its equilibrium output, S i, as asserted.

Finally, we show that

Proposition Four. A decrease in country i's costs of producing output
D may not produce a net increase in employment.9

If, for example, wages in i remain unchanged, and a constant propor-
tion of expenditure on commodity i is spent on labor, employment in i
devoted to commodity D is given by kpS' for some constant, k. In equi-
librium, this employment is equal to

kpS`(p, a) = k[pD`+p(D w— S'")],	 (8)

where the first term inside the brackets is total revenue from domestic
sales of the item, and the remaining expression inside the brackets repre-
sents total revenue from exports. Obviously, if both demands are price
inelastic, these will both decline in value when p is reduced as the result
of a decrease in a; in that case, employment in this industry in i will
decline.

This result is consistent with (7) which requires output to increase when
a declines, for the less-expensive (more polluting) process may well re-
quire less labor (as well as other inputs) per unit of output. Specifically, if
we define L(a) as the number of labor hours used per unit of output, our

9 The decrease in employment will, of course, be accounted for by the decreased use of
labor for pollution control, which means that there will be an indirect decline in the quan-
tity of labor utilized per unit of output of D.

employment demand becomes L(a)S'(p,a), and d[L(a)S'(p,a)]/da=
L(a) dS'/da+ S'La . Because La may plausibly be taken to be positive, the
sign of this expression is indeterminate for, by (7), the first term is nega-
tive, 10 but the second will then be positive., ,

4	 Longer-run consequences for specialization patterns

The choice of technique of production also has longer-run implications
for the international pattern of specialization. We recall that implicit in
our model is the production of other goods, some of which presumably
are not sources of significant damage to the environment. Let C be the
collective designation of such items whose production generates no ex-
ternal costs. By not eliminating its smoke, i will affect the private com-
parative costs in the two countries: at any given levels of output, w will
have less of a comparative cost advantage in the supply of D than it would
otherwise. Unless the additional marginal cost of producing D by low
pollution methods is completely covered by subsidy, w will be led per-
manently to produce more of the clean commodity, C, and less of D,
than it would" if i were to adopt pollution controls for the manufacture
of D, and the reverse will be true in country i.

Thus, we have the obvious but very important

Proposition Five. A country that fails to undertake an environmental
protection program when other countries do so i nrre I' t it ti I I ern parat i vo
advantage (decreases its comparative disadvantage) rnt its pi i fuktior )f
items that damage its environment; in the absence of ofl:settinl tiuhsid ',
this will encourage greater specialization in the production of tI1..se  i ^I►
luting outputs...,

In sum, as a result of its failure to limit pollution, country i will tend to
become specialized more than it would have otherwise in the production
of items that generate pollutants. In particular, less-developed count t tes
that choose uncontrolled domestic pollution as a means to imptuve their
economic position will voluntarily become the repository of the %% ot id's
dirty industries. This means that they will undertake to provide hrnrttts to
everyone else by taking on the world's dirty work. The tiess ot the
poorer nations to bear the social costs produces effects analoy..otis to tltl'se
that would result from an increase in productivity in the tnanut.t ture

10 Note that the first term contains dS'/da, not Sä = aS'/aa. It thus includrs the indh a cit qf•
feet of a on price, as taken into account in (7).

" This is, of course, just a special case of the general proposit ion on comparative costs and
international patterns of specialization.

(7)
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of polluting outputs. However, this apparent increase in productivity is
more accurately described as a peculiar export subsidy, one that conceals,
more effectively than most, what the exporting country is giving away to
its customers.

5 Tariff policy for externalities that cross a nation's borders

We turn now to the second major issue considered in this chapter: the
problem of transnational pollution. In international trade, a tariff plays
somewhat the same role as an excise tax for domestic outputs. It would
thus seem that, where some import generates costs that are external to
the exporting country and that fall on persons in the country in which
the good is imported, a tariff on the offending commodity may, at least
in principle, become an appropriate instrument to deal with the problem.

It will be argued that such a second-best tariff usually exists, provided
the country that is the victim of the externality is also an importer of the
commodity whose production process generates it, and that the victim
nation has market power sufficient to influence, through its tariffs, the
prices (output) in the generating country.

As we will see, the tariff that best protects the interests of the importing
country is not necessarily the one that yields an (second-best) optimal
allocation of resources for the world as a whole. In part, this is just an
extension of the observation that, in the absence of externalities, a tariff
may be beneficial to the country that imposes it even if it should be unde-
sirable when considered from a more cosmopolitan point of view. We
turn consequently to an examination, first, of the tariff level that best
protects the victim of a transnational externality, and, sec nd,tn.theiariff
levels that can help to sustain a (second-best) Pareto optimum when the
polluting country does not attempt to regulate its emissions or at least
does not take adequate account of the effects on the victim nation.

We begin by observing that although a tariff can play somewhat the
same role for transnational externalities that a Pigouvian tax performs
within a single political jurisdiction, the former will generally not be a
per fectI ',atk IadOI substitute for the latter. Thus, suppose that the poll
luting country enacts an emissions tax based on marginal damage within
its borders, and each other affected country imposes a tariff equal to th4
marginal damage suffered by its own nationals. The resulting set of taxes
and  tar i f l:s will not generally yield the prices an the allocation of re-
stances that would have resulted if the polluting country had imposed an
internationally optimal Pigouvian tax on its emissions -__a tax equalio
marginal damage in all countries together..

There are several reasons why the two will not he equivalent. First, in
the emitting country, prices will not be affected directly by duties in coun-
tries that import the product. 12 Hence, domestic prices in the producing
nation will be different (usually lower) than if producers had been taxed
for damage they impose anywhere in the world." Second, the (Int V irr any
importing nation will also reflect only those detrimental effects of the ex-
ternality that fall within its borders, so that its nationals, too, will pay
less than the full social costs of their consumption. An extreme case is
that in which country A produces the externality, country N suffers from
the externality but imports none of the item whose manufact ure gener-
ates it, and country C imports the item from A but receives none of the
damage. In that case, there will be no tariff levied on the item in r espouse

to its emissions, despite the_ transnational character of its effects.
Thus, our analysis of appropriate tariff policy will generally he a dis-

cussion falling within the theory of the second-best, for no set of tariffs
will be capable of sustaining the Pareto optimum that would be yielded
byfit e-opttmäFPi  ouviari , taxes.

For the treatment of this problem, we have found a diagrammatic ap-
proach to the issue more fruitful than a more formal analysis. For we are
dealing with a second -best problem in which resource allocation is con-
strained by the nonoptimal behavior of one of the countries, and so any
maximization calculation will be complicated considerably by the behav-
ioral relations that must consequently be included among its constraints.
Even the dia r ction is_not completely elementary, be-

cause the problem is one in which consumption in one count' v ins r eases

production in another, and that, in turn, raises the transnational flom of
pollutants. As a result, we cannot use an Edgworth-Bowley box diagram
that takes the total quantities of commodities produced to he given. After
all, the purpose of the tariff is to control the flow of pollutants via its effect
on the polluting output, and so an analysis of the problem cannot assume
away the possibility of output changes. Fortunately, Meade has provided
an ingenious modification of the box diagram that permits production
changes to be taken into account. 14 For this purpose, he transforms the

12 Of course, the tariff will affect excess demand in the world as a whole and so it will in-
fluence prices in other countries, but although this effect can be important, it is im indi-
rect consequence of the duty, differing fundamentally from that of an equal tax imposed
on all consumers.

13 Put in a different way, with optimal Pigouvian taxes, relative commodity prices arc the
same for all consumers, but with any tariff, relative prices will differ in the exporting
and the importing country and that is clearly inconsistent with Pareto optimality.

14 See James E. Meade, A Geometry of International Trade (London: Allen and Unwin,
1952), Chapters i-iv.
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exports (negative imports) of the items. Next, we shift the axes of the
production-possibility set until the set is tangent to CC' at R. We see
at once that, because at the equilibrium corresponding to R, quantity
P'R' = PR of item 1 is produced while WR is consumed, the difference
WP = SU of item 1 must be imported.

In exactly the same way, it follows at once that in these circumstances
A can export VU of item 2. Hence point U, the shifted origin of the pro-
duction-possibility set, indicates the export-import combination corre-
sponding to consumption at point R in country A. Repeating this con-
struction for other points on the consumption indifference curve CC', we
obtain the locus TT', which is the corresponding trade indifference curve
that we wanted to construct. That is, any point on TT' represents a com-
bination of imports and exports that permits A to consume a combina-
tion of goods represented by a corresponding point on CC'.

T
^ U I I

Exports of
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Figure 16.2

social consumption indifference curves into what have been described as
trade indifference curves corresponding to  the possible exchange posi-
tions of the two countries a ter both their_ hange..and their production
decisions have been made.

Because the device is not as widely known as the ordinary box dia-
gram, it will perhaps be useful to summarize its construction briefly. In
Figure 16.2, let the points in quadrant I represent the consumption of the
two goods in country A, and let the shaded area represent A's production-
possibility set. Now consider any point in this quadrant, such as R. If R
is to be an equilibrium point, the ratio of prices of the two goods must be
given by the slope at that point of CC', the consumption indifference curve
of A through R. Similarly, the equilibrium outputs of the two commodi-
ties in A will be given by R', the point with the same slope on A's possi-
bility locus. To determine what exports and imports will be required to
permit the consumption represented by R when production is represented
by R', we now interpret the axes of the diagram to represent imports and

6	 Alternative tariff policies for transnational pollution' s

In the following discussion, it will be assumed that item 1 is a good whose
output produces transnational pollution affecting A, and that A is an im-
porter of good 1 and an exporter of 2. Hence, the following diagrams will
correspond to quadrant II of Figure 16.2.

15 A simplified formalization of the issue may help to clarify the nature of the discussion
that follows. We have two commodities, 1 and 2, and two countries, A and B, and we let

x la = consumption of good 1 in country A, and so on,
z = z(Xia , x lb ) = the output of pollutant,

U° = U° (XI Q , X2a , z) and
U6 = Ub(Xlb, X2 6, z) be social utility functions for countries A and B, respectively,

We will examine, at least cursorily, each of the following three maximization problems
for country A acting alone:

(i) Maximization of A's welfare with no consideration of effects on B; this involves t he
choice of a tariff level by A by simply maximizing U' ;

(ii) Imposition of a "Pareto-optimal" tariff. This is the second-best tariff that

maximizes U°(• )

subject to U6 (xlb, x26 , z).�.• U*6 (some constant);

(iii) Imposition of a quasi-Pareto-optimal tariff that takes no account of the social
cost of the externality in B, on the grounds that, by adopting no externality tnntrol
measures, B has, in effect, chosen politically the utility function U6(xtb, X2b, 0 ) , which
assumes away emissions damage. This then calls for

maximization of U°(• )

subject to U b (xlb, x26, 0) >_ U* b (constant)

For reasons that will be indicated later, most of our discussions will deal with caws (i)
and (iii) because there is relatively little we are able to say about case (ii).

III
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In Figure 16.3, an abscissa, q ia, represents A's imports of 1, the exter-
nality-generating good, 16 and q2a represents its exports of good 2. The
initial (zero trade) point is, of course, the origin. The lower, broken offer
curve, OK'N'M, is that of A, the importer' 7 of 1, and the solid upper

16 We deliberately change our notation from that used in earlier sections in this chapter
to emphasize that 1 is an output that generates transnational pollution: in contrast, the
effect s of D, the polluting good of Sections 1-4, were taken to remain entirely within
the boundaries of the country that produces it.

" The importing country's offer curve, of course, represents what it would be willing to
exchange if its international trade were carried out under conditions of pure competi-
tion without governmental interference. Because the remainder of the discussion exam-
ines the effects of a tariff by the importing country, its offer curve is relevant largely as a

offer curve, OKNM, is that of the exporting country. Point M is, as usual,
the free-trade equilibrium point, and m is then the quantity of item 1
imported.

First, suppose that A decides to levy a tariff that is designed to exploit
B but that does not take pollution into account. Let the curves labelled
I; represent the family of A's trade indifference curves relating exclusively
to the private benefits of the imports to A's consumers of 1. Given the
shape of B's offer curve, and assuming, as is usual in such models, that
the exporting country is passive and does nothing to protect itself from
exploitation by the importing nation, it follows that country A maxi-
mizes its own welfare at N, the point of tangency between the exporting
country's offer curve and one of A's indifference curves. This point can
be attained by A's imposing an import duty sufficient to restrict the im-
port demand to n. This involves a change in relative prices from that
given by the slope of price line OM to that given by ON', where N' is the
point on A's offer curve corresponding to import level n.

So far, this is all review of the standard analysis of the "optimum"'s
tariff. Now let us see what happens if the pollution (say, smoke) arising
from the externalities is taken into account. We can construct a new fam-
ily of community indifference curves taking cognizance of all of the costs
imposed by q ta . The external cost (indirectly) generated by q ta can he
interpreted to mean—MITHEre social marginal utility of 1 is stni,ljler

standard of comparison to show how the free-trade solution differs from that in which
a tariff is imposed. Assuming that industry in A is competitive, however, the offer curve
continues to indicate the internal prices (after payment of duty) necessary to restrict the
import demand for 1 to any given level.

18 In the literature, the tariff level that maximizes a country's monopolistic gains from
trade is often referred to as the optimum tariff: Obviously, this does not correspond to
a universal welfare maximum of any sort. In the remainder of the chapter, when we
refer to a tariff as optimal we will mean that it can sustain a Pareto-optimal position for
the affected countries, or at least one that is second-best.

One advantage in using the standard optimum tariff as a starting point for our discus•
sion of the second-best tariff level in the presence of externalities is that it does suggest
an important relationship between the two. Both of them require a degree of influence
on international prices by the country that imposes them. If that country is so small r hat
its actions do not affect the prices of the countries that export to it, then both the o pti.
mum and the second-best tariff levels will be zero.

The method of analysis adopted here, comparing levels of optimal protection, is the
method employed by Bhagwati and others to examine a variety of problems in trade
theory. There is, indeed, a large class of problems that can best be explored by stinting
with an optimum tariff rather than free trade, in order to avoid confusing the conne•
quences of departing from free trade with the consequences of the particular problem
under study. See Jagdish N. Bhagwati, "Optimal Policies and Immiscrizing (irowtlt,"
American Economic Review LIX, no. 5 (December, 1969), 967-70.

sl
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than its relative private utility,' 9 because an increase in q 1a induces greater
production of good 1 by the exporter, B, and hence increases   _.tht_ttans-
national pollution suffered in A.

Because the slope of an indifference curve for two commodities 1 and 2
at any point is equal in absolute value to mu t /mu g , the ratio of the mar-
ginal utilities of the two commodities at that point, it follows that through
any point W in Figure 16.3, there will be what we may call the social in-
difference curve J; (the curve that takes alines int -accoün h
will be flatter 20 than the private communi'tv_i_n.difftxrence curve, I,, through
that point. Figure 16.3 depicts a family of such social indifference curves,
the curves labelled .1, (i =1, 2, 3). The exporter's offer curve, OKNM,
has, on the usual assumptions, been drawn concave downward. This im-
plies that the point of tangency, K, between this offer curve and one of
the social indifference curves must lie to the left of N, the point of tan-
gency with a private community indifference curve. Curve J 1 , the J curve
through point N, lies below the offer curve to the left of point N, and so
better points from the importer's point of view must also lie to the left
of N. The tariff corresponding to K is, as before, indicated by the relative
slope of OK', the price line through K'. Because OK' is steeper than ON',
the tariff for A now generates an even greater departure from the price
ratio than would emerge under free trade. That is,

Proposition Six. The tariff that maximizes the importing nation's net
gain in the presence of external costs imposed by the imports is higher
than that which would do so in the absence of externalities, all other
things being equal.

So much for the interests of the country that levies the tariff. We turn
now to a somewhat less parochial view of the matter. Figure 16.4 depicts
two contract curves - the locus of what may be called "quasi-Pareto-
optimal points" corresponding to the cases where the transnational ex-
ternalities are not, and that in which they are, taken into account. The
curves labelled E arg_the.-Gom munity indi ' - - • he ex • orting

19 Here it seems easier to take the pollution resulting from increased output of item 1 to
affect the indifference curves through the disutility it imposes on consumers rather than
the production of other goods. Of course, the externalities may also affect the produc-
tion-possibility locus by increasing the resources cost of some (or all) outputs.

20 Reverting to the notation of an earlier footnote, U°[ xi a , x2 a , z(xl a , x16)1 is A's utility
function. Then the absolute value of the slope of the indifference curves II' that ignore

the externality is Uf/Uz. That of the JJ' indifference curves is (Uf +Uzöz/öx ia)/Ui,
which takes into account the smoke damage resulting from increased production of
good 1. Because smoke creates a disutility, Uz < 0, so we may expect the second fraction
to be smaller than the first; that is, the JJ' curves can be expected to be flatter than the
!I'.
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country, which are taken to be based onprivate preferences in /1 and
to ignore external damage in that country. 21 Once again, the / and the
Jcurves are the community indifference curves of A, the importing coun-
try, corresponding respectively to the cases where externalities are not, and
are, included in A's welfare calculations. Because the former arc steeper
than the latter, the tangency point, P„ of one of the I curves with an E
curve will lie to the right of R„ the point of tangency of a J curve with
the same E curve. Hence, contract curve RR', the locus of all the R, tan-
gency points that take externalities into account, will be entirely to the
left of PP', the contract curve that ignores the externalities. 22

21 In terms of the first footnote of this section, we are dealing with case (iii) in wlis It d's
(implicit?) political decision to ignore domestic external effects is respected.

22 As we have noted, this argument takes into account only the externalities that fall on
the importing country, A. By showing the effects of the externalities on thr /' in es, we
can also take account of effects on B. It follows by the same argument as helot that t he
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In Figure 16.5, these two contract curves are brought together with
the two offer curves. In accord with the usual argument, the free-market
equilibrium point, M, at which the two offer curves intersect, lies on the
zero externalities contract curve, PP'. But because externalities are in fact
present, there is nothing optimal or necessarily desirable about points on
this pseudocontract locus. The optimal point on the exporting country's
offer curve (which we continue to take as given) is T, the intersection point
of that offer curve with RR', the true locus of Pareto-optimal points.
Clearly, this must lie to the left of the market-equilibrium point, M.

Footnote 22 (cont.)
external damage yielded by production of item 1 will flatten B's as well as A's indiffer-
ence curves, so that it becomes very difficult to say much about the position of RR'. The
argument of Chapter 7 shows that, with appropriate convexity assumptions, RR' will
still lie somewhere to the left of PP' (that is, some reduction in use of commodity I will
be required for Pareto optimality). Hence, some positive tariff will still be appropriate.

As a final step in our diagrammatic discussion of tariffs and external-
ities, we can now relate these two points, M and T, to the points N and K
of Figure 16.3 that ignored the interests of country B. As we know, point
N must lie to the left of M. For exactly the same reason, K must lie to the
left of T. For T is simply the market-equilibrium point that would prevail
(with an appropriate distribution of income) if market prices were ad-
justed to reflect the full values of the social costs of goods 1 and 2, and
K is the point that corresponds to N in these circumstances. 23 It follows
that k, the level of importation that best serves the importing country's
interests, will be smaller than t, the internationally optimal level of im-
ports. Thus we obtain

Proposition Seven. If the external effects fall entirely on the importing
country, the internationally quasi-optimal tariff (corresponding to T) will
be smaller than that (associated with point K) which maximizes the im-
porting country's total gain from exploitation of its monopoly position.

We see from this rather lengthy diagrammatic discussion that the pres-
ence of external costs can, at least in principle, affect the role of tariffs.
We have the basic result

es ^Proposition Eight. In the presence of trä national pollution with f
collective regulation, zero tariff levels are generally not optim al.

In the presence of external costs, a tariff sufficient to reduce imports
from m to t in Figure 16.5 will be required for the purpose. 24 Moreover,
the narrow self-interests of the importing country will also call for a tariff
higher than that which would be appropriate in the absence of external-
ities. In Figure 16.5, the tariff level must exceed that which would apply
in the absence of externalities by an amount sufficient to reduce the im-
ports of good 1 from n to k. In general, if the externalities generated by
the imports affect only the importT country, the tariff that i . hc■t f rom
the point of view of both, countries together will be less than that ss filch
maximize he returto the .impoxtifilg  cotttttry alone. 23

23 Incidentally, there seems to be no general statement that we can offer about the relative
positions of points N and T. Both must lie on MNKO between points M and K, but
which will lie to the right of the other depends upon the comparative shape% of the f.uni•
lies of indifference curves I and J in a manner that is not generally predictable. In hi mef,
we cannot say whether the tariff that maximizes A's welfare (with externalities ignored)
by manipulation of the terms of trade is greater or less than the internationally opt unit
tariff with external effects accounted for.

24 This suggests also that where external benefits are present, a negative tariff may be ap•
propriate.

25 However, even this conclusion can no longer be taken for granted if the exports also imt u , ..e
unregulated pollution costs in the exporting country (for reasons indicated in note t).
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It should be noted once again, in concluding, that even the Pareto-
optimatl äriff, that corresponding to point T in our discussion, will only
sustain ä second -best optimum, not the optimum that could have been
achieved by a set of internationally optimal Pigouvian taxes in the coun-
try where the externality is generated. For the tariff restricts consumption
of the externality-generating good in the importing country, but it does
not restrict corresponding consumption of the item within the country
that exports both the good and the pollution. Consequently, such a duty
must inevitably distort international consumption patterns. It is a desir-
able policy measure only if a more direct attack on the problem is not
possible.

7 Transnational pollution tariffs as instruments of practical
policy 26

We have seen that the adoption of a second-best duty, in principle, will
be useful for a country whose transnational pollution problems are in
part generated by its own imports, and whose market power is substan-
tial. However, refined optimality calculations, such as those just dis-
cussed, are likely to have little bearing in practice on the use of import
duties as a means to control transnational environmental damage. But
all this does not mean that the approach itself has little relevance in appli-
cation. Where an exchange process has a relatively small number of par-
ticipants, as in international trade or in oligopoly situations, prices can
affect resource allocation in at least two different ways. First, they influ-
ence the pattern of excess demands and, hence, relative outputs in the
usual way. Second, pricing policy can serve as part of a strategy in which
one participant threatens to undertake pace-influencing measures thät
would be damaging to some other pariT T nt in order toT orce the latter
to modify his behavior. This section considers tariffs both in the role nor-
mally assigned to taxes in the externalities literature, and as part of a
threat strategy designed to induce the generator of transnational pollu-
tion to modify its behavior.

Because the record of international cooperation on other critical mat-
ters hardly inspires confidence in the prospects for efficacious multilateral
measures for the protection of the environment, it may be essential to
design instruments whose effectiveness does not require the unanimous
consent of those involved. Suppose half the nations bordering a body of
water were to agree on some set of emission standards. Without unani-
mous consent, the remaining countries in the group might well continue

26 We arc grateful to Bertil Ohlin for suggesting to us the general ideas of this section.
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to pour their wastes into the waterway as before, unless someone were to
produce some device to induce a change in their behavior.

The pollution tariff (which may give less offense if called , 1 1 1 I
like a transnational resources chat ) is suc h a d(". ice. It dig , 11 , •r lc
quire the consent of the polluting count r) . Indeed, it several countries
decide (jointly or independently) to adopt such a measure, they need not
agree to use a similar schedule of charges or on uniformity of other pro-
visions. Thus, the danger that the process of negotiation will preclude
any effective program is minimized because little or no negotiation or
coordination is required.

This approach also has several characteristics that dist it twill
protective tariffs of the classic beggar-thy-neighbor varlet . f tr ,i , alt hi ,n }11
the usual tariff is likely to lead to a misallocation of resources and re-
duced economic efficiency, a well-designed transnat Tonal reaotn ces Amite
can be expected to improve them.

But there are other significant differences. The ordinary tariff depends
for its effectiveness on the absence of similar action by oth er countries. I I'
everyone builds a system) of protective tariffs against e\ eryone eke, ;ill
countries are likely to lose, in the process. In the case of the ttarisn;ttrorla!
resources charge, the more widely it is adopted the more salutary it is
likely to be. If polluting country B finds its exports subject to an environ-
mental charge only by (small) country A, then it need not give the matter
much attention. But if a large number of importers of its products adopt
such a measure, the costs of its damage to the international environment
will effectively come home to roost. 27

Suddenly, its exporters  will find their financial interests reversed. In
the absence of a widely accepted resources charge, they can be depended
upon to resist any substantial program for the protection of the environ-
ment for fear that its cost will reduce their ability to compete on the inter-
national market. But with duties levied on their products in many of the
world's markets so long as they fail to adopt an appropriate pros am,
they will recognize soon enough that promotion of their lotciLu sales in
fact requires environmental protection measures at home.

Of course, one hesitates to provide any argument to the opponents of
free trade and to open the doors to new rounds of restrictive reasures
brought in under the banner of environmental protection. Perhaps the
threat of such measures may help to facilitate the process of direct negoti•
ation and may lead to cooperative steps that will be effective in control.
ling transnational pollution. Thus the notion of transnational resourcc$
27 Of course, if the prime objective of the tariff is to coerce the transnational pollriter 10

take remedial action, there is no reason to levy it only on the commodity that IAcn,i urr+t
it. Any exports of the offending country may be fair game for the purpose.
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charges may help in one of two ways: either as a threat that helps to stim-
ulate effective cooperation, or by serving as an instrument of second re-
sort in the event some countries, by refusing cooperation, continue to
pose a threat to health and welfare in other nations. -_

As a final point, one should be under no illusion that any transnational
pollution charges adopted in practice will bear a marked resemblance to
the quasi-optimal levies emerging from the theoretical models of the pre-
ceding sections. They will presumably work in the right direction, and
serve primarily as a stimulus for a change in practices by a polluting coun-
try, not as an instrument for the fine tuning of international resource al-
location. This suggests that other economic penalties, such as quotas and
outright import prohibitions, may be able to do the job as well and that
they will perhaps run into fewer practical difficulties. That may be so,
though it is unlikely that they will have the sanction of theoretical analy-
sis, for whatever it may be worth.

8 The potential role of effluent fees and marketable permits
for the control of transnational pollution

Up to this point, we have considered only a single policy instrument, tar-
iffs, for the regulation of pollution crossing national borders. We have
found a potential, second-best role for such tariffs. At the same time,
however, we have concluded that they are not a fully satisfactory substi-
tute for the kinds of charges and permits that have been the central sub-
ject of most of this book and that can efficiently internalize the external-
ities that are the source of most pollution problems. This leads us to ask
whether there may not be some way in an international setting to make
use of these preferred policy instruments for the management of environ-
mental quality.

In principle, the analysis of the preceding chapters is fully applicable
to the regulation of transnational pollution. As Ruff has noted, "If we re-
gard individual nations as sovereign, with power to control their own
citizens in any way they choose, then the transfrontier pollution problem
is no different from an ordinary problem of externalities among a small
group of individuals." 28 Although this is, of course, true, the problem
is that national sovereignty does, in effect, impose a further constraint
on the problem. As Ralph d'Arge and others have emphasized, we can
hardly expect a polluting nation to place a tax on its own polluting indus-

T„ Larry E. Ruff, "The Economics of Transnational Pollution," in Organization for Eco-
nomic Co-operation and Development, Economics of Transfrontier Pollution (Paris:
OECD, 1976), p. 8.
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tries in order to reduce the damages accruing outside its borders. 29 A sov-
ereign nation will have little incentive to impose costs on itself for the
benefit of its neighbors. Obviously, this is also true of an individual, but

- here some government is in a position to impose the required fees. There
is, however, no "world government" with taxing prerogatives.

The presence of transnational externalities implies that gains can he
realized from ive e avior. There must exist  some reorder ing of
activities (per aps including side payments) that will make all national
parties to the externality better off. The problem is that of finding sonic
institutional structure that will facilitate the appropriate agreements. One
thing the discussion does make clear: Such a structure must be one that,
in fact, makes all parties better off. Otherwise, any agreement is unlikely.
In short, political feasibility requires us to introduce a further constraint
on any policy prescriptions for the control of transnational pollution:
Such policies must constitute a Pareto improvement for all nat ions con-
cerned. We thus seek structures that promise both a I',tt et o clli , lent out - 0
come and (as discussed in the preceding chapteri a mm.e (co cNent my, a
Pareto-improvement.

Transnational pollution can take any of several forms. In the simplest
case; the polluting emissions—a-  nation -can flöw äcross its borders
and damage its neighbors. This kind of unidirectional transnation a l pol -
lution encompasses important cases like sulphur deposits in the lot in of-
acid-rain (or solid particles) or the emission of various wastes into a river
that pollute the downstream waters flowing into a neighboring country.
Alternatively, transnational pollution may be bidirect ional in char acter:
Countries that both border on a lake, for example, may pollute water s that
they share in common. Obviously, the form of the transnational pollu-
tion in question has implications for the most promising approach to en-
vironmental management. In one sense, the bidirectional case (all hough
in some ways more complex) may be the easier problem to resolve since
both parties have a direct incentive to engage in negotiations to reduce
the environmental damages; both nations in such cases have something
to gain.

To sharpen the issue, we consider only the unidirectional case. Our ob-
jective is neither to provide a rigorous analysis nor to propose a full pol-
icy prescription. Instead, our more modest goal is simply to indicate some
of the implications of the transnational setting for international envir on-
mental policy. Suppose that country A is the source of polluting entt . ,.tuns

29 Ralph C. d'Arge, "On the Economics of Transnational Environmental Externalities," in
Edwin Mills, Ed., Economic Analysis of Environmental Problems (New York: r 'olum•
bia University Press, 1975), 397-416.
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Figure 16.6

that cause environmental damage in country B. Figure 16.6 depicts (in
terms of a common numeraire) the marginal social damages (MSDB ) ac-
cruing to country B and the marginal product (or marginal abatement
cost) function (MPA ) of country A. The globally efficient policy would
obviously be one that restricts emissions in country A (in an efficient man-
ner) To the level OC. Our quest is fora procedure that can accomplish
this, subject to the constraint that both countries are made better off.

In order tö test whether the proposed policy promises a^'areto-im-
provement, we must first determine the relevant point of departure - a
benchmark level of emissions. As Robert Preece has argued, a sensible
choice here is the "no-policy"  level of emissions, OE. 3° This_is the point
that  would emerge in the absence  of any agreements between the two
i. o r t r r t r i es. We thus seek a procedure that will lead to a reduction in waste
emissions from OE to OC in such a way that social welfare rises in both
countries. One point is immediately evident. We cannot simply rely on a
program of pollution abatement in country A, for this would impose costs
on A with no offsetting benefits to the polluting country. The OECD'sk

'0 Robert S. Preece, The Economics of Transnational Pollution: An Evaluation of the
Role of Bilateral Bargaining in Determining the Efficient Pollution Level, unpublished
Ph.D. dissertation, University of Maryland. 1983.

Polluter-Pays-Principle is thus inconsistent with our insistence on a Pareto-
improvement. 31 Mutual gains to the countries necessarily t Nu' re t lie vic-
tim country B to make some payments to A. More specifically, we see
that for country A not to be worse off, country B must pay, at a min-
mum, the total of abatement costs - that is, the shaded area CBE in figure
16.6. In fact, the requirement that the process yield a Pareto-improve-
ment implies a Victim-Pays-Principle! Moreover, we see from the figure
that if the victim country B pays only for abatement costs, then B realizes
all the gains from the agreement. This provides little incentive for coun-
try A to engage in such a program. One possible alternative is a subsidy
payment from country B to A of OD per unit of abatement; this would
serve to divide the gains from the program between the two countries.

Such a side payment from the victim to the polluting country would
thus ensure that both countries are made better off overall from A's re-
uction in waste emissions. Country A must then, of course, adopt the

requisite program to curb emissions to the agreed-upon level, OC. This
country A could do, for example, by adopting either a program of efflu-
ent charges or a system of marketable emissions permits as described in
earlier chapters. Such systems can, as we know, achieve the efficient level
of emissions at least cost.

A fee regime or a system of marketable permits initiated through an
auction would not, however, make polluters in A better off'. They would
suffer a financial loss from the program with no offsetting gains, and, for
this reason, they can be expected to provide political opposition in spite
of the payment by the victim nation. Is there some way to eliminate these
losses to sources in A? One method is for the public environment al ar(•ncy
in A to subsidize the abatement activities of sources. 32 The go■ et 'uncut
can iisethe payments from country B to subsidize the control et tot ts of
polluters in A. As we saw in Chapter 14, however, the design of such pro-
grams is a difficult matter, for such subsidies can provide unkiesir cd in•
centives for the entry of polluting firms and for various kinds ut si r at (Tic

behavior_
There is an alternative approach that makes use of market able per mils,

Suppose that country A were to issue permits to existing polluters equal
to the current, "no-policy" level of emissions. These permits would be

31 The Organization for Economic Co-operation and Development has endorsed the Pol•
luter-Pays-Principle for the regulation of transfrontier pollution. For some collet tiontl
of papers on this issue sponsored by the OECD, see Problems in Tran.s/rontu', l'ollu•
Lion (Paris: OECD, 1974) and Economics of Transfrontier Pollution (Paris: ()t .('t),
1976).

32 Preece op. cit. proposes a tax-subsidy scheme that would effectively subsidize existing
sources for reductions in emissions.

E



^,.

282 The design of environmental policy International environmental issues 283

issued free of charge to each source. Tihs, if source X had been emitting
100 tons of the pollutant per year, then X would receive permits all nowtg
annual emissions of 100 tons. The new twist is that representatives of
the victim country would be allowed to partici ate in the market. More
specifically, they could purchase permits from existing sources and then
simply retire them from circulation as a means to reduce levels of waste
discharges. In terms of Figure 16.6, the victim country would find it worth-
while to purchase the quantity CE of permits in country A. Over this
range, the gain to B in terms of reduced damages would exceed the mar-
ket-determined price of permits. In principle,  then, the equilibrium out-
come would coincide with the efficient solution. Moreover, all parties to
the trades of permits would be better off, so the öütcome would consti-
tute  a Pareto-improvement.

An "international" market in emissions permits can thus, in princ
satisfy our two criteria for an efficient mechanism for the control of trans-
national pollution. Although such a system constitutes a provocative  ap-

` proach to the transnational problem, some serious problems clearly beset
its execution. Both countries will bk. tempted to engage in strategic be-
havior intended to affect the level of payments; country A, for example,
may try to inflate the number of permits—IntIrissuaTSuch behavior be-
comes even more likely because of the inevitable uncertainty in the valua-
tion of social damages and abatement costs. Moreover, country B will
require assurance that after the initial issue, country A will distribute no
additional permits. 33 Safeguards against such behavior would obviously
be necessary before one could make such a proposal credible in practice.

Finally, there is the troublesome ethical matter of the Victim-Pays-
Principle that is inherent in this approach As we have seen, this princi-
ple follows from our insistence on (1) a  Pareto-improvement and (2) the
designation, as the benchmark. of the quantity of emissions that would
emerge in the absence of agreement. There are, however, extensive prece-
dents in international forums for variants of the Polluter-Pays-Principle.
In its 1972 declaration, for example, the U.N.  Stockholm Conference on
the Human Environment asserted that nations have "the responsibility
to ensure that activities within their jurisdiction or control do not cause
damage to the environment of other States or of areas be ony Tt^ie—limits
of national jurisdiction." 34 As the history of international environmental

33 See, Preece op. cit. for an extended treatment of the issues of uncertainty and strategic
behavior in bilateral negotiations.

34 Ralph C. d'Arge and Allen V. Kneese, "State Liability for International Environmental
lkgradation: An Economic Perspective," Natural Resources Journal XX (July, 1980),
430. D'Arge and Kneese provide an excellent discussion of the alternative "principles"
that might be used to assign responsibility for transnational pollution.

olicy attests, however,  this dictum has not been widely_ followed. In fact,
theluter- ays-Principle is more likely to constitute reason for delay
and evasion than for an effective program to control transnational pollu-
tion. This is admittedly a d ifficult issue involving ethical as well as eco-
nomic considerations. But it is our judgment that feasible and effect ive
mechanisms or the control of transnational pollution will require coop-
eration and cost-sharing on the part of victim nations as well as polluting
countries. --



CHAPTER 17

National or local standards for
environmental quality?

The preceding chapter explored the difficult issues that arise for the design
of environmental policy in an international setting, issues whose source
is, in part, the absence of an international agency with the authority to
make decisions that can internalize the costs fat nations impose on one
anotherTThis chapter returns to purely domestic issues, concerning itself
with the choice of the appropriate authority for environmental decision-
making. In particular,  we ask whether it is preferable to  delegate the de-
termination of standards for environmental quality to regional (or "Fo-
cal") governments or to rely on a national environmental agency  to set
uniform standards for environmental quality that apply throughout the
nation.

Current policy exhibits considerable ambivalence on this  matter. In
the United States, for example, the Congress, under the Clean Air Act,
directed the U.S. Environmental Protection Agency to set national stan-
dards for ambient air quality. The EPA responded by defining maximum
allowable concentrations for six so-called "criteria" air pollutants appli-
cable to all areas of the country. In contrast, under the Clean Water Act,
the individual states have responsibility for setting water quality stan-
dards) U.S. policy thus relies on uniform national (minimum) standards
for air quality, but state-specific standards for water quality. Which ap-
proach, a national or a decentralized determination of environmental stan-
dards, is the appropriate one?

The results of this chapter suggest that the answer to this question is
not simply one or the other approach. Instead, the analysis points to the
need both for centralized and decentralized participation in the setting
of environmental standards. There is a real case for tailoring programs to
the circumstances of individual jurisdictions, but at the same time there
are other considerations that require certain centralized measures for ef-
fective environmental management.

The t I'n does, however, play a major role in water pollution control through the selec-
tion of abatement techniques and the evaluation and approval of state programs.
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The most surprising result from this chapter emerges from a model in
which different localities compete for jobs (or, more precisely, wage in-
come) for their fixed labor forces through reductions in their local envi-
ronmental standards. We find that, rather than leading to excessive levels
of pollution, such interregional rivalry can be consistent with Pareto-
optimal levels of environmental quality. The explanation is that within
the model a region is effectively trading off environmental quality for
additions to real output. Thus, no region gets something for nothing in
this process, but gains only what it offers to society, at least at the mar-
gin. Matters can, of course, be quite different where regions engage in
rent-seeking measures to attract capital that do not have as their counter-
part changes in real output; for such measures the regional trade-off is
no longer the same as that for society as a whole and excessive environ-
mental degradation can easily result.

1 The case for "local" determination of environmental
standards

On first inspection, basic economic analysis seems to provide an unam-
biguous answer to the question posed in the introduction to this chapter:
standards should vary among jurisdictions in accord with local circum-
stances. 2 As we showed in Chapter 4, the economically optimal level of
environmental quality is that for which the marginal social damages of
waste discharges equal marginal abatement cost. Figure 17.1 depicts such
an outcome. Suppose that MSD ! and MAC ! are, respectively, the mar-
ginal social damage and marginal abatement cost functions in jurisdic-
tion one; then the optimal level of waste emissions is E t . Other jurisdic-
tions, however, will typically have different MSD and MAC functions;
if, for instance, MSD2 and MAC2 are the curves for jurisdiction two,
then the local authorities in two should adopt more restrictive measures
on waste emissions to limit them to E2.

Suppose that, instead of locally determined standards, a central envi-
ronmental authority adopted a uniform set of standards for both jut is-
dictions - perhaps a compromise measure that restricts emissions to E
in both areas (see Figure 17.1). This would involve an aggregate loss in
welfare (relative to the decentralized solution) equal to the shaded ar

 the figure: the excess of damages over abatement costs over the range
E2 to E„ (the loss in jurisdiction two) plus the excess of control costs over
damages from E„ to E 1 (the loss in jurisdiction one).

2 Sam Peltzman and T. Nicolaus Tideman, "Local versus National Pollution Control:
Note," American Economic Review LXII (December, 1972), 959 -63.
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position of an area so that it may be significantly more costly for some
areas to limit waste discharges than others.

In short, the optimal level of environmental quality in one jurisdiction is
unli el ö coincide with that in another. This suggests that the determina-
tion of standards for environmental quality should be a local task. 1.low-
ever, it must be stressed that the appropriate "locality" is a jurisdiction
sufficiently large to encompass the benefits and costs associated with the
pollutant and its control. There are some pollutants (like those discussed
in the preceding chapter) that can travel across jurisdictional bounda-
ries, leading to troublesome phenomena such as acid-rain. Such pollutants
einvoly _interjurisdictional externalities and obviously cannot be managed
properly through solely local decisions. However, the effects of many
sorts of pollutants are primarily local; for these pollutants the argument
in this section favors local determination of environmental standards.

2	 The case for national standards

E2 	 E n 	 E1
Waste Emissions

Figure 17.1

The magnitude of this welfare loss will obviously depend on the shapes
and locations of the various MSD and MAC curves. And, in this regard,
there are good reasons to believe that these curves will tend to vary sig-
nificantly among jurisdictions. First, the MSD curves in Figure 17.1 rep-
resent a vertical summation of the individual curves of willingness-to-pay
to avoid the damages associated with the indicated levels of waste emis-
sions. Such a curve will thus depend both upon the number of people in
the jurisdcoon and on their tastes. We may erect, for example, that the
MSD curve will be much higher in densely  populated urban centers than
in more sparsely populated rural areas simply because of the greater con-
centration of people in the former. Moreover, the geographical configura-
tion of a particular area may translate a given quantity of waste discharge
into a higher pollutant concentration (and thus more damage) than else-
where. For instance, areas subject to frequent air inversions will need to
restrict emissions more severely simply to attain the same air quality as
jurisdictions with more favorable climatic circumstances. Second, MAC
curves are likely to differ considerably from one jurisdiction to another.
Abatement cost functions will vary, for example, with the industrial corn-

There is, however, a case for national standards. The argument in the
preceding section assumed implicitly that localities, if left on tlicit own,
would in fact choose the locally optimum level of environmental (itt;tlity.
But John Cumberland (among others) has argued that this is unlikely to
be so. 3 More specifically, Cumberland has argued for a set of' national
minimum standards for environmental quality to avoid "destructive in-
terregional competition." The concern is that, in their eaget Hess to en-
courage business investment to create new jobs, state or local authorities
are likely to compete with one another by reducing standards for envi-
ronmental quality to lower the private costs to prospective business firms.
This concern parallels the often-cited phenomenon of "tax competition"
among jurisdictions to promote state or local economic development.

This argument is hard to evaluate. On the one side, the depreciation of
environmental standards will itself impose costs on the local populace -
and the extent to which it is in the local authority's interest (even in polit-
ical terms) to promote economic development at the expense of the local
environment is unclear. On the other side, the possibility of some "(lest‚ fic-
tive competition" surely seems plausible and provides a basis for the %A--
spread reluctance to vest responsibility for the setting of environmental

3 See Cumberland's, "Efficiency and Equity in Interregional Environmental t+1 ++ + ►^1,"

The Review of Regional Studies X, No. 2 (1981), 1-9; and his "Intel n+ .,^ ► , +„rt

Spillovers and Consistency of Environmental Policy," in II. Siebert et al I .1.
Environmental Policy: The Economic Issues (New York: New York t ++ taly t' + ^^

1979), 255-81.
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standards in states or localities. The difficulty in assessing this position
stems, in part, from the paucity of analytical work providing any basis
for normative conclusions about the effects of such competition on levels
of local environmental quality. 4 Most discussion is typically informal,
sometimes anecdotal, and doesn't establish any soundly grounded results.
Consequently, we may be genuinely troubled by the potentially detrimen-
tal effects of interjurisdictional competition, but have little sense as to its
likely frequency or importance. We shall attempt in the next section to
set forth the rudiments of a model that can address this issue.

3 A simple model of interjurisdictional competitions

We present here a simple model, neoclassical in spirit, in which local jur-
isdictions compete for a nationally mobile stock of capital with the &b
jective of increasing the local level of wages. In this model, an inflow of
capital raises the capital-labor ratio, thereby increasing the marginal prod-
uct of labor and the wage rate. The policy instrument used in this compe-
tition is a parameter that determines the aggregate level of waste emis-
sions in the jurisdiction. The marginal private product of capital depends
upon this parameter. If, for example, the community decides to restrict
further the level of waste discharges in order to reduce local pollution,
then a larger proportion of a given capital stock will have to be devoted
to abatement efforts with a consequent reduction in the productivity of
capital in the generation of saleable outputs. Such a measure would serve
to deflect capital to other jurisdictions where it would earn a higher rate
of return. The model thus embodies a straightforward trade-off between
local wage income and the level of environmental quality.

Although the analysis will focus on a single jurisdiction and be partial
equilibrium in form, this jurisdiction is taken to be one of many. The
jurisdiction is, however, assumed to be of sufficient size to encompass
within its borders all the pollution it generates. In addition, we assume
that individuals who work in the jurisdiction also live in it (i.e., there is
no commuting to work across jurisdictional lines).

For an exception, see William A. Fischel, "Fiscal and Environmental Considerations in
the Location of Firms in Suburban Communities," in E. Mills and W. Oates, Eds., Fis-
cal Zoning and Land Use Controls (Lexington, Mass.: D.C. Heath, 1975), 119-74. Fischel
shows that in a simple model in which firms pay communities an "entrance fee" in com-
pensation for environmental damages, a socially efficient allocation of firms and pattern
of environmental quality results.

s Flic model presented in this chapter is a truncated version of an expanded model in a paper
by Wallace Oates and Robert Schwab, "Economic Competition among Jurisdictions: Effi-
ciency Enhancing or Distortion Inducing?" Revised draft (June, 1987). The expanded model
incorporates both local environmental standard setting and the local taxation of capital.

Within this general framework, we take each jurisdiction to produce a
private good, X, with the use of three inputs: labor (L), capital (K), and
waste emissions (E). The jurisdiction thus has a production function of
the form

X =F(K,L,E).

We assume further that this production function exhibits constant re-
turns to scale and the other nice curvature properties of a standard neo -

classical production function. We noted earlier that environmental policy
in the jurisdiction will consist of the choice of the aggregate level of per-
missible waste discharges, E. We will assume, in addition, that this ag-
gregate is divided among firms according to a measure of their level of
product V activity =more specifically, according to the quantity of their
labor input-. 6 Since the stock of labor in each community is, by assttmp
Lion, fixed, it follows that the choice of environmental policy leads to a
particular emissions-labor ratio. With this proviso, we can rewrite (1) in
the form Pei.. 0.44' , t .(

X=Lf(kee (2)

where k is the capital-labor ratio and e is the emissions-labor ratio. Note
that, although the production function has the property of constant returns
to scale in all three inputs, our assumptions concerning the character of
environmental policy imply that firms can behave as though there were
constant returns to scale in just the purchased inputs, labor and capital.
For if a firm doubles its capital and labor inputs, it may also double its
waste discharges and, hence, its output. Using subscripts to denote par-
tial derivatives, we can write the marginal products of capital, waste emis-
sions, and labor as FK = fk, FE= fe, and FL = (f — kfk — efe ), since

LFL =F—KFK —EFE =Lf—Lkfk —Lefe .

We also assume that marginal products are diminishing and t hat a rise in
e increases the marginal product of capital; thus, fkk and f,, are ne.'.ttive
and fke is positive. -^

The local jurisdiction is assumed to be small in the national markets for
output and capital in the sense that it is a price-taker both for the out put
it sells and for the capital that it purchases. We assume that thct c is :t
fixed stock of capital in the nation as a whole, but that it is pettek  I^ ►mo-
bile across jurisdictions. Owners of capital, seeking to maximize their
returns, will allocate this stock of capital among jurisdictions so that its

6 This, as will become evident, turns out to be a very convenient way to character iii to *l
environmental policy. It allows us to describe environmental policy in terms ul a ■tng10
parameter that enters both the production and utility functions.

(I)
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rate of return (r) will be equal in all locations.' As price-takers, local ju-
risdictions thus treat this rate of return as a parameter; they behave like
competitive firms with a fixed stock of labor that choose the amount of
capital to employ. Capital thus receives its marginal product, which im-
plies that the stock of capital in the locality will adjust so that fk = r.

In contrast to capital, labor is completely immobile. The redid -Wee  of
workers is taken to be fixed by historical circumstances. Moreover, work-
ers are assumed to be homogeneous and to work a specified number of
hours per time period. Local labor markets are assumed to be perfectly
competitive; in the model, this implies that the real wage equals the sum
of the marginal product of labor and the additional output resulting from
the increment in permissible waste discharges that accompanies the hir-
ing of another worker. The real wage, w, is thus equal to (1— kfk ) under
constant returns to scale.

The jurisdiction is thus composed of a fixed number of identical worker-
residents. Each of these residents possesses a utility function in which the
level of utility depends on the level of consumption and the local level of
environmental quality:

U= U(c, e). (3)

Note here that e is a pure public bad; higher levels of e correspond to in-
creased levels of pollution so that Ue is negative. Each resident has two
sources of income: an exogenous component (y) and wage income (w).
This results in the budget constraint

c=y+w. (4)
The nature of the trade-off is  now clear. The residents of a community

can increase their wage income and, hence, their level of consumption by
relaxing local environmental standards so as to encourage the inflow of
capital. Higher levels of consumption are attainable at the expense of
local environmental quality.

The issue of concern here is whether residents will tend to select levels
of consumption and environmental quality other than those that are so-
cially optimal. To investigate this, we must make some assumptions con-
cerning the mechanism through which local collective choices are made.
We will adopt the widely used median-voter model here. Since, however,
everyone is identical, the outcome in the median-voter setting will coin-
cide with one in which we simply maximize the utility of an arbitrarily
chosen resident. The Lagrangian for our maximization problem is thus:

' We take the ownership of capital to be determined exogenously. Capital is traded in a
national market so that residents in a particular jurisdiction may own capital that is lo-
cated elsewhere.

I' = U(c, e) +X1(c — w — Y)+ X2(fk—r).

Solving for the stationary values of (5) yields as a first-order condition
for our median-voter equilibrium:

— Ue/Uc=fe• (6)
We thus find that the jurisdiction will select a level of environmental qual-
ity such that the marginal willingness-to-pay (in terms of the nunleratre
consumption good) is equal to the "marginal product" of the environ-
ment (i.e., the increment to output resulting from a marginal increase in
pollution).

It is a straightforward matter (which we include as the Appendix to
this chapter) to show that social optimality requires that two first-ot(irr
conditions hold: Equation (6) and a condition requiring the equality of
the marginal product of capital among jurisdictions. This latter condi-
tion is satisfied in equilibrium by the efforts of capital owners to maxi-
mize the return to their capital.

We thus find that in our simple model of identical worker rr ' icirnts,
the local setting of standards for environmental quality iti 1';trcto (ipti-
mal. There is no systematic tendency for jurisdictions to deg! ade their
environments excessively in an effort to increase private income. '[he ra-
tionale for this result is clear: a move to a lower than socially optimal
level of environmental quality generates an increment to wage income
that is less than the value of the damage to residents from the Mu cased
pollution.

We can gain some further insight into this result by exploring the re-
lationship between the incentives for local decisions on environmental
quality and the social opportunity costs of these decisions. Local maxi-
mizing behavior implies that the incremental loss in wages (the marginal
cost) of a marginal improvement in the environment equals the marginal
willingness-to-pay (the marginal benefit). Otherwise local residents could
increase their level of well-being by further adjustments in local rnvtt
mental standards. Let us examine more closely the "wage effect" of envi-
ronmental policy. We noted earlier that the real wage is

w= f— kfk .

A change in environmental policy has two effects on the wage: a dice t
effect on the marginal product of labor associated with an altered netts•
sions-labor ratio, and an indirect effect operating through the induk rd
migration of capital and the consequent change in the capital-labor t atm.
If we hold the capital stock constant, we find the direct effect (dw,,) to t»

dwd = (fe—kfke)de.

(5)



292	 The design of environmental policy National or local standards? 	 291

To determine the indirect effect, we recall that equilibrium of the capital
stock requires that fk — r = 0. If we take the total differential of this con-
dition, we find that the change in the capital stock associated with a mar-
ginal change in e is

dk=— (fke/fkk)de.

The change in the wage resulting from this alteration in the capital stock
will constitute the indirect effect (dw; ) of environmental policy:

dw,= —(kfkk)dk= — kfkk ( —fke/fkk )de= (kfke)de.

The sum of the direct and indirect effects is thus

dw=dwd+dw,= (fe
— kfke+kfke)de=fede.

This is the increment in wages, the wage effect, of a marginal change, de,
in environmental policy.

But fe is also the marginal product of the environment; it is the con-
tribution to output of a marginal change in environmental policy. Thus,
the "output effect" (which represents the marginal social cost of another
unit of environmental quality) is precisely equal to the marginal loss to
the community in the form of decreased wage income (i.e., the wage ef-
fect). Social gains and costs at the margin thus coincide with those to the
local community. It is this equality of the wage and output effects that
results in the social optimality of local decisions. This calls attention to
an important caveat: Any sort of imperfection in adjustment processes
or in decision procedures—t a. ürives a wedge between the wage and out-
put effects will be the source of distortions in local decisions on environ-
mental quality. In the presence of such distortions, local choices will in-
volve externalities consisting of movements of capital into or out of other
jurisdictions that are not justified by social costs and benefits.

In sum, in this model localities competing for capital through their de-
cisions on local environmental standards make choices consistent with
social optimality, because what they gain in the form of higher wages
corresponds at the margin precisely to what the workers contribute to
social output. Consequently, a worker's trade-off between wage income
and environmental quality is the same as society's trade-off between out-
put and environmental quality. Matters carl, however, be quite different
where the purpose of interregional rivalry in environmental standards is
to increase one region's tax revenues at the expense of another's. Since
success in this effort may have no counterpart in increased social output,
it may represent a form of rent-seeking behavior that can be expected to
lead to less demanding environmental standards than social optimality
requires.

4 An extension of the model to heterogeneous jurisdictions

Although the model presented in the preceding sect ion capt ut es the ttade-
off between wage income and local environmental quality, there is another
facet to the local choice problem that is obscured by our assumed homo-
geneity of jurisdictions. In Chapter 15 on distributive issues, we saw t hat
serious divergences in local environmental preferences have resulted t r m
the varying interests of different local groups. In particular, we desrt shed
a series of empirical studies that have found systematic differences on lo.
cal environmental measures between higher-income, professional gt tnips
and blue-collar wage earners. In this section, we extend our basic model
to encompass such diversity of interests and to determine its implications
for local decisions on environmental programs.

To keep matters tractable, we assume that each jurisdiction contains
two kinds of residents: wage earners (L) who realize some portion of
their income from wages, and non-wage earners (N) whose entire in-
come is exogenously determined. We continue to assume that all t rri
dents have identical utility functions. The difference in inlet est. is
Wage earners (as before) have an incentive to reduce environmental ,t eat
dards to encourage the inflow of capital as a means of increasing the fate
of wages. Non-wage earners, in contrast, have no such incentive; in this
model, they will support all measures to improve environmental quality
(i.e., to reduce e).

Suppose initially that the group of workers constitutes a majority or
residents in the jurisdiction. More precisely, we assume that

y=L/(L+N) where i < y<1.

Under simple-majority rule, it follows that the median voter will he a
member of the worker group so that the local deciti ia►u on rug Hc al
standards will be dictated by worker interests. We thus obtain the I , NI.
order condition describing the median-voter equilibrium (as in thr pro.
ceding section) by simply maximizing the utility of an arbit rat ily oil
worker-resident. Because the constraints on the problem are u u k I1.111, ti,
our first-order condition is identical to that which we obtained rat het en
Equation (6): We find that workers will choose a level of envitoi nnental
quality such that the marginal willingness to pay on the purl of wo'Aers
is equal to the marginal product of the environment.

However, in our heterogeneous setting, it is easy to see that this out-
come is no longer Pareto-optimal, for it neglects entirely the inletcst% of
non-wage earners. More specifically, since non-wage earners have a 1. , •1
itive marginal rate of substitution for environmental quality, it Io►II , 'ws
that an optimal outcome must include their willingness to pay as Hell ra
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that of workers. The first-order condition for the socially optimal solu-
tion now becomes

—[L(U /Üc)+N(Ue/UN=Lfe , (7)
where the superscripts 1 and n refer to workers and nonworkers, respec-
tively. Equation (7) is simply the Samuelsonian condition for the Pareto-
efficient output of a public good namely, that the sum of the marginal
rates of substitution equals marginal cost. However, under the median-
voter outcome, the second term in the summation on the left side of
(7) will be ignored. In consequence, the worker-dictated solution is one
that will involve excessive local pollution relative to the Pareto-optimal
outcome.

Were nonworkers to constitute the majority (i.e., were ry < -a),  they
would in the context of this model set waste emissions equal to zero.
This extreme result follows from our assumption that nonworkers derive
no benefits whatsoever from local economic activity. We can "soften"
this result somewhat by giving them some stake in the local economy
(perhaps as local landlords), but so long as their interests do not coin-
cide with those of worker-residents, we cannot, in general, expect the
median-voter outcome in this case to be Pareto-optimal. Where non-wage
earners are in the majority, we may expect as a typical outcome one in
which environmental standards are too stringent relative to the optimal
solution.

5 Some concluding observations

The attempt to impose rigid, uniform national standards for environ-
mental quality is likely to come at a substantial cost. As we have argued,
environmental conditions and local tastes will tend to vary among juris-
dictions, and in all likelihood to an extent that produces significant vari-
ation in the economically optimal level of local environmental quality.
As in the case of local public goods, the prospective welfare gains from
adapting programs to local circumstances are no doubt substantial.

The issue is whether the decentralized determination of environmental
standards can be expected to realize these gains or if, instead, forces such
as interjurisdictional competition for income and jobs will lead to an out-
come still worse than that under uniform national standards. This is not
an easy question to answer, and we surely cannot conclude much from
our admittedly simplistic model of such competition. In one sense, how-
ever, the analysis is perhaps encouraging. It suggests that, at least in rela-
tively _homogeneous jurisdictions, local choices_on env_ironmental stan-
dards may not stray too far from the socially desired outcome. This is

true at least where local decisions are responsive to the will of the elec-
torate (as under the median-voter model). There are other possibilities,
such as cases, for example, where the local public agency has its own ob-
jectives. As Oates and Schwab show, for instance, if the local governing
unit has a Niskanen-type of objective function involving the ma irrri/a-

tion of the size of the local public budget, then there will he an incentive
to set excessively lax environmental standards as a means to bring in new
industry to enlarge the local tax base.' This is a matter which needs fur
they careful study. There may well emerge a case for a set of uniform
minimum standards to protect against flagrant deterioration, but it is
our judgment that there probably should exist some significant scope for
local differentiation in environmental programs.

Finally, we must comment on our rather vague use of the term local in
this chapter. What is the optimal size of jurisdiction for the setting of
environmental stan iously depends critically on t he nature
of the pollutant. The jurisdiction must be of sufficient size to inter nalize
the great—RAM  the pollution. This would suggest, for example, that for
certain relatively localized air pollutants and for things like congestion
and noise, metropolitan areas or regions may be appropriate decision-
making units. The analysis is probably not applicable, at least for most
pollutants, to small municipalities within a metropolitan area; for such
jurisdictions, the spillovers across boundaries are likely to be too large
to ignore. But within a metropolitan area or region, there are a number
of pollutants for which "local" control may well represent the appro-

priate level for environmental management.
—"Fröwever, än important role for the central government is bound to re-
maid. For po titants that travel over substantial distances (such as acid-
rain), it is unlikely that decentralized decision-making can produce satis-
factory outcomes. There may, in some instances, be oppor t unities for
Coasian types of bargains among jurisdictions, but the record on such
joint efforts for environmental management is not very encour In
addition, the central government can serve as an agent to promote ;urd
disseminate knowledge on new techniques for the abatement and r eg u la-
tion ofpo^utants; such information has important public-good pr 'per-
ties from the perspectives of the individual jurisdictions. And, finally, as
we have seen in this chapter, there may exist circumstances under which
localities need to "be saved from themselves" because of the dctrtrnental
eff'f interjurisdictional competition. This last consideration, how-
ever, as suggested by our basic model, is one that needs to be viewed with
8 Oates and Schwab, op. cit.
9 See, for example, Bruce Ackerman et al., The Uncertain Search for Environmental Qual.

ity (New York: The Free Press, 1974).
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some caution. Local jurisdictions may manage certain forms of pollution
reasonably effectively.

Appendix

In this appendix, we derive the necessary first-order conditions for a so-
cially optimal outcome in the model we have presented in this chapter.
For purposes of notation, we use superscripts to denote communities;
c' thus indicates the level of consumption of a resident of community i.
Efficiency requires that we maximize the utility of a representative con-
sumer in one jurisdiction, say jurisdiction 1, while allowing residents in
other jurisdictions to attain some specified level of utility (U6). Further
constraints on the problem include the requirements that i) aggregate pro-
duction in society must equal aggregate consumption, and ii) the national
stock of capital (K) must be divided among the n communities. We de-
fine s' as community i's share of the society's labor force. We can then
write the social maximization problem as follows:

maximize U 1 (c t , e t )

subject to

U`(c',e')=U6, i= 2,3,...,1	 (1)

E S`f `(k` e') _ E s ic` 	 (2)

E s'k'= K/EL i .	 (3)

The solution of this maximization problem yields two first-order con-
ditions:

Ue/0=fe, i = 1,2,...,n

fk = fk' i, .l = 1, 2, .. ., n.
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