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Preface

The third edition of the textbook might be described as a
substantial partial revision of the second edition. I added
four new chapters to make the book more useful to a wider
audience: two chapters on social insurance, one covering
retirement pensions with an emphasis on the U.S. Social
Security System and one on medical insurance; a chapter
on behavioral public finance; and a chapter on international
public finance, with an emphasis on international tax issues.
The book could not increase in length, however, so these
new chapters had to replace some of the existing chapters. I
decided that the least costly chapters to delete were those
on cost—benefit analysis, on the grounds that there are
many good cost—benefit texts on the market and also that
the cost—benefit material was tangential to my goal of
presenting a comprehensive treatment of the mainstream
normative theory of the public sector.

There were a few other major changes as well. I deleted
the appendix to Chapter 8 on U.S. antipollution policy and
reworked Chapter 8 to feature global warming as the example
of a consumption—production externality. In addition to its
current interest, global warming gave me an opportunity to
discuss the issues associated with external effects that occur
far in the future. I also added two new appendices: one on the
distinction between the external and internal margins in
response to tax and transfer policies, using Emmanuel Saez’s
seminal article as the focal point, and the other on tax reform.
The latter considers what tax theory has to say about four
broad-based tax reform proposals that are common in the
economics literature, bringing together some theoretical re-
sults from previous chapters and then turning to other issues
that are not discussed elsewhere in the text. These include
whether income from capital should be taxed, Michael
Kremer’s call for age-based marginal tax rates, and the gen-
eral problem of commitment in second-best analysis with
imperfect information. The new appendices are in keeping
with an attempt to bring more empirical analysis into the text
wherever I could. I had to be quite selective here, to adhere to
the normative thrust of the text and to keep the length of the
text within bounds. Some examples include evidence on the
deficits of the urban rail transit systems in the United States to
buttress the conjecture that they represent hard-case
decreasing services (Chapter 9), newer evidence on the
Martin Feldstein’s proposed efficiency measure of the

elasticity of taxable income (Chapter 13), and evidence on the
degree of Tiebout sorting in the United States (Chapter 27).

A final change of note is that the text will now come
with an accompanying Web site that will include Power-
Point slides for each chapter and end-of-chapter questions. 1
welcome suggestions from readers for other useful material
to include (perhaps brief accounts of new topics as they
appear in the literature?).

The changes in the text notwithstanding, users of the
second edition should feel quite at home with the third
edition. The core chapters are largely unchanged, other than
adding some empirical material. These include the intro-
ductory chapters; the public expenditure chapters covering
externalities, decreasing cost services, and transfer pay-
ments; the tax chapters on efficiency, equity, and tax inci-
dence; the analysis of taxes and transfers under asymmetric
information; and the three chapters on federalism. As
before, I begin with the first-best analysis of both public
expenditure and tax theory, followed by the second-best
analysis of each theory. The emphasis throughout con-
tinues to be on the mainstream normative theory of the
public sector, and is almost all micro-oriented. Finally, the
level of mathematical analysis remains the same as before,
suitable for both PhD and Masters programs, and even
mathematically oriented undergraduate programs.

In closing, I want to take the opportunity that the
Preface affords to thank a number of people. First and
foremost is Peter Diamond, who taught the public sector
course when I was a graduate student at MIT and motivated
me to specialize in the public sector. I have acknowledged
in previous editions his influence on my presentation of the
core public expenditure and tax theory in the text. His in-
fluence continues in some of the newer materials such as
social insurance and tax reform. I want to acknowledge
again my gratitude to Nan Friedlaender for her support and
mentoring when I began my career at Boston College. My
academic formation also owes much to William Rhoads,
who taught the public sector course when I was at Williams
College, and Anthony Davidowski, who taught me math-
ematics for 3 years in high school. I learned quite a bit
about how to teach from both of them, and the obvious joy
they derived from teaching no doubt influenced me to
become an academic. A final heartfelt thank you goes out to

XV
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all the fine people at Academic Press for their expertise, copyediting project manager Lisa Jones, and marketing
help, and encouragement in producing the third edition, manager Cindy Minor.

particularly my editor J. Scott Bentley, editorial project Richard W. Tresch
managers Melissa Murray and Mckenna Bailey, Chestnut Hill, MA, USA
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Public sector economics is the study of government eco-
nomic policy. Its primary goal is to determine whether
government policies promote a society’s economic objec-
tives. This happens to be quite an ambitious goal. The
advanced Western market economies experienced enor-
mous growth in the size and influence of their government
sectors during the last half of the twentieth century, and
economic analysis of the public sector has reflected this
growth. No single textbook on public sector economics can
possibly hope to capture the variety and richness of the
professional economic literature on government policy,
even at an introductory level. Consequently, a public sector
text must begin by defining its limits.

We have chosen to limit both the subject matter and the
approach of this text. The text concentrates on the mi-
croeconomic theory of the public sector in the context of
capitalist market economies. The macroeconomic theory
of the public sector, commonly referred to as fiscal policy,
receives little attention. In addition, the text focuses on the
normative theory of the public sector rather than the
positive theory. The normative theory considers what
governments ought to be doing in accordance with norms
that are broadly accepted by a society. In contrast, the
positive theory of the public sector emphasizes the
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incentives generated by existing governmental institutions
and policies and their resulting economic effects, without
necessarily judging their effectiveness in terms of some
accepted norms. A complete separation of normative and
positive theory is impossible, of course. A normative
analysis must make assumptions about how agents will
respond to various government polices; otherwise, it
cannot predict whether a given policy will achieve
particular norms. Therefore, the text pays some attention
to the empirical literature on the responses to government
policies, for example, how the supply of labor responds to
income taxation. In every chapter, though, our primary
emphasis is on the normative theory of government policy
under standard assumptions about economic behavior,
such as utility maximization by consumers and profit
maximization by producers.

That a consensus, mainstream, normative theory of the
public sector should have evolved at all in Western eco-
nomic thought is perhaps surprising, yet there is remarkable
agreement on the problems the government ought to
address and the appropriate course of government action in
solving them. The consensus has arisen in part because the
vast majority of Western public sector economists embrace
the same set of policy norms, even though their political
tastes may vary along the entire liberal—conservative
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spectrum. In addition, most public sector economists have
chosen the same basic model to analyze all public sector
economic problems. Given the same norms and a common
analytical framework, consensus was inevitable.

The only serious competitors to the mainstream view of
the public sector are the theory of public choice and
behavioral economics. James Buchanan was the founding
father of the theory of public choice, for which he received
the Nobel Memorial Prize in Economics. He garnered an
enthusiastic following, and his public choice perspective has
been influential in policy analysis. Public choice remains a
distinctly minority view, however, and its approach is more
positive than normative. For these reasons, this text con-
siders the public choice perspective only when it has been
especially influential in challenging mainstream positions.

Behavioral economics is a newer competitor to the
mainstream theory. It attempts to apply psychological
principles to help understand behavior that is otherwise at
odds with the mainstream assumption that people act to
maximize their own self-interests. It is gaining momentum
within the profession in all areas of economics, enough so
that we have devoted a chapter to explore some of its
positive and normative implications for public sector the-
ory. It is far from ready to supplant the mainstream eco-
nomic theory of the public sector, however.

The first three chapters introduce the mainstream
normative theory of the public sector. Chapter 1 begins by
describing the four fundamental questions that a normative
analysis must address and shows how a particular set of
values or norms shared by virtually all Western economists
has produced a consensus on how to answer them. The
chapter also introduces the public choice perspective on the
appropriate economic role of the government.

Chapter 2 presents a baseline “textbook” version of the
basic general equilibrium model that is used to develop
normative public sector decision rules. The chapter em-
phasizes how the norms described in Chapter 1 are incor-
porated into the formal model.

Chapter 3 concludes the introductory material with two
methodological points. The first point is the distinction
between first-best and second-best analyses. First-best
analysis assumes that a government is free to pursue
whatever policies are necessary to reach society’s economic
goals. It is restricted only by the two natural fundamentals
inherent in any economy: individuals’ preferences over
goods and factor supplies and the available production
technologies for turning inputs into outputs. Second-best
theory assumes, more realistically, that a government is
constrained beyond the two fundamentals in pursuing
society’s goals. For example, a government may lack the
information it needs about individuals’ preferences or
production technologies to design first-best policies, or it
may be forced to use certain kinds of taxes that distort
economic decisions.

The second methodological point relates to the political
content of the baseline general equilibrium model devel-
oped in Chapter 2. The discussion centers on the general
impossibility theorem of Kenneth Arrow, another Nobel
Laureate in economics. Arrow’s theorem, which he pub-
lished in 1951, stands as one of the landmark results of
twentieth-century political philosophy (Arrow, 1951). He
proved that, in general, the political decisions needed to
achieve any social objective, economic or otherwise,
cannot be made in a manner that would be acceptable to a
democratic society. This was a devastating blow to the
concept of a democratic or representative government. Any
normative economic theory of the public sector must
acknowledge the huge political shadow cast over it by
Arrow’s theorem.

THE FUNDAMENTAL NORMATIVE
QUESTIONS

A normative economic theory of the public sector addresses
four fundamental questions:

1. The primary normative question, upon which all others
turn, is the question of legitimacy: In what areas of eco-
nomic activity can the government legitimately become
involved? The legitimacy question points to the expen-
diture side of government budgets, asking what items
we should expect to find there and why.

2. Once the appropriate sphere of government activity has
been determined, the next question concerns how the
government should proceed. What decision rules should
the government follow in each area?

Taken together, these two questions comprise the heart
of normative public sector theory, commonly referred to as
the theory of government expenditures.

3. The theory of government expenditures in turn suggests
a third normative question: How should the government
finance these expenditures? Analysis of this question
provides the basis for a comprehensive normative the-
ory of taxation (more generally, a theory of government
revenues). The theory of taxation is not necessarily
distinct from the theory of government expenditures,
however. Frequently, the decision rules for government
expenditures incorporate taxes as part of the solution.
When this occurs, the theory of taxation is effectively
subsumed within the theory of government expendi-
tures. A common example is the use of taxes to correct
for externalities. Often, however, expenditure theory
does not specify a payment mechanism for financing
particular expenditures, in which case the theory of
taxation takes on a life of its own. For example,
broad-based taxes such as the federal and state personal
income taxes are used to finance a number of different
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expenditures. The design of these taxes depends on
norms developed specifically to address the problem
of how general tax revenues should be collected.

4. The fourth normative question arises in the context of a
federalist system of governments. A federalist system is
a hierarchical structure of governments in which each
citizen is, simultaneously, a member of more than one
governmental jurisdiction. The United States, with its
national government, 50 state governments, and over
89,000 local government entities is but one example.
Most countries have a federalist structure.

Having determined the legitimate areas of government
activity in answering the first question, the theory of fiscal
federalism raises two additional questions, both in the na-
ture of assignment or sorting problems. The first concerns
the assignment of functions throughout the fiscal hierarchy:
Which tasks should each government perform? The second
concerns the sorting of people within the fiscal hierarchy:
Where should each person live?

A society must assign the legitimate functions of gov-
ernment among the various levels of government so that
public policies do not work at cross-purposes in pursuing
economic objectives. One can easily imagine potential
conflicts arising without proper coordination, such as one
government heavily taxing one group of people while
another government is simultaneously trying to transfer
income to the same group, or one town actively promoting
industrial development that damages the environment of
neighboring towns. The theory of fiscal federalism, then,
accepts as given the normative rules for public expenditures
and taxation established in response to the first three
questions. It merely tries to ensure that these rules are
followed consistently throughout the entire fiscal structure.

The sorting of people by jurisdiction is closely related to
the assignment of functions, since people choose where to
live partly in response to the expenditure and tax mix in
different localities. Once people choose where to live, they
then become voters who influence the expenditure and tax
mix within that locality. Therefore, the movement of people
across localities can affect how well lower level govern-
ments perform their assigned functions or, indeed, whether
they can perform certain functions at all. The assignment of
functions and people are the two main issues in the
normative theory of fiscal federalism.

Parts II and III of the text develop the normative the-
ories of public expenditures and taxation under the
assumption of a single government. Part IV considers the
special problems associated with a federalist system of
government. It also includes a chapter on the international
taxation of capital, which is related to federalism in the
sense that capital flows almost as easily across borders
worldwide as it does across states and provinces within any
one country.

GOVERNMENT EXPENDITURE THEORY:
PHILOSOPHICAL UNDERPINNINGS

The answer a society gives to the first normative question
on the legitimate functions of government is culturally
determined. It turns on essentially the same set of cultural
norms and attitudes that lead to the choice of a particular
economic system.

Economic systems are typically characterized as lying
along a spectrum whose end points are centrally planned
socialism and market capitalism in their purest forms. All
actual economic systems are mixtures of the two. The four
principal characteristics of pure centrally planned socialism
are centralized economic decision making undertaken by a
bureau of the national government, the use of a national
plan developed by the central bureau to process all relevant
economic information and coordinate economic exchanges,
public ownership of capital and possibly land as well, and
the use of moral suasion to motivate agents to carry out the
national plan “for the good of the state.” The four principal
characteristics of pure market capitalism are decentralized
economic decision making undertaken by individuals and
firms, the use of markets to process all the relevant infor-
mation that agents need to engage in exchange and to
coordinate their economic exchanges, private ownership of
capital and all other resources, and the use of material
rewards to motive agents to engage in exchange. A soci-
ety’s view of the legitimate functions of government clearly
depends upon whether it has chosen an economic system
closer to centrally planned socialism or to market
capitalism.

Humanism, Consumer Sovereignty,
Capitalism, and the Government

The normative economic theory of the public sector that
developed in the West is closely tied to market capitalism.
This is hardly surprising, as all the developed market
economies in the West are positioned much closer to
the capitalist end of the economic spectrum than to the
socialism end of the spectrum. On a more basic level,
however, the seeds of the preference for capitalism itself
were planted when humanism swept through Europe in the
fifteenth century and spawned the Reformation. Humanism
was the philosophical revolution that replaced the quest for
the divine with the quest for individual development and
well-being as the central purpose of human endeavor.
Among other things, humanism established the principle of
consumer sovereignty (and producer sovereignty) as a
fundamental value judgment or norm in the conduct of
economic affairs. The principle states that consumers
(producers) are the best judges of their own well-being and
should be allowed to pursue their self-interests toward this
end. The decentralized nature of market capitalism, coupled
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with the private ownership of property, gave individuals
(and firms) the freedom to pursue their self-interests. From
a humanistic perspective, then, decentralization and private
property are powerful attractions of capitalism, whatever
other economic properties capitalism might possess. Like-
wise, the mainstream public sector theory became closely
tied to market capitalism in the West because it, too, is
rooted in humanism and takes the principle of consumer
(and producer) sovereignty as a fundamental value judg-
ment. The same can be said of any branch of Western
economic theory—consumer economics, industrial organi-
zation, international trade, and so forth. Mainstream
Western economists are all children of humanism.

The humanistic foundation of public sector theory has
produced a consensus among Western economists on three
issues related to the role of government in the economy: the
legitimate functions of government, the appropriate goals
of public policy, and how the government should proceed
in pursuing the goals. In other words, there is broad
agreement on the answers to the first two fundamental
questions of the normative theory, the questions that
comprise the theory of public expenditures.

The Legitimate Functions of Government

The government’s economic role, broadly speaking, is to
enhance the performance of the market economy. The
market always takes precedence for solving agents’ eco-
nomic problems and allocating resources, and a perfectly
competitive market economy is accepted as the ideal eco-
nomic system. But even a perfectly competitive economy
cannot solve all economic problems, and many markets are
far from perfectly competitive. The government, therefore,
has a legitimate role to play in a market economy.

Government activity gains its legitimacy through market
failure. The government should perform those economic
functions that markets cannot perform at all or that markets
perform badly enough to warrant government intervention.
Reasonable people may disagree in particular instances on
whether the market is performing “badly enough” to justify
government intervention, but market failure is always the
test. Government activity is never justified if markets are
performing adequately. Despite the room for disagreement,
there happens to be fairly broad agreement on the list of
legitimate government functions implied by the market
failure criterion. We will consider them below.

The Goals of Government Policy

The goal of any economic system is often loosely stated as
promoting the economic well-being of a nation’s citizens,
in keeping with the humanist philosophy. The same goal
applies to government policy as well. This goal is difficult
to define more precisely, however. It cannot be to maximize

each individual’s economic well-being or even to allow
individuals to reach their full economic potential. These
goals may sound attractive, but they are meaningless
because they violate the Law of Scarcity; only a limited
amount of resources are available to promote each in-
dividual’s economic well-being or economic potential.
Therefore, Western economists have chosen two proximate
goals that are directly related to individual well-being as the
principal economic objectives: efficiency and equity (fair-
ness). When economists speak of promoting the “public
interest,” they mean the public’s interest in efficiency and
equity.

Efficiency

The efficiency criterion is the standard one of pareto
optimality stated in terms of people: An allocation is effi-
cient if it is impossible to reallocate resources such that one
person can be made better off without making at least one
other person worse off. Moreover, the people themselves
must be the judges of whether they are better or worse off,
by the principle of consumer sovereignty. An immediate
corollary is that the government should pursue all pareto-
superior allocations, those that make at least one person
better off without making anyone else worse off.

Equity

The equity criterion is more difficult to define because
neither economists nor anyone else has reached a consensus
on what is equitable or fair in the realm of economic affairs.
About all one can point to are some notions of equity that
commonly appear in the economic literature. They fall into
two categories: process equity and end-results equity.
Process equity is a judgment about the rules of the eco-
nomic game: Are the rules fair, independently of the out-
comes that result? End-results equity is a judgment about
the outcomes of the economic game: Are the outcomes fair,
independently of how they were achieved?

Process Equity

One widely held norm of process equity is equal oppor-
tunity, or equal access, which says that all people should be
allowed to pursue whatever opportunities they are willing
and able to pursue. Equal opportunity rules out inappro-
priate forms of discrimination, such as denying people
access to certain jobs on the basis of their race, religion, or
sex. Another widely held norm of process equity is social
mobility, which refers to the ability of individuals or fam-
ilies to move within the distribution of income or wealth
over time. The antithesis of social mobility is the caste
system, in which people are born into a certain position
within the distribution and must remain there for life.
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One of the great attractions of a market economy is that it
fosters both equal opportunity and social mobility so long
as markets are competitive.

The call for process equity is most closely associated
with the philosopher Robert Nozick, who believes that
equity begins and ends with the rules of the game.' He
argues that any outcome of a fair game is fair. In particular,
if the rules of the economic “game” are fair, then any
outcome the economy generates is inherently fair. Societies
have tended to reject Nozick’s view on economic matters,
however. Nations routinely make independent judgments
about outcomes, especially about the extremes of poverty
and wealth. They have been willing to transfer resources to
the poor in cash and in kind to ease the burden of poverty,
paid for by taxes on the nonpoor. President Lyndon John-
son went so far as to declare a war on poverty in 1964 with
the intent of eradicating poverty within the United States, a
war that is far from being won.

The majority of economists worry about end-results
equity as well. One reason why may be that the rules
governing the game are commonly seen to be inherently
unfair. Think of the game as a race to economic well-being
run within the confines of a market economy. The problem
with the race occurs at the starting line. The outcomes in a
market economy depend to a considerable extent on the
resources that people can bring to the marketplace, and
some of these resources are beyond their control. Those
born into high-income families with highly educated par-
ents have a much better chance of succeeding than those
born into low-income families with poorly educated par-
ents. A person’s genetic makeup also matters. Some people
are naturally bright, outgoing, and competitive, traits that
tend to be rewarded in the marketplace. Others possess
special talents such as exceptional athletic ability that are
very highly rewarded. Still others lack any of these traits. In
effect, then, people are forced to begin the economic race to
well-being at very different starting lines through no fault
of their own. Given the widely unequal chances of success,
many people are quite willing to make independent judg-
ments of the outcomes according to their perceptions of
end-results equity and to adjust the outcomes by redis-
tributing if necessary.

Of course, people may be quite willing to judge eco-
nomic outcomes without much concern about the under-
lying process that generated them. For example, they may
simply take pity on the poor without caring how they
became poor. Whatever the motivation, the quest for end-
results equity figures prominently in normative public
sector theory.

1. Refer to the works of Nozick (1974) and also Hal Varian’s excellent
mainstream critique of Nozick’s position in Varian (1974—1975).

End-Results Equity

End-results equity has proven to be an extremely elusive
concept. The quest for end-results equity is often termed the
quest for distributive justice, that is, a just distribution of
income, but trying to determine the just distribution of in-
come runs into a fundamental difficulty that can be seen in
terms of redistributing income toward the “just” distribu-
tion. Suppose the government engages in a tax-transfer
program in an attempt to reach the just distribution. How
large should the program be? To know when to stop
redistributing, the government must somehow compare the
losses of the losers (those who are taxed) with the gains of
the gainers (those who receive the transfers). Unfortunately,
no one, not economists or anyone else, has ever come up
with a compelling way to do this. Indeed, economists are
skeptical of any attempt to make interpersonal comparisons
of well-being. Yet some means of comparing gains and
losses across people must be made for end-results equity to
be operational; otherwise, no one can know how much to
redistribute to arrive at a distribution that is “just.”

In truth, all we have is a range of suggestions to serve as
guidelines for end-results equity. To give one example,
Lester Thurow argues that there is a strong bias for equality
in the United States, so strong that the burden of proof is on
inequality—inequality in the distribution of income always
has to be justified (Thurow, 1975). The most common
economic justification for tolerating inequality rests on ef-
ficiency grounds, that the taxes and transfers used to
redistribute generate inefficiencies in the economy. Most
economists would argue that the marginal inefficiency costs
of further equalizing the distribution outweigh the marginal
benefits in terms of end-results equity at a point well short
of full equality.

Thurow’s position on the bias toward equality may
seem extreme, but we will see in Chapter 4 that it has
generally been incorporated into public sector theory.
The models commonly used by public sector economists
to express a concern for end-results equity have the
property that everyone should end up with the mean level
of income if taxes and transfers do not generate any
inefficiencies.

The only widely accepted norm within end-results eq-
uity is the principle of horizontal equity, which calls for
equal treatment of equals: Two people who are equal in all
relevant economic dimensions, such as ability and pro-
ductivity, should enjoy an equal amount of well-being. We
will see that horizontal equity has considerable standing
among public-sector economists in the design of tax policy.
Horizontal equity also provides a link between process
equity and end-results equity. Equal opportunity in the
marketplace leads to horizontal equity; equal treatment of
equals is a requirement for a long-run equilibrium if mar-
kets are competitive, with no barriers to entry and exit.
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A related principle of end-results equity is vertical
equity, which says that unequals may be treated un-
equally. This principle, even if accepted, begs the diffi-
cult question of just how unequally society should treat
unequals. We know that people who are unequal in
ability and productivity can be treated very unequally in
a market economy, even if markets are perfectly
competitive. Some earn fabulously high incomes, while
others do not earn enough to escape poverty. How much
inequality should be tolerated? There is no consensus at
all on this question, which is hardly surprising. After all,
the quest for vertical equity is the same as the quest for
distributive justice.

The Government as Agent

The humanistic value judgment of consumer sovereignty has
one final and rather remarkable implication for normative
public sector theory that concerns the way the government
should proceed in designing its policies. The government
is not supposed to have a will of its own, in the sense that
government officials are not permitted to interject their
own preferences into the design of policy. Instead, the
proper role of the government is that of an agent acting on
behalf of the citizens. The idea is this. Suppose that the
market system fails in some way that legitimizes gov-
ernment intervention. The government is expected to
design policies to set the economy back on the path to-
ward efficiency or equity, but in doing so it should follow
only the preferences of its citizens. The preferences of the
president or the members of the legislature carry no spe-
cial weight; these people are just one of the many citizens
with one voice and one vote. Their only job is to accu-
rately represent the desires of their constituents.

The government-as-agent viewpoint has considerable
standing in the United States. It is essentially the view
expressed by Abraham Lincoln in his Gettysburg Address
when he referred to the government being of the people, by
the people, and for the people. Lincoln was simply
reminding us that the purpose of democratic or represen-
tative forms of government is to follow the will of the
people. Nonetheless, accepting this view of government
severely limits the scope of public sector theory. It implies
that the theory is not meant to be a theory of government
behavior in the sense of recognizing the state as an organic
being with a (political) life of its own. It also consciously
removes the theory from the reality that government offi-
cials often interject their own preferences into the decision-
making process. They do not simply follow the preferences
of their constituents.

Ignoring the preferences of public officials is clearly a
severe limitation for a political theory of the government,
but it happens to be a source of richness and subtlety for an
economic theory. A normative economic analysis based

solely on the preferences of some group of government
administrators would be little more than an exercise in the
theory of consumer behavior: What are the administrators’
objectives? What choices are available to them? What
constraints are they operating under? These may be inter-
esting practical questions, but they do not carry much
normative weight.

By forcing the government to consider only the pref-
erences of its citizens, however, all sorts of interesting and
difficult problems arise. For example, what should the
government do if individual preferences clash, as they
inevitably will? Suppose one group of citizens wants more
spending on national defense, while another group wants
less spending. How should the government resolve this
conflict? Normative theory must provide answers to ques-
tions such as these.

Other puzzling questions arise as well about the
appropriateness of government intervention. If the market
system cannot solve a particular problem, acting as it does
on individual preferences, why should the government be
able to do any better, if all it has to work with are the same
individual preferences? A strict libertarian economist
might insist that government intervention can only be
justified if markets fail and if it can be demonstrated
conclusively that some viable government policy will
actually improve upon the market results. Most econo-
mists have been content to assign to normative theory the
lesser task of describing a potential improvement through
government action. But this does leave open the question
of whether some normative policy prescription really is
viable, and, if not, whether a different, viable, policy can
actually improve social welfare.

This question lies at the heart of social decision theory,
a rapidly expanding subspecialty within public sector eco-
nomics. Social decision theory analyzes the problem of
designing practical decision rules and procedures that can
achieve optimal normative policies. One of its main con-
cerns is whether democratic voting procedures are consis-
tent with economic efficiency and equity. Another concern
is whether government policies can be decentralized.
Suppose a market goes astray for some reason and gener-
ates nonoptimal outcomes. The preferred solution is to let
the market continue to operate but nudge it with policies
toward the optimal outcome. This solution is decentralized
in the sense that the individuals and firms remain the de-
cision makers in the market. The alternative to decentral-
ization is government provision or some form of coercion.
This may be inevitable to solve some problems, but it is
never the preferred choice.

As one might expect, sometimes there are clear answers
to practical questions such as these, and sometimes not. In
any event, it is the principle of consumer sovereignty and
the government-as-agent perspective that makes them all so
compelling.
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GOVERNMENT EXPENDITURE THEORY
AND MARKET FAILURE

The Fundamental Theorems of Welfare
Economics

Since legitimacy for government intervention is defined in
terms of market failure, the natural question to ask is “In
what sense do markets fail?” To determine the answer, let
us begin with the problem of achieving an efficient allo-
cation of resources.

The market system is entirely neutral with respect to
society’s well-being, of course. Nonetheless, if conditions
are right, competitive markets generate an efficient alloca-
tion of resources. The problem for a market economy is that
the conditions or assumptions underlying a perfectly
functioning market system are far too strong. They typi-
cally do not hold in practice, and when they do not a public
policy can be described that is pareto superior to the free-
market allocation of resources. That is, the public policy
can reallocate resources so as to make at least one consumer
better off without making any other consumer worse off.
This principle underlies all normative policy prescriptions
concerned with the allocation of resources.

To determine the subject matter of normative public
sector theory, then, consider the assumptions that would
allow a market economy to achieve a pareto-optimal allo-
cation of resources. These “best” assumptions fall into two
distinct groups: a set of market assumptions about the
structure of individual markets within the market economy
and a set of technical assumptions about consumers’ pref-
erences and production technologies.

The market assumptions are necessary to assure that all
markets are perfectly competitive, so that each economic
agent is a price taker and acts on full information. This is
the case if four assumptions hold:

1. There are large numbers of buyers and sellers in each
market.

2. There is no product differentiation within each market.

3. All buyers and sellers in each market have access to all
relevant market information.

4. There are no barriers to entry or exit in markets.

The technical assumptions are required to assure that
both consumption and production activities are “well
behaved,” so that perfectly competitive markets do generate
a pareto-optimal allocation of resources. Consider the
following set of technical assumptions:

Preferences are convex.

Consumption possibilities form a convex set.
No consumer is satiated.

Some consumer is not satiated.

Preferences are continuous.

S e

6. Individual utility is a function of one’s own consump-
tion and own factor supplies.

7. An individual firm’s production possibilities depend
only upon its own inputs and outputs.

8. Aggregate production possibilities are convex.

Assumptions 6 and 7 rule out the possibility of exter-
nalities in either consumption or production. Assumptions
1, 2, and 5 on individual preferences are satisfied by the
standard assumptions of consumer theory, that utility
functions are quasi-concave, continuous, and twice differ-
entiable. Assumptions 3 and 4 are commonly employed in
economic analysis. Assumption 8 on aggregate production
possibilities implies constant or increasing opportunity
costs and is satisfied if all individual firms’ production
functions are continuous, twice differentiable, and exhibit
either decreasing or constant returns to scale. Assumption 8
rules out significant increasing returns to scale production,
which would imply decreasing opportunity costs, or a
production-possibilities frontier convex to the origin.

Gerard Debreu has shown that (Debreu, 1959)

1. If assumptions 1, 2, 3, 6, and 7 hold, then a competitive
equilibrium is a pareto optimum.

2. If assumptions 1, 2, 4, 5, 6, 7, and 8 hold, then a pareto
optimum can be achieved by a competitive equilibrium
with the appropriate distribution of income.

Results (1) and (2) are the two fundamental theorems of
welfare economics.

Debreu’s fundamental theorems of welfare economics
have the following implication for public policy. If the four
market assumptions hold so that all markets are perfectly
competitive, and the combination of technical assumptions
specified under (1) or (2) of the fundamental theorems of
welfare economics hold as well, then the government sector
would not be required to make any decisions regarding the
allocation of resources. Indeed, it would not be permitted to
do so, according to the normative ground rules. Everything
would be left to the marketplace.

The Distribution of Income

If all the appropriate market and technical assumptions
hold, would there be anything at all for the government to
do? The answer is yes, because of society’s concern for
end-results equity. A perfectly functioning market system
can assure an efficient allocation of resources. Perfect
competition also satisfies the process equity norm of
equality of opportunity and is likely to generate a high
degree of social mobility. But, even a perfectly functioning
market economy cannot guarantee that the distribution of
the goods and services will be socially acceptable. As noted
above, the market takes the ownership of resources as a
given at any point in time. If society deems the pattern of
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ownership to be unjust, then it will probably find the dis-
tribution of goods and services produced by these resources
to be unjust as well. Moreover, there are no natural market
mechanisms to correct for distribution imbalances should
they occur, nothing analogous to the laws of supply and
demand, which, under the stringent conditions listed above,
automatically select pareto-optimal allocations. Thus, a
decision concerning the distribution of income is the first
order of business in public sector economics in the sense
that it cannot be assumed away. Even in the best of all
worlds, with all the appropriate market and technical as-
sumptions holding, the government has to formulate some
policy with respect to the distribution of income if society
cares about end-results equity. Society might simply choose
to accept the market-determined distribution, but this is still
a distribution policy requiring a collective decision on the
part of the citizens even though it involves no actual
redistribution. Moreover, no country has ever made this
choice. At a minimum, then, a normative theory of the
public sector must address the fundamental question of
distributive justice: What is the optimal or just distribution
of income?

We have already noted that the search for an optimal
income distribution has not achieved a consensus. The only
point to add is that any attempt to solve the distribution
question is at odds with the preferred government-as-agent
ground rule that follows from the principle of consumer
sovereignty. By its very nature, a redistribution of income
must violate the principle of consumer sovereignty, so long
as the losers in the redistribution do not willingly surrender
some of their incomes. Therefore, redistribution policy
cannot be based entirely on consumers’ preferences, with the
government simply acting as a passive agent responding to
their preferences. It requires a collective decision articulated
through some kind of political process, one in which gov-
ernment officials are likely to play a very active role.
Normative public sector theory cannot be entirely devoid of
political content. Politics necessarily enters the theory
through society’s attempt to resolve the distribution question.

The collective political decision is troublesome for
normative public sector theory, however, because of the lack
of a consensus on a set of distribution norms to guide the
decision. Furthermore, the theoretical difficulties spread far
beyond the distribution question. Since an economic system
is a closed system in which all decisions are ultimately
interrelated, any public policy decision on the distribution of
income necessarily affects all the allocational issues as well.
The government cannot simply make a particular redistri-
butional decision, for better or worse, and be done with it.

Public sector economics has never totally come to grips
with this problem. Economists have all too often assumed
away distributional problems in order to analyze more
comfortable allocational issues, knowing full well that sepa-
rating allocational and distributional decisions is often not

legitimate and may produce normative policy prescriptions
quite wide of the mark. Some theoretical studies that do
incorporate distributional considerations into their models
make no attempt to justify particular distributional norms.
Rather, the government’s distributional preferences are simply
taken as given, and normative policies are described with
respect to these preferences. The spirit of the analysis is to
“have the government provide us with a set of distributional
preferences, and we will tell it what it should do.” Perhaps this
is all economists can hope to do with the distribution question,
but it is at least unsettling that the resulting policy decision
rules depend upon an assumed pattern of distributional pref-
erences that has no special normative significance.

The Allocation of Resources

The allocational issues in public sector economics follow
directly from a breakdown in the market and technical as-
sumptions necessary for a perfectly functioning market sys-
tem. Many of the market and technical assumptions do fail to
hold in practice, so there is broad scope for legitimate gov-
emment activity. A long tradition within the profession held
that the study of failures in the market assumptions typically
fell within the domain of industrial organization or consumer
economics. These fields analyze such problems as monopo-
listic behavior and imperfect information, along with the
corresponding public policy responses such as antitrust and
consumer-protection legislation. Public sector economics, or
public finance, traditionally limited its concern to breakdowns
in the technical assumptions,” concentrating primarily on ex-
ternalities and increasing returns or decreasing cost
production.

Private or Asymmetric Information

This traditional division has broken down in one respect
over the past 40 years, around the problem of imperfect

2. The theory of fiscal policy can also be thought of as a response to a
breakdown in the market and technical assumptions. For example, exter-
nalities play a role in the two main themes of macroeconomic policy,
stabilizing the business cycle and promoting optimal long-run economic
growth. New Keynesians argue that coordination problems are an impor-
tant determinant of the wage and price stickiness that gives rise to the
business cycle from the demand side. The economy would operate closer
to its production frontier, on average, if workers and firms would agree to
index wages and prices to the rate of growth in aggregate demand. But
individual firms and workers are not willing to index unless they can be
assured that all workers and firms will index, and coordinating an
economy-wide indexing is difficult to accomplish in practice. Therefore,
wages and prices remain largely unindexed. Similarly, externality prob-
lems help to explain why a nation’s rate of saving might not be optimal, at
a rate consistent with the Golden Rule of Accumulation, which maximizes
consumption per person over time. Externalities are also central to the
newer endogenous theories of long-run economic growth (for instance, all
those theories that point to the spread of knowledge as an engine of
growth).
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information. Economists have been particularly interested
in the consequences of asymmetric information, in which
some individuals have private information that other in-
dividuals do not know. Private or asymmetric information
is so common in exchange that it has become a focus of
analysis in all fields of economics, including public sector
economics. Some reflection on the relationship of private
information to government policy is in order, because
economists have come to realize that private information
has a profound effect on normative public sector theory.

Private information is, first of all, an important source of
market failure that requires government intervention. The
general problem with private information is that it tends to
undermine market exchanges because it gives an undue
advantage to those who have it. They can easily cheat the
other parties. This is why even the most libertarian of
economists acknowledges the need for a judicial system to
enforce contracts and define private property rights. It also
leads to agencies such as a bureau of standards to protect
consumers from fraud (e.g., to ensure that a gallon of
gasoline at the pump really is a gallon), and the Occupa-
tional Safety and Health Administration to ensure that
workers understand the hazards of their jobs. People want
independent certification from the government that pro-
ducers are telling the truth about products and working
conditions.

The widespread provision of public insurance is another
important example of a response to market failure caused in
part by private information. Private firms are willing to
provide insurance against risky events only if a number of
conditions hold. Among them is the requirement that they
have good information about the insured. Absent good
information, the insurance companies are exposed to the
principal—agent problem. The structure of the problem is
that a principal is in charge of a set of agents who have
different objectives from the principal. Therefore, the
principal has to monitor the agents so that they will behave
in accordance with the principal’s objectives, and the
principal needs good information about the agents to
monitor them effectively.

In the case of insurance markets, each insurance com-
pany (the principal) needs to be able to monitor the insured
(the agents) to write profitable policies. For starters, the
companies need to know the riskiness of the insured so that
they can adjust their premiums according to risk
(e.g., higher auto insurance premiums for the more risky
drivers). Otherwise, they are forced to charge one premium
for all risk classes, and the low-risk policy holders have an
incentive to drop out and form their own group. This
phenomenon is called adverse selection, because it leaves
the insurance companies with an ever-riskier (adverse) pool
of the insured, and the companies must charge ever higher
premiums to earn a profit. At some point, the premiums
may become too high to attract a large enough pool of high-

risk policy holders, leaving the high-risk people without
any insurance. Insurance companies also have to be
confident that their policy holders cannot influence the
probability of the event being insured against unbeknownst
to the company (e.g., unhealthy lifestyles that are difficult
for the medical insurers to detect). The ability to change the
odds of the insured event is called moral hazard, and it is a
clear threat to the profitability of the insurance companies.
Private firms may not provide insurance if either adverse
selection or moral hazard is a possibility; consequently,
people who want the insurance must turn to the government
to provide it. In fact, the governments in most of the
developed market economies operate large public insurance
programs.

At a deeper level, private information threatens the
government-as-agent role that the government is supposed
to play when trying to solve allocational problems. The
government obviously must know the preferences of the
people to be an effective agent on their behalf. But if people
have private information, they often have an incentive to
hide their true preferences from the government to get a
better deal for themselves by having others “play the
sucker.” The government cannot hope to achieve pareto-
optimal allocations if the people will not reveal their pref-
erences, as pareto optimality is defined in terms of each
individual’s own preferences.

Unfortunately, getting self-interested people to tell the
truth is a difficult problem in the context of many allocation
issues, as we shall see throughout the text. A major research
agenda in social decision theory is the mechanism design
problem: how to design preference-revealing mechanisms
such that the dominant, utility-maximizing strategy is for
people to reveal their true preferences. Some truth-
revealing mechanisms have been described, but most are
not practicable. The one exception has been in the design of
auctions used by the federal government to sell rights to oil
reserves and telecommunication bandwidths.

Getting people to reveal the truth about themselves is
also a central problem in designing tax and transfer pol-
icies. Governments do not want people to escape taxes or
receive inappropriate transfers by claiming to be something
other than what they are. Economists have been successful
in designing tax-transfer policies that are truth revealing,
but having to design the policies in this way still un-
dermines the government-as-agent ideal because it wastes
resources relative to the case of perfect information. (See
later discussion of tax theory.)

At the deepest level, private information can be viewed
as the fundamental justification for all government inter-
vention directed at allocational problems. To see why,
suppose that everyone did have full information, as
Debreu’s fundamental theorems of welfare economics
assume. If so, then self-interested individuals would pre-
sumably use their knowledge to extract all possible
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pareto-superior gains from the economy because they
have a mutual interest in doing so. They would employ
whatever means are necessary—markets, various forms of
private negotiation and bargaining, and side payments to
exploit all the gain—gain opportunities. The economy
would naturally achieve a pareto-optimal allocation of
resources, without the aid of any kind of government
policy. This would be true even if the other market and
technical assumptions failed to hold. The economy could
be riddled with market power, externalities, and
decreasing cost production. Yet self-interested agents with
perfect information would discover the pareto-superior
allocations for all these problems.

The only limitation on these private exchanges would
be the transaction costs of making them, which Debreu’s
analysis assumed away. The transaction costs might exceed
the potential gains from an exchange in some cases, but to
argue that transaction costs are a justification for govern-
ment intervention under perfect information is not entirely
convincing. People are unlikely to have perfect information
about each other if significant transaction costs hinder their
exchanges and negotiations. The assumptions of perfect
information and insignificant transaction costs tend to go
hand in hand. Furthermore, if transaction costs prevent
private exchanges from occurring they may also prevent
government agencies from improving on the private allo-
cations. Why should the government have an advantage in
reducing transaction costs over coalitions of private citizens
armed with perfect information?

The only obvious role for the government under perfect
information would be distributional, to redistribute income
if necessary in accordance with society’s norms regarding
end-results equity. There would be no need for any
normative economic analysis relating to allocational prob-
lems, not in public sector economics or in any other field of
economics. Therefore, private information may well be the
ultimate justification for government intervention in cor-
recting all allocational inefficiencies.

THE GOVERNMENT SECTOR IN THE
UNITED STATES

Limiting the allocational functions of government to ex-
ternalities, decreasing cost production, and private infor-
mation within public sector economics may seem highly
restrictive, yet nearly all the exhaustive or resource-using
expenditures on goods and services in the United States
can be justified in terms of these conditions. We have
already noted the justification of the judicial system,
various bureaus of standards or safety, and public insurance
programs on the basis of private information. Examples of
US government programs justified in terms of externalities
include defense, the space program, and related activities,
which together comprise the overwhelming majority of

exhaustive expenditures in the national budget; education,
which accounts for nearly 40% of all state and local
exhaustive expenditures; and many lesser items such as
local public safety and government-supported research and
development programs. Public services exhibiting signifi-
cant increasing returns-to-scale production include many
types of public transportation (which frequently generate
externalities as well), the public utilities (electricity, water,
and sewerage), many recreational facilities (public parks
and beaches), and radio, television, and other forms of
communication such as the Internet, which may well be
among the purest examples of decreasing cost services.

Table 1.1 lists the expenditures of the US federal, state,
and local governments for fiscal year (FY) 2012 (federal)
and FY 2010 (state and local), the last years that the data
were available as this was written. The data underscore the
view put forth in this introductory chapter that market
failure is the primary justification for government inter-
vention in the United States. On the one hand, most of the
resource-using purchases of goods and services exhibit
either externalities or increasing returns. On the other hand,
purchases of goods and services accounted for only 22% of
total federal expenditures in FY 2012. The remainder were
transfer payments: transfers to persons or grants-in-aid to
state and local governments or interest payments on the
national debt. The transfers to persons, the largest category,
are primarily redistributive in their impact.” As such, they
too can be considered a response to market failure, namely,
the inability of the market system to guarantee an accept-
able distribution of income. Also, a large proportion of the
grants-in-aid help the state and local governments pay for
two of the largest public assistance programs targeted to
the poor, Temporary Assistance to Needy Families and
Medicaid. These two programs are administered by the
states (and localities in some states). Finally, the largest
single government program, Social Security (including
Medicare), reflects a mixture of motives based on market
failure: redistributional (the elderly are vulnerable to
becoming impoverished in a market economy without
public pensions); insurance (relating to uncertainty about
the timing of death and the problems of private information
inherent in medical insurance); and paternalism (without
the forced savings through payroll taxes to pay for Social
Security benefits, many people might not save enough for
their retirement and would risk becoming wards of the
state).

3. As noted above, the large public insurance programs have an informa-
tional justification. Nonetheless, the problems of adverse selection and
moral hazard do not disappear with government provision of insurance.
Public insurance programs inevitably redistribute from low-risk to
high-risk individuals and from the honest to those engaging in moral
hazard. These unintended redistributions may help to explain why public
insurance programs are strenuously opposed by so many taxpayers.



TABLE 1.1 Expenditures by Federal, State, and Local Governments in the United States

A. Federal Government (FY 2012)

Government expenditures on goods and services

Defense and defense related”
Nondefense

Domestic transfers to persons (direct
expenditures)

Social insurance and pensions

Social security benefits (Old Age Survivors
and Disability Insurance-OASDI)

Medicare

Civilian and military retirement
Unemployment insurance
Agricultural support payments
Veterans benefits”

Student assistance

Public assistance

Supplemental Nutrition Assistance
Program-SNAP (food stamps)

Housing assistance

Supplemental security income (SSI)
Earned income tax credit (EITC)
Net interest payments
Grants-in-aid

Payments to individuals

Temporary Assistance for Needy
Families-TANF

Medicaid

Other

Total expenditures
B. State Governments (FY 2010)°
Direct expenditures
Public welfare
Education

Highways

Health and hospitals
Other

Grants-in-aid

Total general expenditures
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Expenditures
($, Billions)

688
100

773

555
129
9%
10
124
44

80

51
51
55

399
16

251
233

404
254
93
99
258

Percentage of
Subcategory

87

41

29

63

63
37

36
23

23

Expenditures
($, Billions)

788

1886

232
632

3538

1108

486
1594

Percentage of Total
Expenditures (%)

22

53

100

70

30
100

Continued
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TABLE 1.1 Expenditures by Federal, State, and Local Governments in the United States—cont'd

Expenditures
($, Billions)

C. Local Governments (FY 2010)
Education

Housing and community development
Health and hospitals

Public safety

Public welfare

Highways, airports, other transportation
Other

Total general expenditures

Percentage of Expenditures Percentage of Total

Subcategory ($, Billions) Expenditures (%)

605 42

42 3

126 9

154 11

52 4

115 8

336 23

703 100

“Includes national defense; general science, space, and technology; and international affairs.

bIncludes education benefits, medical benefits, insurance benefits, and compensation, pension, and burial payments.

Data for state and local governments were available only through fiscal year 2010.

Sources: U.S. Department of the Treasury, “Monthly Treasury Statement,” September 2012, www.fms.treasury.gov/mts0912.pdf. U.S. Census Bureau,
J. Barnett and P. Vidal, “State and Local Government Finances Summary: 2010,” Appendix Table A1, Government Division Briefs, September 2012,

www2.census.gov/govs/local/10_summaryreport.pdf.

THE THEORY OF TAXATION

Most of the remarks thus far have been directed to the
theory of public expenditures as opposed to the theory of
taxation, because the former is logically prior to the latter.
Public expenditure theory defines the legitimate areas of
public concern as well as the permissible forms that policy
may take. Moreover, as indicated above, public expenditure
theory often contains its own theory of taxation in the sense
that the expenditure decision rules define a set of taxes and
transfers necessary to guide the market system to an opti-
mum. Taxes contribute to the pursuit of efficiency and
equity in these instances.

The theory of taxation becomes interesting in its own right
only when the expenditure decision rules indicate the need for
specific government expenditures without simultaneously
specifying how those expenditures are to be financed. When
this occurs, the same criteria that guide public expenditure
analysis also apply to the collection of tax revenues. In
particular, taxes should promote society’s microeconomic
goals of allocational efficiency and distributional equity.

A natural tension arises between tax policy and the goal of
allocational efficiency, however. Most taxes generate distor-
tions in the market system by forcing suppliers and demanders
to face different prices. These distortions misallocate re-
sources, thereby generating allocational inefficiencies.
Resource misallocation is not desirable, of course, but it is an
unavoidable cost of having to raise tax revenues. One goal of
normative tax theory, then, is to design taxes that minimize
these distortions for any given amount of revenue to be

collected. Alternatively, if the government must use one of two
or three specific kinds of taxes to raise revenue, normative tax
theory should indicate which of these taxes generates the
minimum amount of inefficiency.

Normative issues such as these are part of the alloca-
tional theory of taxation and, just as with the allocational
issues of public expenditure theory, the guiding principle
is pareto optimality. According to the pareto criterion, the
government should collect a given amount of revenue
such that it could not raise the same amount of revenue
with an alternative set of taxes that would improve at least
one consumer’s welfare without simultaneously lowering
the welfare of any other consumer. If such pareto im-
provements are impossible, then tax policy satisfies the
pareto criterion of allocational efficiency, even though it
necessarily generates inefficiencies relative to a no-tax
situation.

The second unavoidable effect of taxes is that they reduce
taxpayers’ purchasing power so that they necessarily
become part of the government’s redistributional program.
The government naturally wants its taxes to contribute to
society’s distributional goals, but there are two difficulties
here. The first is that the redistributional theory of taxation
suffers from all the indeterminacies of redistributional theory
in general. Thus, while public sector economists generally
agree on normative tax policy with respect to society’s
allocational goals, there is considerable disagreement as
to what constitutes good tax policy in a distributional
sense. The second difficulty is the inherent trade-off between
equity and efficiency in taxation. Generally speaking,
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achieving greater redistribution requires levying higher tax
rates on the “rich” but, as we shall discover, higher tax rates
tend to increase inefficiency. In addition, taxing a particular
good might be desirable in terms of society’s distributional
goals but highly undesirable on efficiency grounds, or
vice versa. Understanding the nature of these kinds of
equity—efficiency trade-offs has always been a primary goal
of normative tax theory.

Two additional subsidiary goals of tax policy are ease of
administration and simplicity, which relate to the practical
problem of collecting taxes. The ease of administration
criterion adopts the tax collectors’ point of view. A tax has
to be easy for a department of revenue to administer or it
will not be used. Private information comes directly into
play here. Self-interested taxpayers have a strong incentive
to avoid paying taxes, and they can do so if they are able to
hide information about themselves from the government’s
tax collectors. Illegal avoidance of taxes is called rax
evasion. Legal sanctions or just plain old honesty may
prevent some people from cheating on their taxes, but not
everyone. Therefore, the design of any tax has to address
the problem of potential evasion.

Consider an income tax as an example. Suppose the
government wants to tax high-income taxpayers at a higher
rate than low-income taxpayers as part of its redistribu-
tional policy. It may not be able to do this, however, if
high-income taxpayers can hide much of their income from
the authorities and thereby evade much of their proper tax
liability. Also, the hiding of income forces the government
to raise average tax rates to collect a given amount of
revenue, which increases the inefficiencies associated with
the tax. Finally, some taxes are easier to evade than others.
Therefore, the relative ease of evading different taxes has to
be considered in determining what mix of taxes to use to
meet the government’s total revenue requirements.

The goal of simplicity adopts the taxpayers’ point of
view. Taxpayers have to be able to comply with the tax laws
fairly easily for a tax to be used. They must be able to un-
derstand the tax laws and not suffer undue recordkeeping and
filing burdens. A clear example of this principle is the pref-
erence in less-developed countries for taxing businesses
rather than people. The average person is not educated
enough to maintain records on income or prepare and file an
income tax form, regardless of how honest or dishonest he or
she may be. Therefore, the less-developed countries tax
businesses simply because they are able to collect taxes on
businesses.

FISCAL FEDERALISM

A hierarchical structure of national, state (provincial), and
local governments raises a number of interesting normative
issues that cannot arise with a single government. Foremost
among them is the question: What is the advantage of

having layers of governments as opposed to a single na-
tional government? In terms of the prevailing jargon,
should government be decentralized or centralized? The
conventional wisdom within democratic societies is that a
highly decentralized federalism is preferable because local
government officials know the preferences of their citizens
better than national officials do. Therefore, each legitimate
function of government should be provided at the lowest
level of government in the fiscal hierarchy, consistent with
the requirements of efficiency and equity.

Counterbalancing this conventional wisdom are some
difficult problems associated with the ability of people to
move from locality to locality in response to local gov-
ernment policies. The ability to move can itself generate
inefficiencies that would not be possible with a single
government. It also raises the possibility of multiple equi-
libria or no equilibrium at all as people search for the lo-
calities that maximize their utilities. Mobility also severely
limits the possibilities for redistributing income at any level
in the fiscal hierarchy other than the national level. Suppose
a locality undertakes a tax-transfer policy to redistribute
income from its high-income citizens to its low-income
citizens. The high-income citizens have an incentive to
move to another locality that is not redistributing, thereby
undermining the original locality’s redistribution policy and
lowering the average income in the locality as well. At the
same time, we shall see that denying a government the
distribution function removes its political identity in the
mainstream model of the public sector. This leads to
another fundamental problem for a normative theory. With
each person simultaneously being a citizen of multiple
governments and with some of the governments lacking
political identities, the notion of an overall social optimum
that the various governments are striving for becomes
highly problematic.

Information also plays a special role in the normative
theory of fiscal federalism. The main issue here is how
sophisticated people are within each local government. As
they vote on policies in their own localities, do they
consider how people in other localities might react to their
policies, or do they take the policies elsewhere as given?
The answer to this question has important implications for
the efficiency of local solutions to allocational problems.

THE THEORY OF PUBLIC CHOICE

The theory of public choice developed by James Buchanan
and his followers challenges virtually every tenet of the
mainstream public sector theory. Buchanan described the
foundations of the public choice perspective in his Nobel
lecture delivered in Stockholm, Sweden, in 1986.% The

4. The lecture was reprinted in Buchanan (1987).



16 PART | I Introduction: The Content and Methodology of Public Sector Theory

disagreements with the mainstream view begin at the most
basic level, with the assumptions about how people behave.
According to Buchanan, the mainstream theory assumes
that people are essentially schizophrenic. They are self-
interested in their economic lives, but when they turn to
the government in their political lives they suddenly
become other-interested and consider the broader social or
public interest in efficiency and equity. Nonsense, say the
public choice advocates. People do not change their stripes;
they remain self-interested in their political lives as well.
They turn to government only because they cannot get what
they want for themselves in the marketplace, and they view
the government as just another venue for seeking their own
objectives. Buchanan refers to individuals’ interactions
with the government as fiscal exchanges, to mitror the self-
interested motivations of standard market exchanges. Using
the government in the pursuit of self-interest is seen as
entirely appropriate and legitimate.

The thrust of public choice theory is positive, not
normative. Buchanan scoffs at the notion of an idealized,
beneficent government acting as an agent of the people in
pursuit of social objectives. Instead, Buchanan argues that
public sector economists should be studying actual political
and governmental institutions and determining whether
they give the people what they want. The test of govern-
ment efficiency in this positive vein is simply how well the
government serves each person’s self-interest. Full effi-
ciency requires unanimity under democratic decision
making, because only then will no one lose as a result of
any government policy. This is as “efficient” as the gov-
ernment can be in helping people get what they want.
Notice that the public choice definition of efficiency in
political activity is far stronger than the economic definition
of efficiency as pareto optimality, which the mainstream
perspective uses to judge public policies.

The public choice perspective does have normative
content but it is strictly process oriented, concerned only
with the rules that govern political activity. Moreover,
Buchanan claims that the normative content centers on a
single point in time, at the founding of a democratic nation.
The norms are embedded in the constitution drafted by the
nation’s constitutional convention.

In focusing on the constitution, Buchanan was influ-
enced by the Swedish economist Knut Wicksell, who
theorized about the legitimate role of government in a
democratic society at the end of the nineteenth century. It
was Wicksell who first thought of government activity in
terms of fiscal exchanges and who described the ideal as
unanimous consent for all policies at every point in time.
Buchanan concedes that requiring unanimity all the time is
asking for too much; it would lead to paralysis. Instead, he
points to the constitution. He argues that legitimacy in
government requires only a consensus among the framers
of the nation’s constitution about the rules under which the

government is permitted to operate. In designing these
rules, the convention members think only of their self-
interests and those of their descendants as they perceive
them. Unanimous agreement at the constitutional conven-
tion about the rules of politics would be the ideal, although
Buchanan concedes that a consensus may be all that is
possible.

The only valid normative test of government activity
at any time after the convention is the following: Could
the current rules that guide and constrain government
activity have arisen from an agreement at the constitu-
tional convention? If the answer is yes, then the current
rules are legitimate and society has forged a legitimate
link between the people and their government. Notice that
the policies that result from these rules cannot be evalu-
ated directly by any norms. In particular, the outcomes of
policies are irrelevant in and of themselves. Process is
everything according to this test, namely, consistency
with the self-interested rules agreed to at the constitu-
tional convention.

Normative policy analysis after the convention is
possible, but it is limited to suggestions for constitutional
reform and then only if the normative test fails. Normative
proposals take the form of recommending changes in the
constitutional rules so that people are better able to pursue
their self-interests in their fiscal exchanges with the gov-
ernment. For example, Buchanan seriously doubts that the
large, prolonged US federal budget deficits that have
existed in most years since the early 1980s would pass his
normative constitutional test because of the damage they
could inflict upon future generations. He favors a balanced-
budget amendment to the constitution.

An interesting question is whether redistributional
policies or rules could ever achieve a consensus at a
constitutional convention, given that redistributions force
some people to pay taxes for the benefit of others. Those
who are taxed may well feel that they are not getting what
they want from their fiscal exchanges. Buchanan believes
that consensus could be reached if the framers of the
constitution choose to consider the welfare of future
generations and are willing to view the future through a
veil of ignorance. The idea is that no one can predict the
future, so that no one at a constitutional convention can
know with certainty how their descendants will fare for
all time. Therefore, they may see it in their self-interest to
establish rules that permit redistributions of income on
the chance that their descendants might be the ones who
fall on hard times. In other words, they are simply
allowing for the possibility of future transfers to their own
families.

The public choice perspective is persuasive in a number
of respects. The assumption of self-interested political
behavior is instinctively appealing to economists, and much
political behavior is clearly self-interested. The insistence
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on analyzing actual political institutions and actual political
choices is also sensible, as is a focus on the constitutional
rules that guide and constrain all political activity. None-
theless, public choice has not captured the day among
public sector economists. It remains a distinctly minority
perspective, if the weight of the professional literature is an
accurate guide.

Perhaps the mainstream has stood firm against the
public choice challenge because the normative basis of
public choice theory is so thin. The public choice
perspective as articulated by Buchanan lacks any clear
sense of good citizenship or empathy, qualities that many
people believe are essential ingredients for a society that
anyone would want to live in. A narrow focus on self-
interested constitutional rules may not be enough to sus-
tain a comprehensive normative economic theory of the
public sector. In any event, the majority of economists
apparently want to judge the results of specific government
policies directly and to do so in terms of the pareto effi-
ciency criterion and commonly accepted equity norms such
as equal opportunity or horizontal equity. More generally,
government activity motivated entirely by self-interest
simply does not have the normative appeal of govern-
ment activity motivated by the public interest in efficiency
and equity.

The battle between public choice and mainstream
economists is unlikely to be decided on empirical grounds
because ample evidence exists to support both sides. Two
published reflections by Joseph Stiglitz and Joel Slemrod
are instructive.’

Stiglitz, a Nobel laureate, has contributed as much as any
economist to mainstream public sector theory over the past
50 years. When he was asked to reflect on his years at the
Council of Economic Advisors, he responded with a paper
describing why the government has such difficulty enacting
policies that are so clearly beneficial from the mainstream
perspective. The problem in a nutshell, according to Stiglitz, is
that all too many government officials behave as Buchanan
said they would. They pursue and protect their self-interests
rather than the public interest, such as by keeping their pri-
vate information secret when it s to their personal advantage to
do so. Stiglitz believes that the government is hugely benefi-
cial overall but not nearly so much as it could be if officials
were more consistently public spirited.

Joel Slemrod has been a major contributor to main-
stream tax theory and policy over the past 35 years. He
recently speculated that other-directed, -civic-minded
behavior may produce much more than just a kinder and
gentler society. He points to some studies that show a
positive relationship between economic growth and

5. Refer to the works of Stiglitz (1998), Slemrod (1998), and also a set of
lectures by Buchanan and Richard Musgrave, dean of the mainstream
economists, recently published in Buchanan and Musgrave (1999).

prosperity and what he terms social capital, such things as
the degree of trust in others, the propensity to obey soci-
ety’s rules, and civic behavior. The social capital variables
in these studies are obtained though surveys. A connection
between civic-minded, other-directed behavior and eco-
nomic growth would be a major boost for the mainstream
perspective if it stands up to further analysis.

BEHAVIORAL PUBLIC FINANCE

Starting around 1970, economists began to consult and work
with psychologists and psychiatrists to better understand the
nature of preferences. As that line of research grew it un-
covered all kinds of behavior that was anomalous from the
perspective of mainstream economic theory because it was
inconsistent with rational self-interest. At the same time,
however, the behavior could be seen as consistent with basic
psychological principles of behavior. Two common exam-
ples of these anomalies are (1) framing effects, that people
will make different decisions in a given situation depending
on how the situation is presented to them, e.g., employee
participation in pension plans increases dramatically if the
default option is participation rather than nonparticipation;
and (2) people exhibit present-biased preferences, also called
self-control problems, e.g., smokers and drinkers often know
it is in their best long-run interests to quit but do not have the
will power to do so.

The study of these anomalies became known as
behavioral economics, and branches developed along
each of the standard fields within economics, one such
branch being behavioral public finance. A main line of
research within behavioral public finance is positive in
nature: how can policy makers exploit anomalous
behavior such that policies are better able to meet their
intended goals. The idea is that a better understanding of
psychological principles will lead to more effective
economic policies. The normative implications of
anomalous behavior cut more deeply and are highly
controversial among mainstream economists. That peo-
ple might not always attempt to maximize their own self-
interest violates the fundamental assumption of main-
stream economic theory, and along with it the main-
stream economic theory of the public sector presented in
this textbook. Mainstream economists, while conceding
that many of the anomalies uncovered by the behavioral
economists are widespread and important, are under-
standably reluctant to give up the many advantages of the
mainstream theory. In addition, the behavioral econo-
mists have not been able to develop a comprehensive
psychologically based theory of behavior to replace the
mainstream theory. Chapter 25 explores the behavioral
anomalies that are especially important to public sector
theory, along with a selection of their positive and
normative implications.



SUMMARY

To summarize the main points of this wide-ranging
overview:

1. Chapter 1 has discussed the predominant themes in the

normative economic theory of the public sector as that

theory has evolved in Western economic thought. The

four foundational elements of the mainstream theory
are the following:

a. Government activity is justified strictly in terms of
competitive market failure. In particular, the micro-
economic theory of the public sector focuses on
the problems caused by externalities, decreasing
cost production, asymmetric or private information,
and an inequitable distribution of income, none of
which can be resolved adequately by the free-
market system.

b. The principle of consumer (and producer) sover-
eignty is the fundamental value judgment underlying
normative public sector theory, that consumers (and
producers) are the best judges of their self-interest
and should be allowed to pursue their self-interest.
Consumer sovereignty ties public sector theory
closely to the free-market system, as advocates of
market capitalism also embrace the principle of con-
sumer sovereignty.

¢. Government policies should promote the microeco-
nomic goals of allocational efficiency and distributional
equity. Allocational efficiency is pareto optimality
defined in terms of individuals. Distributional equity in-
cludes both process equity and end-results equity. Two
widely held norms within process equity are equal op-
portunity and social mobility. There are no widely held
norms within end-results equity other than horizontal
equity, which says that equals should be treated equally.
Horizontal equity is the one bridge between process eq-
uity and end-results equity because equal opportunity
generates horizontal equity in the long-run competitive
equilibrium. Despite the lack of consensus on other
end-result norms, most models used by public sector
economists embrace the goal of equality in the sense
thatinequality has to be justified. The usual justification
is the inefficiency of taxing and transferring; at some
point, the gains to further equality are offset by the costs
of increased inefficiency.

d. When addressing allocational issues, the government
should act as an agent on behalf of the citizens and
design policies strictly in accordance with their prefer-
ences. The preferences of government officials are irrel-
evant, other than in their role as citizens. The
government-as-agent prescription breaks down if soci-
ety undertakes redistributional policies in the name of
end-results equity. Redistributional policy requires a
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collective decision through a political process, and it
is this collective distributional decision that constitutes
the political content of normative public sector theory.

2. Almost all government expenditures in the United
States can be justified as reactions to market failures.
Most of the exhaustive or resource-using expenditures
are reactions to allocational problems resulting from ex-
ternalities, decreasing costs, and private information.
The transfer payments are largely motivated by con-
cerns about the distribution of income, particularly the
problem of poverty. The Social Security pensions and
Medicare have a mixture of allocational and redistribu-
tional motives.

3. The theory of public choice is the primary competitor to
the mainstream theory. It assumes that people are moti-
vated in their political behavior by self-interest just as
in their economic behavior. The main thrust of public
choice theory is positive in nature, to study the operation
of actual political institutions and determine if they give
people what they want. The normative content of public
choice is entirely process oriented. It focuses on the rules
under which the government operates as set down in that
nation’s constitution. The only normative test is whether
the current rules that guide and constrain political activity
could have emerged from a consensus at the constitu-
tional convention. Normative policy analysis is limited
to suggestions for constitutional reforms that will better
help people to get what they want. Public choice theory
remains a minority position among public sector econo-
mists, perhaps because its insistence on strictly self-
interested political behavior gives it a fairly thin norma-
tive base relative to the mainstream theory.

4. Behavioral economics uses psychological principles to
understand behavior that is anomalous from the perspec-
tive of mainstream economic theory because it is incon-
sistent with the fundamental mainstream assumption of
rationality—that people act to maximize their self-
interest. Behavioral economics is rapidly gaining mo-
mentum and appears in all branches of economics,
including public sector theory where it is called behav-
ioral public finance. Mainstream economists concede
that many of the anomalies are widespread and impor-
tant, but they believe that the behavioral economists
are far from developing a comprehensive psycholog-
ically based theory of economic behavior that could
replace the standard mainstream theory.

With the mainstream themes in hand, Chapter 2 pre-
sents a baseline version of the basic general equilibrium
model of an economy that will be used throughout the text
to develop normative public sector decision rules. The
chapter emphasizes how the efficiency and equity norms
described in Chapter 1 are incorporated into the formal
model.
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Chapter 2 develops a baseline analytical model of an
economy, variations of which have been used for almost all
mainstream public sector analysis.

A model must possess four attributes to be useful as a
framework for a normative theory of the public sector.
First, it must be a general equilibrium model of the
economy. All general equilibrium models describe
the three fundamental elements of any economy: (1) the
preferences of every consumer, (2) the production tech-
nologies, and (3) market clearance for all goods and ser-
vices and factors of production. A particular model may
contain other features as well, but the three fundamentals
must be present to have a valid general equilibrium model.
Second, the model must be flexible enough to consider a
broad spectrum of public sector problems, particularly
those associated with externalities, decreasing cost
production, asymmetric information, the distribution of
income, and various issues in the theory of taxation. Third,
the model must be designed to highlight the public interest
in efficiency and equity, the two main objectives of
normative public sector theory. Finally, the model must be
compatible with a market economy, since Western public
sector economics assumes that the government operates
within the context of a market system.
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Paul Samuelson presented a model with exactly these
attributes in his 1954 article, “The Pure Theory of Public
Expenditure.”’ He happened to use the model to analyze a
nonexclusive good such as national defense, which is a
particular kind of externality. But Samuelson’s model
proved to be readily adaptable to the full range of public
sector problems, and it quickly became the standard model
for virtually all mainstream normative public sector anal-
ysis. Indeed, Samuelson’s model became the standard
normative model used by neoclassical economists in every
field of economics. Students will recognize the model in
Chapter 2 as the baseline general equilibrium model pre-
sented in all intermediate and advanced textbooks on
microeconomics.

It is absolutely essential to understand the structure of
the Samuelson model and the properties of its solution as a
prelude to the study of public sector economics. This is the
goal of Chapter 2.

1. Samuelson (1954). The following year Samuelson supplemented the
mathematical analysis with a geometric presentation in Samuelson (1955).
No articles have had any greater impact on public sector analysis.
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A BASELINE GENERAL EQUILIBRIUM
MODEL

A general equilibrium model can be specified in terms of
quantities or prices. The quantity model is the simpler one
because it requires fewer assumptions. It can be thought of
as an exercise undertaken by an omniscient social planner
who dictates all consumption and production decisions and
whose objective is the public interest in efficiency and
equity.

The fiction of a social planner can be dropped by
specifying the general equilibrium model in terms of prices
so that the model describes the operation of a market
economy. This requires three sets of assumptions about
market behavior and market structure. The first set relates to
the objectives of individuals and firms in their market

X, = the consumption of good g by person h.

Vi = the supply of factor f by person h.

exchanges. The standard assumptions are utility maximi-
zation by consumers and profit maximization by firms, but
these may not always be appropriate assumptions. For
example, consumers and firms may choose other objectives
when operating in highly complex and uncertain environ-
ments, such as bounded rationality by consumers and profit
satisficing by firms. The second set of assumptions relates
to the structure of markets: Are they perfectly competitive
or something else? The final set relates to the market
behavior of the government in its dual role as a consumer of
some goods and services and a producer of others. For
example, does the government engage in exchange at the
market prices or at some other prices that it determines?
Whatever the government may do, normative public sector
theory always assumes that the government’s objective is
the public interest in efficiency and equity, just as in the
social planner quantity model.

The natural place to begin is with the simpler social
planner model specified in terms of quantities. Our base-
line model assumes that all the technical assumptions
necessary for a well-functioning competitive market
system apply, so that we can relate the solution of the
model to standard competitive market behavior. This will
provide an appropriate analytical foundation for intro-
ducing breakdowns in the technical assumptions one at a
time in Part II, as we explore public expenditure and tax
theory in the context of a competitive market economy.
The baseline model is also immediately useful for

analyzing the problem of achieving an optimal distribution
of income, since the distribution problem exists even if all
the technical assumptions hold.

Let’s begin, then, with the three fundamental elements
of any general equilibrium model: individual preferences,
production technologies, and market clearance.

Individual Preferences

As noted in Chapter 1, individuals’ preferences are the
fundamental demand data for all normative public sector
analysis under the government-as-agent ground rule. The
individual preferences are defined over all goods and
services consumed and all factors supplied. Let there be
H individuals (households), G goods and services (here-
after, goods), and F factors. Define:

h l,....H
g 1,...,G
h=1..,H
g=1,...,.G

and let
U" = U"(Xu, ... Xu5 Vs - Vir)
or simply

U' = U"(Xug; Vig) h=1,...H 2.1

represent the ordinal utility function for person h, assumed
to be “well behaved.”” The functions U"( ) represent a com-
plete description of individual preferences for the economy,
defined over H*G individual goods consumed and H*F
individual factors supplied.

Two points about the specification of factor supplies are
worth noting. The first is that individuals are assumed to
view factor supplies as bad, a necessary evil for gaining
command over goods and services. Therefore, factor sup-
plies enter the utility function with a negative sign. For
example, if X is the only good, and L, labor, is the only
factor, the utility of person 2 might be represented as

U" = U"(X); 24— L)

where 24 represents the total hours in the day, Lj is the
number of hours worked per day, and (24 — L) is leisure
time, the “good.”

2. Utility functions are always assumed to be continuous, strictly
quasi-concave, and twice differentiable, with all goods and factors infi-
nitely divisible.
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The second point is that our baseline model assumes
that the supplies of all factors are variable. Some general
equilibrium models assume instead that one or more factors
are in fixed supply and treat the fixed factors as separate
resource or endowment constraints within the economy.
Land is a common example. The fixed factors do not need
to enter the utility functions because they are not decision
variables for the individuals. They appear only in the
market clearance equations and production functions as
fixed resources to be allocated among the producers. These
resource constraints become a fourth fundamental element
of the model. Our assumption that factor supplies are var-
iable is the more realistic one, however, especially for labor
and capital (saving).

Production Technologies

Production in a general equilibrium model is completely
described by the production technologies that relate inputs
of factors to the outputs of goods and services. To remain
fairly general at this point, specify a separate production
function for each output. Define:

s = factor f used in the production of good g.

X#¢ = the aggregate amount of good g produced.

and let

Xg = ¢g(rg1,...,rgp)

or simply

X = ¢*(ry)g = 1,...,G

represent the “well-behaved” production function relating
the factor inputs to aggregate production of goods
g.” The functions ¢* () represent a complete description
of the economy’s production technology, defined over
G*F individual inputs and G aggregate goods and services.

2.2)

Market Clearance in the Aggregate

In a general equilibrium context, market clearance requires
that the markets for all goods and factors clear simulta-
neously. The total purchases of any one good by all con-
sumers must equal the total quantity of the good produced,

3. All production functions are assumed to be continuous, twice differ-
entiable, and well behaved in that their Hessians are negative definite, with
all goods and factors infinitely divisible. Notice that our specification of
production assumes away intermediate products.

and the total supply of any one factor by all the consumers
must equal the total purchases of that factor by all the firms
in the economy. Hence,

H
Goods markets: Zth =X ¢g=1,...,.G (23
h=1

H G
Factor markets: ZVhf = ngf f=1...,F 24

h=1 g=1

There are G + F market-clearing equations.

Taken together, Eqns (2.1)—(2.4) provide a complete
general equilibrium model of an economy. They comprise all
the economic information available to the fictional omniscient
social planner who is trying to achieve an efficient allocation
of resources and an equitable distribution of income.

EFFICIENCY: THE PARETO-OPTIMAL
CONDITIONS

Having specified consumers’ preferences, the production
technologies, and market clearance, the general equilibrium

g=1..G
f=1..,F
g=1..G

model is sufficiently detailed to determine the pareto-
optimal or efficiency conditions for the economy as a
whole. To see how this is done, recall that pareto optimality
requires the existence of an allocation of resources such that
no one consumer can be made better off by a reallocation of
resources without simultaneously making at least one other
consumer worse off. The locus of pareto-optimal alloca-
tions thus defines a frontier in utility space, the utility-
possibilities frontier. Fig. 2.1 illustrates the frontier for
the two-person case. The axes are the utility levels achieved
by persons 1 and 2, based on one particular utility function
for each person that describes their preferences.

A point on the frontier such as A satisfies pareto
optimality because an increase in the utility of either
person from A requires that the utility of the other person
must decrease. Conversely, all points under the frontier,
such as point C, cannot be pareto optimal because it is
possible to move north, east, or northeast from C. That is,
either person can be made better off without the other
person being made worse off, or both people can be made
better off. The region to the north, east, and northeast of C
and bounded by the frontier represents the allocations that
are pareto superior to C. Points beyond the frontier, such
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FIGURE 2.1

as B, are simply unattainable, given society’s production
technologies, individuals’ preferences regarding the sup-
ply of factors of production, and the requirements of
market clearance.

Because the locus of pareto-optimal allocations de-
scribes a frontier in utility space, all points on the frontier,
such as A, have the following interpretation: Given that
person 2 is held at utility level Ui, U}1 is the maximum
satisfaction attainable by person 1. Alternatively, given that
person 1 is held at utility level U}, U3 is the maximum
utility attainable by person 2.

This interpretation indicates that the set of pareto-
optimal allocations for all H individuals can be deter-
mined by solving the following problem algebraically:
Hold everyone’s utility constant except for one person,
arbitrarily chosen to be person 1. Maximize person 1’s
utility subject to the constraints that all other utilities are
held constant. Include as additional constraints the G
production technologies and the G + F market clearance
requirements. Formally,

max U' (Xig; Vir)

(th;Vhf;X#;rgf)

5.t T = UXy;Vig) h=2,...H
X¢ = ¢g(rg}") 8 = 17 aG
H
thg = X¢ 8 = 17 )
h=1
H G

V= Sr f =k

h=1 g=1

The pareto-optimal conditions follow directly from the
first-order conditions of this constrained optimization
problem. We will derive them later on in the chapter.

EQUITY: THE SOCIAL WELFARE
FUNCTION AND THE OPTIMAL
DISTRIBUTION OF INCOME

Although the model as it stands is sufficiently detailed to
analyze the necessary conditions for allocational efficiency,
it is entirely neutral with respect to any equity norms.
Chapter 1 described two types of equity, process equity and
end-results equity. The model is silent regarding process
equity. This is not so troubling in a social planning context,
however, because the planner simply dictates all economic
decisions. Process equity norms such as equal opportunity
and social mobility are far more relevant in a market
context, in which the degree of process equity depends
primarily on the structure of the individual markets. Equal
opportunity and a reasonable amount of social mobility are
likely to be achieved if markets are highly competitive.
Market power and other kinds of market imperfections are
the chief enemies of these norms.

The same cannot be said about end-results equity, the
quest for a just distribution of income. We saw in Chapter 1
that end-results equity is a fundamental issue for any
society, even when all the technical and market assump-
tions for a well-functioning economy hold.

The baseline, social planning efficiency model described
above illustrates the end-results equity problem in the
following manner. The first-order conditions for the con-
strained optimum of the model solve for a single allocation
of resources, a single point on the utility possibilities fron-
tier. But the constraints imposed upon utility levels of per-
sons h=2,..., H, the Uh, are entirely arbitrary. Placing at
least one of these consumers at a different utility level and
solving the model again generates a different allocation of
resources, so long as the new constraints permit a feasible
solution (U' () > 0). Since the utility constraints can be reset
in infinitely many ways, solutions to the constrained opti-
mum problem generate an infinity of feasible solutions in
general, all points on the utility-possibilities frontier.
Furthermore, the model as it stands has no way of choosing a
best allocation among these allocations. According to the
pareto criterion, all allocations on the frontier are optimal
and therefore equivalent. Pareto optimality is an extremely
weak normative criterion in this sense.

The inability of the pareto criterion to choose a best
allocation is a glaring weakness for a normative theory of
the public sector. For instance, the following allocations are
equivalent in a two-person economy in terms of the pareto
criterion: Person 2 receives almost all the goods and ser-
vices, and person 1 almost nothing; each person receives an
equal allocation of the goods and services; person 1
receives almost all the goods and services, and person 2
almost nothing. The baseline model is completely neutral
regarding these outcomes.
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Societies are typically not so neutral, however. They
embrace a set of end-results equity norms and devise some
method of ranking the possible outcomes according to these
norms. At the very least, most societies express a concern
about the extremes of wealth and poverty.

The Bergson—Samuelson Social Welfare
Function

Because most public sector economists believe economic
analysis is properly concerned with end-results equity,
they have seen fit to include a representation of distribu-
tional rankings in their models. The model requires a
function that indicates the desirability from society’s
perspective, the social welfare, of all the possible distri-
butions of individual utility or well-being. The function
almost universally chosen for this purpose is the so-called
Bergson—Samuelson individualistic social welfare func-
tion,* first described by Abram Bergson and Paul
Samuelson in the late 1930s:

W = W[U'(Xig; Vi), ..., U (Xugs V)]
or simply
W= WU (Xig; Vir)]

with W/9U" > 0, for all .

The social welfare function is said to be individualistic
because its only arguments are the individuals’ utility
functions. That is, W( ) measures the social welfare attained
in each possible state of the economy by considering only
the utility level or well-being of each individual in that
state. Nothing else about the economy matters from a social
perspective. Moreover, the individuals themselves deter-
mine how well off they are, in keeping with the principle of
consumer sovereignty. The Bergson—Samuelson individu-
alistic method of measuring social welfare is therefore
consistent with the humanistic view that the goal of an
economic system is to promote individual well-being.

The social welfare function gives, in effect, the ethical
weight that society confers on each individual in its
determination of end-results equity. The ethical weights are
usually stated in terms of the first partial derivative of W( ).
AW/QU" is the marginal social welfare weight for person h,
the increase in social welfare resulting from a marginal
increase in the utility of person A, holding all other utilities
constant.

The condition dW/AU" > 0, for all h, means that the
social welfare rankings honor the pareto principle: If one

2.5)

4. After Abram Bergson and Paul Samuelson, who first described the
function. Samuelson used this construct in his 1954 article, “The Pure
Theory of Public Expenditure,” referred to in footnote 1. Refer to
Samuelson’s lucid discussion of the social welfare function in Samuelson
(1965), pp. 219—230. See also Bergson (1938).

person’s utility increases (decreases), all other utilities held
constant, then social welfare must increase (decrease). In
other words, all pareto-superior reallocations increase so-
cial welfare, and all pareto-inferior reallocations decrease
social welfare. Notice, though, that the rankings implied by
W( ) are broader than those implied by the pareto criterion.
The function W( ) can compare two allocations in which a
movement from the first to the second increases some
utilities while decreasing others’ utilities. The pareto cri-
terion cannot make this comparison.

Nobel Laureate Wassily Leontief claims that economists
can agree on only two principles of distributive justice, that
social welfare should be individualistic and that it should
satisfy the pareto principle (Leontief, 1966). His remark
underscores the popularity of the Bergson—Samuelson
social welfare function among economists, because these are
the two properties that they thought a social welfare function
should possess.

The Bergson—Samuelson social welfare function com-
pletes the baseline model by representing a complete
ordering of the well-being of its individual members,
analogous to the complete ordering of goods and factors
provided by the utility index of an individual consumer.
A complete ordering implies that society can make a
pairwise, ordinal ranking of all the points in utility space in
terms of preference or indifference. It further implies that
the ranking is transitive. For example, if point A is preferred
to point B, and point B is preferred to point C, then A must
be preferred to C. Society cannot solve the problem of end-
results equity without a complete ordering of individual
outcomes, and the social welfare function is chosen to be
consistent with that ordering.

Graphically, W( ) generates a set of social welfare
indifference curves in U'—U? space, depicted by Wy, Wy,
and W, in Fig. 2.2, having most of the properties associated

FIGURE 2.2
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with an individual’s indifference curves.” The slope of a
social welfare indifference curve is the ratio of the marginal
social welfare weights of the two individuals.’

The objective function of the social planner is to
maximize W( ). In terms of Fig. 2.2, society’s goal is to
reach the highest possible social welfare indifference curve,
just as the consumer’s goal is to reach the highest possible
indifference curve.

The social welfare function is one of the more
convenient analytical constructs in all of economics. It
simultaneously solves two of the more difficult normative
issues in public sector theory. On the one hand, it repre-
sents society’s norms regarding end-results equity and
thereby answers the distribution question. On the other
hand, it resolves the indeterminacy of which of the effi-
cient points society should choose along the utility pos-
sibilities frontier.

Refer to Fig. 2.3. The social welfare function selects
the distributionally best allocation among the infinity of
pareto-optimal allocations along the utility-possibilities
frontier. Point B represents this distributionally best
allocation in the figure, the point at which the utility-
possibilities frontier attains the highest numbered social
welfare indifference curve.’ Francis Bator referred to this
point as the “bliss point,” a name that has stuck in the
public sector literature (Bator, 1957). The bliss point
maximizes social welfare. As such, it represents a com-
plete solution to the social planners’ problem, a solution
that best meets the public interest in efficiency and
(end-results) equity.

5. In particular, the curves are everywhere convex to the origin, society is
indifferent among the utility distributions along any one curve, higher
numbered curves imply higher levels of social welfare, and no two
indifference curves may intersect.

6. The ordinal property of W( ) deserves comment because the arguments
of the social welfare function, unlike those of individual’s utility func-
tions, are ordinal. From consumer theory we know that monotonic
transformations of an individual’s utility function leave the goods de-
mands and factor supplies unchanged. Since these functions themselves
are arguments of the social welfare function, arbitrary (monotonic)
transformations of the individual’s utility functions could easily change
the social welfare rankings. But Samuelson and Bergson assumed that if
such transformations occurred, the social welfare function would itself
change form to preserve the original rankings. There does exist a method
of reformulating W( ) to preserve the individual rankings for any given
set of monotonic transformations of the individual utility functions. For a
discussion of the transformations that preserve the ordinality of W, see
Arrow (1983). Also, Samuelson discusses the ordinal properties of W in
Samuelson (1981). The interested reader should consult Roemer (1996),
for a comprehensive and up-to-date treatment of the social welfare
function. Roemer concludes that the arguments of the social welfare
function must be something measurable for every individual to make the
function fully operational.

7.Since continuity is not required of either W(U") or the
utility-possibilities frontier, B may not be a point of tangency.

FIGURE 2.3

Limitations of the Social Welfare Function

The analytical usefulness of the social welfare function is
clear enough, but its practical significance for policy anal-
ysis is very much an open question. Unfortunately, the
social welfare function also happens to be one of the more
problematic constructs in all of economic theory. We will
mention a few of the difficulties here and return to them in
more detail in Chapter 3.

The first difficulty is simply trying to determine what
the social welfare function is for any nation. The social
welfare function is a political concept, not a market
concept. It reflects the collective will of the people
regarding their notions of distributive justice expressed
through the political process. Indeed, the social welfare
function is the only explicit element of political content in
all of normative public sector economics. The idea of
government-as-agent passively representing the desires of
the people stops at the social welfare function, because the
political process itself is assumed to play a role in shaping
the social welfare function.

Deciding what function has evolved from the political
process is a difficult question, however. Political signals
are often more mixed than market signals and more
difficult to test for. Compare, for example, the marginal
rate of substitution (MRS) along an individual’s indif-
ference curve with the MRS along a social welfare
indifference curve. Economists assume that the in-
dividual’s MRS equals the price ratio of the two goods
from the first-order condition for maximizing utility.
What, though, is the MRS along a social welfare indif-
ference curve? To what extent is society willing to trade
off one person’s well-being for another person’s well-
being on the margin? Has society reached a consensus
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on the MRS? If so, how do we test for that MRS? No
obvious answers come to mind.

A second difficulty relates to the ethical content of the
social welfare function. What should the marginal social
welfare weights, dW/QU", be for different people? As noted
in Chapter 1, no one has come up with a convincing answer
to this question. All we have are some suggestions (to be
discussed in Chapter 3). This is unsettling, to say the least,
since the social welfare function is one of the normative
linchpins of economic theory. The marginal social welfare
weights are society’s norms regarding distributive justice,
and a normative theory ought to be able to say something
about what those norms should be.

A third difficulty is Arrow’s impossibility theorem
regarding collective decisions of any kind, also noted in
Chapter 1. Arrow’s theorem shows that a democratic
society may not be able to produce a consistent social
welfare function when there is disagreement about the
appropriate ethical norms, as there certainly is. A social
welfare function may evolve from the political process, but
not necessarily in a manner that would be acceptable to a
democratic society.

Despite these severe problems, we will follow the
conventional practice of using the social welfare function to
represent the distributional judgments of society. Societies
do care about the distributional implications of their gov-
ernment’s policies, and government decision making ought
to reflect this concern. Therefore, the prudent course is to
incorporate the social welfare function into a general
equilibrium model that will be used to develop normative
policy rules. This at least allows us to see how the concern
for equity might affect the government’s decision rules.

At the same time, the social welfare function should not
be viewed as anything more than an analytical device
representing society’s concern for distributive equity. It is
not meant to suggest what the distributional judgments
should be, other than that they be consistent, individual-
istic, and satisfy the pareto principle. The alternative of
ignoring social welfare rankings entirely because we do not
know what they are or should be would simplify the
analysis, but it would not produce a meaningful normative
theory if society really does care about end-results equity.”

MAXIMIZING SOCIAL WELFARE

Adding the social welfare function to the general equilib-
rium model significantly changes the nature of the model as

8. The comments in this section barely scratch the surface of a voluminous
literature on collectively determined decision rules. It is enough for our
purposes to establish the central role of the social welfare function in
normative public sector analysis. We would recommend Mueller (1976),
as a starting point for the student interested in the theory of social choice
mechanisms. See also, Arrow et al. (2002).

a foundation for normative policy analysis. The policy
objective becomes one of maximizing social welfare, as
represented by the social welfare function, rather than
simply tracing out the locus of pareto-optimal allocations.
Moreover, all individual utilities are allowed to vary, so that
the formal model is constrained only by the G production
functions and the G + F market clearance equations. The
first-order conditions of the model simultaneously deter-
mine the set of pareto-optimal and distributional conditions
that bring society to the bliss point, the single best alloca-
tion and distribution of resources.

Analytically, social welfare maximization is represented
as follows:

max WU" (Xig; Vi) |

(X;,g:Vhf;Xg%’xf)

I
H
Zth = X¢ 8 = l’ ’
h;l G
ZVhf = Z’gf f=1.F
=1 g=1

Defining multipliers for each of the constraints and
setting up the Lagrangian, the problem becomes

max L =W[U"(Xyy; Viy)]
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The first-order conditions for this model are
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JaL 6q,g
— = —u——m =0 =1,...,.G
dry Sory § (2.9
f = 17' 7F
and the constraints are
X =¢*(ry) g=1,....G (2.10)
H
thg =X g=1,..G (2.11)
h=1
H G
> Vig=>ry f=1,..F (2.12)
h=1 g=1

There are HG + HF + GF 4 3G + F equations in all,
which we assume generate a unique solution to the
HG + HF + GF + 3G + F variables of the model, con-
sisting of the HG + HF + GF + G economic variables,
Xngs Vip Tgfs X¢, and the 2G + F Lagrangian multipliers.g

The First-Best Efficiency-Equity Dichotomy

A most useful feature of these equations for policy pur-
poses is that the first (HG 4+ HF + G + GF) first-order
conditions can be combined into two distinct sets. One
set contains the pareto-optimal conditions, the necessary
conditions for an efficient allocation of resources. The other
set contains the interpersonal equity conditions, the
necessary conditions for an optimal distribution. The
pareto-optimal conditions do not contain any social welfare
terms, whereas the interpersonal equity conditions do. This
makes intuitive sense considering that the pareto-optimal
conditions describe how to achieve the allocations that
bring the economy to the utility-possibilities frontier, and
we know that they can be determined using a model that
does not employ a social welfare function. The interper-
sonal equity conditions, in contrast, must involve the social
welfare function, since that function contains the additional
ethical information needed to determine the optimal
distribution.

The pareto-optimal conditions themselves divide into
three distinct sets: one describing the optimal consumption
conditions, one describing the optimal production condi-
tions, and one describing the optimal interrelationships
between production and consumption.

9. Existence of a unique solution is never guaranteed by simply matching
the number of equations with the number of variables, but we do not want
to consider the problem of existence in the text. Hence, existence of a
unique solution for all maximization problems will be assumed
throughout.

To obtain the optimal consumption conditions, stan-
dardize on any one person and consider the following pairs
of first-order conditions:

1. Any two goods demanded by that person.

2. Any two factors supplied by that person.

3. Any one good demanded and any one factor supplied
by that person.

Pairing the first-order conditions in this manner elimi-
nates any terms involving the social welfare function.

Since production does not involve the social welfare
function, all pairs of production relationships generate
pareto-optimal conditions, including:

4. Any one factor used in the production of any two goods.
5. Any two factors used in the production of any one good.

The interrelationships between production and con-
sumption are derived by combining the first two sets of
pairings. There are three relevant combinations:

6. The rate at which any one person is willing to trade any
two goods (P1) with their efficient rate of exchange in
production (P4).

7. The rate at which any one consumer is willing to substi-
tute any two factors (P2) with their efficient rate of
exchange in production (P5).

8. The rate at which any one consumer is willing to substi-
tute any one good for any one factor (P3) with their effi-
cient rate of exchange in production (P4).

Taken together, these eight pairings generate all the
conditions necessary for the economy to be on its utility-
possibilities frontier. Should any one of them fail to hold,
the omniscient planner can always find a reallocation of
resources that will increase the utility of at least one person
without making any other person worse off.

To derive the interpersonal equity conditions, the first-
order conditions must be paired in such a way as to
retain the social welfare terms. Since these terms involve
the consumers, there are only two possible ways of doing
this. Compare:

1. Any one good demanded by two different people.
2. Any one factor supplied by two different people.

A final point worth noting by way of an introduction to
policy analysis is that this dichotomization of the first-order
conditions is not peculiar to the baseline general equilib-
rium model. As we shall see, it applies to all general
equilibrium social planning models that assume govern-
ment policy is not constrained in any way other than by the
fundamental elements of any economy: preferences, pro-
duction technologies, and market clearance. Policy analysis
under this assumption is called first-best analysis. This
feature is extremely important as a practical matter because
it implies that the government can pursue its equity and
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efficiency goals with distinct sets of policy tools. We will
return to this point in Chapter 3.

The Pareto-Optimal Conditions

To demonstrate the derivation and interpretation of the
pareto-optimal conditions, we will consider the three
conditions most commonly presented in microeconomic
analysis, corresponding to the pairings in 1, 5, and 6
above. If all factors of production are supplied by con-
sumers in absolutely fixed amounts, then these conditions
are the only necessary conditions for a pareto optimum.
The pairings 2, 3, 7, and 8 have no meaning when factor
supplies are fixed because the fixed factors are not deci-
sion variables for the consumers. In general, however, all
eight conditions are necessary for overall economic
efficiency.

Condition P1 (= Marginal Rate
of Substitution)

Consider the first-order conditions for any two goods
demanded by any one person, say X, and X

L aw U’

=— —+6, =0 2.13
0Xy,  OU" 0X), % @13
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= ———+0, =0 2.14
0X)ee QUM 90X, 0% 19
Dividing Eqn (2.13) by (2.14) yields
au"
ath 5g all h = 1,...,H
i (2.15)
U ¢ any g,gx = 1,...,G
0X e+

Notice that the social welfare term dW/QU" cancels on
the left-hand side (LHS) of Eqn (2.15), so that the LHS is
the familiar MRS between goods g and g* for person h.
Also, the right-hand side (RHS) of Eqn (2.15) is indepen-
dent of h. Therefore, condition P1, Eqn (2.15), says that the
MRS between any two goods must be the same for all
people.

To represent this condition geometrically, consider an
economy with two people, persons 1 and 2, and two
goods, X% and X**. Fig. 2.4 is the Edgeworth box for
which the axes are society’s total production of X* and
X%". Person 1’s indifference curves are drawn with
reference to the lower left-hand corner as the origin, and
person 2’s indifference curves are drawn with reference to
the upper right-hand corner as the origin. The equality of
marginal rates of substitution is represented by the con-
tract curve AB, the locus of points at which the two sets of
indifference curves are tangent. Any point along the

Person 2
Xg* B

Ik

A V&
Person 1
FIGURE 2.4

contract curve is efficient. Any allocation off the contract
locus, such as C, is inefficient since some other allocation
exists that can make one or both people better off without
making anyone else worse off. For example, suppose at C
the slopes of the indifference curves are such that
MRSy, v =2 and MRS} .. = 1.8. If the social
planner forces person 1 to give 1.9 units of X* to person
2 in exchange for 1 unit of X%, person 1 is better off, since
he or she is willing to exchange at a 2-for-1 ratio, by the
definition of the MRS. Person 2 will accept the 1.9-for-1
exchange as well, since he or she is willing to trade 1 unit
of X* for only 1.8 units of X*" in return. Any (small) trade
between the ratios 2:1 and 1.8:1, including the bound-
aries, generates an allocation of the goods that is pareto
superior to C (at the trade boundaries, only one person
gains, but the other is no worse off).

Only when the two MRS are equal is no such beneficial
trade possible, which is true for any point along the contract
curve. Note, finally, that the pareto criterion cannot rank
points along the contract curve—they are all pareto optimal
by condition P1.

Condition P5 (= Marginal Rate
of Technical Substitution)

Consider any two factors used in the production of any one
good, say res and rgy

oL 9¢*
ary —MgaTgf_ =0 (2.16)
aL ¢t

argf* = —,U.gar—gf* — T = 0 (217)
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Dividing Eqn (2.16) by (2.17) yields

a¢®

oy m Alg=1..G
T any fof = 1,...,F

argf*

The LHS of Eqn (2.18) is the marginal rate of technical
substitution (MRTS) of factors fand /" in the production of
good g."” The RHS of Eqn (2.18) is independent of g.
Therefore, condition PS5, Eqn (2.18), states that the MRTS
between any two factors in the production of a good must
be equal for all goods. The usual way of representing this
condition geometrically is to think of the factors fand f~ as
capital (K) and labor (L) and draw a production box anal-
ogous to the Edgeworth consumption box, as in Fig. 2.5.

The axes represent society’s total supply of capital and
labor, a representation possible only under the assumption
of fixed factor supplies. The isoquants q;,, ey qg for X® are
drawn with reference to the lower left-hand corner as the
origin, and the isoquants gy, , ..., ¢;. for X* * are drawn with
reference to the upper right-hand corner. As before, the
contract locus of tangency points represents the pareto-
optimal allocations of K and L between the two goods,
X% and X¢”, and all points off this locus are dominated
according to the pareto criterion by some point on the
locus. The pareto criterion is defined in terms of production

K
_ g
K X
qls
g
* 5
q qg
q.* qg
q1
[¢]
X9 L L
FIGURE 2.5

10. Notice that the numerator and denominator of Eqn (2.18) equal the
marginal products of factors f and f in the production of g. Hence,
the marginal rate of technical substitution between any two factors is the
ratio of their marginal products.

in this context, but production efficiency is necessary for
full pareto optimality defined in terms of individuals’ util-
ities. If society can produce more of at least one good
without sacrificing production of some other good, then the
planner can distribute the bonus to make someone better off
without making anyone else worse off.

The contract locus in factor space in turn bears a point-
to-point correspondence with the production-possibilities
frontier in goods space, depicted in Fig. 2.6. If society
is producing along the contract locus in factor space, it
cannot realign its resources to produce more of one
good without sacrificing some of the other good. But,
this is exactly what the production-possibilities frontier
represents, the locus of pareto-efficient production of the
goods.

Condition P6 (MRS = Marginal Rate
of Transformation)

Pareto optimality requires that the rate at which con-
sumers are willing to trade any one good for any other
equal their rate of transformation in (efficient) production.
The slope of the production-possibilities frontier in
Fig. 2.6 is the marginal rate of transformation (MRT)
between the two goods, X® and X4", in production,
assuming efficient production. To derive the MRT alge-
braically, consider a single factor f switched from the
production of good X* to good X*".
The first-order conditions for ryr and rg« are

oL 3
It S =0 2.19
al"gf ugarg/ ﬂ-f ( )
oL 9p¢
= — U — =0 2.20
R P (2.20)
X9
Xg
FIGURE 2.6
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Therefore,
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The LHS of Eqn (2.22) is the MRT between X¢ and X%*
obtained by switching factor f from good X* to good X*".
Since the RHS of Eqn (2.22) is independent off, Eqn (2.22)
holds for all factors switched between X4 and X?. Thus, the
LHS is simply the MRT between X" and X%. (Eqn (2.22) is
also production condition P4.)

The MRT,+, must now be related to each consumer’s
MRS, ,. From the consumption condition P1, Eqn (2.15),

au"
alh = 1,....H
6th; _ % _ MRS, (2.23)
U Og: - anyghg=1,...,G
X

Consider, next, the first-order conditions with respect to
X8, the aggregate production of good g:

%Z#g—%:O g=1,....G (2.24)
Thus, uLe =064, g =1,..., G, so that
au" ¢
%)Zi = Ggg;’ anyg',g = 1,..,G (2.5
In other words,
MRS!, . = MRT,,, anyg+,g = 1,....G  (2.26)

To picture this result, suppose society is at point A on
the production-possibilities frontier in Fig. 2.7. Let point A
define the dimensions of an Edgeworth consumption box
placed inside the frontier, consisting of Xj’* units of X% and
X% units of X%.

Condition P6, Eqn (2.25), says that society must
distribute the total product at A between persons 1 and 2
such that the common MRS between the two goods equals
their MRT in production. Of all the pareto-efficient points
on the consumption contract curve, society must choose A’,

giving person 1 (X7, X{,.) and person 2 the remainder.""

11. There may be no point that satisfies Eqn (2.26) given A or many
points.
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Notice that while condition P6 has distributional implica-
tions, it is not a distributional rule in the sense of
an interpersonal equity condition because it does not
involve the social welfare function. The distribution
(X, X&), (x5 — X4, X5, —X{%.)] is not determined
by interpersonal utility comparisons.

Having satisfied P1, P5, and P6 simultaneously, A’
defines a single point on the utility-possibilities frontier,
point A” in Fig. 2.8, corresponding to A’ in Fig. 2.7. (U3, in
Fig. 2.8 is the utility achieved by person 2 on indifference
curve I3 in Fig. 2.7. U}, in Fig. 2.8 is the utility achieved
by person 1 on indifference curve 1] in Fig. 2.7.) Thus,
conditions P1, P5, and P6 are consistent with an infinity of
allocations.

If factor supplies are variable, attaining the utility-
possibilities frontier requires satisfying four additional
pareto-optimal conditions, corresponding to the pairings

Upr \ U’

FIGURE 2.8
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of first-order conditions 2, 3, 7, and 8. They are derived
following the same procedures used to generate conditions
P1, P4, P5, and P6, an exercise that will be left to the
reader.

The conditions are as follows:

P2: The MRS between any two factors in supply must
be equal for all people.

P3: The MRS between a good and a factor must be
equal for all consumers.

P7: The common MRS between any two factors in sup-
ply must equal their common MRTS in the production
of any good.

P8: The common MRS between any good demanded
and any factor supplied must equal the marginal product
of that factor in producing that good (or the MRTS be-
tween the good and the factor in production).

Pareto Optimality and Perfect Competition

The first fundamental theorem of welfare economics states
that if all the technical assumptions listed in Chapter 1 hold,
then a perfectly competitive market system generates all
eight necessary conditions for full pareto optimality.
A formal proof of the theorem requires mathematical
techniques beyond the scope of this text, but an intuitive,
heuristic argument illustrating the theorem is relatively
straightforward. As with the derivation of the conditions
themselves, we will illustrate this theorem with reference
only to conditions P1, P5, and P6.

That condition P1 is satisfied in a competitive market
economy follows immediately from the behavioral
assumption that consumers maximize utility subject to
their budget constraints and the fact that in a perfectly
competitive economy all consumers are price takers fac-
ing the same set of prices. Under these conditions, each
utility-maximizing consumer sets the MRS between any
two goods equal to the ratio of their prices.'” If all

12. Formally, each consumer % solves the following problem:

Max Uh (XV/,[’.7 Vhf)

(X,,L,.v,éf
G F
S.t.ngth + ZWthf =0
g=1 =i

where
pg = the price of the gth good.
wy= the price of the fth factor.

The first-order conditions for any two goods g and g* imply

I

U

X _ no_ Pg
s = MRS, = 17

Xy 8

allg,g" =1,...,G

consumers do this, and each faces the same set of prices,
then the MRS between any two goods must be equal for
all consumers.

Similarly, condition P5 follows directly from the fact
that profit-maximizing firms produce any given output with
the least cost combination of factors of production. If a firm
cannot influence factor prices, then it minimizes cost by
producing such that the MRTS between any two of its
factors equals the ratio of the factor prices.” If markets are
perfectly competitive, then all firms will face the same set
of factor prices. Consequently, the MRTS between any two
factors is equalized throughout the economy, as required by
condition P5.

Condition P6 follows from the result that, in competi-
tive markets, firms produce the output at which price equals
marginal cost to maximize profit. If p,=MC, and
DPgx = MC,x, then,

&_Mcg

= any g, g =1,...,G
e MC,. Y88 R

(2.27)

Each consumer (%) sets MRSZ*g = pg /pg*. Moreover,
assuming efficient production (that conditions P4 and P5
hold), the ratio of marginal costs between any two goods
is equal to their MRT. MC, gives the extra cost of
(efficiently) producing an extra unit of X*, and similarly
for MC,+. Hence, the ratio MC,/MC,= gives the rate at
which g* substitutes for g in production by transferring a
dollar’s worth of resources from g to g*, or vice versa.'*
Therefore, with marginal cost pricing in every market,
MRT,x o = pg/pe+ and condition P6 is satisfied for all
goods and services.

That perfectly competitive markets also generate con-
ditions P2, P3, P7, and P8 when factor supplies are variable
can be shown by similar reasoning.

13. Formally, each firm (g) solves the following problem:

The first-order conditions for any two factors f and f* imply

0 4 .
9% = MRSt =
: =
A

alf' f =1,..,F

14. That the marginal rate of transformation between g and g* is
equal to the ratio of their marginal costs follows immediately from
Eqn (2.22). Switch a dollar of factor f from g* to g. The numerator and
denominator measure the per dollar loss and gain in outputs g* and g,
respectively. Inverting each term gives the ratio of marginal costs.
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The Interpersonal Equity Conditions

The competitive market system can generate the full set of
pareto-optimal conditions, but no more. Like the pareto
criterion itself, the market is neutral regarding the points on
the utility-possibilities frontier. If society is not neutral,
clearly preferring some distributions of the economy’s
goods and services to others, it must ask the government to
carry out its collective will with respect to the distribution.
Assuming that the Bergson—Samuelson social welfare
function represents its distributional norms and society
wants to maximize social welfare, the government must act
according to the dictates of two additional sets of first-order
conditions, the interpersonal equity conditions. The inter-
personal equity conditions combine with the pareto-optimal
conditions to bring the economy to the bliss point on the
utility-possibilities frontier.

As indicated above, the interpersonal equity conditions
arise from pairings of the first-order conditions Eqns (2.6)
and (2.7) that standardize on a single good or factor.
Consider condition IE1, a single good demanded by two
different people (say, Xj, and Xj,). The first-order con-
ditions are

oL ow au"
= +0, =0 2.28
0Xp, QU™ 0Xjg % (228)
dL ow au"
= 0, =0 2.29
0X,  OUM aXh‘gJr ¢ (229)
Therefore,
oW oU' 9w 9u" 9w dU*
au' 90X\,  IU" 90X,  OU" Xy,
ow Ut
= — = —6 = 1,...,G
UM 9Xpg 5§
(2.30)
aw_ ou"

50T 3% 15 the social marginal utility of consumption of

good g for person £, equal to the product of the marginal
social welfare weight of person h, dW/AU", and the private
marginal utility of consumption of good g of person A, dU"/
0X},,. It indicates the marginal increase (decrease) in social
welfare from a ceteris paribus unit increase (decrease) in
person i’s consumption of good g. Condition (2.30) says
that interpersonal equity is achieved only if all goods are
distributed such that, on the margin, the increase in social
welfare is the same no matter who consumes the last unit of
the good. A similar condition applies to all factor supplies

as well.'” By following this decision rule and assuming the
pareto-optimal conditions are satisfied, society in effect
moves along the utility-possibilities frontier to the bliss
point, which is distributionally the best of all possible
pareto-optimal allocations.

Three policy implications of this rule should be noted.

How Many Goods to Redistribute?

First, there are not really (G + F) independent conditions,
one for each good and factor. To the contrary, if the pareto-
optimal conditions hold and society is able to satisfy the
interpersonal equity condition for any one good g, then the
interpersonal equity condition is automatically satisfied for
all other goods and factors. To see this, suppose that
interpersonal equity holds for good g, so that

oW U oW oU"
oU" 0X,, U™ 0Xjq

any h,h* = 1,...,H (2.31)

Assume, also, that pareto-optimal condition P1 holds
for goods g and g

ouU" U™

ath aXh*g any h7h = 1, 7[{

U Ut 2.32)
= anyg g =1,...,G

a}(hg¥ athg*

or
h _ h* *
MRS, = MRS", anyh/’ = 1,...H (233)

Restore the social welfare terms in condition P1 (from
Eqns (2.13) and (2.14)), maintaining the equality:

w Ut oW eu”
U" 9K,y OU" 0Xp, AYMI =1....H
id ov oW oU" any g,8" =1,...,G
aUh ath* aUh* 6Xh*g*

15. From conditions (2.7),

aL aw u"

O O~ 0
v, auiav, ™

AL W U™

= - +m =0
Wiy OUY OViy
Hence,
aw Ut
F m =-m alh=1,...,.H

anyf = 1,...F
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The numerators of the two ratios are equal from the
interpersonal equity condition for good g. Therefore, the
denominators are also equal, and interpersonal equity is
satisfied for g* as well. Since the choice of g* was entirely
arbitrary, interpersonal equity must hold for all goods if it
holds for the gth good.'®

Thus, the government’s task is much easier than it first
appears to be. Difficult as it may be to satisfy any of the
interpersonal equity conditions, at least they need be
satisfied for only one good (or, alternatively, only one
factor) in an otherwise competitive economy.

Lump-Sum Redistributions

The second policy implication relates to the actual policies
required to satisfy these conditions. The competitive market
system is of no help. The interpersonal equity conditions will
not hold in general at a competitive general equilibrium, and,
if they do not, no natural market forces are at work to bring
about the necessary equality. The government must find some
other means of satisfying the interpersonal equity conditions.
By the same token, government redistributions must not un-
dermine the considerable achievement of the competitive
market system, namely, the attainment of full pareto opti-
mality. If social welfare is to be maximized, the government
must use the information contained in the social welfare
function to move society along the utility-possibilities frontier
to the bliss point. It cannot take society inside the frontier.

Only one form of redistribution ensures that the pareto-
optimal conditions continue to hold. The redistributions
must be lump sum, meaning that the amount of the good or
factor redistributed among the consumers is invariant to the
economic decisions of all consumers and producers. An
example is a tax or transfer based on a person’s age. The
tax liabilities under an age tax are clearly invariant to any
economic decisions the taxpayers might make.

Another way to define a lump-sum tax or transfer is to
say that it does not distort the operation of the market
economy. A tax (transfer) is nondistorting if it does not
introduce any inefficiency into the economy, that is, it does
not drive the economy beneath its utility-possibilities
frontier. For this to be true, the tax (transfer) must allow
all the pareto-optimal conditions to hold. But this in turn
requires that all consumers and producers face the same
prices for the same goods or factors; otherwise, some of the
pareto-optimal conditions will not hold. Conversely, taxes
(transfers) distort economic decisions by causing different
agents to face different prices for the same goods or factors.

16. The F additional interpersonal equity conditions for the variable factor
supplies will also be satisfied. This follows immediately from the subset of
pareto-optimal conditions in P3 relating the marginal rate of substitution
between good g and any factor f and the interpersonal equity condition for
good g.

An age tax is nondistorting by this definition. Two
consumers may pay different amounts of tax under an age
tax, but they continue to face the same price ratios for all
goods and factors. Therefore, their marginal rates of sub-
stitution remain equal for all goods and factors, as required
for pareto optimality. In contrast, suppose the government
redistributes income using a set of taxes and transfers based
on wage income, and consider the tax on wages. The tax
drives a wedge between the price of labor paid by the firms
and the price of labor received by the consumers. Firms
look at the wage including the tax when deciding how
many workers to hire, whereas workers look at the wage net
of the tax (their take home pay) when deciding how much
labor to supply. Consequently, pareto-optimal conditions
P7 and P8 cannot be fully satisfied in the market exchange
of labor.

Notice two qualities that lump-sum taxes and transfers
do not possess. First, it is not true that lump-sum re-
distributions have no effect on economic activity. Any
redistribution program has income effects that tend to
change individuals’ demands for goods or supplies of
factors, with obvious repercussions throughout the entire
economy. Second, it is not true that lump-sum re-
distributions have no effect on the values of the consumers’
marginal rates of substitution, producers’ marginal rates of
technical substitution, and the marginal rates of trans-
formation in production. Prices change in general as de-
mand (and factor supply) curves shift. Therefore, the values
of some of the marginal rates of exchange change as well,
as consumers and producers equate these margins to rela-
tive prices. For instance, the movement along the utility-
possibilities frontier occasioned by the government’s
lump-sum redistribution policy also moves society along its
production-possibilities frontier. Since the MRT is the
slope of this frontier, marginal rates of transformation
necessarily change if the frontier is anything but constant
cost (a straight line). Subsequently, all marginal rates of
substitution have to change as competitive market forces
reestablish the equality between consumers’ marginal rates
of substitution and the marginal rates of transformation.
Lump-sum redistributions only ensure that the pareto-
optimal conditions continue to hold, not that they hold at
any particular value.'” A lump-sum redistribution of one of
the goods or factors, then, is the absolute minimum policy

17. A potential confusion on this point arises from the typical exercises in
consumer theory that represent lump-sum taxes and transfers as parallel
shifts in the consumer’s budget line. The parallel shift does not change the
consumer’s MRS in the new equilibrium. This representation is valid in a
general equilibrium context only if the tax or transfer is so small that it has
no effect on the overall economy, for example, if that consumer is only one
being taxed or receiving a transfer. Any large tax-transfer redistribution
changes prices throughout the economy and causes all consumers’ budget
lines to rotate. There is no distortion from these price changes, however,
since consumers and producers face the same new price ratios.
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required of the government even in a world of perfect
markets with all the technical assumptions of Chapter 1
holding, so long as society cares about end-results equity.

The Social Marginal Utility of Income

One final point about the interpersonal equity conditions
deserves mention. Economists typically refer to the inter-
personal equity conditions in terms of “income.” The
relevant social marginal utilities are written as % Z—%,
where Y” is the income of person %, and are referred to as
the social marginal utility of income of person h. The social
marginal utility of income is a product of the marginal
social welfare weight (W/0U™) and the private marginal
utility of income (3U"/Y"). The single required interper-
sonal equity condition is then stated as equalizing the social
marginal utilities of income across all individuals and is
achieved with lump-sum redistributions of income.

This interpretation of the interpersonal equity condition
can be confusing, however, because the meaning of
“income” is ambiguous if more than one variable factor is
being supplied by consumers. Furthermore, the interper-
sonal equity conditions of social welfare maximization
seem to suggest that physical quantities of some good or
factor must be transferred rather than a dollar value of
“income.” What, then, is the “income” that is being redis-
tributed lump sum?

One possible interpretation is to assume that all con-
sumers possess an initial endowment of some good, say,
X#, which is also produced and sold by some of the firms in
the economy. Some consumers may want to consume their
entire endowment of X# and purchase additional quantities
either from other consumers or the producers of X¢. Other
consumers may consume only a part of their endowment
and sell the rest. If the government redistributes the initial
endowments, the redistribution is clearly lump sum. If it
continues to redistribute until

ow Ut

o ax,, - 0

forallh = 1,....H (2.35)

g9
then the interpersonal equity condition for X? is satisfied.
Assuming a competitive market system with all technical
assumptions holding, full pareto optimality is also main-
tained. Hence, the interpersonal equity conditions are satis-
fied for all other goods and factors as well. Finally, by
evaluating the endowments at either the pre- or posttransfer
prices of X® one can speak of transferring a dollar value of
“income,” or purchasing power.'®

Another common interpretation is to associate the
“income” with some factor of production that consumers

18. The same analysis could be applied to the endowment of a primary
factor, such as inherited capital.

supply in absolutely fixed amounts, such as their land
holdings. Transferring physical or dollar amounts of this
resource is obviously lump sum, since by definition it is not
a decision variable of any consumer. Moreover, these
transfers move society along its utility-possibilities frontier
as those taxed lose utility and those receiving transfers gain
utility. In effect, the government is satisfying the interper-
sonal equity conditions indirectly. Presumably there exists
a redistribution of the fixed resource that satisfies the
interpersonal equity condition for one of the variable goods
or factors (say, X¥). But if (dW/QU")(QU"19Xpg) = —9,, all
h=1,..., H, and pareto optimality holds, then the inter-
personal equity conditions hold for all variable goods and
factors. Thus, the existence of a fixed factor gives the
government the leverage it needs to satisfy the interpersonal
equity conditions, even though they are defined in terms of
the variable goods and factors.

Finally, it may simply be assumed that the good or
factor being transferred is serving as the numeraire, such
that its price is equal to one at any general equilibrium.
Competitive market economies determine pareto-optimal
allocations of resources in terms of relative prices; the ab-
solute price level is entirely arbitrary. Thus, it is always
possible to single out a good or factor, set its price equal to
one, and solve for the values of all other prices in terms of
the one fixed price. If the numeraire good is chosen for
redistribution, unit transfers of it are equivalent to unit
transfers of purchasing power or “real” income. This is the
most general interpretation of “income” and the most
common one.

One final comment on equity is in order, a reminder
pertaining to the goal of process equity. The interpersonal
equity conditions have nothing to do with process equity
norms; they relate strictly to the goal of end-results equity,
of achieving a just distribution of income. As noted earlier,
the competitive market system is relied on to achieve
process equity by promoting equal opportunity and social
mobility. Our baseline, social planner model has nothing
explicit to say regarding process equity, as is true of most
models used in public sector economics.

POLICY IMPLICATIONS AND
CONCLUSIONS

The principal task in Chapter 2 was to present a baseline
version of the standard general equilibrium model used in
normative public sector analysis. Nonetheless, the discus-
sion of the interpersonal equity conditions and lump-sum
redistributions generated a number of fundamental prepo-
sitions relating to the goal of end-results equity:

1. If society cares about distributive equity, it must estab-
lish a government to carry out its wishes. A perfectly
functioning competitive market economy generates an
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efficient (pareto-optimal) allocation of resources, but
even the most perfect market system is neutral
regarding the question of end-results equity.

2. Society’s norms regarding distributive justice can be
represented analytically by a Bergson—Samuelson indi-
vidualistic social welfare function, whose arguments are
the utility functions of each individual in the society.
The partial derivative, AW/IOU", is the marginal social
welfare weight, society’s ethical judgment about the ef-
fect on social welfare of a marginal change in the well-
being of person h. The social welfare function comes
from the political process. As such, it is the only explicit
political content in normative public sector theory.

3. In the best of all worlds, with all the technical assump-
tions of a well-functioning market system holding and
perfectly competitive markets, distributive equity is
achieved by a set of lump-sum redistributions satisfying
the first-order interpersonal equity conditions of social
welfare maximization. The interpersonal equity condi-
tions require that the social marginal utilities of any
one good or factor be equalized across all individuals.

The interpersonal equity conditions represent a complete
normative theory of the optimal income distribution and
redistribution in this setting. The normative question— What
is the optimal distribution of resources?—has a remarkably
simple answer, in principle. It is the distribution that satisfies
the interpersonal equity conditions, given the distributional
rankings implied by the underlying social welfare function.
If some other distribution happens to exist, then the inter-
personal equity conditions provide a complete normative
policy prescription for redistributing resources lump sum to
achieve the optimal distribution. Nothing more need be said
about the government’s redistributive policies.

The second theorem of welfare economics says that if
the technical assumptions hold, then any pareto optimum
can be achieved by a competitive equilibrium with a suit-
able redistribution of resources. The pareto optimum that
maximizes social welfare is the bliss point on the utility-
possibilities frontier, and society can get there with lump-
sum redistributions that satisfy the interpersonal equity
conditions.

This result may seem relatively unimportant, as few
markets are perfectly competitive and many of the tech-
nical assumptions are frequently violated. Actual econo-
mies operate under, not on, their utility-possibilities
frontiers. The result is actually quite powerful, however,
at least in principle. Our subsequent analysis will show
that if the government has enough policy tools at its
disposal to restore pareto optimality when faced with

market imperfections and violations of the technical
assumptions and if it can redistribute resources in a lump-
sum fashion, then it should use the lump-sum re-
distributions to satisfy the interpersonal equity conditions.
This is a much stronger statement and suggests the vital
role of the interpersonal equity conditions in normative
public sector theory. Conversely, if the government does
not act to satisfy the interpersonal equity conditions, then
it should not necessarily try to achieve the pareto-optimal
conditions either. The interpersonal equity conditions and
the pareto-optimal conditions go hand in hand in maxi-
mizing social welfare; they are both first-order conditions
for a social welfare maximum in a first-best policy
environment.

The requisite policy tools may not exist to reach the
bliss point. Governments may neither be able to restore
pareto optimality nor redistribute lump sum. If so, then the
policy environment is second-best, and the interpersonal
equity conditions no longer provide a theory of optimal
income distribution and redistribution. We turn to this
important point in Chapter 3.
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Chapter 3 concludes our introduction to normative public
sector economics with a discussion of two issues. One is
the distinction between first-best and second-best analyses.
The other is the political economy of public sector theory,
centered on the social welfare function and Arrow’s
impossibility theorem. The social welfare function is the
one indispensable political element in normative main-
stream public sector models.

LUMP-SUM REDISTRIBUTIONS
AND PUBLIC SECTOR THEORY

Are lump-sum redistributions a feasible policy tool for the
government? This may appear to be a relatively uninter-
esting question. One is tempted to answer: ‘“Probably not,
but even if they are feasible, it hardly matters because few
governments use lump-sum taxes and transfers. For
instance, no major US tax or transfer program is lump
sum.” All this is true, yet it is hard to imagine a more
important question for normative public sector theory. The
answer has a dramatic impact on all normative policy
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prescriptions in every area of public sector analysis,
whether they are directed at distributional or allocational
problems. In public sector theory, lump-sum redistributions
stand at the border between first-best and second-best
analyses.

The issue is not so much the existence of lump-sum
redistributions. Lump-sum tax and transfer programs are
easy enough to describe. Poll taxes have occasionally been
used as revenue sources and they are certainly lump
sum from an economic perspective. On the transfer side,
many countries have instituted per-person demogrants
(e.g., Canada, which provides a grant to all the elderly).
The United States allows a personal exemption for each
dependent child under the federal personal income tax. It
might be argued that decisions on family size are essentially
economic and would influence the amount of transfer
received. If so, then tax exemptions and demogrants to
children are not strictly lump sum, although the legislation
could be drafted such that only children already living at
the time of passage would receive the transfers.

The mere existence of lump-sum taxes and transfers is
not enough, however, to render them feasible policy tools
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in the pursuit of equity. The lump-sum taxes and transfers
must be flexible enough so that they can be designed to
satisfy the interpersonal equity conditions for social welfare
maximization, and this is a very tall order indeed. To be
effective, the taxes and transfers would almost certainly
have to be related to consumption or income or wealth in
order to distinguish the haves from the have-nots, but then
it is doubtful that they would be lump sum.

Income taxes were thought to be essentially lump sum
before 1970, because empirical research had been unable to
discover any relationship between income tax rates and either
work effort or saving. Research since then, employing
detailed micro data sets and sophisticated microeconometric
techniques, suggests that labor supply does respond to
changes in after-tax wages, certainly the female labor supply.
The evidence on saving behavior is more mixed, but saving
also appears to respond somewhat to changes in after-tax
rates of return.' In any event, no one today believes that
income-based taxes and transfers are lump sum. Therefore,
the assumption that the government can pursue an optimal
lump-sum redistribution policy is heroic in the extreme.
Nonetheless, public sector economists have been quite
willing to employ the assumption of optimal lump-sum
redistributions to analyze allocational policy questions in a
first-best framework.

FIRST-BEST ANALYSIS

First-best analysis means that the government has a suffi-
cient set of policy tools for whatever problems may exist to
restore the economy to the bliss point on its first-best
utility-possibilities frontier. By the “first-best” utility-
possibilities frontier, we mean the locus of pareto-optimal
allocations constrained only by three fundamentals of any
economy: individual preferences, production technologies,
and market clearance.’

The required set of policy tools is broad indeed. If the
analysis occurs within the context of a market economy, it
is understood either that all markets are perfectly compet-
itive or that the government can adjust behavior in
noncompetitive markets to generate the perfectly competi-
tive results. Faced with a breakdown in one of the technical
assumptions discussed in Chapter 1, the government must
be able to respond with a policy that restores first-best

1. For an excellent review of the early empirical studies on labor supply
and savings elasticities, see Boskin (1976). The Tax Reform Act of 1986
led to renewed interest in these elasticities. See Auerbach and Slemrod
(1997).

2. If some factors or production are supplied in absolutely fixed amounts,
they, too, act as constraints on the set of attainable utility possibilities.
Recall that the general equilibrium model of Chapter 2 assumes variable
factor supplies so that, formally, consumers’ disutility from supplying
factors enters as an argument of the social welfare objective function rather
than as a constraint.

pareto optimality. As we shall discover in Part II, the
required policy responses may be exceedingly complex,
enough so that they have little hope of practical application.
Finally, the government must employ optimal lump-sum
redistributions to equalize social marginal utilities of con-
sumption (income) at the first-best bliss point.

The Two Dichotomies in First-Best Models

What is the attraction of first-best analysis, given its stringent
and unrealistic assumptions? The answer is that first-best
analysis is really the only way to analyze the particular
allocation problems caused by breakdowns in the technical
assumptions and market imperfections in and of themselves.
Consider, first, the role of lump-sum redistributions in this
regard.

If lump-sum redistributions are feasible, then the prob-
lem of social welfare maximization dichotomizes into
separate efficiency and distributional problems, exactly as
the model in Chapter 2 dichotomized into the pareto-
optimal and interpersonal equity conditions. The intuition
for why this is so can be seen in terms of concepts already
developed.

Suppose one of the technical assumptions in Chapter 1
fails to hold, for example, there exists a consumer eter-
nality, meaning that at least one person’s utility depends on
the goods demanded and/or factors supplied by some other
consumer(s). Suppose, further, that the government consists
of an allocation branch charged with designing policies to
correct for allocational problems such as externalities and a
distributional branch charged with creating an optimal
distribution of income.” If lump-sum redistributions are
possible, the allocation branch can ignore the existence of a
social welfare function and analyze the externality in the
context of the first general equilibrium model presented in
Chapter 2, the model in which one consumer’s utility is
maximized subject to the constraints of all other utilities
held constant (and production and market clearance). This
model is specifically designed to find the set of pareto-
optimal allocations consistent with society’s first-best util-
ity-possibilities frontier given the presence of an externality
or any other imperfection. All relevant structural elements
of the policy necessary to correct for the externality follow

3. Richard Musgrave, the dean of living public sector economists, long
ago proposed the useful fiction of government policy emanating from
three distinct branches of government, an allocation branch, a distribu-
tion branch, and a stabilization branch. The allocation branch was
dedicated to pursuing efficiency, the distribution branch to pursuing
equity, and the stabilization branch to pursuing long-run economic
growth and the smoothing of the business cycle. One difficulty with
Musgrave’s fiction is the extent to which the three branches can design
policies independently from one another. They can operate independently
in a first-best environment, but not in a second-best environment. See
Musgrave (1959).
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directly from the first-order conditions of this model. The
allocational branch does not have to worry about social
welfare. It knows that the distributional agency is simul-
taneously designing policies to ensure that social marginal
utilities are equalized along the first-best utility-possibilities
frontier in accordance with the interpersonal equity condi-
tions. Therefore, it knows that any unwanted distributional
consequences of its allocational policies are being fully
offset by the distribution branch.

Suppose, instead, that a single superagency concerns
itself with both the externality and the original nonoptimal
income distribution and develops a full model of social
welfare maximization to analyze these two problems
simultaneously. Since the first-order conditions of the
model dichotomize, this agency would discover one set of
pareto-optimal conditions that do not involve the social
welfare rankings and one set of interpersonal equity con-
ditions that equalize all social marginal utilities of income
(or of one good or factor). These conditions would be
identical with those developed independently by the sepa-
rate allocation and distribution branches. Since the pareto-
optimal conditions contain no social welfare terms, they
must generate the first-best utility-possibilities frontier. No
other result is consistent with social welfare maximization
under first-best assumptions. Similarly, the interpersonal
equity conditions must be identical to those developed by
the independent distribution agency. Only one distribution
is consistent with the bliss point on the first-best utility
possibilities frontier under the assumptions used throughout
the text.

The two independent branches would have to coordinate
their efforts. Since an economy is an interdependent system,
all allocational decisions have distributional consequences,
and vice versa. Consequently, the allocation branch cannot
finally set its policies until it knows what the distributional
branch has done or is about to do, and vice versa. Continuing
with the externality example, suppose the externality is a
“bad” such as pollution. Moreover, suppose the correct
policy takes the form of a tax on the polluters (a reasonable
supposition, as we shall discover in Chapter 6). By following
the independent modeling process described above, the
allocation branch can determine all the relevant design
characteristics of the tax, such as what should be taxed and
what parameters in the economy affect the level of the tax
rates, but the exact level of the tax rate cannot be determined.
The criterion of pareto optimality admits to an infinity of
allocations, all of those on the utility-possibilities frontier. In
this example, each allocation has one particular tax rate
associated with it, so that the final tax rate cannot be
announced until the distribution branch announces its
optimal redistributional policy, thereby selecting the alloca-
tion consistent with the bliss point.

Turning the example around, the interpersonal equity
conditions tell the distributional agency all the relevant design

characteristics of the optimal lump-sum redistributions, but
the exact levels of all individual taxes and transfers depend in
part upon the gains and losses occasioned by the pollution tax.
Thus, while it is possible analytically to distinguish between
the design of allocational policies and the design of distribu-
tional policies, as first-best analysis does, the exact policies to
be followed must be simultaneously determined. In formal
terms, the pareto-optimal and interpersonal equity conditions
are both necessary conditions for social welfare maximization.
They must be solved simultaneously to determine a social
welfare maximum.

Despite the ultimate interdependence of allocational and
distributional policies, the first-best literature on public
expenditure theory typically analyzes only efficiency
problems inherent in the breakdown of the technical as-
sumptions (or of market imperfections), ignoring
completely the question of distributive equity. The analysis
generally proceeds along the following lines. First, the
pareto-optimal conditions are derived, given that one of the
technical assumptions fails. Then policies are described that
generate the pareto-optimal conditions, given the assump-
tion that consumers and firms operate within a perfectly
competitive market economy. Perfect competition is the
only market environment consistent with first-best analysis.
The assumption of perfect competition naturally leads to
two further questions:

1. What allocation of resources would the competitive
market generate in the absence of government
intervention?

2. Can the government restore first-best pareto optimality
while maintaining existing competitive markets, or is a
complete government takeover of some activity abso-
lutely necessary? That s, can the policy be decentralized?

Distributional issues are ignored in the first-best litera-
ture not because they are unimportant but rather because
they are relatively uninteresting. As noted in the conclusion
to Chapter 2, having said that the government should
redistribute lump sum to satisfy the interpersonal equity
conditions necessary for social welfare maximization, there
is little else to say. A breakdown in one of the technical
assumptions may alter the precise form of the interpersonal
conditions somewhat, but they still have the interpretation
that one good (or factor) should be redistributed lump sum
to equalize the social marginal utilities of that good (or
factor).

In contrast, the pareto-optimal conditions often change
substantially when the technical assumptions fail, both in
their form and their interpretation. Small wonder, then, that
first-best analysis tends to emphasize these conditions and
often relegates the interpersonal equity conditions to a foot-
note, if they are mentioned at all. Knowing that the first-order
conditions of a full model of social welfare maximization
dichotomize, there is no need to use the full model. A simple
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model highlighting the first-best pareto-optimal conditions
for the allocational problem at hand is sufficient.

The first-best analysis in Part II of the text is careful,
however, to use full models of social welfare maximization
when analyzing allocational problems. Keeping the social
welfare function in the models serves to emphasize the
importance of lump-sum redistributions to all first-best
policy analysis.

First-best models have a highly useful second dichotomy
property besides the dichotomy between the pareto-optimal
and interpersonal equity conditions. The pareto-optimal
conditions themselves dichotomize. A breakdown in one of
the technical assumptions or a market imperfection alters the
pareto-optimal conditions for those goods and factors
directly affected but leaves unchanged the form of the pareto-
optimal conditions of all the unaffected goods and factors.
For example, suppose a competitive market satisfies the
pareto-optimal condition for the allocation of some good,
with price equal to marginal cost. Price equal to marginal cost
continues to be the pareto-optimal pricing rule for that good
even if other markets contain externalities or exhibit
decreasing cost production, so long as the policy environ-
ment is first best. The government’s response to the market
failure can stay focused on the source of the market failure.

To summarize, the double dichotomy of distributional
and allocational problems under first-best assumptions
makes first-best analysis especially attractive for the ceteris
paribus analysis of policy issues. An allocational problem
associated with a particular economic activity can be iso-
lated from distributional considerations and from all the
other conditions within the economy that are required for
pareto optimality. This property justifies the use of very
simple general equilibrium models that focus exclusively
on one source of market failure and describe the rest of the
economy by means of a single composite commodity that is
assumed to be marketed competitively. Assuming a first-
best policy environment is a tremendous analytical
convenience.

SECOND-BEST ANALYSIS

Suppose, realistically, that lump-sum taxes and transfers are
not available to the government, at least not with sufficient
flexibility to generate the interpersonal equity conditions
of the standard model. This changes the analysis rather
drastically. To see why, consider two government policy
strategies in the context of a market economy, one designed
to produce distributive equity, the other designed to restore
first-best pareto optimality.

Constrained Social Welfare Maximization

Suppose that the government chooses to redistribute in-
come until social marginal utilities are equalized by using

FIGURE 3.1

taxes and transfers that are not lump sum.’ The redistri-
bution necessarily introduces distortions into the economy
because some consumers and/or producers now face
different prices for the same goods and/or factors. Since
consumers and producers equate relative prices to their
marginal rates of substitution and transformation, respec-
tively, and since pareto optimality requires that the mar-
ginal rate of substitution (MRS) equals the marginal rate of
transformation, some of the pareto-optimal conditions no
longer hold. The redistribution forces the economy beneath
its first-best utility-possibilities frontier.

Suppose instead that the government focuses only on
allocational problems and chooses allocational policies
designed to bring society to the first-best utility-possibilities
frontier.” Without simultaneously employing lump-sum
redistributions, however, the economy would not be at
the bliss point, in general. The government may actually
choose some policy mix designed to move the economy
somewhat closer to full pareto optimality, and somewhat
closer to distributive equity, but the point remains that
removing the possibility of feasible lump-sum re-
distributions restricts the set of solutions available to the
government, for example, to the shaded portion in Fig. 3.1.
The viable allocations and distributions may or may not
include points on the first-best utility-possibilities frontier,
but, importantly, they definitely exclude the bliss point,
point B. The policy problem now becomes one of finding
the best policy option within this restricted set of oppor-
tunities. As such it is part of second-best analysis, defined
as the analysis of optimal public sector policy given that the

4. Assume it is possible to equalize social marginal utilities without
lump-sum redistributions. It may not be, given the available policy tools.
5. Again, assume this is possible.
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FIGURE 3.2

bliss point on the first-best utility possibilities frontier is
unattainable.

One immediate implication of second-best public
expenditure analysis is that government policy should not
necessarily try to keep society on its first-best utility-pos-
sibility frontier. Points other than those on the first-best
frontier may yield greater social welfare within the
restricted set of policy alternatives. To see this, refer to
Fig. 3.2.

Suppose society is initially at point A in Fig. 3.2, possibly
because one of the technical assumptions of Chapter 1 has
failed and the competitive market is therefore generating the
wrong allocation of resources. If lump-sum redistributions
were feasible and the world were otherwise first best, the
government should design policies to restore full pareto
optimality and redistribute lump sum to achieve the bliss
point, point D in the figure. In a second-best environment,
without the ability to redistribute lump sum, the policy option
that brings society to point B on the first-best frontier is
dominated by another option that keeps society below the
frontier, point C. Society’s goal is still the maximization of
social welfare, reaching the highest possible social welfare
indifference curve. Point C is the maximum attainable level
of social welfare given the restricted set of available options.
Point B is pareto efficient, point C is not, but the superior
distributional attributes of point C prove decisive. In a
second-best environment, then, society’s efficiency and
equity norms are completely interrelated. They cannot be
pursued with separate policy tools, unlike in a first-best
policy environment.

Figure 3.2 highlights the way we defined second-best
policy analysis, as the inability to attain the first-best bliss
point. An equivalent definition is the analysis of optimal
public sector policy given that additional constraints have

been added to the first-best framework of social welfare
maximization. The addition of a single binding constraint
on the baseline model of Chapter 2 renders the first-best
bliss point unattainable, establishing the equivalence of
the two definitions of second-best analysis.

As noted above, the first-best constraints consist solely
of the fundamental economic constraints of any economy:
the production technologies and market clearance equa-
tions.” The additional constraints are typically either
restrictions on the permissible set of government policy
tools or maintained imperfections in the market economy.
The form of the additional constraint does not matter. Any
single additional binding constraint, or any combination of
these constraints, renders the analysis second best.

We have been careful throughout this section to refer to
the “first-best” utility-possibilities frontier, or the “first-best”
bliss point. Given the existence of additional constraints, it is
always possible to derive a new utility-possibilities frontier
and a new bliss point corresponding to the restricted set of
feasible allocations. In terms of Fig. 3.2, these would corre-
spond to the outer boundary of the shaded portion and point
C, respectively. The government can still be thought of as
pursuing the distributionally best allocation among all
possible pareto-optimal allocations along the restricted
frontier, exactly as in first-best analysis. Although this is
technically correct, it tends to obscure the important differ-
ences between first-best and second-best analysis, differ-
ences that can best be seen in terms of the attainable first-best
allocations.

The Most Common Policy and Market
Constraints

The inability to redistribute lump sum is merely one of a
large number of possible constraints on the feasible set of
government policy tools. It is often one of the constraints
chosen, because second-best analysis is an attempt to
develop normative policy rules in more realistic policy
environments, and denying the government feasible lump-
sum redistributions is an obvious step toward realism.
Generalizing beyond this is more difficult. The second-best
literature has considered an enormous variety of additional
constraints on available policy tools. This is hardly sur-
prising, since the set of potential constraints is virtually
limitless, given political realities and the staggering
complexity of actual market economies. It is fair to say,
however, that four kinds of policy restrictions have been
most commonly employed in the public sector literature (in
addition to restrictions on lump-sum redistributions): the
use of distorting taxes and transfers, the existence of
legislated budget constraints on individual government

6. And fixed factor supplies, if relevant, see footnote 2.
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agencies or on the government as a whole, the drafting of
resources or the offer of certain government services free of
charge (or at prices below marginal cost), and asymmetric
information in the form of private information about in-
dividuals that the government cannot know (at least not
without bearing some costs to monitor the individual).

Distorting Taxes and Transfers

Almost no major tax or transfer programs are lump sum.
Actual taxes are either ad valorem (percentage of price) or
per-unit taxes on buyers or sellers of goods and factors,
including sales and excise taxes on goods and services,
income and payroll taxes on factors of production, and
various kinds of wealth or property taxes. In addition, tax
rates on income and wealth are often graduated, increasing
with income (wealth). All these taxes force buyers and
sellers to face different prices in the same markets and are
thereby distorting. Most of the major transfer programs
condition the transfers on consumption or income, which
makes them distorting as well. Therefore, models that
analyze actual distorting taxes and transfers directly or as-
sume that distorting taxes are being used to finance public
expenditures are necessarily second best. In contrast, taxes
used to solve problems such as externalities in a first-best
environment promote social welfare. They cannot be
distorting in the sense of generating welfare costs.

Analysis of the welfare costs of distorting taxes and
transfers has along history dating back to the very beginnings
of public sector economics. The discipline was named public
finance until about 50 years ago because the emphasis was
more on tax policy than on expenditure policy. Public finance
economists studied a number of issues related to the effi-
ciency of taxes that have no meaning in a first-best envi-
ronment, including the following: If the government must
raise revenue using a single distorting tax, such as a particular
sales or income tax, what are the efficiency costs to society?
Are some taxes less costly (that is, less distorting) than others
per dollar of revenue collected? If the government is free to
vary a wide set of distorting taxes, what pattern of tax rates
minimizes the resulting distortions while raising a required
amount of revenue? The allocational theory of taxation has
always been a second-best analysis. The main change in tax
theory over the past 30 years is that general equilibrium
modeling techniques have increasingly replaced partial
equilibrium analysis in studying these issues. It is not that
assumptions with respect to tax instruments have become
more realistic.

The assumption that governments use distorting taxes to
finance government expenditures has become commonplace
over the past 50 years, and it has had a monumental impact on
public expenditure theory. The problems being analyzed
are the same as in the older first-best analysis—principally
externalities and decreasing cost production—but the

second-best optimal policy prescriptions are often dramati-
cally different from their first-best counterparts.

Fixed Budget Constraints

Legislatures usually impose budgetary ceilings on indi-
vidual government agencies that can be exceeded only by
means of special supplemental appropriations. Frequently,
the budgets of entire governments are limited as well. In the
United States, for instance, many state and local govern-
ment administrations are required to submit annually
balanced operating budgets. Even without this requirement,
most state and local governments cannot routinely borrow
in the national capital markets to cover annual operating
deficits without threatening their credit ratings. Only the
federal government enjoys this privilege.

Imposing either agency-by-agency or overall budget
constraints is generally not a first-best strategy. Only by
chance would legislators set budgets at the expenditure
levels consistent with a first-best allocation of resources.
Thus, as a further step toward reality, public sector econ-
omists have incorporated legislated budget constraints into
their models to see how they affect traditional first-best
policy rules. Once again, the new second-best policy
prescriptions are often quite different from their first-best
counterparts.

Drafting Resources or Giving away Goods

All scarce goods and factors have marginal opportunity
costs associated with them. Their prices would reflect these
marginal opportunity costs in a first-best world, but gov-
ernments sometimes choose to set prices well below op-
portunity costs, often at zero. The military draft is one
example on the factor side; citizens are required to serve
and many are paid below their market wages. On the goods
and services side, governments in the United States often
follow an average cost pricing strategy when they do
charge for public services. Sometimes they just give public
services away, such as the side benefits of hydroelectric
projects in the form of flood control protection to homes
and irrigation of farmland. These self-imposed government
pricing constraints have often been the focus of second-best
analysis.

Maintained Monopoly Power

Market imperfections would render the first-best bliss point
unattainable even if government policy tools were not
restricted in any of the ways described above. One example is
monopoly power. Price does not equal marginal cost in
markets with monopoly power, so that the pareto-optimal
conditions do not hold for these goods and services. Mo-
nopoly power could be viewed as a restriction on government
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policy in the sense that the government is unable to correct
the imperfection despite the existence of policies that would
do so. In any event, any maintained market imperfection such
as monopoly power implies a second-best environment, and
the first-best policy rules of public expenditure theory may
not be optimal.

Asymmetric or Private Information

Another pervasive market imperfection is asymmetric or
private information. We described in Chapter 1 the various
ways in which private information leads to a call for
government intervention, e.g., to establish a legal system and
bureaus of standards and to provide public insurance. We
also noted the difficulties it poses for the government’s
responses to all problems under the government-as-agent
ground rules. Recall that the problem of private informa-
tion is not limited to allocational issues. Private information
is a decided handicap to a government interested in redis-
tributing purchasing power in accordance with the interper-
sonal equity conditions of first-best theory. Redistributional
policies can hardly be effective if people can hide their
incomes from the government. Suffice it to add here that
second-best analysis now commonly includes private infor-
mation as one of the constraints that prevents government
policy from attaining the first-best bliss point.

Further Implications of Second-Best
Modeling

Two further distinctions between first-best and second-best
modeling are worth emphasizing in these introductory
comments, both resulting from the feature that second-best
general equilibrium models are basically first-best models
modified by the addition of one or more constraints.

The Scope of Government Intervention

As noted earlier, the first-order conditions of first-best
models dichotomize in two ways that are especially
convenient for ceteris paribus policy analysis. Second-best
models typically do not dichotomize in either way. As a
general rule, all the necessary first-order conditions of a
second-best model contain both efficiency and equity
considerations, especially if lump-sum distributions are not
permitted. This is simply the formal counterpart to a point
demonstrated by Fig. 3.2, that the efficiency and equity
norms are directly interrelated when the first-best bliss
point is unattainable.

This property of second-best models has been especially
disheartening for normative analysis because it further limits
the government’s ability to honor the principle to consumer
sovereignty. In a first-best environment, the demand (factor
supply) content of all allocational decision rules derives

solely from individual’s preferences, usually their marginal
rates of substitution. The social welfare rankings influence
allocational decision rules only indirectly in the sense that
any redistribution can be expected to shift aggregate
demands. Thus, consumer sovereignty guides the govern-
ment’s intervention into the market economy when
addressing allocational problems. In a second-best environ-
ment, however, the allocational decision rules contain the
social welfare rankings as well as terms representing in-
dividuals’ preferences, so that consumer sovereignty must be
partially overridden even in allocational decision making.
This property of second-best analysis is doubly disturbing,
since there is nowhere near a consensus on what the social
welfare rankings should be. It is no longer possible to isolate
the uncertainties associated with the social welfare rankings
into a single decision on optimal income distribution.

Worse yet, the social welfare terms contaminate all
markets in general, even those that first-best analysis would
leave entirely in the hands of the competitive market system.
This is so because a second-best policy environment gener-
ally requires broad intervention of the government into the
workings of the market economy, unlike the more limited
intrusion of first-best analysis. Government intervention
remains justified by market failure, but the intervention is no
longer limited to the markets containing the failures. Policy
prescriptions that require broad government intervention are
naturally resisted in capitalist societies.

The broader intrusion of the government in a second-best
environment follows directly from a famous theorem pub-
lished in 1956 by Archibald Lipsey and Kelvin Lancaster.
They proved that if the first-best pareto-optimal conditions
are assumed not to hold for some goods and factors as a
maintained hypothesis, then it is generally not optimal to
pursue first-best pareto optimality for the other goods and
factors. Their article now stands as a classic in public sector
economics, and the Lipsey—Lancaster theorem is often
referred to as the theorem of the second-best Lipsey and
Lancaster (1956).

Lipsey and Lancaster spoke in terms of the pareto-
optimal conditions because the model they used to illus-
trate the theorem did not contain a social welfare function.
Nonetheless, their theorem applies to the broader social
welfare model as well. If one of the first-order conditions
for a first-best social welfare maximum fails to hold
because of an added constraint to the model, then the other
first-order conditions do not hold either at the constrained
second-best welfare optimum, in general.

Interpreting Second-Best Results

Still another discouraging implication of second-best
analysis is that second-best allocational decision rules
generally do not have clear intuitive interpretations with
obvious analogs to free-market principles. First-best
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allocational decision rules often do have competitive ana-
logs, because they are usually just simple combinations of
consumers’ marginal rates of substitution and producers’
marginal rates of transformation (marginal rates of technical
substitution for factors). Since competitive markets equate
price ratios to these margins, a competitive market structure
can always be described that would generate first-best pareto-
optimal conditions of this type. This result is especially
appealing if one believes in competitive markets, consumer
sovereignty, and the least possible amount of government
interference with the market system. In first-best analysis, the
government can often be viewed as an imitator of perfectly
competitive behavior in solving allocational problems.

There are two formal reasons why second-best alloca-
tional decision rules tend not to have competitive market
interpretations. One is that terms from the additional con-
straints appear in the first-order conditions along with their
associated Lagrangian multipliers, and the multipliers are
unrelated to standard market concepts. The other has
already been noted, that the decision rules generally contain
social welfare terms if lump-sum redistributions are
forbidden. The social welfare terms certainly have no
competitive market analogs.

Model and Policy Sensitivity

A final discouraging property of second-best optimal
policy rules is that they tend to be rather sensitive to
modifications in constraints or additions of new con-
straints. This type of model sensitivity is extremely trou-
blesome because the real world is obviously many times
more constrained, more imperfect than any analytical
model can hope to capture. Second-best analysis can never
hope to produce truly definitive government policy rules
on anything.

To summarize, second-best public expenditure theory
has offered the severest possible challenge to the long-
standing first-best orthodoxy in the attempt to make pub-
lic sector theory more realistic. The second-best rules often
bear no clear-cut relationship to their long-standing first-
best counterparts. These challenges notwithstanding, the
first-best results of public expenditure theory have hardly
disappeared. They still dominate undergraduate textbooks
on public sector economics and they instruct much actual
policy debate. The staying power of first-best analysis is no
doubt due to the intuition it provides about allocational and
distributional issues and its call for limited government
intervention. In contrast, second-best policy rules tend to be
resisted as normative policy prescriptions; since they
require ethical or distributional judgments associated with
the problematic social welfare terms, they tend to call for
broad intervention in the economy; and the policy rules are
so sensitive to the form and number of constraints. The
relative advantages of the first-best results must always be

weighed against the blatant unrealism of the first-best
models in a policy context.

SIMILARITIES BETWEEN FIRST-BEST
AND SECOND-BEST ANALYSES

The numerous differences between first-best and second-
best public sector analysis should not obscure the fact
that the two approaches are virtually identical in method
and philosophy. The challenge to first-best orthodoxy is
contained in the first-order conditions of the second-best
models. One would certainly not want to minimize the
importance of this challenge, since the first-order condi-
tions translate directly into normative policy rules. But
second-best analysis hardly represents a methodological or
philosophical departure from first-best theory. All it does is
attach some additional constraints to the basic first-best
neoclassical general equilibrium model in an attempt to
be more realistic. This is not revolutionary. For instance,
second-best analysis retains the fundamental notion that the
government is interested in social welfare maximization,
with social welfare indexed by means of an individualistic
Bergson—Samuelson social welfare function. In principle,
then, second-best analysis honors consumer sovereignty to
the same degree as first-best analysis, even though its
results are less clear cut in this regard. Furthermore,
second-best research has generally remained closely allied
with the competitive market system, so much so that the
following standard competitive market assumptions are
commonplace in second-best models:

1. Consumers maximize utility subject to a budget
constraint and have no control over any prices.

2. Private sector producers are decentralized price-taking
profit maximizers such that goods prices equal marginal
costs and factor prices equal the values of marginal
products.

3. If there is government production, the government
buys and sells factors and outputs at the competitively
determined private sector producer prices. This is
often true even if the second-best decision rules imply
that a different set of “shadow” prices should be used
to determine the optimal level of government
production.

There are two reasons why second-best analysis has
emphasized competitive market behavior. The first turns on
the ceteris paribus condition. Exploring the effects of
particular market imperfections or policy restrictions on
first-best public sector decision rules requires introducing
them as constraints one at a time into an otherwise first-best
model. If the analysis proceeds within the context of a
market economy, this means that the parts of the market
economy not specifically analyzed must be assumed to be
competitive. As a result, second-best analysis to date has
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been much closer to a first-best perfectly competitive
market environment than to highly imperfect real-world
market economies. It is at best a small, hesitant step
toward reality.

The second reason is also a matter of analytical con-
venience. The competitive market assumptions permit
flexibility in model building, a feature that second-best
analysis has frequently exploited. As noted in Chapter 2,
general equilibrium models can always be defined in terms
of quantities of goods and factors, with the economy
viewed as being under the control of a social planner. The
model developed in that chapter served as an example.
General equilibrium models can also be expressed directly
in terms of prices by incorporating specific assumptions
about market structure and behavior, and the competitive
assumptions happen to be the easiest ones to employ. For
many second-best problems, the price specification has
proven to be the most direct analytical approach.

To gain some preliminary intuition why this is so,
consider the common second-best policy restriction that the
government must use distorting taxation. As noted above,
taxes distort by driving a wedge between the prices faced
by different economic agents operating in the same market.
If the general equilibrium model is already defined in terms
of prices, the gross and net of tax prices (and the tax itself)
can be incorporated directly into the model. Furthermore,
all of the interesting allocational and distributional impli-
cations of the tax follow directly from the first-order con-
ditions of the price/market model. Proceeding in this way
turns out to be far more convenient than beginning with a
quantity model and reworking the first-order conditions
using standard market assumptions to capture the effects of
the taxes.

In summary, the transition to the second-best analysis in
Part III of the text from the first-best analysis in Part II is
fairly easy and straightforward.

THE POLITICAL ECONOMY OF THE
SOCIAL WELFARE FUNCTION

The social welfare function is central to mainstream
normative public sector theory. It is the only indispensable
political element of the theory and it serves two critical
analytical purposes: It describes society’s views on
distributive justice, and it selects the one efficient allocation
that maximizes social welfare from the infinity of possible
efficient allocations. At the same time it is a highly prob-
lematic concept because of the limitations noted in Chapter
2. The two most serious limitations for the normative the-
ory are the lack of a consensus on what the social welfare
function should be and the difficulties that a democratic
society may have in formulating a consistent social welfare
function. Each of these limitations deserves some
discussion.

The Form of the Social Welfare Function:
From Utilitarian to Rawlsian

Neither economists nor anyone else have been able to agree
on what the appropriate end-results ethical rankings of in-
dividuals should be, that is, what form the social welfare
function should take. The only consensus that has emerged
in the economic literature is on the reasonable limits of the
ethical rankings. Most economists agree that the ethical
spectrum should be bounded by utilitarianism at one end
and Rawlsianism at the other end. Utilitarianism implies
complete indifference to the distribution; Rawlsianism im-
plies the greatest degree of equality.

Utiltarianism

The utilitarian view reached its height of popularity among
social philosophers and political economists in late 1700s
and early 1800s under the leadership of Jeremy Bentham.
Bentham and his followers argued that the goal of society
should be to maximize aggregate happiness or satisfaction.
Their view implies that social welfare is the sum of the
individuals’ utility functions:

H
W= U

h=1

3.1

where W is the utilitarian or Benthamite social welfare
function. Its social welfare indifference curves for any
two individuals are 45° straight lines as pictured in Fig. 3.3.

One appealing feature of utilitarianism is its adherence
to the ethical principle of impersonality, that all people
should have equal ethical weight. The ethical weights of a
social welfare function are the marginal social welfare
terms dW/QU", which are all equal to one under utilitari-
anism. Societies do not always honor the impersonality
principle, however. Affirmative action in the United States

FIGURE 3.3
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is a counterexample, with its other-things-equal preference
for women and minorities in hiring. Yet, some compelling
justification usually lies behind the violations of imper-
sonality in liberal societies, such as the unfair handicaps
resulting from current and past discrimination in the case of
affirmative action. Another appealing feature of utilitari-
anism is that it honors the pareto principle. Social welfare
increases (decreases) if one person is made better off
(worse off) and no other person’s utility changes.

These appealing features are more than counterbalanced
for most economists by utilitarianism’s complete indiffer-
ence to the distribution of well-being. Points A, B, and C on
social welfare indifference curve W, in the figure all yield
the same amount of social welfare. Societies are never
indifferent to such extremes in the distribution, however,
and most people are not either.’

Rawlsianism

Rawlsianism is named after the ethical position described
by Harvard philosopher John Rawls Rawls (1971). Rawls
argues that people have difficulty thinking about end-
results equity because they know where they stand in the
distribution and have reasonably firm expectations about
their future well-being. The only way people can think
objectively about distributive justice, according to Rawls, is
to assume that they stand behind a veil of ignorance, with
no idea at all about their current or future position in the
distribution. In other words, people should assume they are
truly uncertain about their prospects, unable even to attach
probabilities about their possible outcomes. As such, they
cannot choose to maximize expected utility, the standard
assumption about consumer behavior under uncertainty.

What principles of distributive justice would people
adopt in the face of true uncertainty about the distribution?
Rawls believed that people would become extremely risk
averse and adopt a maximin strategy. They would agree
that society should always pursue policies that maximize
the well-being of those who are the worst off, based on the
possibility that they could be among the worst off at some
future date. Rawls’ position implies the Min form for the
social welfare function:

W = mhin (U'7...7 U, ... ,U”) = mhin (U”) (3.2)

where W is the Rawlsian social welfare function. Its social
welfare indifference curves for any two individuals are right
angles from the 45° line of equality as pictured in Fig. 3.4.
Movement from point A to B along W, in the figure does
not increase social welfare because person 1 is now the worst

7. An excellent discussion of the pros and cons on utilitarianism from both
economic and philosophic perspectives is found in Gordon (1980).

U
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FIGURE 3.4

off at point B, and that person’s social welfare has not
improved relative to point A. Social welfare can only in-
crease from a position of equality if both peoples’ utilities in-
crease, because then the worst-off person becomes better off.
In addition, equality is the social welfare maximum for any
given aggregate level of utility because then the worst-off
person has the highest possible utility.

Rawl’s veil of ignorance principle when thinking about
distributive justice is very appealing to many people. It is a
central tenet of public choice theory. As noted in Chapter 1,
Buchanan uses it as the justification for why the self-serving
framers of the constitution would allow governments to
redistribute income. Overall, though, Rawls’ position has
been rejected by the majority of economists. It is highly
problematic from an economic perspective.”

To begin with, why should people be so extremely risk
adverse in the face of true uncertainty that they favor the
maximin strategy? Economists have not been able to
develop a consensus theory of behavior under true uncer-
tainty, but maximin is just one of many possible strategies
that people might adopt. Also, the maximin strategy has a
number of unattractive features. It suggests, for example,
that people would forego the possibility of a new situation
that makes the worst-off individuals slightly worse off and
everyone else substantially better off. A vast majority of
people might be willing to accept the new situation on the
chance that they would not be among the new worst off. An
especially uncomfortable example of this possibility relates
to long-run economic growth. Virtually all societies favor
economic growth, yet saving for growth is not a maximin
strategy in an intergenerational context. The first generation
is always the worst-off in a growing economy, and saving
for the benefit of future generations makes them even worse
off. Still another severe drawback of Rawlsianism is that it

8. See Arrow (1973).
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FIGURE 3.5

does not honor the pareto principle, as the move from point
A to B in Fig. 3.4 illustrates.

Most economists believe that social welfare indifference
curves should have the standard property of diminishing
MRS and be convex to the origin, as shown in Fig. 3.5.
Compare points A and B. At point A, when person 2 is
much the better off, society should be willing to sacrifice
more of person 2’s utility to make person 1 one-util better
off than it would be willing to sacrifice at point B, when
person 1 is already much better off. The greater the cur-
vature of the indifference curves the more egalitarian the
social welfare function, with the straight-line curves of
utilitarianism and the right-angled curves of Ralwsians
defining the reasonable extremes.

A Flexible Social Welfare Function

In theoretical work it is often unnecessary to be specific
about the form of W( ). dW/dU" is simply understood to
represent society’s ethical judgment about the social mar-
ginal utility of person h, whatever that judgment may be. A
specific parameterization of W( ) is essential, however, if
one wishes to test the sensitivity of a normative policy rule
to society’s social welfare rankings. Many different func-
tional forms appear in the literature, but the most common
is one suggested independently by Anthony Atkinson and
Martin Feldstein in the early 1970s.” It has the advantage of
being able to represent the full range of possibilities from
the utilitarian to the Rawlsian positions. Define W( ) as

1/v

H
ol o v=[, —=] (33
h=1

WIU,()] =

9. Atkinson (1973), Feldstein (1973). These specifications assume the
government has chosen particular cardinal representations of the U, on
which to base its social welfare judgments.

where V is a constant reflecting society’s aversion to
inequality. V=1 implies that W is the straight sum of the
individuals’ utilities, utilitarianism. At the other extreme,
V — —oo implies maximizing the utility of the worse-off
individual, the Rawlsian maximin criterion.'” In between
the extremes, increasingly larger negative values of V imply
increasing aversion to extremes in the distribution of util-
ity."" The social welfare indifference curves become ever
more convex to the origin. Equation (3.3) is an especially
convenient flexible functional form for examining the
robustness of policy rules to distributional judgments
because the various possibilities are contained in the single
parameter V, the aversion to inequality.

10. To see that V — — o implies the Rawls maximin criterion, differentiate
W with respect to some U;:
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Dividing numerator and denominator inside the brackets by U; and rear-
ranging terms yields

aw 1
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Letting V — V — — o yields
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If U; is selected such that U; < Uy, j # h, all variable terms in the de-
nominator of Eqn (3.3d) go to zero in the limit, so that

w

a—Uj =1 (3.3e)

Selecting any other U; implies that the denominator becomes large without
limit. Hence,

aw
- = 0, Ui#minU,
ay; (1)

11. By inspection of Eqn (3.3c), the value of W/dU; increases as V becomes
increasingly negative, U; < U, for all j # h.
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Arrow’s Impossibility Theorem

The social sciences ran headlong into a brick wall in 1951
when Kenneth Arrow published his general impossibility
theorem. There is no other way to put it. Arrow’s theorem
is truly devastating to democratic societies.

Arrow was commissioned by the Department of De-
fense to develop a theory of how democratic societies
should make decisions about public goods such as defense.
He approached the problem of social decision making in
the manner of cooperative game theory: Develop a minimal
set of axioms to guide the social decision process that
would be acceptable to a democratic society and then
determine the implications of those assumptions. Arrow put
forth five axioms that he thought a democratic social de-
cision process should possess. He then proved that, in
general, no social decision process can simultaneously
satisfy all five axioms.

Arrow’s theorem does not imply that a democratic so-
ciety cannot make social decisions. They clearly can, and
do. But, it does imply that a democratic society cannot, in
general, formulate consistent social decisions under a
minimal set of conditions that would be acceptable to it.
Arrow’s theorem applies to social decisions on any issue,
including the attempt to formulate a consistent social wel-
fare function for resolving the problem of distributive jus-
tice. All students interested in public sector economics
should have at least an intuitive understanding of Arrow’s
general impossibility theorem. It is considered by many to
be the landmark result in twentieth-century political
philosophy.

Arrow’s Five Axioms

Arrow proposed the following five axioms as reasonable
requirements for social decisions in a democratic society:

1. Universality: Individuals should be allowed to have any
preferences they wish about social outcomes. Demo-
cratic societies should not be willing to impose restric-
tions on individuals’ preferences, presuming of course
that the preferences are right minded and not
destructive.

2. A complete ordering: The social decision process must
be able to provide a complete ordering of social out-
comes for all possible combinations of the individuals’
preferences over those outcomes, just as consumers
must be able to provide a complete ordering of all
possible consumption bundles. One requirement of a
complete preference ordering is that it be transitive.

3. The pareto principle: The social decision process must
honor the pareto principle: If every individual prefers
social outcome X to social outcome Y, then society
must prefer X to Y. (This is the strong version of the
pareto principle.)

4. The independence of irrelevant alternatives: Suppose
society prefers X to Y, and it also prefers Y to Z.
Then individuals change their minds regarding Y and
Z and now prefer Z to Y. The change in preference be-
tween Z and Y cannot change the preference between X
and Y. Z is considered an irrelevant alternative in the
choice between X and Y.

This is the least intuitive of Arrow’s assumptions, but it is
sensible for a democratic decision process. One huge
advantage is that it conserves on information in decision
making. Without this assumption, the ranking of two alter-
natives may depend on the rankings of all other alternatives,
which can become unwieldy for the decision-making pro-
cess. Also, the assumption sharply reduces the possibilities
for strategic behavior. For example, suppose 10 possible
outcomes are under consideration and individuals are asked
to rank order each one from 1 to 10. The winning outcome is
the one with the highest total score. Suppose one person
prefers Y first and X second but is afraid that X will win. That
person has an incentive to falsely rank X last to boost Y’s
chances of winning. The independence assumption rules out
such behavior. Suffice it to say that economists have tried to
eliminate or replace this assumption without much success in
improving the social decision process.

5. Nondictatorship: The rankings made by the social deci-
sion process cannot always be the same as the ranking
of one particular person no matter what the preferences
of the other people are. If this were so, the one individ-
ual is effectively a dictator.

The nature of the proof is that all five axioms cannot
hold simultaneously, in general. The usual way of pre-
senting the proof is to assume axioms one through four
hold and then show that these four assumptions imply that
one person is a dictator.

To gain an intuition for why one person inevitably be-
comes a dictator, consider a simple two-person example in
which each person has preferences over three social outcomes,
X, Y, and Z. There are 36 possible preference pairings over
which society must make a choice. To begin, consider the
ranking X P Y P Z for person 1 (first column below), paired
with all six possible rankings for person 2 (second column):

XX XX XY XY XZ XZ
YY YZ YX YZ YX YY
77 7Y 2727 7ZX ZY ZX

If the preferences are as in column 1, then society
chooses X SP Y SP Z by the pareto principle—they both
agree (SP means the first variable is socially preferred over
the next). The first disagreement occurs in column 2, be-
tween Y and Z. Suppose society chooses in favor of person
1, so that Y SP Z when the two disagree. Having decided
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this one time in favor of person 1, society must favor
person 1 forever after when the two disagree. The way to
show this is to select pairs of preferences such that they
agree on one ranking and disagree on the other two, but
society has already settled one of the disagreements. The
universality assumption (U) allows us to consider pairings
in this manner, because every possible pair of preferences
must yield a consistent social decision. Then the pareto
principle (PP) and transitivity (T) settle the remaining
disagreement in favor of person 1.

To see how this works, look at the fifth column. The two
agreeon X vs. Y, and disagree on Y vs. Zand X vs. Z. Society
must decide that X SP Y because the two agree (PP). Also,
from the second column, society ranks Y SP Z whenever
person 1 says Y P Z and person 2 says ZP Y, as here. But, if X
SP Y and Y SP Z, then by transitivity X SP Z. Therefore,
society’s rankings are the same as those of person 1.

Next we need to determine what happens when the two
people disagree on the ranking of X and Y. Suppose that
person 1 says X P Y and person 2 says Y P X. To see that
person 1 prevails, select the following pairing with one
agreement and two disagreements (with the preferences of
person 1 in the first column, as always):

XZ
7Y
YX

They agree on Z and Y, so that Z SP Y (PP). Also, when
person 1 says X P Z, and person 2 says Z P X, we have seen
that X SP Z. Therefore, X SP Z and Z SP Y imply X SP Y
(T). Person 1 wins again.

To complete the possibilities, reverse the order of the
disagreements. Suppose person 1 says Z P Y and person 2
says Y P Z, the opposite of the first disagreement above
which we assumed was decided in favor of person 1. This
time select the pair:

zY
XZ
YX
They agree on Z and X, so Z SP X (PP). Also, when
person 1 says X P'Y and person 2 says Y P X, we have seen
that X SP Y. Therefore, Z SP X and X SP Y imply Z SP Y
(T). Person 1 wins again.
Next suppose that person 1 says Z P X and person 2
says X P Z. This time select the pair:
zY
YX
XZ

They agree on Y and X, so Y SP X (PP). Also, when
person 1 says Z P 'Y and person 2 says Y P Z, we have seen

that Z SP Y. Therefore, Z SP Y and Y SP X imply Z SP X
(T). Person 1 wins again.

Finally, suppose person 1 says that Y P X and person 2
says that X P Y. This time select the pair:

YX
7Y
XZ

They agree on Y and Z, so that Y SP Z (PP). Also, when
person 1 says Z P X and person 2 says X P Z, we have seen
that Z SP X. Therefore, Y SP Z and Z SP X imply Y SP X
(T). Person 1 wins again.

Person 1 wins all possible disagreements over the pairs of
outcomes and is therefore said to be decisive, a dictator, over
all pairs of preferences involving X, Y, and Z. (Verify that
person 1 must win the remaining pairings that we did not
consider in the row of six pairings above, columns 3, 4, and 6.
Also, verify that if the first disagreement above is decided in
favor of person 2, then person 2 would be the dictator, using
the same method of combining one ranking on which they
agree and two on which they disagree.) Finally, note that the
independence of irrelevant alternatives has been used implic-
itly in the examples. When deciding on any two outcomes, the
position of the third outcome within each person’s rankings is
irrelevant to the social decision on the two outcomes.

Next, add a new outcome to the list, say W. If person 1
is decisive over all pairs of preferences involving X, Y, and
Z, then person 1 must also be decisive over all pairs of
preferences involving W and X, W and Y, and W and Z.
This can be shown by following the same pairings as
above. To give one example, suppose person 1 says WPY
and person 2 says Y P W. Select the pair:

WY
XwW
YX

They agree that W P X, so W SP X (PP). Also, when
person 1 says X P'Y and person 2 says Y P X, we have seen
that X SP Y. (That W is now in the mix rather than Z does
not matter because of the independence of irrelevant al-
ternatives assumption). Therefore, W SP X and X SP Y
imply W SP Y (T). Person 1 wins again.

The final step of our heuristic proof considers the case
of more than two people. The key concept here is the notion
of a decisive set. A subset of people is said to be decisive in
the ranking of two outcomes (say, X and Y), if X SP Y
when all members of the decisive set say X P Y and
everyone else says Y P X. Once a decisive set is estab-
lished, it can always be further subdivided into smaller
decisive sets over other outcomes by suitably reselecting
the preferences of the members inside and outside the
original decisive set until the decisive set over all outcomes
consists of a single person, the dictator.
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The two-person example above illustrates the ability
to subdivide a decisive set down to a single person. Go
back to the beginning of the example when the prefer-
ences were those in the second column of six pairings
and society chose Y SP Z. Think of the two lists of
preferences in the second column as belonging to two
subsets of the entire population, with one subset having
the preferences on the left and the other on the right.
Then, the subset on the left is a decisive set regarding the
choice of Y and Z when the preferences over Y and Z are
in the order of the second column. Perhaps society chose
Y SP Z because the members on the left were in the
majority.

Once the decision Y SP Z is made, then all the other
possibilities in the two-person case are decided only by
application of the pareto principle, transitivity, and the
independence of irrelevant alternatives. Having a numer-
ical majority, or appealing to any other criterion besides
those three axioms, is irrelevant. In other words, the social
decisions would hold in each subsequent example if only
one person held the winning preferences and everyone
else held the opposite preferences. Therefore, once a first
decisive set is determined by some method such as ma-
jority voting, then some member of the decisive set is in
effect a dictator. Each comparison in the examples after
the first can be interpreted as person 1 having the one set
of preferences and person 2 representing everyone else in
the society with the opposite set of preferences on the pair
under disagreement. Therefore, person 1, a member of the
first decisive set, is decisive over all possibilities, a
dictator. The universality axiom permits this interpreta-
tion, because the social decision process must make
consistent decisions for all possible combinations of the
individuals® preferences.

The implication of this form of the proof is that a
consistent social decision process that generates a complete
ordering of social outcomes may not result from democratic
voting procedures when people disagree. It may have to be
imposed by some agent who is in effect a dictator.

Cycling Preferences

Democracies are not dictators hips. Therefore, a common
variation of the Arrow theorem is to assume that non-
dictatorship holds, along with axioms 1, 3, and 4, and then
show that axiom 2 requiring a complete social ordering
does not hold, in general. This variation implies that social
decisions that are democratically determined do not yield a
consistent set of social preferences over outcomes in gen-
eral. In other words, democracies cannot expect to generate
clear-cut decisions on social issues.

Consider the example of three people deciding about
three different policies to divide $100 between them. The
three people could be legislatures representing their

constituencies. The three policies are A, B, and C, and they
divide the $100 as follows:

Person 1 Person 2 Person 3
A $50 $20 $30
B $30 $50 $20
C $20 $30 $50

Suppose the three people vote according to their self-
interests; they rank the policies in terms of the money
they receive from each. Therefore, the individual rankings
are

Personml1: A P B P C
B P CP A

C P AP B

Person 2 :

Person 3 :

The social decision process is democratic: The majority
rules. Unfortunately, majority voting on the three policies
does not establish as best policy, even though each person
has a clear set of preferences: Two of the three vote A P B
(1 and 3), and two of the three vote B P C (1 and 2).
Therefore, transitivity requires that A SP C, but two of the
three vote C P A (2 and 3). The social preferences under
majority voting are intransitive, and no clear winner can
emerge when preferences are intransitive.

Often legislatures vote in pairs when there are more
than three choices, with the winner of the first pairing going
against the next choice. If this were done in our example,
the winner would be determined by the order of the vote
under majority voting:

A versus B, A wins. Then A versus C, C wins.
A versus C, C wins. Then C versus B, B wins.
B versus C, B wins. Then B versus A, A wins.

Again, no clear-cut winner emerges. The legislator who
controls the order of the vote determines the winning policy.

The example illustrates a theorem about democratic
voter procedures due to Duncan Black, a political scientist.
Black proved that democratic voting establishes a consis-
tent set of social preferences when people disagree if and
only if the individuals’ preferences are single peaked Black
(1948). The problem in this example is that the preferences
of person 3 are double peaked. Figure 3.6 illustrates this.

An important extension of Black’s theorem considers
the realistic case of voting for different options that each
contain a bundle of at least two services. An example
would be a vote on different local budgets that contain
different proportions of expenditures on education and
public safety. Black’s requirement of single-peakness is
almost certain to be violated in this case, implying that no
consistent social consensus can emerge.

The simple example on the distributional choices gets
right to the heart of the problem of determining a social
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Degree of preference
T

A B C
FIGURE 3.6

welfare function to resolve distributional questions in a
democratic society. It suggests that no consensus social
welfare function can be expected to emerge when individuals
disagree about the appropriate distribution of income, as they
surely do. The social welfare function that is so central to
normative public sector theory may not be forthcoming in a
democracy.

The Gibbard—Satterthwaite Theorem

Social decision making in democracies took a further
battering in the 1970s with the publication of the
Gibbard—Satterthwaite theorem. Alan Gibbard and Mark
Satterthwaite proved that democratic social decisions are
vulnerable to manipulation by self-serving individuals. The
manipulation takes the form of lying about one’s preference
to achieve a more favorable social decision.'”

Their theorem proceeds much like Arrow’s. It is an
exercise in cooperative game theory that focuses on the
problem of choosing a single outcome based on in-
dividuals’ preferences over three or more social outcomes.
They posit four axioms that they believe a social decision
process should possess and show that the four axioms
cannot all be satisfied, in general:

1. Universality: The same as with Arrow; individuals can
have any set of preferences over three or more
outcomes.

2. Nondegeneracy: The social decision process cannot rule
out any one outcome from being the winning outcome.

3. Nonmanipulability: Individuals cannot manipulate the
social decision in their favor by lying about their
preferences.

12. Gibbard (1973), Satterthwaite (1975) For more detailed discussion of
the Arrow and Gibbard—Satterthwaite theorems, and of social choice
generally, see Feldman (1980).

4. Nondictatorship: The same as with Arrow; the social
outcome chosen cannot always be the same as the
preferred outcome of one particular individual, no mat-
ter what the preferred outcomes of the other people are.

The Gibbard—Satterthwaite theorem says that these four
axioms are incompatible, in general, when society is
choosing among three or more outcomes. The nature of
their proof can be seen by considering the two-person case
above. We will not offer a complete example.

There are 36 possible pairings of the two people’s
preferences, and three possible social choices for each
pairing (X or Y or Z), a total of 3°° possible choices for the
social decision process to consider over the 36 pairs.
Consider the first six pairings, as above:

XX XX XY XY XZ XZ
YY YZ YX YZ YX YY
727 2Y 727 7ZX ZY ZX

We can say the following about the social choices for
each pairing based on these preferences alone:

X X notZnotZ not Y?

The first two pairings generate X because X is the first
choice of each. The next two pairings cannot lead to a
choice of Z because it is clearly dominated by X and Y. In
the third pairing, Z is the third choice of both; in the fourth
pairing, Z is the second and third choice, which is lower
than the combined choices for either X or Y. By the same
argument, the fifth pairing cannot lead to a choice of Y.
Nothing can be said about the social choice in the last
pairing.

Suppose the social choice in the third pairing is X, so
that society chooses in favor of person 1. If this is so, then
the axiom of nonmanipulability requires that society
choose X for all the pairings in the row. Person 1 is a
dictator.

To see why, suppose society chooses Y for the fourth
pairing, having chosen X for the third pairing. If so, then
person 2 can lie about his preferences in the third pairing
and represent them as Y Z X. This would make the third
pairing identical to the fourth pairing, in which Y is chosen.
Therefore, to prevent manipulation by person 2, society
must choose X for the fourth pairing. Then, having chosen
X for the fourth pairing, we now know that the last pairing
cannot choose Y. If Y is not chosen in the fourth pairing
when ranked second (by person 1) and first (by person 2), it
will not be chosen in the last pairing when it is ranked
second by both.

Next, suppose society chooses Z for the fifth or sixth
pairing. If so, then person 2 can lie about his or her pref-
erences in the fourth pairing and represent them as Z X Y or
Z Y X. Society would then choose Z over X in the fourth
pairing, which person 2 prefers. Therefore, to prevent
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manipulation by person 2, society must choose X for the
final two pairings.

In conclusion, the social choices for each of the six
pairings that prevent manipulation by person 2 are

X X X X X X

Person 1 is a dictator. Conversely, preventing person 1
from being a dictator allows person 2 to manipulate the
outcome.

The Gibbard—Satterthwaite theorem has three troubling
implications for normative public sector theory in demo-
cratic societies.

The first is its potential devastation of the government-
as-agent principle. How accurate is the information that the
government collects about individuals’ preferences on
social issues in its role as agent? How can the government
know whether people are manipulating their preferences
when they vote?

The second relates to the mechanism design problem of
social decision theory, which attempts to design decision-
making mechanisms in which people have an incentive to
reveal their true preferences. Democracies would hope
that people could register their preferences voluntarily through
some kind of voting mechanism. The Gibbard—Satterthwaite
theorem tells us, however, that voluntary voting mechanisms
can never guarantee that people will register their true
preferences. Truth-revealing decision mechanisms may exist,
but the theorem implies that they generally require some
form of coercion by the government to implement them.

Finally, the Gibbard-Satterthwaite theorem calls into
question the entire thrust of normative public sector theory.
The practical value of designing truth-revealing political
mechanisms may be clear enough in light of the theorem,
but the normative significance is questionable. Self-
interested individuals who exploit private information to
their own political ends, those who cheat on their taxes and
lie to government officials, fail a fundamental test of social
behavior, the test of good citizenship. What is the norma-
tive significance of having the government spend time and
energy designing mechanisms to prevent people from
cheating and lying? In what sense is a collection of in-
dividuals a society if they are dishonest, self-serving, and
manipulative and have no stake in a broader public interest?
After all, many people are good citizens, honest and con-
cerned about the public interest. They would never even
think of cheating on their taxes. Should they be given
higher social welfare weights (assuming they could be
identified)? What is the appropriate social objective func-
tion when good citizenship is lacking in some or all? Is
pareto optimality enough?

These questions underscore the main point of this sec-
tion, that the politically determined social welfare function
is on very shaky ground indeed in democratic societies. At
the same time, the analysis of Chapter 2 indicates that

mainstream public sector theory is on very shaky ground
without the social welfare function.

Reactions to the Arrow and
Gibbard—Satterthwaite Theorems

Public sector economists have reacted in one of three ways
to the problematic nature of the social welfare function.
Two are mainstream reactions; the third is associated with
the public choice school.

One mainstream reaction, commonly associated with
Paul Samuelson, might be termed the technocratic
response: Economists should stop worrying about the social
welfare function. A social welfare will emerge from the
political process by whatever means; societies do make
distributional judgments. Economists should simply ask the
government’s policy makers what the social welfare func-
tion is and then advise them how to maximize social wel-
fare. All policy problems are constrained optimization
problems consisting of objectives, alternatives, and con-
straints for which the given social welfare serves as the
objective function. Economists can help the policy makers
fill in the remaining elements of each economic policy
problem, the relevant alternatives and constraints, and then
describe how to solve the problem. Economists know how
to solve constrained optimization problems.

A second mainstream reaction sees a more instructive
role for the social welfare function. It calls for the use of
flexible-form social welfare functions in normative policy
exercises that allow for the full range of ethical rankings,
from utilitarian to Rawlsian. The purpose of this type of
analysis is to show policy makers how different ethical
rankings influence optimal policy rules. This approach is
not contradictory with the first approach, since the flexible
social welfare function could include the government’s
actual social welfare function as one of the options.

Joseph Stiglitz dubbed the application of flexible form
social welfare functions the “New, New Welfare Eco-
nomics,” because he viewed it as a direct reaction to the so-
called New Welfare Economics of the 1930s and 1940s
Stiglitz (1985). The older “New Welfare Economics” held
that interpersonal comparisons of utility are meaningless.
Economists can say nothing about situations in which some
people gain and others lose, because there is no meaningful
way to compare the increased utility of the gainers with the
decreased utility of the losers. This older view rules out a
social welfare function defined in terms of individuals’
utilities and along with it any hope of an economic solution
to the quest for distributive justice.

The balancing of gains and losses through re-
distributions is the central economic issue in achieving
distributive justice. The newer breed of economists who
subscribe to the “New, New Welfare Economics” want to
say something about distributive justice, and in doing so
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they completely reject the older view. To make the flexible-
form approach operational in applied work, the researcher
must specify a particular social welfare function and
particular utility functions to serve as arguments in the
social welfare function. Once the particular functions are
specified, utility becomes cardinal and fully comparable
across individuals, in direct opposition to the older view.'”

The third reaction to the problems associated with the
social welfare function, commonly associated with the
public choice economists, is essentially one of indifference.
Public choice economists do not care that the social welfare
function is problematic because they do not accept it as a
valid concept. They deny that citizens enter the political
process to help resolve the public interest in distributive
justice. Instead, they argue that a society’s distributional
policies must be understood as evolving from the desires of
self-serving individuals who want to maximize their own
utilities. People do not spend their political energies trying
to formulate social welfare functions. There is no social
welfare function, and no need for one in public sector
theory.

CONCLUSION

The discussions in Chapter 3 on the distinction between
first-best and second-best analyses and on the problems
with the social welfare function conclude our introduction
to public sector theory. The thrust of the chapter has been
appropriately cautionary, a warning that the foundations
underlying normative public sector theory are less firm than
one would like. The chapter contains three main messages:

1. First-best analysis yields definite policy prescriptions
for solving society’s allocational and distributional
problems, but only by adopting patently unrealistic as-
sumptions. The main advantage of first-best analysis
is the intuition it gives about the nature of the problems.

2. Second-best analysis adds a dose of realism to public
sector analysis by explicitly addressing the policy and
market constraints under which governments operate.
But second-best analysis can never yield definitive pol-
icy prescriptions because a second-best model can
incorporate only a few of the underlying constraints.
Unfortunately, the results from second-best models
tend to be highly sensitive to the number and form of
the constraints that the analyst chooses.

3. The social welfare function is a central construct in
mainstream public sector theory and the theory’s only
indispensable political content. It has the dual analytical

13. Broadway and Wildasin (1984) have an excellent discussion of
restrictions on the social welfare function that make utilities comparable for
policy analysis (Chapter 10, 269-277). Roemer (1996) contains a broader,

deeper, and more up-to-date analysis of the same issue.

tasks of resolving the question of distributive justice and
selecting the one efficient allocation that maximizes
social welfare from the infinity of possible efficient
allocations. Yet, the social welfare function is highly
problematic. Particularly troublesome are the lack of
guidelines about what society’s ethical judgments
should be, the problem that a consistent social welfare
function may not emerge under conditions that would
be acceptable to a democratic society, and that demo-
cratic decision processes are susceptible to manipulation
by self-serving people in the form of lying to bias out-
comes in their favor. These three messages apply to all
of normative economics.

A fair short summary of the state of mainstream norma-
tive public sector economics would be as follows. Virtually
all mainstream normative public sector analysis relies on
variations of one model, Samuelson’s model of social wel-
fare maximization. But the consensus on the underlying
model has not yielded a consensus set of optimal policy
prescriptions for the allocation and distribution problems that
are the legitimate concerns of the government. The lack of a
policy consensus stems from the inherent limitations of first-
best analysis, second-best analysis, and the social welfare
function discussed in Chapter 3. These limitations notwith-
standing, normative public sector economics does offer
important insights into all the complex allocation and dis-
tribution problems that governments have been asked to
solve.

Chapters 4 through 11 in Part II turn to the first-best
theory of public expenditures and taxation, in which the
government is assumed to have all the necessary policy
tools to reach the bliss point on the first-best utility-possi-
bilities frontier. The first-best analysis is the core of
normative public sector theory. It yields the baseline “best
possible” results of public sector economics, with which the
more realistic second-best results are always compared.
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Part Il

The Theory of Public
Expenditures and Taxation:
First-Best Analysis

Part 1l presents the first-best analysis of public expen-
diture and tax theory in the context of a market
economy. Recall from the discussion in Chapter 3 that a
first-best policy environment exists if the market econ-
omy is perfectly competitive and the government can
use whatever policy tools that are necessary to achieve
full pareto optimality and the interpersonal equity
conditions of a social welfare maximum. In other
words, the government can bring the economy to the
bliss point on its first-best utility-possibilities frontier.

The first-best policy environment may seem unduly
restrictive, but first-best analysis is the appropriate way
to begin the study of the public sector. It serves as the
baseline for all public sector analysis by indicating the
maximum possible increase in social welfare that
public policies can achieve. The social welfare impli-
cations of second-best policy prescriptions are almost
always compared with their first-best counterparts. In
addition, the single set of first-best assumptions permits
an exploration of the essence of a technical market
failure such as an externality, along with the policy
required to correct it. All formal first-best analysis use
variations of the general equilibrium model of social
welfare maximization developed in Chapter 2, suitably
modified to highlight the problem under consideration.
In contrast, the restrictions added to the basic model to

make the policy second best contaminate the analysis
of the market failure and its solutions, with additional
factors that have to do with the second-best restrictions.
Finally, first-best analysis figures prominently in the
history of the discipline and in much of the conven-
tional wisdom on government policy. Virtually all
public expenditure analysis before 1970 employed the
first-best assumptions, as did much of the huge body of
literature concerned with issues of equity in the theory
of taxation. Second-best analysis in these two areas has
been commonplace since then, but much of the
received doctrine on public expenditures and income
distribution, which appears in the current under-
graduate public sector texts, comes from first-best
analysis. Only the allocational theory of taxation has
consistently employed second-best assumptions from
the very beginning of public sector economics, simply
because the welfare cost of taxation is inherently a
second-best topic. As we shall discover in Part I, all
interesting first-best efficiency issues relating to taxation
are effectively subsumed within the optimal public
expenditure decision rules.

The eight chapters in Part Il are structured as follows.

Chapter 4 begins with the distribution question, one of
the fundamental market failures requiring social
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decisions. The chapter describes how economists use
the social welfare function in applied research to
determine the effects of inequality and social mobility
on social welfare. Examples are drawn from the US
economy.

Chapters 5—9 then turn to the two most important
allocational market failures in a first-best environment:
externalities and decreasing cost production. Chapters
5—8 consider the theory of externalities, with applica-
tions to US policy, and Chapter 9 presents the theory of
decreasing cost production, also with US policy
applications.

Chapters 10 and 11 conclude Part Il with a discussion of
taxes and transfers from a first-best perspective. Chapter
10 briefly reviews the first-best optimal tax and transfer
rules developed to that point, stressing their limitations
as guidelines for actual tax policy. The rest of the
chapter is devoted to the theory of pareto-optimal
redistribution, which derives normative rules for optimal
redistribution without resorting to a social welfare

function. pareto-optimal redistribution is the normative
distribution theory favored by public choice economists,
who reject the concept of a social welfare function.
Chapter 11 introduces still another distributional norm,
the ability-to-pay principle of taxation and transfer,
which dates to Adam Smith and John Stuart Mill. The
ability-to-pay principle has always been the primary
guideline for tax design and tax reform in the United
States and other developed market economies. The
chapter begins by comparing the policy implications of
the ability-to-pay principles and the interpersonal equity
conditions of social welfare maximization. It then pres-
ents two applications of the ability-to-pay principle that
have been featured in the public sector literature. One is
how closely the US federal personal income tax adheres
to the principle. The other is whether the ability-to-pay
principle favors the taxation of income or consumption.
The chapter concludes with two practical issues relating
to the taxation of income from capital under an income
tax, how to adjust for inflation, and the appropriate
taxation of capital gains.
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One of the more difficult economic questions every soci-
ety must face is the fundamental question of distributive
justice: What is the optimal distribution of income? The
question cannot be avoided. It must be answered even if
the economy performs as well as it possibly can and
presents no other economic problems. Moreover, the
answer must come through the political process, not the
market system.

Chapter 2 began the analysis of public sector economics
when it presented the answer to the distribution question
given by the mainstream normative public sector model in a
first-best policy environment: The government should
redistribute any one good or factor lump sum to satisfy the
interpersonal equity conditions of an individualistic social
welfare function. For some good (factor) Xj, and H in-
dividuals, redistribute such that the social marginal utilities
of X are equal for all individuals, or
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The interpersonal equity conditions are necessary
conditions for a first-best social welfare maximum,
along with the pareto-optimal conditions. They are the
entirety of first-best distribution theory in the mainstream
model.

Chapter 4 begins Part II on first-best public sector the-
ory with some common applications of the social welfare
function in policy analysis. The applications are in the spirit
of the “New, New Welfare Economics,” which employs
flexible-form social welfare functions to show how ethical
judgments ranging from utilitarian to Rawlsian can instruct
public policy. Also, because the analysis is first-best, the
applications generally focus on the question of distributive
justice without worrying about the inefficiencies that actual
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redistributions of income give rise to. In other words, they
assume that the pareto-optimal conditions are satisfied,
unless specifically stated otherwise.

SOCIAL WELFARE AND THE
DISTRIBUTION OF INCOME: THE
ATKINSON FRAMEWORK

England’s Anthony B. Atkinson was a pioneer of the
“New, New Welfare Economics” in the early 1970s. He
became interested in the possibility of making social wel-
fare judgments based on the personal income data that
England and other developed capitalist countries were
collecting from surveys of the population. The US survey is
the annual Current Population Survey (CPS), which began
in 1947. The CPS surveys approximately 60,000 families
and unrelated individuals and is the principal source of the
federal government’s published statistics on personal in-
come, poverty, and other personal characteristics such as
family size and education.

Atkinson’s desire to meld social welfare and the in-
come data led him to specify the social welfare function in
terms of income. Write each individual’s (family’s) utility
as a function only of income, Y;, and the social welfare
function as

W =w({U" (1)) 4.2)
The relevant margin for the interpersonal equity con-
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product of the marginal social welfare weight
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private marginal utility of income, g5

The Atkinson Assumptions

Atkinson sought a very simple specification of W, one that
could easily be applied to the income data and yet would
capture the full range of ethical judgments from utilitarian
to Rawlsian. He achieved this with three highly simplified
and heroic assumptions: (1) the social welfare function is
utilitarian, (2) everyone has identical tastes, and (3) utility
exhibits diminishing private marginal utility of income.
Atkinson’s assumptions were widely adopted in applied
social welfare analysis. The assumptions deserve some
comment by way of justification simply because they are so
strong.

Utilitarian Social Welfare

Atkinson assumed that social welfare should honor the
impersonality principle, discussed in Chapter 3. The
simplest way to incorporate the principle is to assume that
social welfare is utilitarian, with the marginal social welfare
weights always equal to one:

Other researchers have chosen a less restrictive inter-
pretation of the principle: Individuals with equal utilities
should have the same social welfare weights. This varia-
tion permits flexible social welfare functions; nonetheless,
it retains the strong results that follow from Atkinson’s
three assumptions. The impersonality principle is espe-
cially compelling in a first-best environment. Practices
such as discrimination, which are used to justify affirma-
tive action policies, do not arise in a first-best
environment.

Same Preferences

This assumption is clearly false, but it can be justified in a
modeling context in one of three ways. The first is to view
it simply as an assumption by default. If we assume that
preferences differ, how should the differences be modeled?
No obvious answer comes to mind and, therefore, nothing
more really need be said. Still, the assumption can be
somewhat justified on other grounds.

A second possible justification is that differences in
preferences should not have any influence on policy de-
cisions (so long as tastes are not destructive). Most people
would argue that policy decisions should be based on dif-
ferences in peoples’ circumstances rather than differences
in their tastes, especially policies related to the distribution
question. How much income people have is what matters,
not what they choose to buy with their incomes.

A final possible justification is that people’s preferences
may well be quite similar if viewed from a lifetime
perspective. Differences in preferences may be largely
determined by different positions in the life cycle, holding
circumstances constant. Single 20-year-olds have different
preferences from married 50-year-olds. But the 50-year-old
father may have had much the same tastes as his 20-year-
old son when he was 20 years, and the 20-year-old
daughter may have much the same tastes as her 50-year-old
mother when she is 50 years and a mother.

Whether these last two justifications are convincing is
almost beside the point. The assumption of identical tastes
remains the only plausible default assumption for modeling
purposes.

Diminishing Marginal Utility of Income

The assumption of diminishing marginal utility is difficult
for economists to accept because diminishing marginal
utility of income is neither a necessary nor a sufficient
condition for any result in standard consumer theory. The
best case for it is the demand for insurance under expected
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utility maximization, which assumes invariance only up to
linear transformations of the utility function. People who
are risk averse act as if they have diminishing marginal
utility of income when they pay insurance premiums to
avoid exposure to risky future income streams. For
example, suppose people face a 50% chance of becoming
ill and losing $1000 as a result. The expected loss is $500,
yet most people would be willing to pay a premium
greater than $500 to insure against the possibility of the
$1000 loss. This implies that their utility gain from a $500
increase in income is less than the utility loss from a $500
loss in income; the marginal utility of income is
decreasing.

The insurance example refers to a single individual,
however. In a social welfare context, the utility comparison
is being made across individuals. The equal tastes
assumption combined with diminishing marginal utility of
income implies that the utility loss to the “rich” of taking $1
from them is less than the utility gain to the “poor” of
giving them the $1. The notion that the marginal utility of
income to the rich is less than the marginal utility of income
to the poor is undoubtedly appealing to many people,
especially at the extremes of income. It may even be the
primary reason why the majority of people in the United
States accept some redistribution of income to help the
poor. But this was precisely the kind of interpersonal
comparison of utility that the New Welfare Economics
rejected as meaningless in the 1930s. The New, New
Welfare Economics resurrected the notion of diminishing
marginal utility across individuals, which had been widely
accepted by political economists at the end of the nine-
teenth century.

The Bias Toward Equality

Atkinson’s three assumptions together imply a very strong
result in a first-best environment, the complete equality of
incomes. The optimal policy rule from the interpersonal
equity conditions is to tax and transfer lump sum to
equalize the social marginal utilities of income. With the
utilitarian social welfare function, however, the social
marginal utilities of income are the private marginal utilities
of income:

oW au"  au"

RALA AR 43
oU" oy, oY, 43)

with % = 1 for all h. Therefore, the interpersonal equity
conditions imply equalizing the private marginal utilities
of income:
Uh
IE conditions (under Utilitarianism): —
h

—alh=1,.. H

But assumptions two and three imply that everyone
transfers income into utility by means of the same concave
function. Therefore, the private marginal utilities of income
are equal if and only if everyone has the same income, the
mean level of income. The government should lump-sum
tax everyone above the mean down to the mean, and
lump-sum transfer everyone below the mean up to the
mean.

Figure. 4.1 illustrates that everyone transforms income
into utility according to the function U(Y); the slope of U(Y)
is the private marginal utility of income. Suppose there are
initially two classes of people, the “rich” with incomes of
Yg above the mean and the “poor” with incomes of Yp
below the mean. The MUy, < MUy,, so that aggregate
utility can be increased by taxing the rich and transferring
to the poor. The inequality continues to hold, and aggregate
utility can be further increased, until each has reached the
mean. At that point the marginal utilities are equal, the
interpersonal equity conditions are satisfied, and aggregate
utility is at a maximum.

Very few people would support the complete leveling
of incomes, yet this result is commonplace in public
sector modeling. Almost all mainstream public sector
models of social welfare reach the conclusion that if
redistribution is costless (i.e., lump sum), then incomes
should be equalized after tax and transfer to maximize
social welfare. The underlying reason for this result
is that Atkinson’s assumptions, heroic as they may be,
have been widely accepted by public sector economists,
especially the assumptions of identical preferences and
diminishing marginal utility. As noted above, models do
often use nonutilitarian social welfare functions with
varying social welfare weights. But if the social welfare
function honors the impersonality principle by giving
equal social marginal welfare weights to those with equal
utility levels and the other two assumptions are main-
tained, then the equal-incomes implication of the

|
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FIGURE 4.1
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interpersonal equity conditions obtains with lump-sum
redistributions.

In other words, Thurow’s contention that there is a
strong bias toward equality in the United States, noted in
Chapter 1, has been incorporated into mainstream public
sector theory. Thurow also maintains that the bias is so
strong that inequality has to be justified. The standard
justification for inequality among economists is that
redistribution is not costless. Governments are forced to
use distorting taxes and transfers to redistribute income,
not lump-sum taxes and transfer, so that redistribution
causes efficiency losses. At some point short of equality,
the additional efficiency losses of further redistribution
more than offset the equity gains, and redistribution
should stop.

Okun’s Leaky Bucket

Arthur Okun described the redistributions as if occurring
with a leaky bucket, an image of the efficiency losses that
has stuck in the literature Okun (1975). He imagined the
rich dropping their tax dollars in a bucket, which a gov-
ernment official then carries to the poor. The bucket leaks,
however, so that the poor receive fewer dollars than the rich
had placed in the bucket. The leaks take three forms: the
administrative costs to the government of taxing and
transferring; the costs to the taxpayers and transfer re-
cipients of complying with the laws, such as filing tax
returns and applying for public assistance; and the dead-
weight efficiency losses in the marketplace as the tax and
transfer programs cause buyers and sellers to face different
prices for the same goods and factors.

The rich—poor example illustrates the effect of Okun’s
leaky bucket on the optimal amount of redistribution. With
lump-sum taxes and transfers (no leaks), the redistribution
continues until:

MUy, = MUy, 4.4)

which is full equality. In terms of the effect of the redistri-
bution on social welfare, think of the MUy, as the mar-
ginal cost and the MUy, as the marginal benefit. The
redistribution continues until the marginal cost and mar-
ginal benefit are equal, the standard result. Okun’s leaky
bucket introduces an additional marginal cost from the
three sources noted above, so that the full marginal cost
of redistributing is the sum of the marginal costs borne
by the rich plus the leaky bucket. Therefore, with distort-
ing taxes and transfers (a leaky bucket), the redistribution
continues until

MUYR + MCLB = MUYp (45)

where MCy g is the marginal cost of the leaky bucket. Since
MUy, < MUy, at the optimum, Yr > Yp. Referring again to
Fig. 4.1, the initial situation pictured there could be the final

equilibrium with distorting taxes and transfers. In Thurow’s
terms, the marginal costs of Okun’s leaky bucket justify the
remaining inequality.

The Atkinson Social Welfare Function

To obtain more specific results than simply equality versus
inequality requires specifying a particular utility function.
Atkinson chose the following utility function:

1
(1—e)
. . . . . 1
where e is a measure of society’s aversion to inequality.

The utilitarian social welfare function, W, under the
assumption of equal tastes for all H individuals, is

H H 1 (1 )
W = Ut = Yy
2= it

Atkinson chose this utility function because it is espe-
cially easy to apply in social welfare analysis. It has the
following useful properties.

Uh _

Y\ e =10, ] (4.6)

4.7)

The Private Marginal Utilities of Income

The private marginal utilities of income, which are relevant
to the interpersonal equity conditions, are simple functions
of income and society’s aversion to inequality:

au"

- = MUy, =

3, (4.8)

Yi
Marginal utility decreases with increases in Y, as

required. Also, the ratio of the marginal utilities for any two
people is a simple ratio of their incomes. Returning to the

rich/poor example,
MUy,  (%R)\°
MU,, \Y%

Therefore, the social welfare implications of any small
redistribution of income are easily determined.

(4.9)

Society’s Aversion to Inequality

Society’s aversion to inequality applies directly to indi-
vidual incomes in Atkinson’s specification rather than to
the marginal social welfare weights, which are all equal to
unity. The limits of the aversion-to-inequality parameter e

1. This utility function is commonly employed in the theory of risk taking
because it exhibits constant relative risk aversion, meaning that the elas-
ticity of marginal utility with respect to income is constant. The reader can
verify that the elasticity equals -e for Atkinson’s utility function. See
Atkinson (1983).
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are the utilitarian and the Rawlsian cases. To see this, refer
to the ratios of marginal utility above.

If e=0, then U"=Y;, and W = ZhH:th. Social wel-
fare is utilitarian in income. All marginal utilities are equal
to unity so that redistributing cannot raise social welfare, no
matter how large the difference between Yr and Yp. Society
is indifferent to the distribution of income.

If e= o, the ratio of marginal utilities is infinite and
would be no matter what the discrepancy in income is
between the rich and the poor. Because the marginal utility
of the poorer of two people receives a relatively infinite
weight, the poorest member of society receives an infinitely
greater weight than anyone else. In effect, then,

W=min (Yj,..., Yp,..., Yg). Social welfare is Rawlsian
in incomes; society is as egalitarian as possible.

Finally, increases in e between 0 and o increase the
ratio of marginal utilities for any given difference in in-
comes YR and Yp. Society’s aversion to inequality increases
as e increases.

Okun’s Leaky Bucket Again

Atkinson’s social welfare function can be applied to the
CPS data on income to make social welfare inferences
about the distribution of income in the United States. One
of the more interesting early applications of Atkinson’s
framework was due to Arnold Harberger. He combined
Atkinson’s social welfare function with Okun’s leaky
bucket to argue that the United States does not care very
much about inequality Harberger (1983).

At the time Harberger wrote, the average income of
those in the top 10% of the income distribution was
nine times greater than the average income of those in
the bottom 10%. Designating the average income of those
at the top Yr and the average income of those at the
bottom Yp,

Y= 9
— == 4.10
Y, 1 (4.10)

Suppose, said Harberger, that the aversion to inequality
parameter e were equal to 1/2, fairly close to the utilitarian

indifference to inequality (e = 0). Then,

MUy,  (Yr\*> (9
MUy, <YP) ; <1>
With e = 1/2, society believes that MUy, = 3MUy,. In
other words, society believes that an additional dollar of
income is worth three times as much to the poorest people
than to the richest people, yet it stops redistributing at a
point at which the disparity in incomes between the richest
and poorest is very large, nine to one. Suppose inequality is
justified by the inefficiencies of redistributing as main-
stream economists believe. Then these numbers imply that
Okun’s bucket has a huge leak, 67 cents on the dollar.

o=
o=

? @.11)

Society permits a nine-to-one income disparity because it
believes that only 1/3 of each additional dollar taken from
the top income group in taxes would reach the bottom in-
come group in transfers.

Harberger thought a leak of 67 cents on the dollar was
absurdly large. At the time, the best estimates of the mar-
ginal dead weight loss from income taxes were on the order
of 10 cents on the dollar, and everyone assumed that the
administrative and compliance costs of income taxes were
negligible. Therefore, Harberger concluded that the
aversion-to-inequality parameter in the United States must
be quite a bit less than 1/2 to justify such a large disparity in
the richest and poorest incomes, that is, e is very close to
zero. The United States does not care very much about
inequality.

Harberger may not be correct. Estimates of the marginal
costs of redistributing have been steadily increasing since
he wrote. Estimates of the marginal dead weight loss from
income taxes are now all over the map, but the average
estimate in the literature is probably on the order of 30—40
cents on the dollar, with the high-end estimates at $1 or
more. Also, economists are finding that the compliance
costs of income taxes may be fairly substantial, perhaps as
much as 10 cents per dollar of revenue collected. The point
is that an estimate of a leak in Okun’s bucket of 67 cents on
the dollar, or even more, would not be considered
outlandish today. Had Harberger known of these higher
estimates, he might have concluded that the appropriate
aversion to inequality parameter for the United States was
1/2, or even higher. At the same time, the disparity in in-
comes among the richest and poorest groups has also been
steadily increasing; it now exceeds 15 to 1. The increasing
inequality would tend to lower the estimate of e for the
United States. Whatever the true value for e may be, Har-
berger’s calculations illustrate that the Atkinson social
welfare framework offers a very convenient first-pass
means of thinking about the equity-efficiency trade-off in
redistributing income.

Social Welfare Indexes of Inequality

Atkinson was particularly interested in the social welfare
implications of inequality. His approach was to incorporate
the social parameter e, the aversion to inequality, directly
into an index of income inequality. He was widely followed
in this and spawned a huge literature on inequality
measurement.

The most popular way of presenting data on the dis-
tribution of income has always been the Lorenz curve and
its associated Gini coefficient. The Lorenz curve compares

2. A more recent test of students to determine their aversion to inequality
found that it was very low, around 0.25, much as Harberger had surmised.
See Amiel et al. (1999).
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the cumulative percent of the total income with the cu-
mulative percent of the total population, when individuals
(or families) are ordered from lowest to highest income
(Fig. 4.2). The Lorenz curve is typically drawn inside a
square. The bottom of the square, the horizontal axis, re-
cords the cumulative percent of the total population; the
sides of the square, the vertical axes, record the cumulative
percent of the total income earned by each cumulative
percent of the population.

Every Lorenz curve must begin in the lower left-hand
corner (0% of the population earns 0% of the total in-
come) and end at the top right-hand corner (100% of the
population earns 100% of the total income). The diagonal
of the square is the line of perfect equality; each x% of the
population earns x% of the total income. Actual Lorenz
curves lie below the diagonal because incomes are un-
equally distributed. The further below the diagonal the
Lorenz curve lies, the more unequal the distribution of
income.

The distribution on income by quintiles for US fam-
ilies and households in 2011 is presented in Table 4.1,
and the Lorenz curve in Fig. 4.2 represents the household
data.

The Gini coefficient is the ratio of the area A between
the Lorenz curve and the diagonal to the entire area under
the diagonal, A + B:

Gini = 4.12)

(A+B)
Its values lie between 0 (A =0, perfect equality) and 1
(B =0, perfect inequality in the sense that one person has
all the income).
Atkinson used his social welfare framework to think
about the following problem. Consider two different dis-
tributions of income that have the same means:

Yt = (v},...,Y),....Y;) and
Y2 = (Y7, YY)

Let W be the social welfare associated with Y*, and W2
be the social welfare associated with distribution Y.
Assume, as above, identical tastes and diminishing private
marginal utility of income (that is, social welfare cannot be
utilitarian in income). Can anything of a general nature be
said about W* versus W”?

The answer is yes, under certain conditions. Atkinson
proved, in the case of equal means, that W2 > W* for all
values of e # 0if and only if the Lorenz curve for distribution
Y® lies everywhere inside the Lorenz curve for distribution ¥*
Atkinson (1970). Y? is said to Lorenz dominate Y. The
intuition is that under Lorenz dominance the more equal
distribution can be obtained from the less equal distribution
by a top-down redistribution from those with higher income
to those with lower income. Such a top-down redistribution
must increase individualistic social welfare under diminish-
ing marginal utility of income, because the utility gains of
those with lower income exceed the utility losses of those
with higher incomes per dollar of income transferred.
Atkinson’s theorem was the first direct link between social
welfare and the Lorenz curve representation of inequality.

Atkinson’s theorem has limited applicability for two
reasons. One is that two distributions often have different
mean incomes and the other is that the two Lorenz curves
may cross.

TABLE 4.1 Personal Distribution of Income in the United States: Families and Households, 2011

Bottom

20%
Percentage of total income for families 3.8
Percentage of total income for households 3.2

U.S. Census Bureau (2013). Available on the Bureau’s Web site.

Quintile
Second Third Fourth Top
20% 20% 20% 20%
9.3 15.1 23.0 48.9
8.4 14.3 23.0 51.1
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Generalized Lorenz Dominance

Tony Shorrocks extended Atkinson’s theorem to distribu-
tions with different mean incomes by defining a “general-
ized” mean-augmented Lorenz curve of the following form
Shorrocks (1983). Represent the standard Lorenz curve for
the 100p% poorest individuals as

L(p) = Y() + ... + Y()/Hu

where H is the total population; j=1,..., H; p =j/H; and
u is the mean income. Shorrocks’ generalized mean-
augmented Lorenz curve is

GL(p) = uL(P) = [Y(1) + ... + Y(j)|/H

Points on GL(p) are a hybrid per capita income mea-
sure in which the numerator is the sum of the incomes of
the 100p% poorest individuals and the denominator is the
total population. Consequently, the vertical axis of the
generalized Lorenz curve runs from O to the mean level of
income, as pictured in Fig. 4.3. Also, the diagonal is still
the line of perfect equality. If income were equally
distributed, any 100p% of the population would have a
hybrid per capita income equal to 100p% of the mean
income.

Shorrocks showed that for two income distributions,
Y* and Y2, W2 > WA for all e # 0 if and only if GLg(p) >
GLy(p) for all p [0, 1]. That is, the generalized Lorenz
curve for Y7 lies everywhere above (Lorenz dominates)
the generalized Lorenz curve for Y*. Notice that one
requirement for ¥” to have higher social welfare is that it
must have a larger mean: u® > u* at p = 1. The intuition
behind Shorrocks’ theorem, then, is that YZ has higher
social welfare because 100p% of the poorest people
always have a higher share of a larger mean income
relative to Y.

(4.13)

(4.14)
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Crossing Lorenz Curves

Unfortunately, Lorenz and generalized Lorenz curves may
cross, in which case, Atkinson’s and Shorrock’s theorems
do not apply. Distributions whose Lorenz curves cross
require a specific social welfare function to determine
which has higher social welfare because different values of
e (# 0) can generate different social welfare rankings.
Fig. 4.4 illustrates for the standard Lorenz curve. The
Lorenz curves in the figure cross once, at 15% of the total
population. A social welfare function that gives a large
weight to the bottom 14% of the population might prefer
distribution YA, because the bottom 14% receive a higher
share of the total income under Y*. Conversely, a social
welfare function that gives a large weight to the bottom
16% of the population might prefer distribution ¥?, because
the bottom 16% receive a higher share of the total income
under Y®. Society’s aversion to inequality matters in
ranking the two distributions.

Atkinson’s Index of Inequality

Atkinson proposed to rank instances of crossing Lorenz
curves by constructing an index of inequality that directly
incorporates society’s aversion to inequality into the index.
As noted earlier, his proposal stimulated a large number of
imitators. Social welfare-based indexes of inequality have
been widely used for determining the incidence of gov-
ernment expenditures and taxation from a social perspec-
tive, as well as in the analysis of income distributions. We
will discuss some of the incidence applications in later
chapters.

Atkinson’s index of inequality follows directly from his
social welfare framework and is constructed as follows.
Using Eqn (4.7), calculate the level of social welfare, WA,

100

Cumulative percent of total income

A

B.
0 15 100
Cumulative percent of population

FIGURE 4.4
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implied by the distribution Y*, for a given value of e. Next,
determine the amount of income that, if given equally to
everyone, would generate the same level of social welfare,
W, as the given distribution. Atkinson called this income
the “equally distributed equivalent” income, labeled Yege.
For Atkinson’s social welfare function, Y4, is a solution to
the equation:

H YU*e)
(1 76‘) ede

Finally, use Y. to form the following index of
inequality:

W =

(4.15)

Yede

Ymean

I(e) = 1— [ (4.16)

Note that the index depends on the aversion to
inequality parameter e.

I(e) has two attractive properties. First, I =0 represents
“perfect equality” and /=1, “perfect inequality,” in line
with most indexes of inequality. / = O either if everyone has
the same income so that Yege = Yiean, Or if e =0 and so-
ciety is indifferent to inequality because social welfare is
utilitarian in income. I =1 if social welfare is Rawlsian,
with e = . Second, I(e) has a natural interpretation of the
social cost of inequality for given values of e. Suppose

I(e) =0.25. Then {%} = 0.75. In other words, the index

} I(e): [0,1]

says that society could have the same level of social welfare
with only 75% of the total income if income were equally
distributed. Twenty-five percent of the total income can be
viewed as the social cost of the given inequality. Note,
finally, that any two distributions can be ranked using
Atkinson’s index of inequality.”

Inequality versus Social Welfare: Sen’s
Critique

Amartya Sen, the 1998 Nobel Laureate in Economics, is
one of the leading economic theorists working on the
problems of inequality, poverty, and social justice. He has
been highly critical of all attempts to incorporate social
welfare into indexes of inequality. Sen argues that social
welfare and inequality are both primitive concepts, mean-
ing that one cannot be derived from the other as Atkinson
and others have tried to do. This is most easily seen if social
welfare is utilitarian in terms of income (e = 0). Suppose
society consists of two people and consider the two
distributions:

Y* = ($5,%5) and Y? = (0,$10).

3. Peter Lambert has written an excellent survey of the relationship be-
tween income measures of inequality and social welfare Lambert (1993).

Everyone would say that Y? is the more unequal dis-
tribution, yet they both yield the same social welfare with a
utilitarian social welfare function.

Sen points out that the fundamental inconsistency between
social welfare and inequality is not limited to the knife-edge
utilitarian case. It is a more general problem. To see this,
suppose that ¢ >0 and the incomes of the two people are
unequal. Consider a reverse Robin Hood transfer of $1 from
the poorer person to the richer person. Ask what happens as e
decreases to the inequality of income, the inequality of utility,
and the change in social welfare. Use Atkinson’s social wel-
fare framework to make the comparisons.

Inequality of Income

The inequality of income does not change. All straight
measures of income inequality, such as the Gini coefficient,
do not incorporate social welfare and are therefore inde-
pendent of e.

Inequality of Utility

The inequality of utility increases. The change in the
inequality of utility from the transfer is the sum of marginal
utilities of income, MUy, + MUy,. The utilities of the two
people are being driven further apart by the transfer. But
MUy = (1/Y®), which increases as e decreases for all Y.
Therefore, the sum of the marginal utilities increases as e
decreases.

Social Welfare

The change in social welfare may decrease. The change in
social welfare from the transfer is the difference in the
marginal utilities of income, MUy, — MUy,. Giving the
higher income person one more dollar increases social
welfare by MUy, ; taking the dollar from the poor decreases
social welfare by MUy,. The difference in marginal

utilities, (1/Y5) — (1/Y§), can become less negative as e
decreases for certain ranges of incomes and e, as the reader
can verify.

Sen’s examples suggest that attempts to infer changes in
social welfare from changes in inequality are problematic,
the more so if a nation cannot reach a consensus on its
aversion to inequality Sen (1982).

The Atkinson Framework and Inequality
in the United States

John Bishop, John Formby, and James Smith (BFS) applied
the Atkinson framework to the CPS income data from 1967
to 1986 to track changes in social welfare over those
20 years. They found that Lorenz curves calculated from
the CPS data crossed in 7 of the 20 years. The CPS data are
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just a sample of the entire US population, however. Given
the sample variance of incomes, BFS developed a test of
statistical significance for Lorenz curve crossing. They
concluded that the Lorenz curves crossed only once, from
1973 to 1974, on the basis of statistical significance. In all
other year-to-year comparisons, the new Lorenz curve was
either entirely inside or entirely outside the old Lorenz
curve in a statistical sense.

The change in social welfare from one year to the next
depends on the change in the mean level of income and the
change in inequality as measured by the year-to-year
positions of the Lorenz curves. An increase in the mean
increases social welfare and an increase in inequality de-
creases social welfare (and vice versa). BFS discovered
three distinct periods in the data, each with a consistent
pattern in the year-to-year changes:

1967—78—Social welfare increased; the
increased and inequality decreased.
1979—83—Social welfare decreased; the mean was
essentially constant and inequality increased (the in-
crease in inequality was “relatively massive”).
1983—86—Social welfare increased; the mean
increased, and inequality was essentially constant.

mean

Their findings produced one major surprise. The deep
recession of 1974/75 did not prevent a continuing decrease
in inequality that had been ongoing for 7 years, whereas the
deeper recession of 1981/82 led to a massive increase in
inequality. Why inequality responded so differently to the
two recessions remains an intriguing open question Bishop
et al. (1991).

SOCIAL WELFARE AND CONSUMPTION:
THE JORGENSON ANALYSIS

Dale Jorgenson provided an important extension of
Atkinson’s social welfare analysis shortly after Atkinson’s
work appeared. He developed a method for linking mea-
sures of social welfare to people’s consumption patterns
rather than their incomes Jorgenson (1990).

Econometric demand analysis of aggregate consump-
tion data was well established by the mid-1970s, including
estimation of the aggregate consumption function and
major categories such as food, clothing, and transportation.
Panel data sets that permit more microeconometric demand
analysis were not yet available. Jorgenson’s idea was to
meld econometric demand analysis with the social welfare
function by using the estimated demand equations for the
major consumption categories to track changes in social
welfare over time. His approach has three distinct steps:

1. Posit individual utility functions defined over a set of
consumer goods and derive demand equations for the
goods from the utility functions.

2. Estimate the demand equations in a manner that allows
for recovery of the unknown parameters of the utility
functions.

3. Use the estimated utility functions as the arguments of a
flexible-form social welfare function that registers soci-
ety’s aversion to inequality, and track changes in social
welfare over time.

The Estimating Share Equations

Jorgenson begins by assuming that each household, 4,
has an indirect utility function, Vh, defined over three
sets of arguments: the prices of the various consumer

=g .
goods, Py; the household’s income, Mh; and a vector of

h
household characteristics, X , such as family size, age
of the head of household, and where the household
resides:

h hi B w3
Vi =y (Pk;M A ) h=1,..H (417

The parameters of V" are assumed to be equal for all
households and constant over time. That is, households
have identical, unchanging tastes. They also face the
same vector of consumer prices. Therefore, the differ-
ences in households’ utilities are due entirely to differ-
ences in their circumstances, that is, their incomes and
characteristics.

Jorgenson employed the transcendental logarithmic
(translog) indirect utility function to approximate the true
indirect utility function. The translog is a second-order
Taylor series expansion in the logs of the independent
variables around their means (each independent variable is
scaled by dividing by its own mean, so that the log at each
variable’s mean is zero). For example, the translog
approximation of V" assuming N prices and a single
characteristic A", is

N
In V" => a;ilnPi+ay In M" + ay In A"

i=1

N N N
+1/2Z Zﬁ,«jlnPilnR,+ZﬁiMlnPilth
j=1

i=1 j i=1

N
+ " B In Py In A"+ 1/26, In M” In A"
i=1
+ 1/2Byps (I M")* + 1/26,, (In A*)?
(4.18)
The estimating equations are obtained by taking log

derivatives of the translog function with respect to each of
the prices and income:

dlnV" V" P,
dlnP, 9P, V"

k=1,...N (4.19)
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From Roy’s identity, (OV"/9Py) = "Xy, where A" is the
marginal utility of income for household #/, and Xy is the
consumption of good k by household /. Therefore,

9 1n V" PX,
811r11Pk = ’;/h“k k=1,...N (4.20)
Similarly,

IV ovh M" XM

4.21)

dlmM"  oM" vV,  Vh
Dividing Eqns (4.20) by (4.21) yields:
(a In v")
dIn P P.X
v D N (4.22)

(a I w) M
d In M"
the expenditure share of good k for household h. The
expenditure shares become the dependent variables in the
demand estimation. The advantage of using the expenditure
shares is that the researcher does not have to worry about
separating out prices from quantities.

Next, write out the price and income derivatives of the
translog function to see the full system of estimating
equations:

O V! S B0 Pyt g It
= ik Iy n
P, T . (4.23)
+B8unA" k=1,...N
dln V"

N
= aM+ZﬁiM1nPi+BMM1th+5MA In A"

i=1

J1n Pk
4.24)

Dividing each of the N Eqns (4.23) by (4.24) yields the
entire system of share equations to be estimated. The left-
hand sides (LHSs) are the N expenditure shares. The
right-hand side (RHS) is a nonlinear combination of the
independent variables and the coefficients of the translog
utility function. The system can be estimated by nonlinear
estimating techniques if the data on the individual house-
holds are available.

The required microdata were not available to
Jorgenson, however. He had individual household data on
income and characteristics from surveys such as the
annual CPS, but he only had aggregate US data on the
expenditure shares for most years. The question, then, was
whether the parameters of the individual household’s
translog utility function could be recovered from an
estimation on the aggregate expenditures shares. The
answer in general is no, without further restrictions on the
utility parameters beyond the restrictions implied by
utility maximization.

The problem without further restrictions can be seen as
follows. Think of each coefficient in the share equation as a
coefficient in the price derivative Eqn (4.23) divided by the
entire RHS of the income derivative Eqn (4.24). The share
coefficients defined in this way are functions of all the
prices, income M”", and the single individual characteristic
A" Next, compute the aggregate shares from the individual
shares. The aggregate shares are weighted averages of the
individual shares, with the weights equal to each house-
hold’s share of total income:

P.X

ZMhth _ ZMthth _ ; K

W M W

h ;M h ZMh ;M
h

The aggregate share coefficients as defined above would
vary depending on the distribution of income and the
characteristic across households. They would not be the
same as the coefficients from each household’s share
equation, and they must be the same to recover the indi-
vidual utility parameters in the estimation.

The weakest restriction that makes the aggregate and
individual share coefficients the same is that the individual
expenditure shares are linear functions of the household’s
income and characteristic. This in turn requires that the
RHS of Eqn (4.24) be independent of a household’s income
and characteristic, or that 8y = B4 = O for the system as
written above. Jorgenson refers to these two restrictions as
the exact aggregation restrictions. With these two re-
strictions, the individual share coefficients defined by
dividing Eqn (4.23) by Eqn (4.24) as above are functions
only of the prices. Write:

= W/ (4.25)

Wi = o+ > B InPi+ By, In M" + 8, In A"
k=1,..N: h=1,.. H
(4.26)
where the o/, 8 coefficients are the «, B coefficients in
Eqn (4.23) divided by Eqn (4.24) with the aggregate aggre-

gation restrictions imposed.
The aggregate shares are

ST MWy
WAgg _ h
k - ZM},
h
ST M" In M"
= aL—FZﬁ;»klnP,-—l-,G;(M : S M
i n
S M" In A"

h
P !
h

=1,...,N 4.27)
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The only difference in the individual and aggregate
share equations is the independent variables. The aggregate
shares are regressed on income-weighted shares of indi-
vidual household’s income and characteristic, so that the
aggregate shares depend on the joint distribution of in-
comes and characteristics. But, the coefficients in the
aggregate and individual share equations are the same.
Therefore, the parameters of the individual translog utility
function can be recovered from estimates of the aggregate
share equations, as required.

The remaining issue is to ensure that the estimated sys-
tem of share equations, Eqn (4.27), is consistent with con-
sumer theory, so that the system can be derived from a
translog indirect utility function of the form of Eqn (4.18).
For this to be true, the coefficient estimates must satisfy the
integrability conditions on demand functions, which requires
imposing a large number of a priori restrictions on the co-
efficients both within and across equations. To give one
example, the matrix of the price coefficients B,, must be
symmetric. Jorgenson shows that the integrability condi-
tions, combined with the exact aggregation restrictions, lead
to a translog utility function of the form (in vector notation)

InV" = Inp'a, +1/2Inp'B,, Inp — D(P)

4.2
In [M" /i (P, A")] @29

where D(p) is the denominator of the share equations, Eqn
(4.24), with the exact aggregation restrictions imposed, and
the normalization ozl’jl = —1. m°P, A" is a translog
household equivalence scale that captures the effect of
the household’s characteristics on its utility level. It can
be interpreted as the number of household equivalent mem-
bers, so that the bracketed expression at the end of Eqn
(4.28) is the per capita expenditure defined in terms of
household equivalent members. Equation (4.28) is the cen-
tral equation used to track changes in social welfare over
time."

4. The discussion in the text ignores a number of other econometric is-
sues associated with estimating the system of share equations so that the
system is consistent with consumer theory, such as the nature of the
error-covariance matrix for the entire system, and further coefficient re-
strictions that Jorgenson imposes to reduce the number of coefficients to
be estimated or to allow him to ignore parameters in In V" in Eqn (4.18)
that do not appear in the system of share Eqns (4.26) and (4.27). Our goal
is to give an overview of Jorgenson’s approach without getting bogged
down in the econometric details. A complete discussion of the estimation
of the translog indirect utility function (4.18) can be found in Jorgenson
(1990). Another excellent and readily accessible overview of the Jor-
genson approach to measuring social welfare is contained in Jorgenson
(1985). See also the cautionary notes by Fisher, Blackorby, and
Donaldson on the implicit assumptions behind Jorgenson’s use of
household equivalence scales and the cardinalization of utility when
making interpersonal comparisons (Fisher, 1987) (Blackorby and
Donaldson, 1988). A good general reference on social welfare mea-
surement is Section 3 of Slesnick (1998).

Social Welfare

Once the translog utility parameters have been estimated,
each household’s indirect utility is determined by
substituting the values of the prices, the household’s in-
come, and the household’s characteristic(s) in Eqn (4.18).
Social welfare is then a function of the households’ indirect
utility functions, In V.

Jorgenson assumed that social welfare should depend
positively on the mean level of utility and negatively on
two factors: the inequality of households’ utilities around
the mean and Atkinson’s aversion to the inequality
parameter e. He chose a social welfare function of the

general form
W=InV-g(InV—InV"e) (4.29)

In V is a weighted average of the logs of the indirect
utilities, with the weights equal to the household equiva-
lence scale, mO(P, Ah):

S mO(P, A" In V"
h

Eh:mO(P,A’“)

InV =

(4.30)

As in Atkinson, e = [0, %], with e = 0 representing the
utilitarian case of no concern for inequality and o repre-
senting the most egalitarian Rawlsian case. g( ) is a com-
plex function with the following properties:

1. g1, g»>0; g increases and social welfare decreases if
either inequality increases or society’s concern for
inequality increases.

2. g=0if either V" =V for all & (there is no inequality) or
e =0 (society is unconcerned about inequality). Notice
that, under either condition, W is maximized and equal
to In V for a given sum of the households indirect utilities.

3. gyields equal-weighted social marginal utilities and sat-
isfies the impersonality principle, in the sense that two
people with the same level of indirect utility have the
same effect on g and, therefore, on W.

Given W, the researcher can track social welfare over
time as a function of prices, Ps;, households’ incomes, M,h;
households’ characteristics, Aﬁ’; and society’s aversion to
inequality, e;, which might also change over time. The only
maintained hypotheses are that individual preferences
remain constant over time (the estimated coefficients of the
indirect utility function are unchanged) and that the form of
W also remains the same.’

5. The social welfare rankings over time implied by W are invariant to
linear transformations of the indirect utility functions of the form
Vv =g + th, with a and b the same for all households. The indirect
utility functions are cardinal and fully comparable under this condition.
The exact form of W, along with a complete discussion of its properties, is
in Jorgenson (1990).
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Income Measures of Social Gain and Loss

Jorgenson’s final contribution was to propose income
measures of gains and losses in social welfare comparable
to the Hicksian compensating and equivalent variations
(HCV and HEV, respectively) that are used to measure
gains and loses of individual well-being. The Hicksian
measures are derived from the consumer’s expenditure
function. Jorgenson derives his income measures from a
concept that he calls the social expenditure function. A
brief review of the consumer’s expenditure function will be
useful to understand Jorgenson’s analogous social expen-
diture function and his income measures of social welfare
gains and losses.

The Expenditure Function, HCV, and HEV®

The expenditure function follows directly from the dual to
the standard consumer problem of maximizing utility sub-
ject to a budget constraint. The dual problem is to minimize
“expenditures” subject to utility being held constant:

min iini
(x) =
st. U(X;) =0

where the X; are the quantities and the g; are the prices of the
goods and variable factors. “Expenditures” is understood to
mean expenditures on all goods and services less income
from all variable factors, given that the X; include all variable
factors supplied. The first-order conditions of the dual solve
for goods demand and factor supply curves of the form:

X, = Xi(q;0), for i = 1,...,.N 4.31)

These are compensated demand and supply curves; they
show they consumer’s response to price changes given that
utility is held constant at U. (By contrast, the ordinary
market demand curves show responses to price changes
given that lump-sum income is held constant.)

To form the expenditure function, replace the X; in the
objective function of the dual with the compensated supply
and demand relationships (4.31) to obtain:

N
M(q;0) => aX{(q:0)

i=1

(4.32)

The function, M, is the consumer’s expenditure func-
tion, defined solely in terms of prices and a constant utility
level. Since the function is derived from the dual of the
standard consumer problem, it is certainly a valid repre-
sentation of consumer’s preferences. Furthermore, the

6. This section can be skipped by students familiar with the expenditure
function and the Hicksian compensation measures of individual welfare.

relationship between a primal problem and its dual gua-
rantees that the value of the expenditure function equals the
consumer’s lump-sum income when U is set at the
maximum utility level obtained from solving the standard
utility maximization problem.

Hicks’ Compensating and Equivalent
Variations

Economists are naturally interested in knowing whether
changes in prices increase or decrease the consumer’s
utility and by how much. Direct utility measures are not
useful for this purpose, however, because they require
cardinality, the choice of a particular utility index, even
though consumer’s demands (and factor supplies) are
invariant to monotonic transformations of the utility index.
Rather, one wants an income measure of gains and losses
that is invariant to monotonic transformations of the utility
index. The proper income measure is based on the notion of
compensation, or indifference: How much lump-sum in-
come (payment) is required to keep the consumer indif-
ferent to the change in prices? The expenditure function
provides the basis for this measure, because for any price
vector ¢, M(q; ﬁ) gives the minimum expenditures, or
lump-sum income, required to keep the consumer at an
arbitrarily selected utility level, U.

To relate the expenditure function to the standard
treatment of income-compensation criteria in terms of
consumer indifference curves, consider a two-good example
in which all factor income is lump sum because of fixed
factor supplies. Suppose that the consumer is originally in
equilibrium at point A on /; in Fig. 4.5, with relative prices
q1/q; indicated by the slope of the budget line tangent to /;
at A. Suppose the price of X, increases, resulting in a new
equilibrium at point B in Fig. 4.5 (assume the consumer’s
lump-sum income remains unchanged).

Xz

FIGURE 4.5
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The parallel distance between I; and Iy gives an in-
come measure of the welfare loss caused by this price
increase. The distance is invariant to monotonic trans-
formations of the utility index because the indifference
curves are invariant to these transformations. In general,
there is an infinity of possible income measures since the
parallel distance between | and [, varies depending on the
slope of the parallel lines used to measure the distance.
The two most popular, and natural, choices used to mea-
sure the parallel distance are the slopes corresponding to
the initial and final price vectors.

In Fig. 4.6, the parallel distance from point B to C gives
the additional lump-sum income necessary to compensate
the consumer for the new set of prices. With this additional
income the consumer would remain on I; (at point C)
despite the higher prices and would therefore be indifferent
to the new prices. This income measure is HCV. The par-
allel distance from point A to D gives the lump-sum income
the consumer would be willing to sacrifice to maintain the
old set of prices. By giving up this income, the consumer
would remain on Iy (at point D) despite facing the original
prices and would therefore be indifferent to returning to the
original prices. This income measure is HEV.

In general, the value of the expenditure function at the
new price vector and the original utility level, M(q; UO),
measures the lump-sum income necessary for indifference
to the new price vector. Subtracting off the consumer’s
actual amount of lump-sum income, [ 0 (assumed un-
changed in this example), gives the HCV ’:

HCV = M(?l;UO) -1

- m(7sT0") - M(7:T) @33
The expenditure function defined at the original set
of prices and the new utility level, M (70,U1), measures
the lump-sum income necessary for indifference to the new
utility level but at the original price vector. Subtracting off
the consumer’s actual lump-sum income gives the HEV:

HEV = M(?O,UI)—IO - M(E’O,UI) —M(?O,UO)
(4.34)

The HEV is the preferred measure when comparing
three or more situations because it is always calculated
using the original price vector. By standardizing on the

7. As defined in Eqn (4.33), the HCV is a loss measure. If, as in
this example, goods prices should rise, then the income necessary
to compensate the consumer will generally exceed the income
actually available, and the HCV as written will be positive. Since the
consumer is surely worse off, this positive value gives an income
measure of his welfare loss. A welfare gain would be measured nega-
tively. Some writers reverse the signs so that a gain is measured
positively.

FIGURE 4.6

prices, it gives an unambiguous welfare ordering of the
situations. The HEV is said to be a money metric of utility
because of this ordering property. In contrast, the HCV
makes pairwise comparisons of the situations using
different price vectors each time. The pairwise comparisons
at the different prices may not yield a transitive ordering of
the utilities.”

8. If both price and lump-sum income change simultaneously, these two

HCYV and HEV expressions have to be modified as follows. HCV becomes
0

HCV — M(?l;ﬁ ) - (4.33a)

The HCV is the lump-sum income necessary to keep the consumer at the

original utility level, given the new price vector, less the lump-sum

income actually available at the new level, I Alternatively, since
M(qy; UO) = I° from the duality of the consumer problem,

HCV = (10—1‘) - [M(?O;ﬁ’) - M(?l;ﬁ))}

In terms of changes in lump-sum income, then, the consumer’s gain or
loss is the actual change in lump-sum income less the additional income
required to keep him or her indifferent to the price changes, measured at
the original utility level.

(4.33b)

Similarly, the HEV is now the income required to keep the consumer at
the new utility level with the old price vector, less the income actually
available in the initial situation:

HEV = M(g’o;v‘) - (4.342)
Alternatively, since M( g,;U') = I' from duality,
HEV — (1‘ —10) [M(?l;v‘) - M(?O;U‘)} (4.34b)

The HEV is the actual change in lump-sum income less the additional
income necessary to compensate the consumer, measured at the final
utility level.
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Jorgenson’s Social Expenditure Function

Now return to Jorgenson’s problem of constructing an
appropriate income measure of the change in social
welfare. Consider two social states, 0 and 1, defined by
the vectors of prices, households’ incomes, and house-
holds’ characteristics in each situation. The vectors of
prices, incomes, and characteristics in turn determine
a vector of indirect utilities and a level of social welfare
in each situation, given Jorgenson’s translog estimates of
the indirect utility function and his social welfare
function:

The social expenditure function for each social state that
corresponds to the individual consumer’s expenditure
function asks the question: What is the minimum aggregate
level of (lump-sum) income required to achieve the actual
level of social welfare in that social state? The problem is
how to compute the minimum aggregate level of income.
Consider social state 0, in which social welfare equals:

Wl =TV, - g(ln Vo —In Vé‘;e)

Assume that there is some inequality (V! # Vj, for some
h) and some aversion to inequality (e > 0). Under these
assumptions, the minimum aggregate level of income
necessary to achieve W° must be less than the actual
aggregate level of income in social state 0. The reason why
is that social welfare would be maximized for the given sum
of indirect utilities if everyone’s utility were equal to the
mean, V. With no inequality, g =0 and W° = In V. The
task, then, is to compute for each household the amount of
income that would place the household at the mean level of

utility, W° = InV,, given the actual prices and the

h
household’s characteristic(s) in social state O: ?0 and Xo-
This can be done with the estimated translog utility
function for each household, Eqn (4.28), reproduced here
as Eqn (4.35):
InV" = Inp'a,+1/21Inp'B,, In
P—D(P)In [M"/m°’(P,A")] (4.35)

Invert the utility function to represent In M" as a func-
tion of prices, the household’s characteristic(s), and the
household’s utility. The inversion is possible because of the
exact aggregation restrictions defined above, which make In
V" linear in In M"

InM" = 1/D(P)[Inp'a, +1/21Inp'B,, In P —1n V"]
+In m’(P,A")
(4.36)

Finally, substitute WO = In V, for InV" in Eqn (4.36),

along with ?0 and A% to find the level of income required
to place the household at the mean level of utility. Call the
required income M". M is less than M, for those whose
utilities are above the mean and greater than M., for those
whose utilities are less than the mean. Compute M"
for each household. The aggregate social expenditure
(income) associated with W° is Z,M". Also, >,M" must
be less than 3,M" because the estimated indirect utility
functions exhibit diminishing marginal utility of income
under the exact aggregation assumption. With In V* linear
in In M", V" is concave in M". Therefore, when placing
everyone at the mean level of utility the sum of the in-
comes taken away from those whose utilities are above the
mean exceeds the sum of the incomes given to those
below the mean.

Figure 4.7 illustrates the case of two households. V/
and Vf are equidistant from the mean, V, but much more
income must be taken from the high-utility person than
must be given to the low-utility household to bring each to
V. Therefore, the aggregate income required to bring each
to the mean is less than the actual aggregate income when
the utilities are V7 and VI'.”

The minimum social expenditure Y_,M" associated
with social state 0 is a function of the prices, households’
characteristics, and the level of social welfare in that state
(the level of social welfare implicitly incorporates the

9. An alternative and instructive evaluation of the social expenditure
function relies on the property that individual utilities are equalized if
expenditures per household equivalent member, Mh/mO(P, A}’O), are
equalized. With expenditures per household equivalent member equalized,

InV = InPa,+1/2B,,In P —D(P)In[M/S my(P,A")] = W,
(4.36a)

where M is aggregate expenditures. Inverting the equation
yields the log of the required minimum aggregate expenditures to
achieve W:

InM =1/D(P)[Inp'a, + 1/2B,, In P — W]

+In[ S (Pa")]
The aggregate social expenditure function depends on prices, the level
of social welfare W, and the number of household equivalent members.

Furthermore, the log of minimum aggregate social expenditures per
capita is

(4.36b)

In[M /3" (P,A")]

= 1/D(P)[Inp'a, +1/2B,, In P — W]

(4.36¢)

where the per capita measure is defined in terms of household equivalent
members.
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distribution of utilities and society’s aversion to inequality).
Therefore, write the social expenditure function for social
state O as

4.37)

SocC

—  —h
M :M°<P0,A0,W°)

The minimum aggregate income associated with social

. . . . =g _>h
state 1 is derived in the same manner, using, P, A |, and

— . . .
W! = InV . Therefore, write the social expenditure
function for social state 1 as

—h

1 _ (o 1
M _M<P,,A1,W)

soc

(4.38)

In general, a social expenditure function can be defined
for any vector of prices, household characteristics, and a
given level of social welfare, just as the consumer’s
expenditure function can be defined for any vector of prices
and a given level of utility:

M, — M(?, e W) (4.39)

Social HCV and HEV

The social analogs to the individual HCV and HEV income
measures of gains and losses follow naturally from the
social expenditure function. Comparing a move from social
state O to social state 1,

—h h

HCV,,, = M(F’l, A“WO) —M(?I,X“W') (4.40)

The social HCV is the difference between the minimum
aggregate income that would be required to achieve the
original level of social welfare at the new prices and new
household characteristics and the minimum aggregate

income that would be required to achieve the new level of
social welfare at the new prices and new household char-
acteristics. If prices rose on average or household charac-
teristics changed in such a way as to make households
worse off, the HCV,. would be positive. Society would
have to receive a gift of income to maintain the level of
social welfare:

—  —h | —  —h 0
HEV,, — M(Po, Ay W ) —M(Po, Ay W ) 4.41)

The social HEV is the difference between the mini-
mum aggregate income that would be required to
achieve the new level of social welfare at the original
prices and original household characteristics and the
minimum aggregate income that would be required to
achieve the original level of social welfare at the original
prices and original household characteristics. If prices rose
on average or household characteristics changed in a way
to make households worse off, the HEV,,. would be
negative. Society would be willing to sacrifice some in-
come to return to the original prices and household
characteristics.

Two Applications for the US Economy
The US Standard of Living

Jorgenson estimated a system of five share equations for
the United States from 1947 to 1985 using data from the
National Income and Product Accounts, the Current
Populations Survey, and the 1972—73 Survey of Con-
sumer Expenditures. The five expenditure categories were
energy, food, other nondurable goods, capital services
from consumer durables and housing, and consumer ser-
vices. He chose five household characteristics: family size,
age of head of household, region of residence, race, and
type of residence (urban, rural). Based on the estimates, he
computed the HEV,. for the United States from 1947 to
1985, expressed on a per capita basis using household
equivalent members to represent the US standard of living.
The per capita HEV,, slightly more than tripled during
that period in real terms, with an average annual rate of
growth of 2.92. In contrast, the average annual rate of
growth of real income per capita, the conventional mea-
sure of standard of living, was a much more modest 2.07%
from 1947 to 1985.

Jorgenson attributes the overly pessimistic bias of
the conventional income measure to three sources (with
the percentage of the overall bias in parenthesis):

1. The use of the consumer price index (CPI) to deflate
income rather than the price index implied by the
Jorgenson approach to measuring social welfare,
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which Jorgenson calls the social cost of living index.'"
The estimated social cost of living index grew more
slowly than the CPI during this period (34.1% of the
overall bias).

2. The use of a straight head count in arriving at a per
capita measure rather than household equivalent
members. The household equivalent member measure
assumes that the household is the decision-making
unit and takes account of changes in household char-
acteristics over time. The number of household equiv-
alent members grew more slowly than the overall
population during this period (17.6% of the overall
bias).

3. Ignoring equity entirely. The distribution of estimated
utilities across household equivalent members became
more equal during this period (48.2% of the overall
bias).

Poverty in the United States

The Jorgenson consumption-based approach to measuring
social well-being also gives a more optimistic picture of the
extent of poverty in the United States relative to the official
Department of Commerce poverty count, which is based on
income. Daniel Slesnick estimated virtually the same
expenditure system as Jorgenson using 13 years of data
from the Consumer Expenditure Surveys (1961/62, 1972,
1973, and 1980 through 1989). He had the same five
expenditure categories but added a sixth household char-
acteristic, the sex of the head of household, to the five
characteristics listed above. He then used his estimates to
compute a consumption-based poverty head count for each
of the 13 years.'' The poverty computation involves three
steps.

The first step is to define a consumption-based poverty
line. Slesnick chose to define his poverty line similarly to
the method that the Department of Commerce chose to
compute the official poverty line in 1964. The Department
of Commerce determined the minimum income a family
required to purchase a nutritionally adequate diet and then
multiplied the food budget by three to arrive at the
“official” poverty line level of income. The poverty line
varies by family size and composition (but no other
characteristics) and is adjusted annually for changes in
the CPIL.

10. The social cost of living index is based on the notion of the potential
level of social welfare attainable in a given year, equal to the level of social
welfare if the aggregate income were distributed to equalize utilities. The
social cost of living is the ratio of the expenditures required to reach the
potential social welfare at current prices to the expenditures required to
reach the potential social welfare at base-year prices. The expenditures at
base-year prices can be computed from Eqn (4.36).

11. Slesnick (1993). See also the articles by Jorgenson (1998), Triest
(1998).

Slesnick chose a reference family and noted how much
the Department of Commerce said it would have to spend
on food in 1964 to purchase a nutritionally adequate diet.
His reference family had the following characteristics: four
people; headed by a white male 25—34 years old; living in
a nonfarm area in the Northeast. Call the vector of reference
characteristics A®. Using the food equation from the esti-
mated demand system, Slesnick determined the total ex-
penditures, M*, that would be consistent with purchasing
the nutritionally adequate diet at 1964 prices for the refer-
ence family with characteristics A®. Then, using Eqn (4.35),
he determined the utility level, VR achieved by the refer-
ence family at 1964 prices, expenditures M*, and charac-
teristics A®. VE is the poverty line level of utility for a
reference family, and M* is the consumption-based poverty
line level of expenditures. VX is assumed to remain constant
over time.

Slesnick rescaled M” to 1973 prices since 1964
was not a year in his data set. Therefore, his poverty line
M? was the individual expenditure function (4.36)
evaluated at 1973 prices, characteristics A, and utility
level V&:

M? = M (P, AR, VE) (4.42)

The next step is to compute the utility level achieved in
each year by each family in his data set. The utility level for
family £ at time ¢, V", is determined by Eqn (4.35) evalu-
ated at current year prices ?t, current family income M",
and current family characteristics A”.

The final step is to ask how much total expenditure each
family in each year would have required to achieve utility
level V" if it could consume at 1973 prices and if it had the
reference family characteristics A®. This expenditure level
is given by the individual expenditure function (4.36)

evaluated at 1973 prices ?73, characteristics A%, and utility
level V7

M" = M (P, AR, V) (4.43)

M,h evaluated in this way standardizes both for changes
in prices since 1973 and for the needs of families with
characteristics different from A®. The number of poor
equals the number of families for which M < M?. Alter-
natively, the number of poor equals the number of families
for which V! < V&, the poverty line level of utility, which
is constant over time.

Slesnick found that his consumption-based poverty
count was lower than the official poverty count in all but
4 years of the sample period and was substantially lower by
the end of the period. From 1981 through 1989, Slesnick’s
estimated poverty rate was approximately four percentage
points below the official poverty rate each year. For
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example, in 1989, Slesnick estimated that 8.4% of all
families were poor, whereas the official poverty rate was
12.8%.

The consumption-based poverty rate is below the offi-
cial income poverty rate primarily for three reasons. One is
that 40% of the poor own their own homes, so that they
consume a fairly large amount of capital services; capital
service flows account for 10—13% of the total expenditures
of the poor in Slesnick’s sample. The second is that a large
number of the poor dissave; their incomes are temporarily
low and they dissave to maintain their standard of living.
The third factor that drove the Slesnick poverty counts
down sharply in the 1980s was a change in family char-
acteristics that helped to move families out of poverty, both
directly and indirectly by its effect on the composition of
family expenditures.

Slesnick argues that his consumption-based poverty
count is superior to the official count because it better re-
flects families’ permanent economic situations. The poor by
his measure are more likely to be permanent income poor
than the “official” current income poor. He found that
budgets of the consumption poor contain a lower percent-
age of capital services than the consumption nonpoor
because they are less likely to own their own homes. He
also found that the consumption poor devote a higher
percentage of their budgets to purchases of food.

SOCIAL WELFARE AND SOCIAL
MOBILITY

Bergson and Samuelson conceived of their individualistic
social welfare function in terms of end-results equity, as a
device for evaluating the ethical content of social out-
comes. All our applications of the social welfare function
so far have been in this vein. Despite its end-results
orientation, economists have also used the social welfare
function to measure the ethical implications of one com-
mon measure of process equity, the degree of social
mobility in society.

Social mobility refers to the ability of individuals
(families) to move throughout the distribution of income
over time. It is closely related to the other widely held
notion of process equity, equal opportunity. At one extreme
is the caste system, a completely immobile society. People
are assigned a position in the distribution at birth and can
never move; there is no opportunity for change, much less
equal opportunity. At the other extreme is complete
mobility, in which people at any point on the distribution
have an equal probability of staying there or moving to any
other point on the distribution. A completely mobile society
would almost certainly have full equality of opportunity
along every relevant economic dimension.

The degree of social mobility is described by a transi-
tion probability matrix, defined as follows. Divide the

income distribution into a number of categories (say, three
for the purposes of illustration): low, 0 < Yjow < Y}; middle,
Y1 < Ymiddie < Y2; and high, Yyign > Y>. Collect data on the
position of the individuals (families) at time t and on the
position of the same individuals (families) at time ¢+ 1,
where ¢+ 1 may be 5—10 years beyond . On the basis of
these data, compute the 3 x 3 probability transition matrix:

P = [p;] (4.44)

Each element, pj;, is the probability that an individual
(family) who was in income category i at time ¢ is in in-
come category j at time ¢+ 1.

Social Mobility and the Distribution
of Income

The idea that movement through the distribution over time
is governed by the transition probability matrix leads to a
dramatic and well-known theorem. Assume that the matrix
has the following three properties:

1. The p;; are constant over time.

2. p;> 0, for all 7, j. There is always some probability that
a person can move to any point on the distribution from
any other point. Movement between two categories is
never impossible, as it would be in a caste system.

3. The transition between income categories over time is a
Markov process. The probability of a person being in
income category j at time 7+ 1 depends only on that
person’s position in time ¢. All history before time ¢ is
irrelevant to the distribution in time 7+ 1.

These three assumptions are almost universally
employed in the analysis of social mobility. They imply
that the economy will eventually reach the same steady-
state distribution of income regardless of the initial distri-
bution of income.

The proof of this result is straightforward. Define the
distribution vector w, = (), 7, %), where =} is the pro-
portion (or number) of people in income category i at
time ¢. Under the Markov assumption,13

/ o
7'rt+l - TrtP

(4.45)

12. This is a truly heroic assumption given that the p;; are influenced by so
many factors, such as labor supply and saving behavior, trends in indi-
vidual labor and capital markets, education decisions and markets, mar-
riage patterns, social contacts, discrimination, and so forth.

13. For example, the first term in the multiplication on the RHS of
Eqn (4.45) is T p11 + Thpa1 + T4p31, equal to the sum of the proportion
of people in the first category at time t times the probability that they
stay in the first category, plus the proportion of people in the second
category times the probability that they move to the first category, plus
the proportion of the people in the third category times the probability

. +1
that they move to the first category. The sum equals 7{"".
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Adding the other two assumptions, the steady-state
distribution vector 7 is the solution to the system of
equations:

© = 7P (4.46)

or

©(I—P) =0 (4.47)

which has a unique solution for 7’ because (I—P) is
singular.

The intuition behind the result is that the spreading ef-
fect of P eventually dominates any initial distribution.
Suppose the distribution is in the steady state at time 7—1.
Then, at time ¢, the government levels everyone to the mean
with lump-sum taxes and transfers, in accordance with the
first-best interpersonal equity conditions under the as-
sumptions of equal marginal social welfare weights, iden-
tical tastes, and diminishing marginal utility of income.
Everyone is now in middle income category 2 at . By time
t+ 1, however, some people will have moved to the other
two income categories, the numbers determined by the
probabilities py; and pr3. In time ¢ + 2, the distribution will
spread some more, as movement now occurs from all three
income categories. The spreading continues until the orig-
inal steady-state distribution of time r—1 is eventually
reestablished.

The theorem points to a sharp tension between the pro-
cess equity goal of social mobility and end-results equity
goal of distributive justice. It implies that any redistribution
of income undertaken in the name of end-results equity is
ultimately futile. The underlying social mobility in the
economy generated by P always returns the economy to the
original steady-state distribution.

This tension is tempered by two considerations, how-
ever. One is that the government’s redistribution policies
will change the distribution until the economy returns to the
steady state, and the new distributions during the transition
periods may be social welfare increasing. The second is that
any substantial redistribution of income will almost
certainly change some of the elements of P. For instance, a
complete leveling of the distribution would at the very least
change people’s labor supply and saving behavior. Whether
the resulting changes in the p;; are desirable, however, is
another matter.

These considerations notwithstanding, the idea that
the social mobility in the economy tends to undermine the
government’s redistribution policies strikes at one of
the foundations of normative public sector theory, the first-
best interpersonal equity conditions. The government may
not be able to achieve the distribution implied by the
interpersonal equity conditions of social welfare maximi-
zation as a steady-state distribution even in a first-best
policy environment.

Structural Mobility, Circulation Mobility,
and Social Welfare

The question remains whether the degree of social
mobility itself has any direct bearing on social welfare as
measured by the Bergson—Samuelson social welfare
function. The answer is yes. Two features of the transition
probability matrix P are related to social welfare. One is
the steady-state distribution vector implied by P, which is
commonly referred to as the structural mobility of the
economy. Structural mobility is an element of end-results
equity and, as such, has an obvious effect on social
welfare. The other is the transition of the economy from
any given distribution to its steady state, which is
commonly referred to as the circulation mobility of the
economy. The circulation mobility is the pure process
equity component of P.

The limits of circulation mobility are given by the
transition matrices:

1. P =1, the identity matrix
2. P=[l/n], with p;j = 1/n for all i, j, and n = the number
of income categories

P =1 is the case of no circulation, the caste system.
The distribution can never change because the given,
initial distribution is the steady-state distribution. P = [1/n]
is the case of full circulation. From any initial distri-
bution of income, the economy moves in one period to the
steady-state distribution with an equal number of people in
each income category.'*

Valentino Dardanoni has provided an extensive anal-
ysis of the social welfare implications of circulation
mobility Dardanoni (1993). We will highlight two of his
main results, which relate to the question of whether cir-
culation mobility has an independent effect on social
welfare.

To focus on circulation mobility per se, Dardanoni
begins by considering the set of transition probability
matrices that have the same steady-state distribution. Two
transition matrices P and Q have the same steady-state
distribution if

7 = 7P =10 (4.48)

This restriction is not very limiting because transition
probability matrices that generate the same steady-state
distribution can have very different transitional properties.
For example, even the extreme transition matrices P =1
and P =/[1/n] (no circulation and full circulation) have
the same steady state when the initial distribution is 7’ =
(1/n,..., 1/n).

14.For example, with n = 3, 7™ = @ (1/3) 4+ m,(1/3) + m}'
(1/3) = 1/3 and likewise for 75" and w4
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Dardanoni then argues that the appropriate arguments of
a Bergson—Samuelson social welfare function are the ex-
pected discounted lifetime utilities of every individual.
Define u; as the utility received in any time period by
people in income category i, the instantaneous utility.
Assume that all people in income category i receive utility
u;, that u; increases with income, and that, for simplicity, u;
remains constant over time. Identify people by the utility
they receive in the initial distribution of income: A u;
person is someone in category i in the initial distribution.
Define V; as the expected discounted lifetime utility of a u;
person. Then, in matrix notation, the vector of expected
discounted lifetime utilities V' under the transition proba-
bility matrix P equals

VP = u+ pPu—+ p*Pu+,..., +p"P'u (4.49)

where p = 1/(1 4 ry) = the social discount factor applied
to future utilities with ry. equal to the social marginal
rate of substitution, and u is the vector of instantaneous util-

ities.”” In the limit,
VP = [I—pP) 'u (4.50)

Dardanoni normalizes the vector V' by the discount
factor, so that

VP = (1-p)[l—pP] 'u 4.51)
Define the matrix
P(p) = (1—p)[I—pP]" (4.52)
so that
VP = P(p)u (4.53)

P(p) is a lifetime transition probability matrix. Its ele-
ments, p(p);, can be interpreted as the discounted lifetime

15. For example, the first term of Pu is py u; + p1aus + pisus, which is the
expected utility in period 2 of a u; person, a person who is initially in
category 1 at the bottom of the distribution. The entry in the first row, first
column of P? is P1iP11 + P1aP21 + P13psi- It shows every path that a u;
person can take and be in category 1 two periods from now: remain in
category 1 in both periods, move to category 2 in period 1 and then back to
category 1 in period 2, and move to category 3 in period 1 and then back to
category 1 in period 2. Multiplying this sum by u; gives the expected
utility of these paths for a u; person. The element in the first row, second
column of P? shows every path that a u; person can take and be in the
second category in period 2, and the element in the first row, third column
of P? shows every path that a u; person can take and be in the third
category in period 2. Multiplying these elements by u, and us, respec-
tively, indicates the period 2 expected utility of a u; person who takes these
paths. Therefore, the multiplication of the first row of P? and u gives the
expected utility of a u; person in period 2. Similarly, the elements in the
first row of P" indicate every possible path that a u; person can take to be
in categories 1, 2, and 3, respectively, in period n. V is the discounted sum
of these period-by-period expected utilities of a u; person, the lifetime
expected utility.

probability of moving from initial category i to final cate-
gory J.

Utilitarian Social Welfare and Circulation
Mobility

The arguments of the Bergson—Samuelson social welfare
function are the elements of V¥, which are in turn a function
of p, P, u, and n. Suppose that social welfare is utilitarian,
as is commonly assumed. Then, given the steady-state
distribution 7’ = (m;)’ as

N
W= "mv =7V = 7P(p)u
i=1

(4.54)

Consider another transition probability matrix, Q, with
the same steady-state distribution @' = (). Then,

N
we = ZmViQ = Ve = 7Q0(p)u

i=1

(4.55)

The first result relating to social welfare is that
W” = W2, Circulation mobility has no effect on social
welfare if the social welfare function is utilitarian. The
proof follows immediately from the derivation of the
steady-state distribution and the fact that P and Q generate
the same steady state:

7P(p) = 7P =7 =70 = 7Q(p) (4.56)
Therefore,
WP = @'P(p)u = ©'Q(p)u = W° 4.57)

Utilitarianism is indifferent to circulation mobility
because it only cares about aggregate lifetime expected
utility. It is completely indifferent to the composition of
that aggregate, both in the steady state and as the economy
evolves to the steady state over time.

Weighted Social Welfare and Circulation
Mobility

The indifference of the utilitarian social welfare function to
circulation mobility had been known for some time.'®
Dardanoni’s contribution was to show that circulation
mobility does have an independent effect on social welfare
if social welfare is a weighted sum of the expected lifetime
utilities. He also developed an empirical test for deter-
mining which of two transition matrices P and Q that
generate the same steady state distribution yields the larger
social welfare because of its superior transitional properties.

16. The result was first demonstrated in 1986 by Kanbur and Stiglitz
(Kanbur and Stiglitz, 1986).
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Define a nonincreasing vector of social welfare
weights, A’ = (4;). Dardanoni argues that a nonincreasing
weighting scheme is the natural distributional assump-
tion in the context of social mobility if society cares
about the poor and the transition probability matrix is
monotonic, as is also commonly assumed. P is mono-
tonic if it exhibits stochastic dominance, in the sense that
it is always better in expected value terms to start in a
higher income category. For example, P would be
monotonic if

Py > Py > P31 Py + Py > Py + Py Py + Py
> P31 + P3,; and so forth

(The proof of his weighted social welfare result does not
require monotonicity; some other results in his paper do,
however.)

As before, consider two transition probability matrices
P and Q that generate the same steady-state distribution
vector ' = (mr;). Define II as the diagonal matrix with the
steady-state proportions in each income category on the
diagonal. The weighted social welfare under each transition
matrix is

N
WP = ZA,TF[‘/IP = A,HP(p)M

i=1

(4.58)

and

N
WP = ZA,TF,‘/ZQ = A,HQ(p)M

i=1

(4.59)

Dardanoni asks: Under what set of conditions is

W’ > we?

The necessary and sufficient conditions make use of the
summation matrix 7, which has ones on and above the
diagonal and zeros below the diagonal:

1 1 1 1 0 O
T=10 11 =110
0 0 1 1 1 1

PT generates the cumulative sums of each row in P,
the cumulative density function for each income category.
For example, the first row of PT is pyj, P+ Pia,
Pi1 + Pip + Py3. Similarly, T'P generates the cumulative
sums of each column in P. Also,

1 -1 0
T/'=10 1 -1
0 0 1

Premultiplying a vector by 7' takes the differences of
successive terms except the last term, which retains its
value. For example,

1 -1 0 Uy
T_]M = 0 1 -1 u
0 0 1 s

= (M| — Uz, Uy — M37’43)

Postmultiplying a vector by (7~ ')Y[ = (I")""] produces
the same result. For example,

1 0 0
AT = (2o 2s) | =1 10
0 -1 1

- (Al - AZ, A2 _A3ak3)

Using the matrix 7, Dardanoni’s main theorem on
weighted social welfare is that W(VZ, H)—W(VZ, 1) >0 if
and only if T'T][P(p)—Q(p)] T < 0, for A nonincreasing and
u nondecreasing.

To show that the second relationship implies the first,
rewrite the first relationship as

ATIP(p)u — XTIQ(p)u > 0 (4.60)

or
ATI[P(p) — Q(p)]u >0 (4.61)
Insert I=(T)Y 'T' =TT " into the LHS to produce

() ' T[P(p) — 0(p)]TT 'u>0 (4.62)

Consider the terms T'TI[P(p)—Q(p)]T for the 3 x 3 case
to illustrate the following properties:

1. The last row of the expression is zero. The last row of
T'Tl is ' = (w1, m, m3), the steady-state distribution
vector. But 7'P(p) = 7’ = n’Q(p). Therefore, the last
row of the expression is zero.

2. The last column of the expression is also zero. The last
column of the matrix 7" sums the rows of P(p) and Q(p),
both of which have to add to 1. Therefore, the last col-
umn of the expression is zero.

Next, consider the first two terms and last two terms of
Eqn (4.62).

3. The first two elements of X'(T) ™' = (A1—2a, la—2A3, A3)
are > 0."”

4. The first two elements of T 'u = (uj—uz, ur—uz,u3)
are < 0.

Therefore, the entire expression is positive if T'TI
[P(p)—0(p)IT < 0, the sufficient condition for W(V*, X)—
W(VZ, 1) > 0.

17. Notice that the equal weights of the utilitarian social welfare function
implies that the expression is zero, so that W = W<.
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To show that W(VZ, )—W(VZ, 1) <0 implies T'II
[P(p)—Q(p)IT <0, suppose to the contrary that the ij‘h
element of the second expression is positive. The difference
in social welfare is given by Eqn (4.62). To establish a
contradiction, select the vector A such that it has ones for its
first i elements and zeros thereafter, and select the vector u
such that it has zeros for its first j elements and ones
thereafter. Then, A(T) ' has a 1 in the ith element and
zeros everywhere else, and T~ ' uhas a—1in its jTh element
and last element and zeros everywhere else (the last
element is unimportant). Having selected A and u this way,
the entire expression Eqn (4.62) is negative if the ij™
element of the second expression above is positive, a
contradiction of W(VP R A)—W(VQ, A) >0.

Finally, the expression T'TI[P(p)—Q(p)]T <0 has a
satisfying interpretation in terms of the social welfare im-
plications of circulation mobility. Return to the 3 x 3 case
for purposes of illustration and consider the first two rows
and columns of T'IIP(p)T, which are the nonzero rows and
columns in the entire expression. Postmultiplying ITP(p) by
T yields the cumulative sums of the rows, and then pre-
multiplying by T’ yields the cumulative sums of the col-
umns of the cumulative row sums:

Apii

T'miP (P)T = | (Mpi + Map2r)

For the entire expression to be negative, the corre-
sponding elements in T'TIQ(p)T must each be larger than
the elements in T'IIP(p)T. Therefore, O(p) has less circu-
lation mobility, and lower social welfare in the following
sense: Individuals who start in category k or lower have a
higher discounted probability of winding up, lifetime, in
category j or lower for all ¥ and j. In the expression
T'TIP(p)T (and T'TIQ(p)T), the row indicates the starting
position and the column the ending lifetime position.
Therefore, in the 3 x 3 case above, the first row, first col-
umn compares the probabilities of those who start and end
in category 1. The first row, second column compares the
probabilities of those who start in category 1 and end in
either category 1 or 2. The second row, first column com-
pares the probabilities of those who start in category 1 or 2
and end in category 1. And the second row, second column
compares the probabilities of those who start in either
category 1 or 2 and end in either category 1 or 2. These
probabilities are all higher for Q(p) if Q(p) has lower social
welfare than P(p). Notice that the difference in welfare is
entirely due to the difference in circulation mobility, in
process equity, because Q(p) and P(p) both generate the

same steady-state distribution. They have the same struc-
tural mobility, the same end-results equity.

In summary, Dardanoni has shown that an increase in
upward mobility improves social welfare, but only if the
social welfare function favors those with lower incomes.

Social Mobility in the United States

Thomas Hungerford measured the amount of social
mobility in the United States by computing transition
probability matrices over two 7-year time periods, 1969 to
1976 and 1979 to 1986. He divided the population into 10
income categories each time. His results were essentially
the same in the two periods and tended to undercut the
notion that the United States is the land of equal opportu-
nity. The transition matrices were much closer to the
no-circulation identity matrix than to the matrix of full
circulation, despite the fairly fine gradation of the income
categories. Most people stayed at or near to their original
position in the distribution over a 7-year period. The p;;
declined sharply to very low levels at three or more deciles
away from the initial position, at all points in the distri-
bution. Hungerford concludes that there is not very much

(Mp11 + Mipi2)

(Mp11 + Mipi2 + Mopar + Mopar)

social mobility in the United States—bad news for process
equity.

An offsetting piece of good news in Hungerford’s data
relates to end-results equity. Redistributional policies are
not so quickly undermined by social mobility when the
degree of social mobility is small. After all, if the transition
probability matrix were the identity matrix, the redistribu-
tion would stick forever. Hungerford’s data suggest that a
social-welfare-improving redistributional policy may retain
much of its impact for a very long time.'®
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We begin our study of public expenditure theory with
an analysis of externalities, which are a major source
of inefficiency in any economy, market or otherwise.
Externalities are often loosely defined as third-party ef-
fects, meaning that some activity by a set of economic
agents affects other economic agents, “third parties,” who
are not directly engaged in the activity. This common
definition is not precise enough for policy analysis,
however. Because an economy is a highly interdependent
system, almost any (important) economic activity gener-
ates repercussions—third-party effects—throughout the
entire economy. Yet, not all economic activity requires
public sector intervention.

POLICY-RELEVANT EXTERNALITIES
Consider the following two examples of externalities:

1. In the middle of the twentieth century, the demand for
long-distance passenger travel shifted toward the
airplane at the expense of the railroads.

2. A family living on the top of a hill builds a high fence
around its property, which restricts the view previously
enjoyed by many of its neighbors.

The first event triggered a huge number of third-party
effects as the economy worked to accommodate the shift
in demand. Generally speaking, resources specific to
air travel gained, and those specific to rail travel lost,
signaling a shift of resources away from the railroads and
toward the airlines. Since people’s tastes presumably
differ, and different people received different incomes
than before the shift to air travel, the whole pattern of
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demands for all goods and services tended to shift as well.
These changes in demand occasioned still further changes
in incomes and additional resource shifts to and from
industries that may have been totally unrelated to air or
rail travel, and so on, endlessly. Yet, the government did
not necessarily have to intervene in this process. To the
contrary, the very strength of the competitive market
system is its ability to coordinate shifts in demands and
resources, with changes in prices and profits acting as the
signals that bring the economy to a new, efficient
equilibrium.

In the second event, however, the third-party effects
occur outside the normal market process. There is no nat-
ural market mechanism for recording the loss that each
neighbor suffers from the fence. Any redress the neighbors
might seek would presumably occur through the judicial
process.

There is a second crucial difference in these two ex-
amples. In the first situation, the demand shifts in and of
themselves have no effect on any of the fundamental
technical relationships in the economy: the consumers’
utility functions and the producers’ production functions.
All third-party gains and losses accrue through changes in
prices, both goods and factor prices. Some consumers faced
new budget constraints and some firms new profit func-
tions, with corresponding gains or losses, all caused by the
competitive process of supply and demand, which contin-
uously changes consumer and producer prices while
searching for a new equilibrium. In the second situation, in
contrast, the neighbors lose because the properties of one of
the variables in their utility functions, their land, have
been altered and not because prices have changed. Each
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neighbor’s ability to enjoy his own property has diminished
because of the fence, independently of any price changes
generated by building the fence (of course, it is unlikely
that prices would change in this case).

These two distinctions are the vital ones for public
sector analysis. An externality, or third-party effect, may
require government intervention to maintain efficiency if
two conditions hold:

1. An activity by a set of economic agents enters (“alters”)
the utility functions of other consumers or the produc-
tion functions of other producers not directly involved
with the activity.

2. The gains and losses from these effects are not properly
reflected in the competitive market system. This second
condition is redundant in most cases, since externalities
satisfying the first condition are almost never accounted
for properly by the competitive market system.

Given the existence of externalities with these two
properties, a perfect competitive market economy no longer
generates a pareto-optimal allocation of resources. Gov-
ernment intervention may be required to keep society on its
first-best utility—possibilities frontier. The only other pos-
sibility is private bargaining among the affected parties,
which can be pareto optimal under certain conditions.

The Terminology of Externalities

Public sector economists struggled for years trying to
pinpoint what kinds of third-party effects required gov-
ernment intervention. The puzzle was finally resolved in
1931 when Jacob Viner distinguished between pecuniary
and technological externalities, terminology that remains in
use today.' Pecuniary externalities refer to the market price
effects illustrated by the first situation, those resulting
directly from competitive market adjustments. They do not
require public intervention to maintain pareto optimality.
Technological externalities refer to third-party effects that
satisfy the two conditions described above. These are the
policy-relevant externalities.

The externality literature is filled with jargon to distin-
guish among the many different kinds of externalities. For
instance, public sector economists distinguish between
external economies and diseconomies: The former term
refers to beneficial third-party effects, the latter to harmful
third-party effects. Thus, one can speak of a “pecuniary
external economy” or a ‘“technological external dis-
economy,” and so forth. We will keep the distinction be-
tween economies and diseconomies in the text but drop the
pecuniary/technological distinction. Because our only
concern is for policy-relevant externalities, the term

1. Viner (1952). The conceptual distinction was first noted by Allyn
Young in 1913, but without Viner’s terminology. Young (1913).

externality will always mean “technological externality”
unless otherwise noted.

Another important distinction is among consumption,
production, and consumption-production externalities:

Consumption Externality

Economic activity by some consumers enters (alters) the
utility function of at least one other consumer but does not
enter into (alter) any production relationships. The fence
described above is an example of a consumer externality.
Consumption of national defense is another more important
example.

Production Externality

Economic activity by some firms enters (alters) the pro-
duction function of at least one other firm but does not enter
(alter) the utility function of any consumer. One firm
removing oil from a common pool situated under land
owned by more than one firm would be an example. The
rate at which any one firm extracts the oil affects the total
amount of oil that can be extracted from the pool by all the
firms.

Consumption—Production Externality

Economic activity by some consumers enters (alters) the
production function of at least one firm, or vice versa.
Water pollution by a firm that affects both recreational
and commercial fishing activities is an example of a
consumption—production externality.

These distinctions are useful analytically because they
generate different optimal policy rules. Chapters 6, 7, and 8
consider each of them in turn, beginning with consumption
externalities in Chapter 6.

Still other terminological distinctions appear in the
externality literature. We will develop them as needed
within ;:ach chapter, whenever they are relevant for public
policy.

2. The treatment of externalities in Chapters 6—8 is comprehensive, with
one notable exception. It does not consider an important type of externality
called the club good, which was first analyzed by James Buchanan. A club
good has the property that the extent of the externality can be controlled by
the agents who generate the externality. For example, all members of a
swim club have equal access to the club’s swimming pool, but the club
members control the total membership in the club. Buchanan’s club good
has appeared most prominently in the literature on fiscal federalism
because a city or town can be viewed as a type of club. The standard
economic model of a local jurisdiction assumes that only the citizens of a
locality enjoy the public services offered by that locality, such as fire or
police protection, and that the citizens determine the conditions of entry
into the locality. We will hold off on presenting the club good until Part V
on fiscal federalism. See Buchanan (1965).



THE ANALYSIS OF EXTERNALITIES:
MODELING PRELIMINARIES

Chapter 3 described a useful property of first-best general
equilibrium models that their first-order conditions dichot-
omize in two ways. One is that they generate distinct sets of
interpersonal equity and pareto-optimal conditions. The
former incorporate the social welfare function and describe
how society can achieve end-results equity through
lump-sum redistributions. The latter describe all the
efficiency conditions necessary for society to achieve its
utility—possibilities frontier. The pareto-optimal conditions
do not contain any social welfare terms and can be achieved
by competitive markets, absent any of the technical market
failures such as externalities. The dichotomization of the
interpersonal equity and pareto-optimal conditions was
demonstrated in Chapter 2. The second dichotomy arises
within the set of pareto-optimal conditions. Suppose that a
technical market failure such as an externality exists in
some markets. The externality changes the pareto-optimal
conditions for that market, and government intervention
may be required to achieve them. But the market failure has
no effect on the form of the pareto-optimal conditions for
all the other markets. Therefore, competitive markets can
generate the pareto-optimal conditions in the unaffected
markets; no government intervention is required in those
markets. We will demonstrate the second dichotomy in
Chapter 6.

These two dichotomies are useful because they
permit formal analysis of policy problems with greatly
condensed versions of the general equilibrium model
presented in Chapter 2. For example, a consumer exter-
nality involves interrelationships among consumers
only; producers are unaffected. Therefore, a first-best
model analyzing a consumer externality can simply as-
sume that production efficiency results from competitive
markets, suppress the production side of the full model,
and focus on the consumption externality among the
consumers. Conversely, a production externality involves
interrelationships among producers only. Therefore, a
first-best analysis of a production externality can focus on
the externality by positing a one-consumer equivalent
economy, which assumes that competitive markets
generate all the pareto-optimal conditions among con-
sumers and that the government is optimally redistributing
lump sum to satisfy the interpersonal equity conditions.
These are legitimate assumptions in a first-best policy
environment. Having analyzed the full model in Chapter
2, we know what the missing pareto-optimal and inter-
personal equity conditions must be in the suppressed
portions of the condensed models. Economists exploit
these dichotomies all the time to analyze market failures
with simple models. We will do the same throughout
Part II.

The Problem of Externalities—An Overview Chapter | 5 81

Consider the following condensed version of the
Chapter 2 model that is suitable for analyzing consump-
tion externalities. The model deemphasizes production
as much as possible while retaining all the essential
consumption/utility elements from the full model. We
will use it as our basic model in Chapter 6, adding only
the particular external effects being analyzed. The
condensed model is accomplished with the following
modifications:

1. Define all goods and factors in terms of consumption by
suppressing, notationally, the use of factors and the sup-
ply of goods by firms. Further, ignore the notational
distinction between goods and factors, other than the
convention that factors enter all utility and production
relationships with a negative sign. Let

Xpni = good i consumed by or factor i supplied by
person h, i =1, ..., Nand h =1, ..., H.

Notice that there are N total goods and factors in the
economy (instead of the G goods and F factors in the
model of Chapter 2).

2. Assume production is efficient and can be represented
implicitly as a production—possibilities frontier in terms
of the aggregate amount of consumer goods produced
and factors supplied. Write

F(X],...,Xi,...,XN) - 0 (51)

where X; = the aggregate consumption (supply) of good
(factor) i, and F( ) = an implicit function of all the relevant
production relationships, corresponding to the production—
possibilities frontier in two-good space.”

3. Finally, market clearance requires that

ZH:X,H- =X, i=1,..N

h=1

These constraints can be incorporated directly into the
production—possibilities frontier, obtaining

H H H
F ZXhl,...,ZXh[,...,ZXhN = 07 or (52)
h=1 h=1 h=1

H
F( X/“'> = O
h=1

3. Unless otherwise stated, we will always assume that F( ) describes a
regular (convex outward) transformation surface for the economy. This in
turn implies certain restrictions on the individual production functions.
Kelvin Lancaster’s Mathematical Economics, sections 8.4 through 8.7,
contains an excellent analysis of the necessary and sufficient conditions on
the individual production functions for a regular transformation surface.
See Lancaster (1968).

(5.3)
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with the understanding that producers do not care who
receives (supplies) an additional unit of a good (factor).
That is,

OF  OF
X, 90X,

With these three condensations, the social welfare
maximization problem becomes extremely simple to
represent formally:

=F alh=1,..H

(r;l(ag) W[U" (Xu)]

H
s.t. F< ZX;,,') =0
h=1

where W is the Bergson—Samuelson individualistic social
welfare function.

Although this is a drastically condensed version of the
original model, it is still perfectly valid as a general equi-
librium model in a first-best environment. Furthermore, it is
sufficiently general to generate all relevant pareto-optimal
conditions involving consumption, as well as the standard
interpersonal equity conditions. As such, it is ideal for
analyzing consumer externalities, which essentially in-
volves specifying which goods and factors enter whose
utility functions.

The Interpersonal Equity Conditions

Consider first the interpersonal equity conditions. They are
obtained from the first-order conditions with respect to any
single good (or factor) consumed (supplied) by any two
people, say Xj; and Xj. Setting up the Lagrangian
equation,

H
max L = W{Uh(Xhi)} +AF<ZX,”»>

h=1

and differentiating yields

dL oW au"
X, - _ " 4 AF, =0 5.4
MEGX,  aut ox,, T G5
JL ow U/
1 X, U (9X_,»1+ I (5.5)
Therefore,
W aU"
A — HWh=1....H 5.6
aUh aXhl 1 a 5 5 ( )

The social marginal utility of consumption of good 1
should be equalized across all people. This is the same rule
obtained in the more detailed model of Chapter 2.

The Pareto-Optimal Conditions

To derive the pareto-optimal conditions for consumption,
consider the first-order conditions with respect to two
goods consumed by any one person, say, Xp; and Xpx (Xp;
and Xj; could also be any two goods, any two factors, or
any one good and any one factor).

dL aw au"
X : = ———+AF =0 5.7
WXy U 0%y 5.7
dL aw oU"
Xie: 95— = gun =0 (58
"X oUr aXy Tk (5-8)
Rearranging, dividing, and simplifying,
W g oallh=1,..H
W T (5.9)
o Feany ik =1,..N

The ratio Fi/F) gives the marginal rate of trans-
formation (substitution) in production between goods
(factors) i and k, and the left-hand side is their marginal
rate of substitution in consumption. Hence, the single set
of relationships, Eqn (5.9), reproduces pareto-optimal
conditions P1, P2, P3, P6, P7, and P8 from the full
model of Chapter 2 (recalling that i and k can be any two
goods, any two factors, or any one good and any one
factor). Only the production efficiency conditions P4 and
P5 cannot be reproduced with this model, but they are
assumed to hold whenever production is represented as an
implicit production—possibilities frontier. Production must
occur on the contract locus in factor space for the economy
to be on its production—possibilities frontier.

Thus, condensed versions of the standard model such
as this one retain a substantial amount of analytical flexi-
bility despite their simplicity. This is why they are so
useful for analyzing public sector problems in a first-best
framework.

Chapter 6 turns to the analysis of consumption exter-
nalities using the condensed model. As we shall see, the
analysis of any consumer externality requires only a simple
modification of the condensed model. All one need to
specify is which variables appear in each person’s utility
function.
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A policy-relevant consumption externality occurs when-
ever economic activity by some consumer enters (alters)
the utility function of at least one other consumer and is
not accounted for by the market system. The very defi-
nition itself suggests that the fundamental problem in
analyzing consumption externalities is deciding exactly
what activities enter whose utility functions and in pre-
cisely what form. Once the arguments of each con-
sumer’s utility function are specified, they determine
every relevant feature of the consumer externality,
including the government policy required to achieve
pareto optimality.

We will make use of variations of the condensed gen-
eral equilibrium model described in Chapter 5. Let Xj
represent the consumption (supply) of good (factor) k by
person i, where

k = 1,...,N (N total goods and factors)
i = 1,...,H (H people)
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Then the basic model for analyzing all consumption
externality problems in a first-best policy environment is

max w[U"()]

(Xik

s.t. F XH:X,-;( =0

i=1

W is the individualistic social welfare function to be
maximized and F is the implicit aggregate production
possibility frontier. It assumes production efficiency and
incorporates the market clearing equations for the N goods
and factors. Also,

oF oF

— — Fk

o9 Wi=1,.. H:
0X;  0X, =1

any k = 1,...,N

Producers do not care who consumes each good (sup-
plies each factor). The nature of the consumer eternality
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depends entirely on how the Xj; enter each person’s utility
function, the U h

HOW BAD CAN EXTERNALITIES BE?

Let us begin by considering the most intractable externality
case and ask: How bad can consumption externalities be?
The worst possible situation imaginable would require a
triple indexing of X, XJ, with X/ entering the utility
function of each person A:

Ut = U"(X,)

X{k refers to the consumption (supply) of good (factor) k
by person i, affecting personj, i =1, ..., H;j=1, ..., H;
and k =1, ..., N. That is, each person & worries about who
consumes (supplies) what good (factor) and how it affects
each person.

Return to the example of the fence in Chapter 5, in
which each person in a given neighborhood is affected
whenever anyone builds a fence. Suppose there are H
people in the neighborhood and person i builds a fence,
good k. Each person & in the neighborhood notes that
person i built the fence (good k) and that the fence affects
everyone in the neighborhood differently. Thus, from the
point of view of person A, X{k is different from ka, for ¢ #j
and ¢, j =1, ..., H. Each variable refers to person i’s fence,
but persons j and ¢ react differently to the fence and each
person h in the neighborhood takes note of this difference.
Had someone else built a fence (say, person m), then each
person’s utility function would contain another H argu-
ment, Xink, j=1, ..., H, and so forth. In the worst of all
worlds, anything anyone did would affect everyone, and
each person would take note of how everyone was affected
by any one person’s consumption of any good. Hence, each
utility function would contain all H’N elements, X{k, as
arguments. This would surely be the worst possible con-
sumption externality situation imaginable.

Fortunately, we can at least dispense with the superscript
J without disservice to any realistic situation. Continuing
with the fence example, when any one person s considers
the effects of the fence on himself and his (H — 1) neigh-
bors, we can assume that the H separate effects combine to
generate a single overall effect on person /’s utility. Thus,
person /’s utility function need only records that person i
built a fence (good k), as opposed to someone else building a
fence. At most, then, we need to place HN arguments, Xj, in
each person’s utility function. Write

U'=U"(Xx) anyh =1,..,H; all i =1,...
andk = 1,...,N

,H;

6.1)

to indicate that, in the worst of all worlds, each person 4 is
affected by anyone’s (i) consumption (supply) of any good

(factor) k. The fact that person h considers the effects of
some Xj; on all people is simply summarized as one effect
on his utility, U"(X;y).
The general equilibrium social planner’s model in this
worst of all worlds becomes
max W[U" (X,-k)]

(Xix)

H
S.t. F< ZXik> =0
i=1

Notice that the goods (and factors) in this model are
exclusive goods. Xj means that person i physically con-
sumes (supplies) good (factor) k, as indicated by the market
clearance relationship Z?:1Xik = X;. Xy enters into the
utility function of all (H — 1) other persons, but they are
merely affected by Xj;; they do not physically consume it.
Thus, there are H-(H — 1) external effects associated with
the consumption (supply) of good (factor) k, and
H-(H — 1)-N total external effects, counting all N goods
and factors in the worst of all possible worlds.

Externalities of this type are referred to as individual-
ized externalities because the external effects depend on
who is engaged in the exclusive activity that generates the
externalities. It matters who builds the fence.

In the context of this model, a natural definition of a
pure public good (factor) is

h
g%io all i,h =1,...,H
ik

If everyone is affected on the margin by anyone’s
consumption (supply) of good (factor) k, then k is a pure
public good. The choice of marginal rather than total utility
in the definition makes sense because, as we shall see, it is
marginal utilities (more precisely, marginal rates of sub-
stitution) that enter into the pareto-optimal decision rules.
Person h could be significantly affected by person i’s
consumption of good k in a total sense, but if the marginal
effect is zero, then it turns out that person A’s feelings do
not matter for purposes of allocational efficiency at the
optimum. '

Note that our definition of publicness says nothing
about the signs of dU"/dXy. For some h, the derivative
could be positive, for others negative, so long as dU"/0Xj is
never zero. The smoking of marijuana comes to mind as an
example. Some people enjoy the fact that others indulge;

6.2)

1. For the benefit of those somewhat familiar with the externality literature,
we should also note that this definition differs from Samuelson’s early
definition of a pure public good, which has gained fairly wide acceptance.
Samuelson equated publicness to nonexclusiveness or jointness in con-
sumption, meaning that if any one person consumes the services of a good,
then everyone automatically consumes their services. In our model, in
contrast, only person i consumes X;, only person j consumes Xj;, and so
forth, for any i, j = 1, ..., H, and Xj does not necessarily equal Xj. (For
more on nonexclusive goods, refer to the next section of this chapter.)



other people clearly dislike it. In the terminology of ex-
ternalities, marijuana generates both external economies
and diseconomies.

Correspondingly, a pure private good (factor) is one for
which

au"
X

=0 i#h 6.3)

Only person i is affected on the margin by his or her
consumption (supply) of good (factor) k. We will write
Uh(th) to indicate that good (factor) k is a pure private
good (factor), and Uh(X,-k) to indicate that a consumer ex-
ternality exists that is potentially a pure public good. We
say potentially because all the notations imply that some
person h is affected by at least one other person’s con-
sumption (supply) of good (factor) k as well as his or her
own consumption of good k. It is not meant to imply that
everyone is necessarily affected by each person’s con-
sumption of good (factor) k. U"19X;;, could equal zero for
some i or even most i. All that is required for the existence
of a consumption externality is that one person’s utility be a
function of one other person’s consumption (supply) of
something.

THE WORST OF ALL WORLDS—ALL
GOODS (FACTORS) ARE PURE PUBLIC
GOODS (FACTORS)

In the worst of all worlds, all goods (factors) are pure public

goods (factors).” For policy purposes, this is really a hor-

rendous situation as the government can hardly interpret

what the proper decision rules mean let alone have any

hope of implementing them. The government’s problem is
max W[U"(Xy)]

(Xit)
H

S.t. F( ZXik) =0
i=1

with the understanding that each utility function U"( ) con-
tains all NH elements, Xy, i =1, ... ,H; k=1, ..., N.
The corresponding Lagrangian equation is

H
L = W[U"(X, AF X,
e = W] (o)

Before proceeding, notice how deceptively similar this
problem is to the problem of social welfare maximization
when there are only pure private goods. In our notation, the
pure private goods case is represented as

2. Ng provides an alternative model of this worst of all worlds in Ng
(1975).
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max WU" (X

H
StF< Zth> =0
h=1

In each case, maximization occurs with respect to HN
goods and factors, the N goods and factors consumed and
supplied by each of H people. The difference is that in the
worst of all worlds, all HN variables appear in each utility
function, whereas in the pure private goods (factors) world,
only N variables appear in each utility function. This dif-
ference matters, because the policy implications are enor-
mously different. In the latter case, the competitive market
can achieve full pareto optimality. In the former case, the
market cannot be expected to achieve high efficiency, and
the government is virtually powerless to act in an optimal
manner. The problems for the government in the pure
public goods case are self-evident upon examination of the
first-order conditions for social welfare maximization, both
the interpersonal equity conditions and the pareto-optimal
conditions.

Interpersonal Equity Conditions

Recall that the interpersonal equity conditions are obtained
by comparing the first-order conditions for any one good
(factor) consumed (supplied) by any two persons, say Xj
and X;;. The first-order conditions are

H
AW U™
X : — —— = —AF), (6.4)
/ hiléUh 9X;
H h
W oU
Xi N = _AF 65
VD5 o s 6.5)
From conditions (6.4) and (6.5),
H h
aw U
— — = —AF ni=1,....H 6.6
24307 ox, poall i s (6.6)

The interpretation of the interpersonal equity condi-
tions is identical to that of the standard model in Chapter
2, which contained only pure private goods: The gov-
ernment should redistribute good 1, lump sum, until so-
cial welfare is equalized on the margin across all
individuals. This task, difficult enough with pure private
goods, is now hopelessly complex, however. When the
government gives (takes) an extra unit of good (factor) 1
to (from) person i, it must know how all people react to
that transfer (tax) on the margin, not just how person i’s
utility is affected, and similarly for units transferred to or
from any other person. This is clearly an impossible
task, one the government could not even hope to
approximate.
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Pareto-Optimal Conditions

The pareto-optimal conditions also differ considerably from
their counterpart in a world of pure private goods, both in
form and interpretation. Recall that the pareto-optimal
conditions are obtained from the first-order conditions of
any two goods consumed (factors supplied) by any one
person, say X;; and X;;. The first-order conditions are

H

aw aut
Xy : — — = —AF 6.7
D ; 6.7)

H h

oW aU
X : — = —AF 6.8
V5 X 1 6.8)

Dividing Eqn (6.7) by Eqn (6.8) yields
T

ShELOUT X Tk g = 1,..H (6.9)

ZH oW Juh
h=19U" 09X, any k = 2,...,N

The right-hand side (RHS) of Eqn (6.9) has a standard
interpretation, the marginal rate of transformation (MRT) in
production between goods (factors) k and 1. The left-hand
side (LHS) has no standard interpretation, however. As
written, it is a ratio of marginal impact on social welfare
from consuming (supplying) the two goods (factors), and
there is no way to simplify the expression. In particular, the
social welfare terms, dW/AU", do not cancel, so that the rule
is not really a pareto-optimal or efficiency condition at all.
Recall that pareto-optimal conditions do not contain social
welfare terms. In this worst of all worlds, then, the model
does not dichotomize into interpersonal equity and pareto-
optimal conditions, the only exception we will encounter in
all of Part II. All the decision rules are of the interpersonal
equity type and can be achieved only by lump-sum re-
distributions of all goods and factors, a truly hopeless sit-
uation. Moreover, the competitive market system, which
equates marginal rates of substitution in consumption to
marginal rates of transformation, would be absolutely
useless. Nothing short of a complete government takeover
of the economy would be capable of satisfying the first-
order conditions for social welfare maximization, even in
principle.

THE EXISTENCE OF AT LEAST ONE PURE
PRIVATE GOOD

Fortunately, the real world is not so riddled with con-
sumption externalities. A large number of goods are pure
private goods, or close enough to pure private goods that a
government would not consider intervening in their mar-
kets. To keep the discussion as general as possible, how-
ever, let us assume that there is only one pure private good
in the economy, the first. Formally, 6Uh/6X,~1 =0,i # h.

The other (N — 1) goods and factors remain pure public
goods. As it turns out, only one private good is needed to
resurrect the dichotomy between the pareto-optimal and
interpersonal equity conditions, which normally exists in
first-best analysis and to retain a role for the competitive
market system in allocating all the goods and factors.

With a single private good, the social welfare maximi-
zation problem becomes

max  W[U" (Xi; X)]

(Xiks Xn1)

H H
StF(ZX,]\, Z Xh1> =0

i=1 h=1

where k = 2, ..., N. Good 1 has been written separately to
indicate specifically that it is a pure private good.

Interpersonal Equity Conditions

Consider the interpersonal equity conditions with respect to
good 1, the pure private good. The first-order conditions
are”

aw aU"
Xn i —0— = —AF 6.10
g o 1 (6.10)

aw U’
X — = —AF 11
il GU’ 0X,~1 A 1 (6 )

or
ow aU"

= JF, allh=1,..H 6.12)

oU" Xy

Equation (6.12) is identical to the interpersonal equity
conditions in the standard model of Chapter 2. Assume that
the government can redistribute X; lump sum to achieve
this condition as part of its first-best policy strategy.

Pareto-Optimal Conditions

As above, consider the first-order conditions with respect to
two goods (factors) consumed (supplied) by any one person
i, say X and X;;. The choice of k is arbitrary, but good 1,
the private good, must be one of the two goods chosen. The
first-order conditions are

H
oW auU"
X — —— = —AF 6.13
k 2507 X, k (6.13)
aw aU'
s e = (6.14)

3. A is the Lagrangian multiplier associated with F ().



Dividing Eqn (6.13) by Eqn (6.14) yields

Y % R
h=190" oX; _ L'k .
—w for k =2,....N

U Xy 1

(6.15)

Condition (6.15) can be simplified if the government has
satisfied the interpersonal equity conditions for good 1. The
LHS is a summation of social welfare terms over a common

denominator, ng// gXL,. But, if interpersonal equity holds,
oW U’
- — = —AF, alli=1,...H 6.16
AU 0Xy oA (.10

Selectively substitute for the denominator term by term,
matching up the social welfare terms, and write

aw oyl ow oyt ow vt g
oUT Xy 8U" Xy ot axy Tk
aw aut T T s T T g o = F,’

Ut 39Xy, Ul Xy, AUH  0Xy,
any k = 2,...,N

6.17)
H 6_‘45 out F
DI T R R I (6.18)

W oUn F,

h=1|9U"
Ut OXin any k = 2,...,N

The social welfare indexes, dW/AU", cancel term by
term, yielding

H [oU"

§ X
uh

h=1 10Xy

=7 (6.19)

The LHS of Eqn (6.19) has a standard pareto-optimal
interpretation, devoid of social welfare terms. It is a sum
of marginal rates of substitution, each person’s marginal
rate of substitution (MRS) between person i’s consumption
of good k and his or her own consumption of the pure
private good. Thus, the rule can be written as

H
h _ -
3. MRSy, y,, = MRTy, forall i = 1. H

any k = 2,...,.N
(6.20)

Note carefully that the ability to cancel the social wel-
fare terms is not just a formal “trick.” It implies an optimal
first-best policy action, a lump-sum redistribution that sat-
isfies the interpersonal equity conditions for good (factor)
1. Without the optimal redistribution, the terms would not
cancel and all the policy implications of the pareto-optimal
conditions that we are about to discuss become irrelevant.
Condition (6.19) would not be the necessary condition for a
social welfare maximum. We will employ this cancellation
technique repeatedly throughout this chapter, with the same
policy implications understood each time. Without the
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ability to achieve correct lump-sum redistributions, none of
the standard first-best policy prescriptions apply, even those
ostensibly related only to allocational issues.”

Note, finally, that only good 1 need be redistributed
lump sum, exactly as in the baseline private goods model of
Chapter 2. If the government correctly redistributes good 1
and designs policies to achieve all the pareto-optimal
conditions, then the interpersonal equity conditions auto-
matically hold for goods (and factors) k = 2, ..., N as well.
To see this, plug the social welfare terms back into the LHS
of Eqn (6.19), obtaining Eqn (6.18). If Eqn (6.18) holds and
the denominators are also equal from interpersonal equity,
then the numerators are also equal:

H 9w oU"

AL
Wi=10U" Xy g

alli=1,.. H
6.21)

any k = 2,...,N

as required by the interpersonal equity conditions for goods
k=2,...,N.

Because the pareto-optimal rules for externality-
generating exclusive goods are combinations of marginal
rates of substitution and marginal rates of transformation,
they have the following properties:

1. One can always describe a market structure with compet-
itive prices that will achieve the correct pareto-optimal
conditions without government intervention. This is so
because producers and consumers equate market prices
to marginal rates of transformation and substitution under
perfect competition. The necessary market structure is far
more complex than the normal competitive market struc-
ture, however. It requires an entire new set of competitive
market transactions among consumers that correctly ac-
counts for all the external effects. In other words, the mar-
ket failure associated with externalities can be thought of
as a problem of nonexistent markets, namely the required
competitive side markets among consumers.”

2. The government can achieve the pareto-optimal condi-
tions within the standard decentralized competitive mar-
kets for each of the goods (factors) by levying a set of
taxes or subsidies that directs competitive behavior to
the correct pareto-optimal conditions.

These two properties are worth extended discussions.

4. Notice that condition (6.19) can be derived without reference to the
social welfare function by solving the following problem: Maximize the
utility of any one person, subject to holding the utilities of the remaining
(H — 1) people constant, and the production frontier and market clearance.
But, the first-order conditions for this problem are not the necessary
conditions for a social welfare maximum if the distribution is not optimal,
in general. The first-order conditions for externalities with a nonoptimal
distribution are derived in Chapter 22.

5. Kenneth Arrow argues for this view of the externality problem in Arrow
(1977).
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Externalities as Market Failure: The Missing
Side Markets

The property that pareto-optimal decision rules for exclu-
sive activities that generate externalities can always be
achieved by an appropriate set of competitive markets
follows directly from the assumptions of profit and utility
maximization. Suppose, as above, that goods (factors)
k = 2, ..., N are pure public goods and that good 1 is a
private good. Suppose, also, that the markets for all the
goods (factors) are competitive, and that P; = 1 (good 1 is
the numeraire). The standard competitive markets generate
the conditions:

h _ —
MRSth,Xhl =MRT,; al h=1,....H
any k = 2,...,N

(6.22)

because both consumers and producers face the identical
prices Py and P; for goods (factors) k and 1, respectively.
MRSQM_ x,, refers to person i’s MRS between his or her
own consumption of goods k and 1 (supply of factors k
and 1). These are not the pareto-optimal conditions given
by Eqn (6.20). Additional competitive side markets are
needed to achieve condition (6.20).

To understand the nature of these side markets, consider
again person i’s consumption of public good k, Xj; (assume
both X; and X; are goods). The competitive market struc-
ture that would generate the pareto-optimal condition,

H
> MRSy, = MRT,

h=1

is as follows. Producers insist on a price Py, equal to
MRT;; (=MCy with P = MC; = 1), to supply good k.
If consumer i wants to buy X, he or she has to pay the pro-
ducer this price. Suppose Xj; generates an external econ-
omy (a “good”) for all other consumers. In this case,
person i and all the others have a mutual interest in devel-
oping side markets to influence the final value of Xy, the
others because they would be willing to pay something to
have person i increase his or her consumption of good %,
and person i because he or she can extract side payments
that effectively lower the price to his or her below the
producer price, Py.

Consider next Fig. 6.1, which shows the set of indif-
ference curves for some person i # i, between Xj;, person
i’s consumption of good k, and Xj;, person hA’s own con-
sumption of good 1. Xy is a parameter for person /, but he
or she determines his or her own consumption of good 1.
Suppose their independent decisions place consumer /4 at
point B on indifference curve I;. The slope of I; at B is
MRS?{,%_XM- If these were two purely private goods both
under the control of person 4, then he or she would pay a
competitive price for X, equal to MRS})’(M_ x, Call this price
Pl (with P; = 1). Suppose person h actually paid person i

Xh1

FIGURE 6.1

the competitive price Pj = MRS} , . and all other con-
sumers did likewise, having formed identical “competitive”
side market relationships with person i. This set of
competitive side markets could achieve the desired pareto-
optimal condition.

The effective price of good k to person i is

P, =P - P,

h+i

(6.23)

which he or she equates to his or her own personal MRS
between goods k and 1, MRS;MX“. With the “competitive”
side payments received from the (H — 1) other consumers
equal to

P! = MRS/ for all h+i

Xik;Xn1?

(6.24)

the external effect of person i’s consumption of good k, and

with the producers setting
P, = MRTy, (6.25)

This expanded competitive market structure satisfies the
pareto-optimal condition:

H
Z MRS?{ik Xt

h=1

= MRTy;

Notice that (H — 1) “competitive” side markets (prices)
are required just for person i’s consumption of good k, plus
the usual market between the producer and consumer i, or
H markets (prices) in all. By a similar analysis, H(H — 1)
additional side markets (prices) would be necessary to
allocate Xj correctly among all H consumers, with (H — 1)
side markets (prices) for each of the H consumers, a
formidable set of markets indeed. Adding the H markets
(prices) between the producers and each consumer, there
would be H> markets (prices) in all. Furthermore, H(H — 1)
distinct side markets (prices) and H? total markets (prices)
are necessary for each pure public good.



The same analysis applies if the externality is a
diseconomy (a “bad”), although the mutual gains come
about indirectly. Achieving pareto optimality increases
aggregate real income by moving the economy to the first-
best utility—possibilities frontier, and the additional income
can then be redistributed to everyone’s mutual gain. Each
person i might be skeptical of this argument, however, and
refuse to make ‘“competitive” side payments equal to the
marginal damage he or she is causing other people. These
payments have the obvious direct effect of lowering the
person’s utility, and he or she may doubt that he or she will
receive adequate compensation when the additional real
income is distributed.

Relating the problem of externalities to market failure in
this way suggests why the market system breaks down in
their presence even when it is mutually beneficial for
people to form the necessary side markets. The existence of
potential mutual gains from trade is the motivation that
normally causes markets to form. For these externalities,
however, three difficulties hinder the development of the
proper side markets.

The first is that legal and/or political constraints may
preclude formation of the side markets, especially in the
case of external diseconomies. Assume that an industry in
New York State is polluting Vermont air. Even if New
Yorkers are convinced that side payments to Vermonters
can increase the combined welfare of both states, they
certainly have no guarantee that sufficient tax revenues (and
other necessary income) will be transferred back to New
York to make the potential gain for New Yorkers a real
one. Without proper redistributions, New Yorkers may well
be better off continuing to pollute, especially if most of the
costs of pollution are borne by Vermonters because of
prevailing westerly winds. These same circumstances pose
difficulties for government intervention in the form of
corrective taxes, the textbook solution to externalities to be
described in the next section. Who will levy these taxes?
Certainly not New York State, and Vermont cannot tax
New York citizens for pollution damage. Moreover, the
Constitution of the United States may well proscribe
levying federal taxes on New York citizens based on
damage caused to Vermont citizens. As will be argued in
more detail in Part V, a federalist system of governments
causes problems for any policy designed to correct for
externalities when the externalities spill over jurisdictional
lines.

Transactions costs are a second potential hindrance for
developing side markets, especially when the external ef-
fects are extensive. Suppose people benefit from other
people’s education but differentially depending on just who
is educated (for example, bright people versus dull people).
Furthermore, suppose all other people do not benefit
equally from any one person’s education. In short, educa-
tion may have the properties of a (virtually) pure public
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exclusive good, with many different values to the marginal
rates of substitution that comprise the external effects. If so,
then the sheer number of side markets required to achieve
an optimal amount of education for anyone is staggering
(H is a very large number) and the costs of even trying to
get everyone together are clearly prohibitive, meaning that
they would almost surely offset any efficiency gains from
achieving or even approaching pareto optimality. Put
another way, normal competitive markets permit all con-
sumers and producers to face the same price, an enormous
advantage in terms of information requirements. In
contrast, externalities of the type under consideration
generally require negotiations and differential prices among
all consumers in the market, a huge increase in structural
complexity. Small wonder, then, that such side markets
almost never form, even when the mutual gains, ignoring
transactions costs, are obvious to all, such as for external
economies. Unfortunately, all important examples of
externalities associated with private activity, such as edu-
cation, pollution, and research and development, affect a
very large number of people. After all, their broad scope is
what makes them important.

Finally, mutually beneficial side payments might not
obtain even if the externality were relatively simple,
affecting only a few people, and none of the problems
mentioned above existed. There remains the problem that
the affected parties have an incentive not to reveal their true
preferences. Suppose person i’s consumption of good k
generates an external economy for persons j and m. Despite
the benefits he or she receives, person j might decide not to
subsidize i’s consumption, hoping instead that the other
person, m, will do so. In the parlance of the literature, j
desires to be a “free rider.” Person m reasons similarly, and
because no one wants to play the sucker, no side payments
occur, despite the obvious gains to all. Various tax schemas
exist for avoiding the free-rider problem, but we will defer
discussion of them until the next section on nonexclusive
goods since the revelation problem has been most closely
associated with these goods. It could just as easily apply to
exclusive goods, however.

Bargaining and the Coase Theorem

Ronald Coase felt differently about the possibilities for side
payments, at least when the externalities involve a small
number of consumers or firms. He argued that the appro-
priate side bargains would take place so long as the prop-
erty rights to the external effects were established (for
instance, someone held the rights to the benefits from a
research and development project). His reasoning was
simply that bargaining to achieve the pareto-optimal con-
ditions represents a pareto-superior move, and rational,
utility-maximizing consumers can be counted on to realize
the mutual gains, by the definition of rationality. Some of



90 PART | Il The Theory of Public Expenditures and Taxation: First-Best Analysis

the gains may have to be redistributed among the parties to
ensure that everyone is better off, but this too is in every-
one’s mutual interest. Also, the bargained solution does not
necessarily have to set each price equal to the MRS, as the
competitive market analog suggests. All it must do is select
the levels of private activity that satisfies the pareto-optimal
conditions, Eqn (6.20), and possibly redistribute some of
the gains to ensure that everyone is better off relative to the
status quo. Coase’s argument became universally known as
the Coase Theorem.”

The Coase Theorem was a provocative challenge to
received public sector theory at the time, which stressed
incentives to free ride and presumed that government
intervention would always be necessary to achieve pareto
optimality in the presence of externalities. The theorem has
generated a huge literature, sometimes favorable, some-
times critical. The most recent literature has concentrated
on the validity of the Coase Theorem when people have
private information about the external effects, and the re-
sults have generally been unfavorable to the theorem. This
is so even when the external effects are extremely limited,
such as to one or two “third parties.” Private information is
a second-best problem, however, so we will defer most
discussion of the Coase Theorem until Chapter 20 in Part
II. For now it is enough to note that the Coase Theorem
was never assumed to apply when the external effects were
extensive. (We will return to it briefly in Chapter 7.)

The Tax/Subsidy Solution

Society does not have to rely on private bargaining to
correct for externalities. The government has the option of
taxing (subsidizing) externality-generating activities to
achieve the pareto-optimal conditions. The tax (subsidy)
scheme is simpler than the required competitive market
structure, by a factor of H. To see why, consider again the
decision by person i to consume (supply) good (factor) k,
Xix. As before, assume that all markets are competitive in
line with first-best analysis, and that P; = 1, the numeraire.
Person i’s decision to purchase good k affects all other
people, but for these people it is essentially a lump-sum
event. Only person i decides the quantity; the others must
accept it as a parameter. Thus, the government needs only
to adjust person i’s behavior with respect to X, as follows.

Before government intervention, all producers and
consumers face the same price Py, which producers set
equal to the MRT (marginal cost) and consumers to their
personal-use MRS. The government does not want this, but

6. Coase (1960). The assignment of property rights to the activities asso-
ciated with the external effects is crucial to the theorem. A counterexample
is water or air pollution. Private bargaining cannot work here because air
and most bodies of water are common-use resources. No one can hold the
property rights to clean air and clean water on the public bodies of water.

it knows that if it establishes another set of prices for person
i (say, P};), then consumer i will set this price to MRS%IA”’X”,
his or her own personal-use MRS. The goal, then, is to
design a tax for person i, 7. that simultaneously:

1. Drives a wedge between P, and Py such that:
P, = Pi+1,

2. Achieves the desired pareto-optimal condition,

H
Z MRS?{M Xn1
h=1

The proper tax is #, = _Zh#iMRS?(,-k,XM’ equal to the
sum of the marginal effects on all others of person i’s
consumption (supply) of good (factor) k. With this tax, the
price person i pays for good k, Pi, differs from the pro-
ducer’s marginal cost price of k by exactly the summation
of his or her marginal effects on all other consumers:

= MRTy,

P. = MRS}

ik, Xi1

= P +1, = MRT — Y MRS},

ik Xh1
h#i

(6.26)

Thus, the tax establishes the correct pareto-optimal
condition on Xj. It is referred to as the Pigovian tax after
the British economist A. C. Pigou, who first proposed taxes
(subsidies) equal to the sum of the external marginal effects
to correct for externalities (Pigou, 1932).

Using the convention that the MRS between two goods
is positive if these side effects are beneficial (an external
economy), then the “tax” t,’; is negative, a subsidy, so that
person i pays less than the marginal cost price of producing
good k. Conversely, if the side effects are harmful (external
diseconomies), the tax is positive and person i pays more
than the marginal cost price of producing good k.

Furthermore, the government can adjust the tax to the
desired level, at least in principle. Suppose at first the tax is
zero, and Xj; generates external economies. Without benefit of
the subsidy, person i consumes (supplies) too little of good
(factor) k, and i > =", iMRSf?kvhl. A subsidy to person i
lowers P!, increases Xj;, and thereby decreases the absolute
value of each other person’s MRS?{M, x,,- Thus, it is possible to

find the 7, such that 7, = —>7, ., MRS}, ,, as required.

To allocate the aggregate amount of Xj correctly re-
quires H separate taxes, t,"(, i =1, ..., H one for each
consumer (supplier) of X;, determined exactly as above.
pareto optimality requires

H
h
Z MRSXik X1
h=1

The effects of the tax can also be considered in terms of
supply and demand curves (with P; = 1). Think of k as a
good. The aggregate supply curve for good k has the usual
interpretation. It is the horizontal summation of the

= MRTy, alli=1,.. H



marginal cost curves for the individual producers of k. The
aggregate demand curve for the good k is, similarly, the
horizontal summation of the individual consumers’ demand
curves for good k, with this important difference. Before the
individual curves are summed horizontally, they are each
adjusted vertically downward (upward) by the amount of
the tax (subsidy), t}'(. Because of the way the taxes (sub-
sidies) are defined, the vertical adjustments just equal
> ,MRS% | at each unit of Xy, person i’s combined
marginal impact on all other people. Thus, the resulting
individual demand curve for person i reflects the entire
Zf:1MRS§,-k‘x,,p including person i’s own MRS between
goods k and 1. Because these adjusted curves are then
summed horizontally to be equated with aggregate supply,
H
ZMRS?(,%XM
h=1

= MRTk‘l = Pk all i = 17...,H

6.27)

in aggregate equilibrium, as required for pareto optimality.
The taxes, 7, if set optimally, determine the effective price
for each person i and their individual contribution, Xy, to
the aggregate X; at the equilibrium.

Designing the proper set of H taxes for any one pure
public good is obviously a hopeless task. For each of the
taxes, the government must know (H — 1) separate pieces
of information, the MRS?kAhl. The full set of H taxes,
therefore, requires H(H — 1) independent pieces of infor-
mation, all Qf which may differ. In general,
MRSf.'kJZ1 #MRS/, ji» for j # h. (Think of the fence
example. The external MRS effect on each third party de-
pends on how their view is affected by whoever builds the
fence.) Finally, a world consisting of one pure private good
and (N — 1) pure public goods would require H(N — 1)
taxes and H(H — 1) (N — 1) independent observations on
the external marginal effects.

Limited Externalities

Only a small subset of people is likely to be affected by the
consumption of some good; that is, the good is somewhere
on the continuum between pure publicness and pure pri-
vateness. (For example, a fence is likely to affect only the
neighbors on the adjacent properties and perhaps not all of
them.) As is immediately obvious from the construction of
the model, the pareto-optimal rule:

> MRS}, = MRTy
h

applies only to the subset of H people affected by person
i’s consumption of good k. The subset could number as
few as two people (person i and one other), and pareto opti-
mality would still be described by this rule. Furthermore,
the subset of people whose consumption generates con-
sumer externalities could number far fewer than H people.
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There may only be one such person. As a practical matter,
the government would only intervene if the number of peo-
ple affected by a particular externality was fairly large and/
or the externalities generated in any one instance were
deemed to be “substantial” in some sense. Very few goods
(factors) are likely to meet this practical criterion. That is,
most goods are certainly well toward the pole of pure pri-
vateness. Private bargaining may be the preferred solution
when the numbers affected are small if, indeed, any action
can hope to improve the private market outcomes given the
transactions costs of bargaining or government
intervention.

All these considerations serve to mitigate the actual
policy problems caused by consumption externalities.
Nonetheless, if, for example, J people were affected by
each of L goods as described by the model, then J-L taxes
(subsidies) are required for allocative efficiency, a formi-
dable task even if both J and L are “fairly small” relative to
all the people and all the goods and factors in the economy.

We have been analyzing the case of individualized
externalities, in which the external effects associated with
private sector activity depend not only on what the activity
is but who is doing it: It matters who builds a fence. The
inescapable conclusion is that neither government taxes and
subsidies nor private bargaining can be expected to achieve
the pareto-optimal conditions for any individualized ex-
ternality in which the external effects are widespread.

Not all externalities are individualized, however. The
final two sections of the chapter consider two common
types of externalities that are not individualized: the
nonexclusive good and the aggregate externality. The
aggregate externality is the more hopeful of the two from a
policy perspective.

NONEXCLUSIVE GOODS—THE
SAMUELSON MODEL

Paul Samuelson was the first economist to analyze the
problem of externalities using a formal general equilibrium
model of social welfare maximization for his analytical
framework. He developed his model in three articles pub-
lished in the 1950s, Samuelson (1954, 1955, 1958) and it is
safe to say that no other single work has been more influ-
ential to the development of public expenditure theory. For
this reason alone, his model deserves special attention in
any treatise on public sector economics. It also happens to
be a useful vehicle for exploring a number of important
issues, including:

1. The special problems caused by nonexclusive goods,
Samuelson chose the nonexclusive good for his
example of an externality.

2. A method for introducing the government into the
standard general equilibrium model, given that the
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government’s preferences are not supposed to count
other than in providing the social welfare function.

3. The important first-best dichotomy property that a
competitive market system correctly allocates pure pri-
vate goods. This property could have been developed
above by considering a model with at least two pure pri-
vate goods. It always holds under first-best
assumptions.

4. An initial presentation of the benefits-received principle
of taxation, one of the two widely accepted normative
criteria for judging whether or not a particular tax is fair.

A nonexclusive good (a service, really) has the property
that if any one person consumes it, everyone necessarily
consumes its services in equal amounts. Nonexclusivity
works both ways. On the one hand, if one person consumes
the good, he or she cannot exclude others from consuming
it. On the other hand, once someone consumes the good, no
individual within the domain of the good can exclude
himself or herself from consuming the services of the good
even if he or she should want to. Consumption is truly joint.
These goods cause terrible problems for any society dedi-
cated to competitive market principles and consumer sov-
ereignty. Unfortunately, they are hardly theoretical
curiosities to be found only in obscure economics journals.
Defense, the exploration of outer space, and global warm-
ing are three very important examples of nonexclusive
goods.”

The free-rider problem undermines the ability of mar-
kets to allocate nonexclusive goods. Markets work for
exclusive goods because people must purchase the goods to
receive any utility from them. They reveal their preferences
when they purchase the goods. In contrast, people do not
have to purchase a nonexclusive good to receive its ser-
vices. The strategy of free riding is a viable, and preferred,
option. People have an incentive not to reveal their pref-
erences, hoping that someone who wants the good will
actually buy it. If someone does play the ‘“sucker,”
everyone immediately consumes its services as free riders.
Therefore the government is forced to purchase the good on
behalf of society for there to be any hope of achieving the
proper allocation of resources to the good, and perhaps to
have any of the good at all, even though everyone might
desire the services of the good. This is why Samuelson
labeled nonexclusive goods as “public goods.” As we shall
see, these goods satisfy our definition of public goods,

7. The terminology “nonexclusive” introduced by Samuelson is somewhat
misleading as some good might have the properties described above over a
subset of individuals yet not be available at all to still other people.
Compare national defense with local police protection. Jointness of con-
sumption is perhaps a more accurate description, leaving open the possi-
bility that some consumers may be excluded. At this point, however, we
will use nonexclusiveness and jointness in consumption interchangeably
and assume that the entire population is affected.

which can also apply to exclusive goods. Samuelson’s
equation of “publicness” with “nonexclusivity” (joint con-
sumption) is the most often employed one in the externality
literature, however.

Having decided to purchase the good, the government is
faced with two difficult questions:

1. How much of the good should it buy?
2. How should people be taxed to pay for the good?

One can provide answers to both questions consistent
with the standard criteria of consumer sovereignty, pareto
optimality, and competitive market principles, but these
answers depend upon consumers revealing their true pref-
erences to the government. Unfortunately, consumers have
no more incentive to relate their true preferences to the
government than they do to the marketplace. In answering
these questions, therefore, the government confronts the
mechanism design problem. It must find a tax scheme that
induces consumers to reveal their preferences.

The Government in a General Equilibrium
Model

To focus on the problems peculiar to nonexclusivity, as-
sume that there is one nonexclusive good, the kth, and that
all other (N — 1) goods are pure private goods. Assume
further that the market for nonexclusive goods is inopera-
tive because of the free-rider problem, so that the govern-
ment must decide how much of the good to buy and how to
ask people to pay for it. The immediate problem, then, is to
incorporate the government into the formal model of social
welfare maximization.

One method of proceeding is to assume that the gov-
ernment has a preference function for nonexclusive goods
derived through some sort of political process, exactly the
approach taken for the government’s social welfare func-
tion. If this government preference function also includes
the overall size of the private sector as one of its arguments,
then the private sector defines the opportunity costs of
public expenditures on the nonexclusive good, and finding
the optimal amount of the “public” good becomes a simple
exercise in consumer theory. The government would solve
a problem of the general form:

max (public expenditures, private sector)
G(public expenditures,private sector)

s.t. Public expenditures + Private sector = Y

where G = the government’s preference function and
Y = total national product to be split among the private
and public sectors.

As was stressed in Chapter 1, however, the government
is not supposed to interject its own preferences into the
decision-making process according to the mainstream
normative theory. Rather, it is supposed to play the part of



agent, acting solely upon consumers’ preferences for its
demand data whenever possible—that is, to honor the
principle of consumer sovereignty.

The government has no choice but to violate consumer
sovereignty when faced with the distribution question.
Society must develop a set of social welfare rankings
through some political processes that establish the criteria
for achieving end-results equity. Individual preferences, by
themselves, are not sufficient to determine the interpersonal
equity conditions for the optimal distribution of income.
But such is not the case with allocational issues. Consumer
preferences are sufficient to determine the demand
component of the pareto-optimal conditions for allocational
efficiency, and consumers have preferences over all goods
and services, including nonexclusive goods. There is no
reason why their preferences cannot be honored, at least in
principle. Thus, mainstream normative theory has rejected
the construct of a distinct government preference function
for nonexclusive goods, or, indeed, for any expenditures
arising for allocational reasons. Only consumers’ prefer-
ences enter the optimal normative policy rules.

A simple analytical device for introducing government
purchases into the standard general equilibrium model
without generating a distinct government demand for these
purchases is to define a fictitious individual (say, the first) to
represent the government.” By fictitious we mean that
U! (il)EO, Where_gl is a vector of government pur-
chases. The vector X enters into the production—possi-
bility frontier and market clearance—the goods themselves
are real and use up scarce resources—but government
preferences never count for social welfare, as dU Yox =0,
for any k.

Allocating a Nonexclusive Good

If good k is the only nonexclusive good, social welfare
maximization can be represented as

max  WI[U" (X); U" (X5 Xir)|

(X1 Xy

H
S.t. F( th,Xlk) =0
2

h=
where

X1, = the nonexclusive good, purchased only by the
government.

Xy, = good (factor) j consumed (supplied) by person #,
h=2, ., Hyj=1..,k—1k+1,.., N

U' = the (fictitious) preference function of the
government.

8. This technique was first demonstrated to us by Peter Diamond in a set of
unpublished class notes.
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The corresponding Lagrangian equation is

H
max L = W[U'(Xu); U" (Xi; Xut)] +AF<Zth,X1k>
h=2

(XlA;th) —

Notice that even though only the government pur-
chases good k, Xy enters into each person’s utility func-
tion since everyone automatically consumes the entire
services of the nonexclusive good. Compare this with the
case of an exclusive good that generates externalities.
With the exclusive good, there is a distinct difference
between the services it provides privately to each indi-
vidual who purchases it and the flow of external services
received by other consumers in the form of external
economies or diseconomies. Think once again of the
fence. The person who built the fence receives a flow of
services that are distinct from the “services” bestowed
upon his or her neighbors. With nonexclusive goods,
however, there is no such distinction. Whatever services
are available to the purchaser, these identical services are
automatically available to all others, whether they want
the services or not.

Interpersonal Equity Conditions

Consider the necessary conditions for a social welfare
maximum for the model with nonexclusive goods, begin-
ning with the interpersonal equity conditions for good 1.
Take the first-order conditions with respect to Xj; and X»1,
the consumption of good 1 by persons % and 2:

aw au"
X — — — _)F 6.28
AU 60X : (6.28)
ow auU?
X f— — = —AF 6.29
902 60X,y ! (6.29)
Consequently,
aw U™
— —— = —)\F Mh=2.. H 6.30
au" X v T (30

Equation (6.30) is the standard result that good 1 should
be distributed lump sum across all individuals to equalize
the social marginal utility of good 1.

Pareto-Optimal Conditions

The pareto-optimal conditions are obtained somewhat
differently in this model. We have to compare the gov-
ernment’s purchase of good k, Xj;, with any other con-
sumer’s purchase of any private good—say, the purchase of
good 1 by person j, Xj;. The first-order conditions are

" 9w QU™

X : —
LUt ax,

= —IF, (6.31)
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(Recall that 0U'/0X;; = 0)

oW U
i — — = —AF 6.32
1 an aX/'l 1 ( )
Dividing Eqn (6.31) by Eqn (6.32),
Zthzg_m gxﬂ F
W = F] - MRTXk,Xl (633)
Ul aX;

But, if the government has correctly redistributed good
1 such that the interpersonal equity conditions hold, then

oW o

e~ alj=2..H
i ax, —

Selectively substituting for the denominators in each
term on the LHS of Eqn (6.33) and canceling AW/AU" term
by term yields

H_[oU"
X,
Z(w) = MRTy,x, (6.34)
h=2 \0Xu
or
H
ZMRS?(M«,XM = MRTXk-,Xl (6.35)
h=2

Condition (6.35) gives the familiar result that the sum of
each person’s MRTs between the nonexclusive good and
good 1 equals the MRT between X; and X; in production.
Samuelson was the first to demonstrate formally the sum-
mation rule for externalities. Therefore, Eqn (6.35) is
commonly referred to as the Samuelson Rule. Subsequent
research showed that this same type of rule also applies to
exclusive goods that generate externalities, as already
demonstrated above for individualized externalities.

The First-Best Dichotomy: The Private
Goods and Factors

Before discussing the government’s prospects of satisfying
the pareto-optimal conditions, consider the following
important proposition: In a first-best policy environment,
pure private goods and factors can be allocated efficiently
by the competitive market system despite the presence of
externalities elsewhere in the economy. To see this,
consider the pareto-optimal conditions for any two pure
private goods (or factors). Compare, for example, the first-
order conditions for Xp,, and Xj;, two private goods (fac-
tors) consumed (supplied) by person h. The first-order
conditions are

h
oW out

Xhm :W aXhm = (636)

o :;g; g)l(]: = —JF, (6.37)
Dividing Eqn (6.36) by Eqn (6.37),
au”
G;Zf; _ % al h =2, H (6.38)
0X any m*k
or
MRS} , = MRTy, y, (6.39)

These are the standard pareto-optimal conditions for
private goods developed in Chapter 2 and they are achieved
by competitive markets for m and 1. Therefore, the exis-
tence of nonexclusive goods does not upset the competitive
allocations of the other pure private goods, at least with
first-best assumptions. That this property applies to our
model of externality-generating exclusive goods should be
clear from the structural similarities of the two models.

Policy Problems with Nonexclusive Goods

Knowing that it should purchase a nonexclusive good to the
point at which 77 ,MRS% = MRTy,x, may not be
very helpful for the government in practice, as it still has
the vexing problem of determining each person’s MRS
under the handicap of nonrevelation. The problem is not
that an MRS is a special theoretical construct that cannot be
observed in practice. For pure private goods, its value is
easily determined. Assuming rational behavior, the MRS
between any two goods for any consumer simply equals the
price ratio of the two goods. Rather, the problem is non-
exclusivity itself, which leads to the incentive to free ride.
Competitive market analogs to private goods are of little
help to the government.

The government cannot simply set a price (tax), ask
consumers how much they would be willing to buy at that
price, and compare quantities demanded with quantities
supplied at the producer price to check for equilibrium.
Consumers might well hide their preferences if they
thought they might actually have to buy the stated amounts
at the going price. Furthermore, this competitive process
would not generate the pareto-optimal quantity even if
revelation were not a problem. The market process is
reversed for nonexclusive goods: the single output selected
by the government is the given for each consumer, not the
price. Therefore, the proper method of reaching equilibrium
is for the government to select an output, ask consumers
how much they would be willing to pay for the last unit of
the output, add each consumer price, and compare the
aggregate consumer demand price with the marginal cost
(the producer’s supply price) at the selected output. The



optimum quantity occurs at the output for which the
aggregate demand price equals the supply price.

In terms of the standard supply and demand diagram,
every consumer has a demand curve for the nonexclusive
good even if he or she would not reveal it. Just as with the
externality portion of exclusive goods, these demand curves
must be added verfically, not horizontally, to arrive at
aggregate market demand. (There is no further horizontal
summation, however, as the quantity selected by the gov-
ernment is the aggregate quantity.) The quantity at which
the vertical summation of individual demand curves in-
tersects the supply curve satisfies the pareto-optimal con-
dition, Eqn (6.35).

This reversed competitive process is illustrated in
Fig. 6.2 for the two-person case. In the diagram:

1. d,l and d,% are the individual’s demand curves for Xp,

reflecting their respective MRS;'W, at every Xi (P; = 1,

the numeraire). '

DY is the vertical summation of d} and d;.

3. S, is a normal supply curve for X; reflecting the
MRT;, 1(MCy) at every X;.

4. Py is the producer’s supply price at X;*".

5. P} = MRS}  at X"
6. P. = MRS  at X;™
At X7,

N

P, =P, +P; (6.40)

or

+ MRS?

X, X21

= MRS!

Xi:X11

MRTy, x, (6.41)

Thinking in terms of defense, if the last weapon system
costs $20 billion, and in the aggregate, consumers are
willing to pay $20 billion based on their marginal rates of
substitution, then the defense budget is optimal.

Py

FIGURE 6.2
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Thus, it is possible to describe a competitive analog for
establishing the optimum quantity of nonexclusive goods,
but the analog is not terribly useful in practice as consumers
have little incentive to reveal their demand prices at each
quantity. The government has to design a different mech-
anism to induce consumers to reveal their preferences for
nonexclusive goods. Otherwise, the government has little
choice but to select a quantity and hope that its choice is
correct without benefit of the normal market signals to aid
its judgment.

Paying for the Public Good

The question “How should people be taxed to pay for a
nonexclusive good such as defense?” can be viewed as
uninteresting from a normative perspective. It has no
normative significance for social welfare maximization in
the mainstream perspective. The only normative require-
ment for the government is to select the optimal quantity of
the good. Suppose it has. The government’s output choice
is exogenous from each consumer’s point of view and,
since the government is not interfering in any other market,
the pareto-optimal conditions for all other goods (factors)
hold as well. Therefore, all the government need do to
preserve efficiency is raise taxes on a lump-sum basis to
finance the good. Any lump-sum tax will do—for example,
a head tax based on age scaled up or down until sufficient
revenues have been collected.

The only caveat is that the optimal quantity of the
nonexclusive good depends in part on the particular lump-
sum tax chosen. Any tax shifts people’s demands for the
nonexclusive good simply because their incomes have
changed. The new pattern of after-tax incomes therefore
dictates a new output choice to satisfy the pareto-optimal
condition for the nonexclusive good. But any pattern of
lump-sum taxes allows all the pareto-optimal conditions to
hold, by the definition of a lump-sum tax. The “only”
allocational problem for the government remains selecting
the correct output for the chosen tax. Furthermore, any
adverse distributional consequences of a particular tax such
as an age tax would be fully offset by the lump-sum re-
distributions that satisfy the interpersonal equity conditions.
In this sense, then, the question of how people should pay
for the good is uninteresting; it can be entirely subsumed
within the distribution question.

Public sector economists have nonetheless expressed
considerable interest in the payments mechanism, for eq-
uity and efficiency reasons. The equity motivation is that
citizens may not accept any pattern of lump-sum taxation to
pay for these goods, especially if no strong consensus has
emerged regarding the social welfare function. They may
well insist that the taxes satisfy commonly held notions of
equity, that they be fair as well as efficient. The efficiency
motivation is the mechanism design problem. Finding a tax
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scheme that induces people to reveal their true preferences
for the nonexclusive good is essential. Avoiding the free-
rider problem removes the principal barrier toward
achieving the pareto-optimal allocation. Should these taxes
also be deemed equitable, so much the better. Let us
consider the question of equity first.

The Benefits-Received Principle of Taxation

Although there are no equity norms agreed upon by
everyone, two general principles of fair taxation have
gained remarkably wide acceptance in Western economic
thought as practical guidelines for tax policy. Taxes are
deemed fair if they are related to the benefits received from
public goods and services, or if they are closely related to
each person’s ability to pay.

The benefits-received principle of taxation is the older
of the two principles. It dates back at least to the fourteenth
and fifteenth centuries in European feudal societies, when
the nobles paid a tribute to the king in return for protection
from foreign enemies. The benefits-received principle is
meant to apply to all resource-using public expenditures,
such as nonexclusive goods. It is especially compelling in
capitalist societies as a natural and fair way to pay for
public services because the payment for goods in the
marketplace is on a benefit-received basis. The rationale for
taxing, according to the benefits received from public ser-
vices, runs as follows:

The government is engaged in allocational activities
only because one of the technical assumptions underly-
ing a well-functioning market system fails to hold and
the competitive market system is signaling an incorrect
allocation of resources. Because the government is
merely substituting for the competitive market system
in these instances, taxes raised to finance these activities
should imitate the quid pro quo feature of market prices.
Competitive markets exact payments from consumers
and producers reflecting the benefits received from their
market transactions. Thus, taxes should reflect the ben-
efits received from the government services.

The benefits-received principle is obviously limited to
the allocational, or resource-using, part of the government’s
budget. Transfer payments designed to achieve distribu-
tional goals cannot possibly be financed by the benefits
principle because the transfer recipients are the primary
beneficiaries of the transfers. Consequently, public sector
economists have developed a second practical guideline for
equitable taxation, the ability-to-pay criterion, first pro-
posed by Adam Smith and John Stuart Mill in the late
1700s and the early 1800s. Smith (1904) and Mill (1921)
viewed taxes as a necessary sacrifice that citizens undertake
to support the commonwealth, the common good. In their
view, people should be asked to sacrifice in accordance

with their ability to pay. Their ability-to-pay principle was
meant to apply to transfer programs and also serve as the
default option for allocational expenditures whenever taxes
cannot easily be related to benefits received.

The ability-to-pay principle is clearly related to soci-
ety’s distributional norms and bears a kinship to the modern
social welfare view of distributive justice. We will discuss
it in detail in Chapter 11. Our present goal is to consider tax
schemes designed to finance expenditures on nonexclusive
goods, for which the benefits-received principle is meant to
apply.

Saying that taxes should be related to the benefits
received from public expenditures is still too general for
policy purposes. It begs the immediate question of exactly
what benefits should be used as the basis for taxation: total
benefits?, average benefits?, marginal benefits?, and so
forth. There is less agreement on this question than on the
general principle itself, but one can make an excellent case
for choosing marginal benefits as the appropriate tax base.
If society firmly believes in competitive market principles
and views the government as an agent merely substituting
for the market in any of these allocational areas, then a tax
system that duplicates competitive pricing principles is
likely to be considered fair by that society. Competitive
prices equal marginal benefits, more accurately consumers’
(producers’) marginal rates of substitution (marginal rates
of transformation) between any two goods (factors).
Therefore, taxes that equal marginal rates of substitution are
truly pseudo-competitive prices. Whether one labels them
taxes or prices hardly matters.

Following this competitive interpretation of the
benefits-received principle, the government ideally should
levy a set of H differential taxes to pay for the nonexclusive
good, equal to each person’s MRS between the good and a
private (numeraire) good at the quantity selected by the
government. In terms of Fig. 6.2, person 2 would pay a tax
2 = P2, and person 1 a tax t} = P}. At the optimum,
these taxes would add exactly to the supply price Py, equal
to the marginal cost of producing Xj;. Taxing or pricing in
this way is known as Lindahl pricing after the Swedish
economist Eric Lindahl, who first proposed this method of
taxation.” Lindahl prices have the dual properties of pre-
serving allocational efficiency and satisfying widely held
notions of tax equity because of their direct correspondence
with competitive market pricing.

Notice the kinship between Lindahl prices and Pigovian
taxes levied on externality-generating exclusive goods.
Pigovian taxes are also benefits-received taxes in the sense that
they equal the aggregate marginal external benefit (damage)
resulting from the consumption of the exclusive good. These

9. Lindahl (1958). See also subsequent developments in Johansen (1963),
Samuelson (1969).



taxes (subsidies) have to be equal to the aggregate marginal
damage (benefit) to achieve pareto optimality.

Interpreting the benefits received as marginal benefits
received is required for most allocation problems, as one
would suspect. Nonexclusive goods happen to be an
exception, however. We have seen that Lindahl prices are
not necessary for achieving pareto optimality with nonex-
clusive goods; any lump-sum tax also supports the opti-
mum. But Lindahl prices do support the efficient allocation
and their basic appeal is one of equity, that they represent a
competitive interpretation of the benefits-received principle
of taxation.

One might ask how Lindahl prices can be said to imitate
competitive pricing, since everyone faces the same price in
the market system, whereas Lindahl prices generally differ
for each person. The answer lies in the peculiar way in
which nonexclusive goods must be marketed, described
above. For exclusive goods, price is the parameter faced by
all consumers in common. Each person buys the quantity
for which price equals the MRS (with the numeraire good
as the basis of comparison). Hence, in equilibrium, mar-
ginal rates of substitution are equal for all consumers, but
the quantities purchased generally differ. The situation is
reversed for the nonexclusive good. Everyone is forced to
consume the one quantity selected by the government.
Because people’s tastes differ, their marginal rates of sub-
stitution generally differ at that quantity, implying that the
price (tax) each should pay differs as well. The competitive
pricing principle common to both goods is that price equals
the MRS, each person’s willingness to pay on the margin.

Virtually any pattern of differential taxes is consistent
with competitive pricing applied to nonexclusive goods,
since the prices depend only on the individual demands for
the good. Return to the two-person example of Fig. 6.2.
Person 1 may well place a value of zero on the marginal
unit at the optimal quantity, as pictured in Fig. 6.3. If the
quantity X;* is pareto optimal, then #? = Py as drawn.
Person 2 would pay the entire cost of the good, and person
1 would pay nothing, even though in a total or average
sense, he or she benefits from having the good, as evi-
denced by his or her willingness to pay positive prices for
inframarginal units of the good. In fact, depending on the
slopes of d} and d,%, person 1 may actually be willing to pay
more for X; on an average, per-unit basis than person 2,
even though his or her marginal evaluation of the good is
zero. Thus, a tax schema based on marginal benefits can
produce completely different results from one based on
total or average benefits received.

It could also happen that, at the optimum, person 1
believes that the government has purchased too much Xj;
the marginal units are harmful in his or her view. If this
were true, then #} < 0 and 77 > P, as shown in Fig. 6.4.
Person 2 pays more per unit than competitive producers
require to supply the good, and subsidizes person 1 for the

Consumption Externalities Chapter | 6 97

FIGURE 6.3

harm caused him or her on the margin at the equilibrium.
Notice that the subsidy has nothing whatsoever to do with
standard distributional issues. It simply reflects taxes set
equal to marginal rates of substitution.

This situation is hardly an anomaly—it almost certainly
applies to defense spending, at least in the United States.
Some people believe that the defense budget is much too
large and causes them harm on the margin. Others just as
clearly believe that the defense budget is too low. They
would accept an increase in their current tax burdens if they
could be assured that the taxes would be spent on defense.

In the late 1960s, some people refused to pay their
federal income taxes in protest against the war in Vietnam.
Their protest highlighted one of the problems peculiar to

Pk

2
tk

2 1
Pe=1t, +1t,

FIGURE 6.4
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nonexclusive goods. If consumers do not want an exclu-
sive good, they simply choose not to buy it. This choice
does not exist for the nonexclusive goods, but at the very
least these protesters felt entirely justified in not paying to
support the U.S. effort in Vietnam. On the whole, these
people were probably not staunch believers in competitive
market principles, yet these principles supported their
protest rather well. One wonders how much of a subsidy
would have been required to offset the harm done to them,
and whether the war effort really was pareto optimal.
Some of these people obviously had extremely negative
marginal rates of substitution. In principle, even a rela-
tively few negative marginal rates of substitution could
generate an X,fpt ~( according to the pareto-optimal rule,
if they were extremely negative. The war protest turned on
other ethical issues; the protesters did not use the princi-
ples of competitive market pricing to support their cause,
but they could have.

At the same time, many who supported an even stronger
U.S. military effort in Vietnam undoubtedly believed very
strongly in competitive pricing principles. Would they have
been willing to pay a Lindahl subsidy to the protesters
consistent with these principles? Probably not, the point being
that the commitment to a competitive market interpretation of
the benefits-received principle may not be very strong, despite
its underlying rationale. It can easily be overridden by other
ethical principles, such as the principle that everyone ought to
support the country in time of U.S. military involvement.

People’s commitments to various ethical principles may
well become confused even on more narrow economic
grounds. For instance, people may simply reject the notion of
differential payments for goods commonly consumed. A
principle of equal payment for equal consumption may appeal
to many people’s sense of equity, even though this criterion
bears no close relationship to competitive market pricing
principles in which marginal benefit, not consumption, is what
counts. Moreover an appeal to pure economic theory cannot
resolve these confusions. Recall that any payment schema for
nonexclusive goods is consistent with pareto optimality, so
long as itis lump sum. A benefits-received principle consistent
with competitive market principles is required in other con-
texts to promote economic efficiency, but not here.

In conclusion, the discussion of Lindahl pricing as a
benefits-received tax points out that, strictly speaking, the
benefits-received principle has no standing as an equity
principle in the mainstream neoclassical model of social
welfare maximization. Its only function is to promote ef-
ficiency. All end-results equity considerations in the main-
stream neoclassical model are contained in the social
welfare function and the corresponding interpersonal equity
conditions."” The social welfare function bears no

10. We are grateful to Robin Broadway for emphasizing this point.

relationship at all to any benefits-received tax, including
Lindahl prices. Nonetheless, benefits received as an equity
principle was well established in the public sector literature
before Samuelson formalized the neoclassical model, and it
undoubtedly retains its appeal among the general public as
a fair method of taxation.

Preference Revelation and Taxation: The
Mechanism Design Problem

In 1971, Edward Clarke achieved a significant theoretical
breakthrough by describing a set of taxes that would, in
principle, avoid the free-rider problem with nonexclusive
goods.'" His schema of necessity breaks with the compet-
itive pricing model, which, as we have seen, offers no
incentive for people to reveal their preferences. Rather, his
taxes are based on the premise that individuals will reveal
their true preferences, if they are forced to accept the
consequences of their actions on everyone else. The so-
called Clarke taxes are designed as follows.

Assume that the nonexclusive good, Xj, is competi-
tively supplied at constant cost, with Py = MC;. Without
loss of generality, set P, = $1. The government begins by
assigning arbitrary per-unit tax shares f, to each person,
with 3> 7, = 1. It then asks everyone to announce their
demand curves for the public good, d,’j. Ordinarily, the
intersection of the horizontal price line, $1, and the vertical
summation of the individual, d?, would determine the
optimal quantity of the public good, but the government has
no reason to believe that the consumers have revealed their
true demand curves. This is where Clarke’s tax scheme
comes into play. It is a mechanism for extracting the in-
dividuals’ true preferences one person at a time.

Suppose the government begins with person i, all
announced demand curves except person i’s are summed
vertically, and the government selects the quantity given by
the intersection of this new aggregate demand curve and
($1 — 1;), the combined tax share of the other (H — 1) in-
dividuals (refer to Fig. 6.5):

AD = vertical summation of all H announced demand
curves.

AD — d; = vertical summation of all but person i’s
announced demand curve.

t; = assigned tax share of person i.

$1 — #; = combined assigned tax shares of the other
(H — 1) individuals.

11. Clarke (1971), Clarke (1972). The discussion in the text closely fol-
lows the presentation of “Clarke taxes” by Nicolaus Tideman and Gordon
Tullock in Tideman and Tullock (1976). By now, a number of
preference-revelation mechanisms have appeared in the literature. For an
alternative tax schema applicable to many public goods simultaneously,
see Groves and Loeb (1975).



1

1

1

l

1
Py = $1 ‘ Sk = MCy = $1
$1-1, N

FIGURE 6.5

X4 is the initial quantity chosen at the intersection of
(AD — d;) and ($1 — 1).

Person i is then given the following choice. He or she
can accept Xi' with a total tax payment, #;X;. Alternatively,
the government will increase (decrease) the amount of X,
providing person i pays an additional Clarke tax (receives
an additional Clarke subsidy) equal to the amount required
to make all the other individuals indifferent to the change,
given their announced demands. For instance, should
person i vote an increase to X}, his or her Clarke tax would
be equal to the triangle abc. Triangle abc is the difference
between the total taxes paid by all the other people for the
increment (X} — X4), less the total value of the increment
to them as measured by the area under (AD — d;) between
X! and X{."” Draw SS’ through X7 as the mirror image of
(AD — d,), so that the area between ($1 — ;) and (AD — d;)
equals the area between SS’ and 7. Using SS', person i’s
Clarke tax (subsidy) equals the area between SS’ and #;, area
def in the example.

Person i always chooses to reveal his or her true pref-
erences and pay the Clarke tax (subsidy) (unless d; is
horizontal at #;). As drawn in Fig. 6.5, if d; is his or her true
demand curve, person i chooses X and pays the Clarke tax
def, in addition to the assigned tax share, 7,X} . The marginal
benefits and marginal costs of Xj to person i are equal at X;.
Any other choice reduces the net benefits from consuming
Xi. For example, if d; were false it would benefit person i to
select the intersection of the true d; and SS’ and pay the
corresponding Clarke tax (receive the corresponding Clarke
subsidy) along with the assigned tax share. Hence, self-
interest dictates true revelation of preferences.

12. We are assuming no income effects, in which case the actual and
compensated demand curves are the same, and triangle abc is an appro-
priate measure of loss suffered by all the other individuals.
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What holds for person i holds for everyone. Place the
true d; in AD and go on to the next person. Offer X| or any
other output the person wants, subject to paying the Clarke
tax. That person has the same incentive as person i to reveal
his or her true demand curve and pay the Clarke tax.
Continue until all but one person have been given this
option, and let Fig. 6.5 represent the situation at this point.
The aggregate demand curve (AD — d;) now contains the
true demand curves for the other (H — 1) individuals, not
the original announced demand curves. Therefore, when
the last individual has chosen, all the true demand curves
have been revealed and the intersection of AD and S* is the
pareto optimum.

The Clarke tax schema bears no necessary relationship
to Lindahl prices or any other tax schema that might be
deemed equitable, because the assignment of initial tax
shares is entirely arbitrary. Tideman and Tullock argue,
however, that Clarke taxes could be made consistent with
Lindahl prices by letting one citizen assign the tax shares
under the condition that the assignor pays a penalty equal to
some proportion of the aggregate Clarke taxes at the opti-
mum (Tideman and Tullock, 1976, p. 1156). Presumably
this person would have an incentive to minimize Clarke
taxes, which implies reassigning tax shares as closely as
possible to each person’s true marginal evaluation. Refer-
ring to Fig. 6.5, person i’s tax share would be reassigned to
the intersection of d; and SS’. With the Tideman and Tul-
lock modification, then, people reveal their true preferences
by means of the Clarke tax schema, the government
chooses the pareto-optimal allocation of X, and tax pay-
ments correspond to Lindahl pricing, the competitive
interpretation of the benefits-received principle of taxation.

Clarke’s tax schema was a significant breakthrough in
the theory of mechanism design, which is concerned with
the problem of how to induce people to tell the truth when
they have private information. At the same time, his
schema is unlikely to have much practical significance. A
government could hardly be expected to administer the
Clarke taxes even approximately over a large population;
the computational requirements are enormous. And even if
it could, Tideman and Tullock note that each individual
Clarke tax is likely to be quite small, enough so that many
people might actually abstain from voting for a new allo-
cation. They also show how coalitions might form to un-
dermine its revelation properties (Tideman and Tullock,
1976, pp. 1156—1158). Finally, the Clarke tax schema
ignores income effects. One must conclude that Clarke
taxes do not resolve the free-rider problem as a practical
matter.

Do People Free Ride?

The question remains whether people do attempt to free
ride on the goodwill of others when they have an
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incentive to do so. The mainstream normative public
sector theory would dearly prefer that they do not. Truth
telling and cooperation in the name of good citizenship
are fundamental to the mainstream theory. The notion of
the government acting as an agent to promote efficiency
when markets fail requires that people tell the truth about
their preferences. And the social welfare function, which
is so central to the mainstream theory, also presumes
cooperative, other-directed behavior when people enter
the political sphere to confront the problem of distributive
justice.

A number of economists have explored the extent of
free riding with nonexclusive goods in experimental set-
tings. They often choose undergraduate economics majors
as their test subjects, presumably because economics ma-
jors ought to understand the personal advantages of free
riding. The results of these experiments are somewhat
encouraging to the mainstream theory.

The standard experiment consists of a group of N
players who are each given a fixed number of tokens, W,
which they can allocate to a private good, X, or a public
good, G, during each round of play. One token buys one
unit of either good. The private good yields a return of R
per unit to the individual who purchases it. The public good
yields a return of V per unit to all players. The players keep
the profits they have earned at the end of each round, equal
for player i to:

Il = RX; + VG, + VY _Gywith W = X, + G; (6.42)
JFi
The game may be played for one or more rounds. If
more than one round is played, the players know at the start
of the game how many rounds will be played. Also, the
players allocate their tokens independently of one another
during each round. They are not permitted to collude, and
they learn what the other players did only after each round
(or after the game concludes, in some versions of the
experiment).
The returns on the goods are set so that:

R >Vand NV > R

With these returns, the pareto-optimal strategy is for all
to behave cooperatively and purchase nothing but the
public good each round. In this way, they maximize both
the group profits and their individual profits. Cooperation
is not the Nash strategy, however, given the way the
experiment is set up. The Nash strategy is based on the
other-things-equal assumption by each player that his or
her play has no effect on the play of the other players. This
is the only reasonable assumption in an independent game
of this nature, and it leads to a clear-cut strategy given the
returns on the private and public goods: Attempt to free
ride on the goodwill of others and buy only the private
good. The reason is that expected marginal profit under the

Nash strategy is the partial derivative of the profit func-
tion, or

ITL/dX;, = R—V >0 (6.43)

Put differently, the only equilibrium outcome of the
game in which no player would want to change his deci-
sion, other things equal, is for everyone to purchase only
the private good. Furthermore, this is true whether the game
is played once or repeatedly for a fixed and known number
of rounds. The incentive to free ride in a one-shot game is
clear. That the same incentive exists in every round of a
multiround game follows from backward induction. There
is a clear incentive for everyone to purchase the private
good in the final round of the game. Because everyone
knows this, the incentive to free ride extends to the next-to-
last round and, given that, to the round before that, and so
on, back to the first round. In summary, the experiments are
designed to induce free riding as the rational strategy.

The results from these experiments are far different,
however. The students are much more cooperative than
expected. In multiround games, they typically contribute
about 50% of their tokens to the public good in the first
round. Cooperation does diminish as the game continues,
but nowhere close to zero. After 10 rounds, students still
contribute from 15% to 25% of their tokens to the public
good. Furthermore, the degree of cooperation is relatively
insensitive to all the following variations of the
experiments:

1. The size of each group: N is usually in a range of 4—10.
Mark Isaac, James Walker, and Arlington Williams ran
the experiment with groups ranging from 4 to 100 and
found that group size had little effect on the results. If
anything, cooperation increased slightly the larger the
group (Isaac et al., 1994).

2. The number of rounds: Most of the experiments are
multiround games, but some students cooperate even
in one-shot games.

3. Whether the subjects know the outcomes from previous
rounds or not as the game progresses: The one excep-
tion was a study by Joachim Weimann, in which coop-
eration declined sharply when the other players were
perceived to be very selfish. Weimann noted that the
subjects apparently expect their cooperation to be recip-
rocated (Weimann, 1994).

4. Whether the same groups play each round and come to
know one another or the groups are randomly reformed
each round: The experiments show no evidence of repu-
tation building; in fact, James Andreoni in his experi-
ments found that “strangers” cooperated more than
“partners” (Andreoni, 1995b).

5. The amount of the return to the public good: There does
appear to be more cooperation the larger V is, but the
difference is slight. And V cannot be larger than R if
the incentive to free ride is to be maintained.



Kindness, Confusion, or a Warm Glow
from Giving?

Andreoni conducted two separate and widely cited exper-
iments to try to understand the motivation behind the
excessive cooperation (Andreoni, 1995a,b). One experi-
ment was designed to determine the extent to which
cooperation was the result of kindness toward others or
confusion about the incentive structure. He had the students
play three different versions of the game, which he called
the regular game, the rank game, and the regular/rank
game. Each game lasted 10 rounds. The regular game is the
standard game described above, in which the students keep
the profits from each round of the game. The Rank game
offers the students a fixed payoff that is based on the
rankings of their profits over the course of the entire game.
The students learn the rankings after each round. The reg-
ular/rank game is the standard regular game with one dif-
ference: The students are told their rankings after each
round.

The idea behind the rank game is to place the students in a
zero-sum situation that gives them absolutely no incentive to
cooperate out of kindness. A student who cooperates knows
that this helps the noncooperators even more. The non-
cooperators get their own private returns plus the public re-
turn and move ahead of the cooperators in the rankings. This
becomes clear as the rankings are announced each round.
Reciprocal kindness is out of the question. Therefore,
Andreoni argues that any cooperation in the rank game must
be the result of confusion about the nature of the game.

The only difference between the regular/rank and rank
games is the method of payment. The former is a positive-
sum game and the latter is a zero-sum game. Therefore,
Andreoni argues that any increase in cooperation in the
regular/rank game over the rank game is a measure of
cooperation resulting from kindness.

Andreoni’s experiments produced the expected results.
The amount of cooperation in rounds 1 and 10 for each of
the games was as follows:

Percent of Subjects
Percent of Tokens to
the Public Good

Contributing Zero to
the Public Good

Round Round Round Round
Game 1 10 1 10
Regular 56 26.5 20 45
Rank 32.7 5.4 35 92.5
Regular/ 45.8 9.0 10 65
rank

The Regular game yielded the typical outcomes for
these experiments. The Rank game produced a huge
decrease in cooperation and students were more
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cooperative in the regular/rank game than in the rank game.
Looking at the outcomes over all 10 rounds, Andreoni
concluded that about half of the cooperation was the result
of kindness and half was the result of confusion. Moreover
there was a distinct change in both effects from the early
rounds (1—6) to the later rounds (7—10). Throughout the
early rounds, kindness increased and confusion decreased.
Throughout the later rounds, kindness decreased and
confusion remained fairly constant. He concluded from this
that the typical pattern of decay in cooperation in the later
rounds in these experiments is due to the frustration that
kindness is not reciprocated. It is not the result of learning
the incentive structure, which is a common explanation in
the literature.

Positive versus Negative Framing

In a second experiment, Andreoni discovered that the way
in which the game was framed for the students had an
enormous impact on the outcome. In the standard game, the
students are told by the instructions that if they invest in the
public good, every member of the group benefits, and this
is true no matter who invests in the public good. Andreoni
refers to this instruction as positive framing because it
emphasizes the benefit of doing something good. It sug-
gests that each student is endowed with tokens of private
goods and the issue for them is how many of the private
tokens they will exchange for the public good to benefit
everyone. Andreoni then ran a second experiment in which
the students were told that if they invest in the private good,
they reduce the earnings of all the other people by an
amount V, the return on the public good, and this is true no
matter who invests in the public good. Andreoni refers to
this instruction as negative framing because it emphasizes
the costs of doing something bad. The negative frame in
effect rewrites the profit function, Eqn (6.42), as

Il = RX, + VG + V> (W, — X)), or (6.44)
J#Ei
I = RX,+ VG — VY X+ VW;(N—1)  (645)

JFi

It suggests that each student is endowed with his or her
opponents’ tokens in public goods, V*W*(N — 1), which
endowment is lost only if they go into private goods.

The two games were identical, of course, with the same
clear-cut incentive to free ride. Yet, the outcomes were
quite different, with the negative frame game yielding only
about half the amount of cooperation over the 10 rounds as
the positive-frame game. The students apparently enjoy
doing a good deed more than they enjoy not doing a bad
deed.

Andreoni’s previous research on charitable giving had
shown that the amount and extent of charitable giving in the
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United States far exceed what would be expected from
altruism alone. This led him to conclude that people
experience a “warm glow” from the act of giving to others
in and of itself, in addition to whatever impulse they may
have to be altruistic. He views these two experiments as
further support for his “warm glow” hypothesis. We will
return to Andreoni’s research on charitable giving in
Chapter 10.

Following up on Andreoni’s research, Thomas Palfrey
and Jeffrey Prisbrey recently made an important contribution
to our understanding of the motivation behind excessive
cooperation (Palfrey and Prisbrey, 1997). Their innovation
was to introduce far more variation in the payoffs than in
previous experiments. They ran four sessions with 10 rounds
per session. The value of the public good, V, varied over the
four sessions. In addition, the value of the private good, R,
was determined by a random draw from a distribution in
each round of every session. The variation in R was such that
at times, R < V, giving the subjects a clear incentive to
invest in the public good, and at other times, R > NV, giving
the subjects an equally clear incentive to invest in the private
good. In some sessions, the students were given one token
per round; in other sessions, they were given nine tokens to
test for irrational splitting of the tokens between the private
and public goods each round. The variation in the payoffs
allowed for a probit analysis of the results to test for
heterogeneity among the subjects.

The experimental framework of Palfrey and Prisbrey
allowed them to conduct the following tests:

1. Kindness toward others (altruism): Kindness exists if
the subjects contribute more to the public good as V in-
creases, other things being equal. They found no evi-
dence of kindness, unlike Andreoni.

2. A warm glow effect: They tested for a warm-glow
threshold, g, such that when R > V, so that the incentive
was to free ride, if

R — V < g, then the subjects contributed to the pub-

lic good.

R — V > g, then the subjects contributed to the pri-
vate good.

R — V = g, then the subjects contributed to either
good.

They found a warm-glow threshold in line with
Andreoni’s hypothesis about the motivation for exces-
sive cooperation. But Palfrey and Prisbrey also found
that the threshold varied considerably among the
subjects.

3. Gross errors as evidence of confusion: The test for
confusion was whether the subjects committed one or
more of three gross errors that the structure of their
experiment made possible:

a. Splitting the tokens between the public and private
good when they were given nine tokens.

b. “Spite”: contributing to the private good when
R<V.

c. “Sacrifice”: contributing to the public good when
R > NV.

They found evidence of these errors early on, but they
virtually disappeared in the later rounds. The eventual
elimination of gross errors led Palfrey and Prisbrey to
conclude that the decline in cooperation over time in these
free-riding experiments is most likely due to a reduction in
confusion as the subjects begin to understand the game.
They found no evidence of attempts to build reputation or
of an increase in selfishness as the game progressed—that
is, no noticeable change in the subjects’ preferences.

Staged experiments must always be viewed with
caution, especially when the subjects are shown to be
somewhat confused by the experiments. Nonetheless, the
overwhelming weight of the free-rider experiments is that
people are willing to behave cooperatively even when it is
clearly in their interests to behave selfishly. And, as
Andreoni points out, the real world is likely to be more
conducive to acts of kindness than these experimental set-
tings are. These findings are somewhat encouraging for the
mainstream normative public sector theory.

AGGREGATE EXTERNALITIES

Thus far we have considered two kinds of externalities that
are likely to cause severe practical problems for the gov-
ernment: (1) individualized externalities arising from
exclusive activities for which the identity of each individual
consumer matters and (2) nonexclusive goods. Fortunately,
a number of important externalities have a special form that
is much more amenable to corrective public policy action.

Consider the example of highway congestion. An
additional car on a congested highway generates an
external diseconomy to anyone driving on the highway
because it adds to the total number of vehicles on the road
and to the total amount of congestion. But no one cares
who is actually driving the additional car. This is an
example of an aggregate externality, meaning that the
external effect depends only upon the aggregate level of
some exclusive economic activity. The identity of the in-
dividuals within the aggregate is irrelevant.

To formalize the idea of an aggregate externality, let
Xir = person i’s driving on a particular highway, good k.
Write:

H ac  aC
¢ C<Z ’k> c( ")’ax,-k 0X,

i=1

(6.46)

i=1 H

s
where

C = congestion on the highway.



Xy = aggregate number of cars on the highway at any
given time (assuming one person per car).

The condition dC/dX;; = dC/3X; implies that a decision
by anyone to drive on the highway has an identical mar-
ginal effect on total congestion.

If consumers only care about the aggregate level of
congestion, then they each have a utility function of the
form:

i=1

H
U" = U™ X Xi; C(Xi)] = U" (X/m;th;ZXik>

(6.47)
where

Xnn = good (factor) n consumed (supplied) by person 4.
n=1,...,k—1,k+ 1, ..., N, each assumed to be a
pure private good (factor).

Xnr = use of the highway by person .

C and X}, as above.

U" () has the following properties:

au  aU"
OO %7 for ith 6.48
Xe  oxg ot (6.48)
U+ au"  au"
. X 0Xi’ ot (649)

If anyone other than person / uses the road, his or her
utility is affected simply because aggregate road use in-
creases, thus increasing congestion. When person 4 uses
the road, however, there are two distinct effects. On the
one hand, person 4 has some private reason for choosing
to drive on the road that is unrelated to the congestion
problem. On the other hand, he or she is adding to the
congestion exactly as any other driver would and with the
same consequences for his or her utility. He or she may or
may not consciously understand that his or her choice to
drive on the road necessarily contributes to the congestion
and thereby lowers his or her utility (a point we will return
to later), but he or she certainly views his or her own use
of the road differently from anyone else’s use of the road.
This is why the derivative of U”" with respect to Xy has
two separate terms: a private-use term and a congestion
term. Note, finally, that congestion must be a function of
aggregate road use and not a general function of individual
road use such as C* = C*(Xyy, ..., Xi, ..., Xgir). With this
more general formulation, AU*"oUy, + OU*h/GXjk for
i # j, and we are back in a situation of individualized
externalities in which the identity of the individual con-
sumer matters.

Congestion is not the only important example of an
aggregate externality by any means. Virtually all pollution
externalities affecting consumers, whether caused by other
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consumers or by producers, can be thought of as aggregate
externalities arising from exclusive economic activities.
Smog, airport noise, and industrial air and water pollution
usually exhibit this property.

The Pigovian Tax

Aggregate externalities are far more amenable to gov-
ernment policy than are the individualized externalities or
nonexclusive goods. The government need not design a
set of H taxes, one specific to each individual. They can
be corrected by a single tax levied on the externality-
causing activity. The single tax solution requires one
additional behavioral assumption, that when an individual
engages in the activity for his or her own personal rea-
sons, he or she ignores the effect of his or her activity on
the aggregate externality. This is certainly a plausible
assumption.

To derive the single tax result, consider social welfare
maximization when a single exclusive good (factor) Xj
gives rise to an aggregate externality affecting all con-
sumers. Assume all other (N — 1) goods and factors are
purely private. The government’s problem becomes

H
U (th; Xk ink>

max W

(X Xik) =

H H
st F[ S XS X | =0
2 Xis ) Xa

i=1
where
n=1,..,k—1k+1,...,N.

The corresponding Lagrangian equation is

H
Uh <th; Xk Z Xik)

max L =W

(Xnn:Xik) 1

H H
+ M(me; Zm)

h=1 i=1

Interpersonal Equity Conditions

As always in the first-best analysis of consumer external-
ities, we need the interpersonal equity to obtain the pareto-
optimal conditions. Consider the first-order conditions with
respect to two different people’s consumption (supply) of
good 1, say X, and Xj;. The first-order conditions are

ow aU"
X 3 ax = —F, (6.50)
U

U 0X;,
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Thus,

oW 9U!

O Y F alli=1... . H
U 90X, 1 BE= D

(6.52)

the standard result.

Pareto-Optimal Conditions

To derive the efficiency conditions, compare the first-order
conditions for person i’s consumption of the externality
good (factor) k and his or her consumption of any other
good (factor), say good 1 (X;j;). The first-order conditions
are

W AU T~ OW U
o o —— —— = —AF, 6.53
CTOUT 0Xy | A 0U" 0Xy o039
oW U’
e ! (6.54)

Condition (6.53) for Xj reflects both the personal
enjoyment that person i receives from good (factor) k (the
first term) and the externality from his or her consumption
that affects everyone, including himself (second term).
Because the externality is of the aggregate form, condition
(6.53) can be rewritten:

W Ut
Z=9U" 0X;

aw U’
AU Xy

—AF (6.55)

when

H
= > X
i=1

Next, follow the usual procedure for obtaining the
pareto-optimal conditions by dividing Eqn (6.55) by Eqn
(6.54) to obtain

W aU' W auUt

AUT X Zh*laU” e Froo.

=— i=1,...,.H
oW 9Ut F,

AU 0X;

(6.56)

Assuming the interpersonal equity conditions have been
achieved for good (factor) 1, separate the LHS of Eqn
(6.54) into (H + 1) terms, selectively substitute the inter-
personal equity conditions term by term to match the
marginal social welfare terms, dW/dU" in the numerator
and denominator, and cancel the social welfare terms to
yield

Ut H [Uu" F

3Xx X, Iy .

L) -k s e
Xy X1

Condition (6.55) can be written as

MRS;(le +ZMRSX x; = MRTyx, i=1,....H

(6.58)

Pareto optimality requires that the MRT between goods
(factors) k and 1 be equal to each person’s MRS between
his or her personal use of k£ and good 1, plus the summation
of everyone’s (his or her own included) MRS between the
externality and good 1. Bringing all the externality terms
over to the RHS,

MRS} , = MRTyy, — ZMRSWM i=1,..H

(6.59)

Notice that the RHS of Eqn (6.59) is independent of i.
That is, each consumer’s “personal-use” MRS differs from
the MRT by the same amount, the summation of all the
marginal external effects. This differs significantly from the
result when the externality depends upon who consumed
good k, the individualized externality. In that case, the
required pareto optimality is

ZMRSXM = MRTy, y, (6.60)

or

MRS}

I x, = MRTy (6.61)

- Z MRS

h=+i

Hence, the personal-use marginal rates of substitution
differ from the MRT by a variable amount, depending upon
whose personal use is being considered. Consequently,
H Pigovian taxes are required to correctly allocate good k,
one for each consumer.

In contrast, only a single Pigovian tax is necessary in
the aggregate case. Let good (factor) 1 be the numeraire,
Py = 1. Faced with a producer price Py, the producers set
Py = MRTy, x1 by profit maximization. Faced with a
consumer price gy, each person consumes good k such that
his or her personal use gy = MRS X! X, i=1,....H

assuming that he or she ignores the margmal external effect
of his or her consumption (supply). Therefore, to achieve
pareto optimality, place a unit tax, #, on each consumer
equal to —fo:lMRSﬁ'{k‘X’”, the sum of the marginal
external effects. With the unit tax and assuming utility and
profit maximization,

qr = Py + 1, (6.62)

and

MRS},

Xik Xit

= MRTy, , Z MRS} (6.63)

h=1



as required. If the external effects are diseconomies, such as
congestion, #; > 0, following the convention that MRS > 0
for goods, MRS < 0 for bads. External economies are sub-
sidized (7 < 0).

Note that the single Pigovian tax is correct only under
two conditions: (1) the externality has a simple, aggregate
formulation and (2) consumers ignore all external effects
when maximizing utility. The behavioral assumption is
crucial because if any consumer considers so much as a
single external effect, the single Pigovian tax is no longer
pareto optimal. Suppose, for example, that consumer i
considered both the direct personal effect and the indirect
externality effect on himself or herself when deciding how
much of good k to consume. He or she would then equate
the gross of tax price, gi, to MRSy y + MRS}  to
maximize utility, and the single tax scheme breaks down.
The government would need an additional tax for each
consumer who considered external effects in this way, and
the aggregate externality would be just as difficult to correct
as an individualized externality.

The aggregate externality case is easy to represent with
standard supply and demand analysis. In Fig. 6.6, Sy is a
normal supply curve, representing the marginal costs of Xj
(the MRT in terms of good 1, the numeraire). Df is the
“private” aggregate demand curve, obtained by horizontal
summation of the individuals’ personal-use demand curves
reflecting their personal-use marginal rates of substitution.
D;°¢ is the true “social” demand curve equal, at every Xy, to
D/ plus the (negative) aggregate marginal external effects,
ZIZ:]MRS%_’XM. The Pigovian tax forces consumers onto
D;°¢, establishing the pareto-optimal equilibrium at the
intersection of D}*® and S;.

Finding the Optimum by Trial and Error

Figure 6.6 highlights an important property of the tax: It
must equal the sum of the marginal external effects

XX X
FIGURE 6.6
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(_ZZ]:IMRS?(,(.X;,I) at the optimal level of X;. Setting the
tax equal to the aggregate marginal damage at the initial
output X7, the competitive equilibrium without the tax, is
not correct.

Given that only a single tax is necessary, however, the
government may be able to reach the correct tax (approx-
imately) by trial and error even if its initial choice is
incorrect. The effectiveness of any trial and error solution
depends upon four factors: the nature of the trial and error
process used, the government’s ability to assess aggregate
marginal damages, the shape of the marginal damage
function (27:1MRS§,(.XW the difference between D” and
D at each Xj), and the stability of the competitive market
being taxed.

Refer to Fig. 6.7. Assume the curves S, D?, and D**° in
the figure accurately describe the competitive market for
some activity and the aggregate marginal damages stem-
ming from the activity. The following trial and error
process is stable and generates #,"" in the limit."” The
government sets an initial tax equal to the marginal
damages at the no-tax equilibrium and recomputes the tax
to equal the marginal damages at each successive equi-
librium. The resulting pattern of equilibria converge
to X;*.

The tax, f, is initially set at a, equal to the marginal
damages at X, the no-tax competitive equilibrium. With
f = a > t*, the market overshoots X°7, establishing a
new equilibrium at point 1 on S. The marginal damages
have been reduced to b, however, so #; is adjusted to equal
b. This tax overshoots X°®* in the opposite direction,
bringing the economy to point 2 on S. Readjusting the tax

13. See Kraus and Mohring (1975), Baumol (1972), for further discussion
of the suitability of sequential pollution taxes in determining a global
optimum.
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to equal ¢, the new higher marginal damages, brings the
economy to point 3 on S, and so forth. The trial and error
process approaches X°" in the limit.

The trial and error process works in this market because
it is stable and the marginal damages are positively related
to the level of economic activity. Most markets with ex-
ternalities are likely to have the same properties. Therefore,
it is reasonable to assume that simple trial and error pro-
cesses can generate results that are at least approximately
optimal for a broad range of aggregate externalities.'”

Two Caveats to the Pigovian Tax

The Pigovian single tax solution comes with two caveats.
The first caveat is the usual one of all first-best analysis.
If the government cannot achieve the interpersonal equity
conditions by means of lump-sum redistributions of in-
come, and there is no reason to suppose that it can, then a
tax equal to _ZhH:1MRS?(k.x,,, may not be consistent with
the (constrained) social optimum. We will return to this
point in Chapter 20, which discusses externality theory in
a second-best framework.

The second caveat is a more narrow distributional point.
Optimally correcting for an aggregate externality with a
Pigovian tax is potentially pareto superior to the initial
situation without the tax. Everyone can be made better off
by moving to the first-best utility—possibilities frontier
from an inefficient point below the frontier. But whether
everyone actually is better off with the Pigovian tax de-
pends on what the government does with the tax revenues
collected. The highway congestion example is a good case
in point. The Pigovian tax is supposed to benefit the drivers
on the congested highway, but the drivers could be made
worse off if the revenues are not returned to them, in which
case the very people the government is trying to help with
the tax will oppose it.

Figure 6.8 illustrates, as in Fig. 6.6, D” is the private
market demand curve, reflecting only the private-use value
of driving on the highway. D*° is the social demand curve;
it lies below D” at every output by the aggregate losses to
the drivers on the margin resulting from the congestion.
The supply curve, Si, assumes constant marginal cost of Py,
to focus on the drivers’ problem. The optimal Pigovian tax
is . Without a tax, the competitive equilibrium is (X}, Px),
at the intersection of Sy and D”. With the optimal Pigovian
tax, the equilibrium road use drops to X{*', at the inter-
section of S; and D*°°. The price to the drivers rises to
Py + 1, and the tax revenue collected from them is #,X."".

Assume no income effects so that consumer surplus is
an appropriate income measure of the drivers’ welfare. The

14. There are other means besides taxes for achieving the optimum. We
will consider some of the alternatives in Chapter 7 in the context of a
production externality.
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potential consumer surplus at any output is the area be-
tween D**° and Sy to that output. At the no-tax equilibrium
X}, the drivers’ consumer surplus equals areas 1 4 2 —4.
Area 4 represents the loss caused by excessive congestion
at the no-tax equilibrium. At the pareto-optimal output X°™,
the potential consumer surplus available to the drivers
equals area 1 + 2, but the drivers obtain this surplus only if
the tax revenue, equal to area 2 + 3 is returned to them. The
drivers are clearly better off at X;” " if they receive the tax
revenue; they avoid the excessive congestion at the no-tax
equilibrium, represented by area 4. If the tax revenue is not
returned, however, the drivers’ actual consumer surplus is
only area 1—3. Whether they are now better off at X°™
depends on the relative size of areas 1 + 2 — 4 and 1-3. If
the tax revenue (2 + 3) exceeds area 4, the drivers are
worse off at the optimum and they will resist the tax.'”

This analysis may explain why commuters tend to resist
tolls that are intended to reduce highway congestion by
diverting some of them to other means of transportation.
The commuters know that they will not receive the toll
revenue. In their view, they will simply face higher
commuting costs that exceed the value to them of the
reduced congestion.

We should note that this second caveat is not entirely
consistent with the first-best policy assumptions. First-best
analysis assumes that the government engages in alloca-
tional policies to bring society to the first-best utility pos-
sibilities frontier and that it redistributes lump-sum to reach
the bliss point on the frontier. The caveat ignores the
distributional part of the policy. Whether the drivers are
better or worse off at the bliss point ultimately depends on
society’s social welfare rankings and the interpersonal
equity conditions that are derived from them. The dispo-
sition of Pigovian tax revenues may be taken into

15. We were made aware of this caveat by Russell Roberts in a seminar
that he gave at Boston College.



consideration by the government when it redistributes, but
it is irrelevant to determining the final distribution of in-
come. Nonetheless, resistance to tolls and other forms of
externality taxes is quite vocal, perhaps because people do
not believe that the government has a fully articulated
distributional policy. Therefore, they react more to their
direct gains and losses from the government’s allocational
policies than to the efficiency gains from the policies.
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A policy-relevant, technological production externality has
two properties: Production activity by some firm directly
enters into (or “alters”) the production function of at least
one other firm, and the external effect is not captured in the
marketplace. These properties are completely analogous to
those of a policy-relevant, technological consumption ex-
ternality. Therefore, having analyzed various consumption
externality models in some detail, the treatment of pro-
duction externalities can be fairly brief. The production
models and the resulting pareto-optimal decision rules for
production externalities are virtually identical to their
consumption counterparts, with the roles of consumption
and production reversed. In particular, there are these
important similarities:

1. The pareto-optimal decision rules for consumption ex-
ternalities require equating marginal rates of transforma-
tion in production to summations of marginal rates of
substitution in consumption. For production external-
ities, summations of marginal rates of transformation
in production (alternatively, marginal rates of technical
substitution or marginal products) equal marginal rates
of substitution in consumption.

2. In both instances, the government can achieve pareto
optimality by retaining decentralized markets and
taxing (subsidizing) an externality-generating exclusive
activity.
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3. We saw that public policy is problematic in the case of
individualized consumption externalities because the
government must design a set of H corrective taxes,
one for each of H people consuming the good. In
contrast, when the external effect depends only on
aggregate consumption, a single tax paid by all con-
sumers can achieve the pareto-optimal conditions. The
same differences in tax policies apply to production
externalities.

Because of these similarities, this chapter presents only
the aggregate production externality model. The aggregate
model is by far the one most widely used in policy appli-
cations, and it provides a simple analytical framework for
considering a number of policy implications that could
have been discussed in the preceding chapter but are
especially intuitive in a production framework. Most of the
policy examples in this chapter center on pollution control,
as industrial pollution is a particularly appropriate and
important application of the aggregate production exter-
nalities model. Chapter 8 then discusses global warming as
an extended example incorporating both production and
consumption externalities.

Having analyzed aggregate production externalities and
noted their similarities with aggregate consumption exter-
nalities, the reader should have no difficulty modeling other
types of production externalities. The other production
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cases are also closely analogous to their consumption
counterparts.

THE CONDENSED MODEL FOR
PRODUCTION EXTERNALITIES

The analysis of consumption externalities used a condensed
version of the general equilibrium model in Chapter 2 for
its analytical framework of the form

max W{U"()]

H
StF( Z X,‘k> =0
i1
where Xj; was defined as the consumption of good & by per-
son i. The way in which the Xj; entered each person’s utility
function determined the appropriate policy response by the
government.

Production externalities can also be analyzed with a
condensed version of the full general equilibrium model,
the only difference being that the model must highlight
possible interdependencies in production rather than in
consumption. To achieve this, we will ignore once again
any notational distinction between goods and factors but
define the arguments, X, in terms of production. Let
Xj; = good (factor) i supplied (demanded) by firm j, with
factors measured negatively, j=1,..., J and i=1,..., N.
There are J firms and N goods and factors.

Since we are now interested in production in-
terrelationships, writing production as a single production-
possibilities frontier is no longer useful. The model must
retain the individual-firm production functions. Define
0 =0 as the implicit production function for firm &,
k=1,..., J. Write

X)) =0 k=1,....J (7.1)

as the most general notation. This allows for the worst
possible case of individualized externalities, in which
each of the J production relationships has JN arguments:
The production (use) of any of the N goods (factors) by
any of the J firms in the economy affects every firm. In
this model, each firm could produce multiple outputs, rather
than a single output as in the Chapter 2 model. The model
also permits each good and factor to be produced, although
this is not necessary. J can be larger or smaller than N.'

Analogous with consumption externalities, define a
pure public good (factor) as one for which

at

ax, (7.2)

=ft#0 all kyj=1,..,J

1. J is much larger than N in actual economies—the number of firms far
exceeds the number of goods and factors.

That is, production (use) of good (factor) i affects all
production relationships on the margin no matter where
activity i occurs. This is the worst case described above.
Similarly, a pure private good (factor) is one for which

ft
e

=fi =0 k#j (7.3)

Firm k’s use or production of i affects only itself on the
margin. Production with private goods and factors is rep-
resented notationally as fk(Xk,-):O, analogous with the
notation of Chapter 6.

The condensation occurs in the household sector of the
Chapter 2 model. Interrelationships among consumers are
irrelevant to the study of production externalities, so that it
is no longer necessary to retain a many-consumer economy
along with the social welfare function to resolve distribu-
tional questions. These could be retained, to be sure, but the
existence of production externalities does not alter any of
the pareto-optimal consumption conditions or the inter-
personal equity social welfare conditions that are necessary
for reaching the first-best bliss point. No loss of generality
occurs, then by assuming a one-consumer equivalent
economy in which the consumer supplies all factors of
production and receives all the produced goods and ser-
vices, providing it is understood that one-consumer
equivalence arises because the government is optimally
redistributing lump sum to satisfy the interpersonal equity
conditions of social welfare maximization. Without this
assumption (or one of the severe restrictions on preferences
that are sufficient for one-consumer equivalence), the
pareto-optimal conditions developed in this chapter would
literally apply only to an economy with one consumer.
They would not have any normative policy significance.

With this understanding, the household sector of the
model can be represented as

UXy;.... X, ... Xy) = UX,) 7.4)
where X; = aggregate production of (demand for) good
(factor) i. Finally, market clearance implies

J

Jj=1

Equations (7.5) can be incorporated directly into the

utility function as
J
v-u(3x

ji=1

(7.6)

with the understanding that

U U
ox; oX; '

j=1,...J; ali=1,...N



That is, the consumer does not care where the produc-
tion activity occurs.

Thus, the complete general model for analyzing pro-
duction externalities is

(Xa) U(f‘l X,-k>

st.ff () =0 k=1,...J

The arguments of the individual production functions
FX() depend on the exact form of the production externality.

AGGREGATE PRODUCTION
EXTERNALITIES

Industrial water pollution offers an appropriate context for
the analysis of the aggregate externality case. Suppose that
all firms are located on the shore of a lake and that they all
use the water as a coolant for their production processes.
Using the water in this manner heats it up, so that each firm
returns the water to the lake at a higher temperature than it
was originally received. The hotter the water, the less
effective it is as a cooling agent. The heat, then, is the
source of a technological production externality
(a diseconomy), because each firm’s production function is
directly affected. Furthermore, suppose the firms do not
care who is heating the water. All that matters is the amount
that the water temperature increases, which is a function
only of the total amount of water used by all the firms as a
cooling agent. The heat pollution is an example of an
aggregate externality.”

To model this example, let factor i be water and assume
that all other goods and factors are purely private. The
production relationships in this case are

[* XX H) =0 n=1,..,i—1Li+1,..,N (1.7)
K=1,..,J
with

H = H(EJ:X]-,-> (7.8)

Jj=1
0H __ O0H all

where H =the water temperature, and N = o
. i ;
j=1,...J

2. Notice that if the firms were situated along a river, as is often the case,
the aggregate model would not apply. The firm farthest upstream would
be unaffected by how any of the remaining firms use the water; the
second firm would be affected only by the first firm’s use of the water;
and so on, so that it matters to each firm who uses the water. Unfortu-
nately, industrial water and air pollution sometimes do take the form of
individualized externalities, in which case the optimal public policy
becomes much more difficult to implement, as we have seen with con-
sumption externalities.
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Substituting for H in f** yields

J
X XY Xi) =0 k=1..0 (19

=1

These production relationships distinguish between
each firm’s private use of water as a coolant, represented by
the argument Xj;, and the external effect of the heat, rep-
resented by the argument Z{Zlin. Thus,

9 xk J k )
% - % jEk (7.10)
ji ji
sk k k
o _ o 9t j=k (7.11)

oX;  0X, X,

When some other firm uses water, firm k is affected on
the margin only because the water temperature has
increased. When firm k uses water, its production function
is twice affected on the margin, once by the cooling effect
of the water and once by the increased heat to which it
contributes.

Combining Eqns (7.6) and (7.9), the complete model of
social welfare maximization is

max J J
(Xjn;X/‘i) U Z ij Z in

ji=1 i=1

J
S't'fk an; in; ZX]I =

j=1
n=1,i=1,. i+, N kj=1,..,J

Supplying Lagrangian multipliers A* for each of the
production functions, the Lagrangian is

max J
(Xu; X)) L = U Zan»ZXﬁ)

i=1 i=1

J J
+ Z Akfk an; in; Z)(jl
k=1

Jj=1

The First-Order Conditions—Pareto
Optimality

Production models of this type, with one-consumer
equivalent economies, generate only the pareto-optimal
conditions necessary to bring the economy to its first-
best production possibilities frontier. They are derived by
considering any two activities by any one firm. Let us first
establish the important result that the presence of pro-
duction externalities in some markets implies intervention
only in those markets. The perfectly competitive allocation
is correct for all other activities. To see this, consider
the purely private goods (factors) m and 1 supplied
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(demanded) by firm j, Xj,, and Xj; for m # i. The first-
order conditions are

ou  of . :
jm:(?Tm = —k’axjm all j=1,...,J any m# i
(7.12)
U af
X = A all j=1,....J 7.13
1 aXl GX a J 9 ) ( )
Dividing Eqn (7.12) by Eqn (7.13)
U % j
Xy im __Jjm .
5o = ai':];T all j=1,....J (7.14)
Xy anl j

This is the standard competitive result. The left-hand
side (LHS) is the MRS between m and 1. There are three
possible interpretations of the production derivatives,
depending on whether m and 1 are goods or factors. Totally
differentiating f J()=0 with respect to Xj; and Xj,, yields

i = X, (7.15)
i1 jm

with all other goods and factors constant.

Ifboth m and 1 are goods, the ratio is their marginal rate of
transformation. If both are factors, the ratio is their marginal
rate of technical substitution in production. Finally, if 1 is a
good and m a factor, the ratio is the marginal product of factor
m in producing good 1 (recall that factors are measured
negatively). Since 1 and m can be goods or factors, condi-
tions (7.14) reproduce pareto-optimal conditions P4 to P8
from the full model of Chapter 2. We will refer to the ratio
generally as a marginal rate of transformation throughout
Chapter 7 and switch to one of the other interpretations when
a specific example warrants it.

To derive the pareto-optimal rules for factor i (water),
which generates the aggregate externality, consider the use
of water by firm j and its supply of good 1, Xj; and Xj
(assume X; is a good for purposes of interpretation). The
first-order conditions are

X;i W _ —Af Zxk

J
= ) ;Jl _ Zxkfik
k=1

0X;
(7.16)
aUu af/
Xyt — = N2 = —¥fl j=1,.. .1
1 aXl Aa)( A Ji J ’ 7‘] (7 7)
Dividing Eqn (7.16) by Eqn (7.17)
ouU
£ Aj J + Z Af/\
X k=1
Fi —/V ; (7.18)
09X, jl

The LHS has a standard interpretation as the marginal
rate of substitution between the consumption of good 1 and

the supply of factor i (water). To interpret the right-hand
side (RHS), the ¥ multipliers must be removed. To do
this, note that

U U

= T = Y
(‘)X,-l 6X1 /!

all j=1,...,J (7.19)
from the first-order conditions. Equation (7.19) says that
the marginal “kick” to utility from the production of good
1 must be the same no matter which firm produces it.
This condition holds automatically under the assumption
that the consumer is indifferent to the identity of the firms.
Using this result, the RHS can be cleared of the A* terms by
separating the RHS into J+ 1 terms, making the appro-
priate substitution for /Vf in the denominators to match
up the corresponding A* in the numerators, and canceling
each A term by term. This procedure is analogous to the
one used to simplify expressions for consumer externalities,
with one important difference. For the consumer case, the
procedure was legitimate only under the assumption that
the proper lump-sum redistributions were carried out to
satisfy the interpersonal equity conditions of social welfare
maximization. In the production case, all that matters is that
the consumer does not care which firm supplies (uses) a
good (factor).”

Having applied this procedure, the first-order conditions
become

wo g ([
= §+Z L) allj=1,...,J (7.20)
[.€1 jl k=1 jl

The marginal rate of substitution between good 1 and
factor i in consumption must equal, for each firm, the private-
use marginal product of factor i in the production of good 1
(the cooling property of the water) plus the additional
aggregate marginal effect that increased use of factor i has on
the production of good 1 through the externality (i.e., the
combined adverse effects on every firm’s production of good
1 resulting from the increased water temperature). For firm k,
the ratio f¥/f = —dX;/dH, the (negative) marginal
product of heat on its production of good 1. These two effects
combined are the true social marginal product of factor i in
the production of good 1. For purposes of further discussion,
rewrite the condition (7.20) as

MRS;, 1 =

Mfﬂ,Jl+ZMP’<k1 j=1,...,0 (121

3. Recall, however, that we are implicitly assuming that the interpersonal
equity conditions are satisfied in specifying a one-consumer equivalent
economy. In addition, all production functions are assumed to be
continuous, twice differentiable, and well behaved in that their Hessians
are negative definite, with all goods and factors infinitely divisible.
Notice that our specification of production assumes away intermediate
products.



The Pigovian Tax

Consistent with our analysis of an aggregate consumption
externality, suppose that each firm considers only the pri-
vate cooling properties of water when deciding how much
to use. It ignores the external heat affect, not only on all
others but also on itself. Under this assumption, the gov-
ernment can achieve pareto-optimal condition (7.21) by
retaining a decentralized market for factor i and setting a
unit tax on the use of i equal to the sum of its external
effects on the margin. Define consumer prices g; and g,
producer prices p; and g1, and a tax #; such that

i i L
4 _p b
q1 91 q

(We assumed that good 1 was the numeraire when
analyzing consumption externalities. Here we choose to
retain the price g because it often aids in the interpretation
of production externalities.) The consumer sets g/
g1 =MRS; 1. Each firm sets p; /g1 = MP]’.it]-l,Aits private-use
marginal product. Alternatively, p; = ij‘i:,'l -q1, which
says that firms equate the price of an input to the value of its
marginal product. This assumes, of course, that each firm
ignores the external effects of using factor i. Without any
government intervention, p;=g¢;, and the MRS;; would
equal the private marginal product for each firm in equi-
librium. To achieve the correct pareto-optimal conditions,
the government must set ; = (3 _,MP*,,)-q1, equating
the tax rate to the marginal value of the external effects
at the optimum. With this tax and competitive behavior,

(7.22)

k
qi 1 " Di .
——— = MRS;;— Y MP;,, = — = MP,;
9 q ! ; 'kl q st
j=1,...J
(7.23)

or

J

MRS;; = MP,;, + Y MP, j=1,...] (724
k=1

as required for pareto optimality.

A single Pigovian tax is sufficient because the marginal
damage to any firm depends only on the aggregate use of
factor i. The divergence between the marginal rate of
substitution and the marginal external effects,
MRS;; — ZilePﬁ 1 from Eqn (7.21), is independent of ;.
The only difference from the consumer externality is that
the tax equals the value of the marginal external effects
rather than the negative of this value, simply because the
firm is paying the tax. If the marginal external effect is
adverse as in the heat example, the tax is negative (each
marginal product MP{Fk1 is negative); the producer price p;
must exceed the consumer supply price ¢;. Conversely, for
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external economies, each firm is subsidized in an amount
equal to the aggregate marginal external benefit of the ac-
tivity. With the single tax then, the consumer’s marginal
rate of substitution is correctly equated to the full social
marginal product of factor i in the production of good 1.

Note, finally, that the production model has been written
in its most general form. Realistically, any source of
pollution affects only a small subset of firms in the econ-
omy. In terms of the general model, this simply means that
MP%, = 0 for most k in the summation of the external
effects.

Three Geometric Interpretations of the
Pareto-Optimal Conditions

Three equivalent geometric interpretations have been
commonly used in the literature to depict the optimal so-
lution for aggregate production externalities, especially in
the context of industrial pollution.

The Market for the Pollutant

The most straightforward representation is in terms of the
factor market for i (water), since this is where the external
effect actually occurs. In Fig. 7.1, factor demand curve
DP™ is the horizontal summation of each firm’s private
demand curve for i, equal to the firm’s common private-
use value of marginal product between good 1 and water.
The supply curve S represents consumer’s marginal rate
of substitution between i and 1. Without government
intervention, the market clears at (X7,p¢) with

gc = MRS;;-q1 = MPj[ j1 =.p§. The curve D™ repre-
sents the true social value of marginal product between 1
and i. It differs from DP™ at each level of input by a vertical

distance equal to the value of the aggregate external mar-
ginal damage, Zi: \MP¥_, -gi. The optimum quantity
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of i occurs at the intersection of D*°° and S, the point at
which the social marginal product equals the marginal rate
of substitution. If a tax is levied on the use of factor i
exactly equal to the aggregate external marginal damage at
the optimum X°®, then the decentralized market selects

t . . t t
X", with producer and consumer prices p;* and ¢}, and

opt __ _opt opt
9 =p; —L .

The Market for Goods That Pollute

An alternative supply—demand interpretation focuses on
the market for good 1. Figure 7.2 represents the idea that
production of goods generating external diseconomies
should be reduced relative to the no-intervention competi-
tive equilibrium, p¢. The supply curve S is the horizontal
summation of each firm’s private marginal cost
(qi/MP/; ), the ratio of the price of the input to its mar-
ginal product. S$°°° represents the true social marginal cost
of producing good 1, equal to

qi
MP;

qi
j J
ijm + Zk =1 MPi‘ikl

Since Zi: 1MPffzkl < 0 for external diseconomies, $°°°
lies above SP™, as drawn. D is the standard aggregate de-
mand for good 1. In equilibrium, the price ¢; should reflect
the social marginal cost of producing good 1, as it does at
(X7™, ¢™), and not the private marginal cost, as at
(X5, 45). This is equivalent to saying that input prices must
equal the value of the social marginal products, not the
value of private marginal products.

Extreme care must be taken with this interpretation,
however, for two reasons. First, the diagram appears to
suggest that a tax on good 1 equal to the divergence
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between the private and social marginal cost at the opti-
mum X°" can generate a pareto-optimal allocation of re-
sources. This is not true, in general. The Pigovian tax must
be on the direct source of the externality to generate the
pareto-optimal conditions, in this case on the use of factor i.
The purpose of the tax is to change the firms’ incentive to
use water. Any output effects from the tax on water happen
indirectly as the result of increasing the marginal cost to the
firms of using water. Second, output effects in the presence
of externalities are not as straightforward as this partial
equilibrium diagram might suggest. William Baumol and
Wallace Oates have demonstrated that with combined
production and consumption externalities, which may well
exist with industrial pollution, the conditions required to
guarantee output reductions for activities that generate
external diseconomies are fairly restrictive.”

The Optimal Reduction in Pollution

A final geometric interpretation, especially common in
pollution analysis, says that the external damage should be
reduced until the marginal benefit just equals the marginal
cost of the reduction. In Fig. 7.3, Q°" represents the
optimal amount of external damage. The diagram is a
useful device for showing that, in general, zero damage
(zero pollution) is typically not the pareto-optimal solution.

Figure 7.3 can be directly related to Fig. 7.1 in the
following manner. The marginal benefit of reducing
external damage is the negative of the marginal cost of
increasing the external damage. In Fig. 7.1, this marginal

4. Baumol and Oates (1975, Chapter 7). For a similar comprehensive
analysis with consumer externalities, see Diamond and Mirrlees (1973);
also, Sadka (1978). The earliest recognition of possible output anom-
alies with externalities is generally credited to Buchanan and Kafolgis
(1963).



cost is ZilePﬁ:k, -q1, the value of the reduction in
output of good 1 through the externality caused by a
marginal increase in factor i. Therefore, the marginal
benefit curve of Fig. 7.3 equals the vertical distance be-
tween DP™ and D**° in Fig. 7.1. The marginal cost of
reducing damage is an opportunity cost. It equals, at each
quantity of factor input, the marginal private-use value of
factor i in production of good 1 (DP™ in Fig. 7.1), less the
value at which consumers are willing the supply factor i
(curve S in Fig. 7.1). Therefore, the marginal cost curve in
Fig. 7.3 equals the vertical distance between curves DP™
and S in Fig. 7.1. Q°"in Fig. 7.3 thus corresponds to X;™ in
Fig. 7.1: MB = MC in terms of external damage reduction
when the distance between DP™Y and D*° equals the dis-
tance between DP" and S in the market for factor i.

Internalizing the Externality

Correcting for an externality does not necessarily require a
Pigovian tax. There could be other options.

Suppose that a single conglomerate owned all the firms
affected by a particular externality. In terms of our general
model, this would include every single firm in the econ-
omy, but externalities will be much less pervasive in actual
cases. If one firm does own all affected firms, then its desire
to maximize profits gives it the proper incentive to account
for the externality. The government need not intervene
because the firm effectively takes on the role of the
omniscient social planner.

Our model may be unduly general, but it can be used to
illustrate this point quite effectively. The single firm would
solve the following problem: Allocate the goods and factors
among all production sites to maximize joint profits.
Formally,5

The first-order conditions for this problem are

Xew: pn = A n=ik =1,....J (7.25)

J

Xt pi = —ﬁkﬁ—zﬂ"fi" k=1,...J

j=1

(7.26)

5.Here, n=1, ..., N and includes i.
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Expressing the pareto-optimal conditions in terms of
good 1 yields

k
Pn :J% nEi k=17 (1.27)
P

k1l
) k J .k

pi _ (%) +Z<J%> k=17 (7.28)

P1 =
VA=A

If all markets are perfectly competitive and there are no
taxes, then

g, = p, n=1..N

Thus, combining utility and profit maximization,

k
I U S P 210 (129
q1 U, fk1 P1

and

qi Ui Ik S P;
—:F:(%>+Z ik :P— k:17...,.]
q1 1 f}cl =1 fkl 1

(7.30)

the required pareto-optimal conditions.

This example illustrates two important points. The first
relates to modeling strategy. Any situation involving only
production externalities does not require a full general equi-
librium model to determine the pareto-optimal conditions. All
one need assume is that society is trying to maximize total
profits in the economy at fixed producer prices, subject to all
the production constraints. A number of researchers have
exploited this property and ignored the demand side entirely.
The only caveat is that the optimal prices, p,, cannot be
determined without specifying consumer preferences as well.
Hence, all profit-maximizing specifications implicitly assume
that the prices in the objective profit function are set equal to
their values at the full pareto optimum.

The second point is that some decision-making unit has
to internalize an externality in order to achieve pareto
optimality. This is a fundamental prerequisite for any so-
lution to a technological externality, whatever form the
externality may take.

One possibility is a bargaining solution among the
affected firms. The nature of the bargain is cartel-like. In our
example, the firms agree to adjust the production of the
externality-generating activity to maximize group profits
and then further agree on how to divide the increased profits
among themselves. This is the solution envisioned by Coase
in his famous theorem. Firms certainly have an incentive to
internalize the externality in this way because it is poten-
tially a pareto-superior outcome. We will see in Chapter 20,
however, that private information about the externality can
undermine the incentive to bargain efficiently.
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A number of practical problems remain for Coase-style
bargaining even with perfect information. One is that a
bargaining solution is undoubtedly infeasible if large
numbers of firms are affected by the externality. The
second concerns the nature of their bargain. The bargai-
ning solution requires that the firms behave in cartel-like
fashion in accounting for the externality, but they cannot
also use their new-found monopoly power to raise prices
to consumers. The firms must remain price takers, or some
of the first-order conditions, Eqn (7.27), will not hold.
Finally, the bargaining envisioned by Coase requires
collusion by the firms and may run afoul of the US anti-
trust laws.

If the firms cannot or will not internalize the external-
ities by themselves, then the government must force society
to “see” the correct pattern of interrelationships by setting
Pigovian taxes (or subsidies). In practice, however, effec-
tive internalization by the government sector may also be
difficult to achieve. This is especially likely with a feder-
alist system of national, state, and local governments. As
will be discussed in detail in Part V, one of the main
theoretical problems with a federalist system of govern-
ments is that the jurisdictional boundaries of any one
government seldom correspond to the pattern of external-
ities present in the economy. This is particularly true for
most forms of air and water pollution. Individual state and
local governments often cannot internalize all the external
effects simply because many of the affected citizens or
firms are not located within their jurisdictions. The national
government could theoretically internalize all externalities,
but it seldom has the flexibility to offer variable policy
solutions tailored to specific local pockets of external ef-
fects, especially if the externalities cut across lower level
jurisdictions. This jurisdictional dilemma may well go a
long way toward explaining why the United States has
never been able to mount a very effective antipollution
policy.

Additional Policy Considerations

A number of additional policy considerations can best be
analyzed in the context of a simpler model in which only
one firm is the source of the externality. This may actually
be a more realistic model for many externalities, such as a
single-source industrial polluter.

Suppose firm 1 produces a product or by-product, call it
71, that enters the production function of all other firms in
the economy but is a decision variable only for the first
firm. z; has no effect on consumers. Assume, further, that
all other goods and factors X are purely private, and that all
firms are price takers operating in competitive markets. An
example might be a firm situated on a river and engaging in
some polluting activity that affects all other firms located
downstream from it.

In this model, the production functions can be repre-
sented as

fl(Xln;Zl) =0
FXwiz) =0 n=1,...,N; k=2,....J

(7.31)

(7.32)

The government’s problem is
max N
(Xin; Xin3 21) Z X,

f (leZl =
f (anazl)

with the corresponding Lagrangian

¢ 0
s.t.
0

max N
Xin; X321 L = U( ZXjn> + A (Xins 21)
+ Z A (X 21)
k=2..,J; n=1,..,N
The first-order conditions for this problem are
U, = Xt = Af N; k=2,..,

n=1,.., J (71.33)

J
e+ N =0 (7.34)
k=2

Expressing the pareto-optimal conditions in terms of
good 1 yields

k 1
% :% :jj_ln n= 1, N; k=2 ...] (135)
k1 11
and
Al (fk>
Ja | 0 (7.36)
i kzz 1

Equation (7.36) follows from the consumer’s indiffer-
ence to which firms supply goods or buy factors
Ajj;’l = A'f} = U;#0,j = 2,...,J. This assumption can
then be used to remove the Lagrangian multipliers from
Eqn (7.34) by selective substitution in the denominators, as
demonstrated in the aggregate externality case. A number
of important policy implications follow from the first-order
conditions.

Taxing the Externality

The government can achieve the pareto-optimal conditions
by setting a unit tax on firm 1’s production of z;, such that

J k
t=-Y(R)w
=\

equal to the value of the aggregate marginal external effect
from producing z;. All other goods and factors are untaxed.

(7.37)



This is the standard Pigovian tax; it achieves the pareto-

1
optimal conditions because the firm sets g; - (%‘1) =t,.

Taxing and Subsidizing Everything Else

A unit tax (subsidy) on the externality-generating activity
works by changing the vector of relative prices in the
economy from their values in the no-intervention compet-
itive situation to the values necessary to support the pareto
optimum. Only relative prices determine the allocation of
resources. This implies that any set of absolute prices that
maintains the unique vector of pareto-optimal relative pri-
ces is an admissible solution to the externality problem. An
infinity of absolute prices satisfy the optimal relative price
vector, including a vector of prices in which the externality-
generating activity is not taxed. An interesting problem,
then, is to find the set of taxes (and subsidies) that generates
the pareto-optimal allocation given that, for some reason,
the externality-generating activity cannot be taxed.

The following set of taxes on firm 1 achieves the pareto

optimum:
).~ <f ’i>
t =a= (") = \|q
| (f;l 24

1
t:l = a(%) n=1,....N
11

=0

(7.38)

The tax on good 1, a, equals the marginal increase in z;
resulting from a unit increase in good 1 by firm 1 (first
term), times the marginal decrease in good 1 across all
firms per unit increase in z;. The tax on one of the private
goods n equals the marginal increase in good 1 by firm 1
per unit increase in good (factor) n, multiplied by the
aggregate marginal external effect of an increase in good 1,
given by a. As such, the two taxes account for the aggregate
external effects of all firm 1’s activities except its produc-
tion of z;. In other words, the taxes indirectly account for
the externality caused by firm 1.

To see that these taxes generate the pareto-optimal
conditions, consider firm 1’s use of any good or factor n
and good 1. Firm 1 equates

1
Gu+1, = ?—1 (q1 +a) (7.39)
11
or
fl
qn = l_lnql (740)

11

as required for condition (7.35).
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Next, consider the firm’s use of z; and good 1. The firm
equates

fa
(ql + a) flll tz O
as required for condition (7.36).

Notice that the government should not levy any taxes on
firms k=2, ..., J. Since z; is not a decision variable for
firms k=2, ..., J, their production of the other goods and
factors can be left untaxed.

This exercise emphasizes the importance of taxing the
source of the externality if possible, a point mentioned
above in the discussion of Fig. 7.2. Otherwise, the gov-
ernment must tax (or subsidize) all goods and factors that
directly substitute for the externality-causing activity in
production, and that can be a very large number.

(7.41)

Subsidizing or Compensating the Victims

The tax analysis also shows that the government cannot
merely subsidize (tax) firms k=2, ..., J for the damage
(gain) caused by firm 1’s production of z;. No matter what
form the subsidy (tax) may take, society cannot possibly
satisfy the pareto-optimal condition, Eqn (7.36), if firm 1 is
not taxed appropriately, Firm 1, if untaxed, will produce z;
until f}l /fl, = 0, contrary to the requirements of pareto
optimality. Furthermore, if the government chooses to
subsidize the other firms by means of a unit subsidy (tax)
on any of the other firm’s outputs or inputs or any other
type of subsidy that changes their first-order profit-maxi-
mizing conditions, then a subset of condition (7.35) must
fail as well. Firms k=2,..., J and firm 1 would face
different prices for at least one of the N goods and factors.
Consequently,

f}cl fl 1
for some good or factor n and some firm k, contrary to the
pareto-optimal conditions.

Furthermore, suppose the government chooses to tax
firm 1’s use of z; and does so correctly (assume the ex-
ternality is a diseconomy). The government can use the tax
revenues to compensate some or all of the remaining firms
k=2, ..., J (the “victims” of the externality), but it must do
so in a lump-sum fashion, z; is a lump-sum event from the
point of view of the other firms, and the subsidy must be,
too. Otherwise some of the pareto-optimal conditions, Eqn
(7.35), will fail to hold.

(7.42)

Partial Taxes and Subsidies

Regarding the policy of taxing z;, the government need not
place a unit tax on the entire production of z;. It can instead
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tax the production of z; only above some arbitrary minimal
level Z;, perhaps, using the pollution example again, a level
judged to be harmless. Alternatively, it can subsidize firm 1
for reducing z; below some other arbitrary level, Z,
perhaps the level of z; at the untaxed, prepolicy, competi-
tive equilibrium. The objective profit function for firm 1
with each of these alternatives is

N
Option a: Z puXi, — 1,7y (tax entire z;)

n=1

(7.43)

N
Option b: anXln —t(z1 —71) (tax z; above 7))

n=1

(7.44)

N J—
Option c: Zp,,Xm + 5 (Z — Zl)
n=1

(7.45)

(subsidize reduction of z; below 7))

where s, = a unit subsidy.

These profit functions all lead to the same first-order
conditions if firm 1 maximizes any one of them subject
to its production constraint f(Xln; z1) =0. We know that
profit function (7.43) generates the proper pareto-optimal

conditions with
J &
[
(A
fa

k=2

(7.46)

Therefore, so too must Eqns (7.45) and (7.46) so long as

J k

_ _ E zl
sz - tz T Q_k>

k=2 Vkl

71,21, L, and s, in Eqns (7.44) and (7.45) are all pa-
rameters fixed by the government. Thus, the terms ¢,-z; and
s,-Z; in Eqns (7.44) and (7.45) cannot affect the first-order
conditions for profit maximization.

(7.47)

Entry, Exit, and Optimality in the Long Run

Policy options b and ¢ may cause problems in the long run
if the government is not careful, however, a point first
demonstrated by Baumol and Oates in their book The
Theory of Environmental Policy (Baumol and Oates, 1975,
Chapter 12). Consider the subsidy, option c. In the unlikely
event that Z; happens to equal the value of z; at the full
pareto optimum, firm 1 receives no net subsidy and no
problem arises. One would expect Z; to be set at a value
greater than z(fpt, however, in which case firm 1 actually
receives a subsidy. If so, and the economy was at a zero-
profit competitive equilibrium before the subsidy, other
firms now have an incentive to enter the industry repre-
sented by firm 1 to receive the same subsidy. In effect,
policy option c raises the marginal costs of firm 1 by an

FIGURE 7.4

amount related to the unit subsidy s,, while simultaneously
lowering its average costs because of the lump-sum sub-
sidy, s.z;. The average cost-lowering effect occurs so long
as 7; > z"". The situation is depicted in Fig. 7.4. To
interpret the diagram, think of good 1 as the output of firm
1 and that a large number of such firms comprise industry
1. The original no tax (subsidy) long-run equilibrium for
each firm in the industry is at (X}, qo).

With policy option c, each firm’s marginal costs shift
upward from MC® to MC3, as required for optimality. But
their average costs fall from AC? to ACS because, net, they
are subsidized by amount s,-(z; — z1). The new long-run
equilibrium is at (X],,qi,). Although each firm’s produc-
tion has decreased from Xé to X 11,,, entry of new firms leads
to the lower price and an increase in industry output. As a
result, total production of z; may actually rise, surely an
unwanted result.

The problem is that a subsidy given to producers in
industry 1 is not truly a lump-sum subsidy for the economy
as a whole in the long run, if other firms have the option of
entering the industry. As discussed in Chapter 2, a lump-
sum subsidy has the property that economic decisions
cannot alter the size of the subsidy. Thus, to make these
subsidies truly lump sum in the long run, they must either
be offered to all firms whether or not they actually enter
the first industry or be given only to the original firms in
the industry and not to new entrants. Because governments
are probably not going to do either of these, the safest
policy is simply a unit tax on the full amount of z;, policy
option a.

Strictly speaking, the Baumol—QOates subsidy problem
cannot arise in the model as presented above because of our
implicit assumption that only firm 1 can produce z;. Hence,
the other firms k=2, ..., J are not even potential entrants
into industry 1. One can imagine a different model,



however, in which firms k= 2,..., J can produce z; in the
long run but choose not to without a subsidy, given the
going market prices (py,..., py), and the form of the (J — 1)
production functions f( ). This is the type of model Bau-
mol and Oates have in mind.

Policy option b also fails if the alternative Baumol—
Oates model really applies in the long run. It raises average
costs so long as z}” > Z; but not by the same amount as a
tax on the full amount of z;. If type 1 firms can become
other kinds of firms, not enough of them will exit industry 1
in the long run. In effect, the term #,-Z; acts as a locational
subsidy and is not consistent with pareto optimality.

The original conclusion stands: The safest policy is a
straight unit tax of the full amount of z;. With this policy it
does not matter which of the two models actually applies. It
is always pareto optimal.

Bargaining in the Long Run with
Entry and Exit

Free entry has troubling implications for Coase-style
bargaining solutions to externalities. It turns out to
make efficient bargaining extremely problematic. Ear-
lier we showed that joint profit maximization among
all the firms associated with the externality, both the
generators or receivers of the externality, satisfies the
first-best pareto-optimal conditions, as Coase had sur-
mised in his theorem. The efficient bargain rests on four
assumptions:

1. The property rights to control the extent of the external-
ity and the disposition of the profits are assigned to
some decision maker.

Prices are taken as given.

Bargaining among the firms is costless.

4. The number of firms in each industry is fixed.

w

The fourth assumption is crucial to the Coasian effi-
ciency result. The possibility of entry into the externality-
generating or externality-receiving industries adds a new
dimension to the bargain process that severely limits the
chances for an efficient solution. Unfortunately, the
assumption of free entry in the long run goes hand in hand
with the assumption of competitive, price-taking behavior,
which is also necessary for efficient bargains.

Jonathan Hamilton, Eytan Sheshinski, and Steven
Slutsky (HSS) explored the problems of bargaining in a
general equilibrium model with a production externality
that is about as simple as such a model can be (Hamilton
et al., 1989). Their model consists of just two goods, X and
Y, with the production of X conferring an aggregate
external diseconomy in the form of pollution on Y. Labor
is the only factor of production, and the consumers’ utility
is additively separable in labor to remove income effects
from the model. Producers operate in competitive markets
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with free entry (exit) in the long run. They take prices as
fixed.

HSS consider three types of property rights that might
be associated with the externality: a liability rule, a com-
plete property right, and an ultracomplete property right.
Under a liability rule, agents are assigned property rights
only by entering an industry. The rule might take the form
of a right of X producers to collect bribes from Y producers
for reducing pollution in the X industry, or a right of ¥
producers to collect damages resulting from the externality.
A complete property right exogenously assigns the rights to
fees or compensation associated with the externality, which
can then be purchased from the owner. A complete prop-
erty right would give the owner the right to determine the
amount of pollution. Ownership of the property right is
independent of entry into one of the industries. An ultra-
complete property right extends the complete property right
by also granting the owner control over entry in both the
industries. The owner can collect entry fees from firms in
either industry.

A liability rule leads to inefficient bargains with entry
for the same reason that partial taxes and subsidies do. The
number of firms in one or both industries is nonoptimal. For
example, a liability rule encourages too much entry into the
X industry if X producers have the right to collect bribes or
too much entry into the Y industry if ¥ producers have the
right to collect damages.

Assignment of complete property rights is also incom-
patible with the efficient solution in the long run. Consider
the right to control the amount of pollution in the X in-
dustry, which in the HSS model is the same as controlling
the total output of X. Efficiency requires that the Y industry
reach its zero-profit equilibrium without interference of any
kind (the complete property right cannot be an exogenous
right to damages in the Y industry). The zero-profit equi-
librium also implies that the property right owners cannot
extract any income from the Y producers, such as through
bribes. Therefore, the owners’ incentive is to ignore the Y
industry and maximize profits in the X industry at the fixed
competitive price Py. But, ignoring the Y industry ignores
the external damage caused by the production of X, so that
the profit maximizing solution cannot be the efficient
solution.

Assignment of ultracomplete property rights also cannot
sustain an efficient equilibrium with positive production of
X and Y under the assumptions of price-taking behavior,
costless bargaining among firms, and free entry. The
problem is that the externality causes the second-order
conditions to fail at the efficient allocation.

The essence of the failure here concerns the relation of
the fixed prices to the minimum long-run average costs in
each industry (LRAC,;,). Industry X has a unique
LRACpip, say at P, The LRACy;, in industry ¥ depends
on the value of X; the lowest LRAC i, occurs at X =0, say
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at a value P;ni“. Suppose the fixed competitive prices are the
minimum possible values P7"" and Pg““. Then, one of the
following is true:

1. X =0 and there are zero profits in the Y industry.

2. X>0, and Y=0 (since P;‘,“i" < LRAC,;, in the Y in-
dustry with X > 0); also, there are zero profits in the X
industry (since P™" = LRAC ).

In either case the property rights owner earns zero
profit.

Suppose that the first-best efficient equilibrium is an
interior solution with XY >0. Then P, > P;“i“ and
P, > P™". In addition, profits in the Y industry must be
zero at the efficient equilibrium. HSS show that the efficient
solution fails the second-order conditions for maximizing
the fees collected by the property rights owner. The solu-
tion is a saddle point, with profit (fee) maximizing in Y (at
zero profit) but profit (fee) minimizing in X. Hence, the
efficient equilibrium is not sustainable in the long run even
with ultracomplete property rights.

The intuition as to why X is a profit minimum is as
follows:

1. An increase in X increases profits in the X industry at
fixed P, and P, > LRACin.® The efficient solution re-
duces the profits in X below the maximum possible
profit because it accounts for the externality on the Y
producers. True, the increase in X increases costs in Y
and drives Y producers out of business at the fixed P,.
But the property rights owner earns zero profits from
the Y industry anyway at the efficient equilibrium, so
no fees are lost from the Y industry.

2. A reduction in X reduces the profits in X. But it also
lowers the costs of producing Y and leads to profits in
the Y industry at the fixed P,. It turns out that the
profit-increasing effect in the Y industry dominates in
the HSS model.

HSS show that costless Coase bargaining can be effi-
cient in their model, but only if the owners of the property
rights, whether complete or ultracomplete, can engage in
costless, all-or-none bargains with the consumers as well as
the firms. The owners bargain to keep prices at the social
optimum and take from the consumers all their utility
(consumer surplus) above the utility they would receive if
the owners behaved as monopolists. In other words, the
owners engage in first-degree price discrimination. The
ability to capture the extra consumer surplus provides the
owners with the incentive to produce at the social optimum
since it maximizes total consumer surplus.

6. The assumption of fixed prices is crucial for efficiency. If the owners of
the ultracomplete property rights see the demand curves of the consumers
and can manipulate prices, they will act as profit-maximizing monopolists,
which certainly cannot yield the efficient solution.

This is hardly the decentralized bargaining that Coase
envisioned, however. To the contrary, the knowledge and
market power of the property rights owners would have to
be equivalent to that of an omniscient socialist planner. The
conclusion to be drawn from HSS’s analysis is clear:
Efficient decentralized bargaining solutions to externalities
in a competitive market environment are patently unreal-
istic.” This is discouraging, the more so because the gov-
ernment’s ability to design optimal Pigovian taxes is also
highly problematic. Externalities pose difficult problems
indeed for market economies.

Bargaining Costs versus Property Rights

Dan Usher offers an appropriate concluding general
perspective on Coasian bargains (Usher, 1998). In his view,
the key assumption behind the Coase theorem is that bar-
gaining is costless and not the assignment of property
rights. If bargaining were truly costless, then economic
agents would naturally come together and make whatever
arrangements were required to reach a mutually advanta-
geous pareto optimum. The assignment of property rights
would be irrelevant. In terms of the HSS model, consumers
would join with firms and the owners of the property rights
in the all-or-none bargains required for economic effi-
ciency. Indeed one can imagine economic agents world-
wide bargaining to maximize, and divide, total world
income. The Coase theorem is a tautology under costless
bargaining.

The truth is that bargaining is almost always costly and
generally the more so as the number of agents in the bar-
gain increases. This explains why societies have chosen
markets and command systems to allocate resources rather
than relying exclusively on bargaining. Under costly bar-
gaining, the assignment of property rights mostly de-
termines who gets to join the bargaining process. It does
not necessarily determine whether the bargains will be
(second-best) efficient. Governments establish property
rights primarily because they agree to enforce contracts,
and enforcement is easier if property rights have been
assigned.

7. HSS also consider the combination of bargaining with Pigovian taxa-
tion. They imagine that the government attempts to set optimal Pigovian
taxes under the assumption that the producers in each industry are inde-
pendently maximizing profits. In fact, bargaining is occurring to maximize
the income of the property rights owners and the government is unaware of
this. This policy environment is second best because the behind-the-scenes
bargaining is private information from the government’s perspective. Not
surprisingly, the Pigovian tax is no longer efficient in the presence of
bargaining. Efficiency requires a highly complex and nonlinear tax scheme
even in the simple HSS model. Moreover, the tax revenues must be
returned lump sum to the producers to support the efficient solution. The
Pigovian tax revenues are returned lump sum to the consumers in the
first-best policy environment.



We will return to Coasian bargains one last time in
Chapter 20, when we consider the effects of imperfect in-
formation on bargaining outcomes. Imperfect information
can lead to inefficient bargains even when only two agents
are bargaining and the bargaining process is otherwise
costless.”

CONCLUDING COMMENTS:
THE PROBLEM OF NONCONVEX
PRODUCTION POSSIBILITIES

The analysis in this chapter has assumed that aggregate
production possibilities are strictly convex. This is a crucial
assumption, for without it the tax policies and their
equivalents offered as a means of achieving pareto opti-
mality may be only locally optimal. They may not represent
a global optimum. Unfortunately, production externalities
themselves can generate significant nonconvexities, so that
the assumption may not be valid.’

Analyzing the special problems caused by nonconvex
production possibilities (increasing returns, decreasing
costs) is premature, as the general theoretical treatment of
nonconvexities appears in Chapter 9. But the crux of the
problem can be seen with reference to a simple two-good,
one-factor economy.

Suppose that goods X| and X, are produced with linear
technology by a single factor of production, L (labor). If
there are no externalities, then the production-possibilities
frontier is a straight line, AB, reflecting constant opportu-
nity costs, as depicted in Fig. 7.5. If X; generates an
external diseconomy for X,, however, then the quantity of
X, must lie below AB at each X, except at the end points.
Hence, assuming the frontier is continuous, it must contain
a nonconvex segment near the end point B, as depicted in
Fig. 7.6.

To see the potential local—global problem, suppose
society initially ignores the externality, thereby under-
estimating the true costs of producing X;, and achieves an
equilibrium at D on indifference curve [ in Fig. 7.6, on the
nonconvex region of the frontier. Opportunity costs are
incorrectly measured by the slope of /[y at D. A Pigovian tax
reduces production of X; and moves society to point 7,
where indifference curve I; is tangent to the frontier.
Although T is an improvement over D, it is only a local
optimum. The global optimum is at point G, the tangency
of I3 with the frontier, and a Pigovian tax cannot possibly

8. Coasian bargaining has fared well in experimental settings in which the
subjects are well informed and bargaining is relatively costless. As one
example of bargaining in the presence of an aggregate externality, consult
Harrison et al. (1987).

9. See Baumol and Oates (1975, Chapter 8) for an excellent detailed
analysis of the nonconvexity issue and the important distinction between
local and global solutions to externality problems.
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B X4
FIGURE 7.5

FIGURE 7.6

achieve G starting from D. A similar demonstration applies
to the case of external economies.

A common example is a laundry (X») located downwind
from a factory (X;). A Pigovian tax on the smoke emitted
by the factory may benefit the laundry by reducing the
smoke pollution. The least cost solution, however, may
simply be to have the laundry move upwind from the
factory and thereby avoid all (or almost all) of the smoke
pollution.

The laundry—factory example is a specific instance of a
more general question: How must optimal policies be
adjusted if the victims of an external diseconomy such as
pollution can partially or completely defend themselves
from the external effects? The example illustrates one
wrinkle, that defensive strategies can themselves give rise
to nonconvexities. We will consider the question of
defensive expenditures in more detail in Chapter 8. Waste
treatment, a defensive strategy, is an important part of the
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United States’ fight against pollution, and it is justified on
the basis of decreasing cost (nonconvex) production.
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Chapter 8

An Application of Externality
Theory: Global Warming
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The externality that has been on everyone’s mind since the
1990s is global warming. Climate scientists universally
agree that average temperatures are rising worldwide. There
is also an overwhelming consensus among them that the
emission of greenhouse gases (GHGs) is a major contrib-
utor to the warming trend. The GHGs include carbon di-
oxide (CO,), methane (CHy), nitrous oxide (N,O),
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and
sulfur hexafluoride (SF¢). These gases build up in the at-
mosphere and trap heat radiating from the earth’s surface,
hence the name greenhouse gases. Among the GHGs,
carbon dioxide is targeted as the one to control to halt
global warming. It does not cause the most heat retention
per ton of emission; for example, methane has 21 times the
heat retention properties of CO;, 100 years out. But since
CO; is emitted from the burning of fossil fuels, emissions
of CO, are many times larger than the emissions of the
other gases.'

1. Concern is building about emissions of methane gas as fracking to
extract oil and natural gas reserves trapped in rock has grown. The fracking
process releases methane gas, which can escape into the atmosphere if it is
not adequately contained on site. The US Environmental Protection
Agency Web site has a wealth of information on the climate effects of the
GHGs as well as on other pollutants. The methane/CO, comparison is
from epa.gov/climatechange/science/indicators/ghg/index.html.
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Assuming the scientific consensus is correct, CO,
emissions from the burning of fossil fuels is an example of
a policy-relevant externality because global warming gen-
erates a large number of direct third-party effects that are
not accounted for in the market economy. Moreover, it is an
externality with some properties that were not addressed in
Chapters 6 and 7. Chapter 8 completes our presentation of
externalities by analyzing these properties, many of which
apply to other externalities as well. We begin with an
analysis of consumption—production externalities since
global warming is a leading example of that category of
externality.

CONSUMPTION—PRODUCTION
EXTERNALITIES

A policy-relevant, technological, consumption—production
externality is an externality in which some production
(consumption) activity enters the utility function (produc-
tion function) of a least one consumer (producer). The
externality may affect other producers (consumers) as well.

The CO, emissions from the burning of fossil fuels by
households and businesses are a clear example. Regarding
production, global warming has potentially enormous ef-
fects on agricultural production throughout the world, both
positively and negatively. Some regions that currently
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produce a valued crop such as corn may become too hot
and dry to grow corn if global warming continues, whereas
other regions that are now too cold to grow corn may
become warm enough to support the crop. Households are
affected as well. Many seaside homes may have to be
abandoned if the level of the oceans continues to rise, and
coastal cities may have to erect extensive dikes to protect
their residents and businesses. Worse yet, many people who
live in poor countries with relatively warm climates that
struggle to provide enough food for their citizens may
starve to death if agricultural production in these countries
declines. Conversely, people living in frigid climates may
enjoy much more pleasant, temperate climates 50 years
from now.

Unfortunately, an analysis of consumption—production
externalities requires the full general equilibrium model of
Chapter 2 or its equivalent to capture the extent of the
external effects. Condensing the model as we did for con-
sumption and production externalities would hide essential
features of the externality. The notational requirements
alone are formidable in a complete general equilibrium
model. But, having worked through the general equilibrium
model of Chapter 2 and the pure consumption and pro-
duction externality models of Chapters 6 and 7, the analysis
of consumption—production externalities is reasonably
straightforward and predictable.

Consider the general case of an aggregate consumption—
production externality, in which the aggregate use of some
factor in production (e.g., fuel) enters into every person’s
utility function and every firm’s production function
through the externality it generates, with all other goods and
factors purely private. This is the most extensive possible
example of an aggregate consumption—production exter-
nality and reasonably appropriate for the analysis of global
warming. As it happens, emissions of any of the GHGs from
any source mix completely into the atmosphere, such that
only the aggregate emissions matter for global warming.
The particular sources and locations of the emissions are
irrelevant. In addition, the extent of the externality is truly
global as the name global warming implies, because the
warming effect of the GHGs reaches all parts of the globe.
This property makes global warming a difficult problem to
solve since it requires the cooperation of all the major
emitting countries, a problematic outcome in almost all
matters of world affairs. Later on in the chapter, we will
consider some geopolitical factors that play a role in
choosing among alternative policies for mitigating global
warming.

The scope of the external effects in the general model is
admittedly unrealistic since global warming does not affect
every consumer and firm worldwide. As we saw in the
previous chapters, however, the pareto-optimal rules for the
general model are easily modified if some people or firms
are unaffected by the externality. Also, some forms of

industrial pollution may approximate the general model
within a small geographic region, such as water pollution
by firms situated on a lake or bay.

The main advantage of the general model is that it is
easily compared with our models of aggregate con-
sumption and production externalities in Chapters 6 and
7. As it turns out, the policy rules are virtually identical
in form.

Following the notation of Chapter 2, let

Xjg = consumption of good g by person h, where
g=1,...,Gand h=1,.... H

Vir = factor f supplied by consumer % (measured nega-
tively) where f=1,..., F; h=1, ..., H

rqr= factor fused in the production of good g, g =1,...,
G’f=1,.,F

X® = the aggregate output of good g, g=1,..., G.

Assume that the aggregate quantity of factor i
(e.g., fuel) used in production enters the utility function of
every consumer and every firm in the economy because its
use contributes to global warming, P, that affects all
agents. Let

G

P=P ( Z rg,) = global warming as a function of the
g=1

aggregate use of factor i by the firms.

8.1

G
X8 = ¢ (repirgis P) = &% repiveis ) i
(gf 8 ) (gf & ;g) (82)

g=1..,Gf =1,

G
U" = U"(Xyg; Vi; P) = U" (th;vh,-;ngi> 8.3)

g=1

h=1.. Hg=1,..Gf=1,..,F

i=li+1,..,F

where ¢*%( ) = the production function for X¢, and U"( )=
the utility function of person 4. Notice that each production
function, ¢®( ), incorporates each firm’s “personal use” of
factor i, r,; (e.g., using fuel to provide heat and to run en-
gines, motors, and other machines), as well as the pollution
externality Zgzlrg,-.

The usual assumptions about aggregate externalities
apply:

G
9¢7¢ /Oy = 095 /0> ry j*g (8.4)
g=1

2. The burning of gasoline by individuals’ automobiles and of oil and
natural gas to heat their homes can be thought of as a factor of production
in the provision of automotive and housing services that individuals
consume, two of the X’s.
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G
98[Oy = 09 Ori+ 08 /0> ry j =g (85)
g=1

G
oU" [or, = aUh/ang,- g=1,....G

g=1

(8.6)

Society’s problem is to maximize social welfare subject
to the production constraints and market clearance:

G
U (X;,g; Vigs > rg;ﬂ

g=1

max w
{Xng: Vigs X5 g ri}

G
Xt = qﬁg(rgf;rg,»;ng,-) g=1,..G

g=1

S.t. EG:th = X#

h=1

H
> Vi
h=1

g=1..G

rg f=1,..F (including i)

[
R

o
Il
—_

The model can be solved in the usual manner by
defining Lagrangian multipliers for each of the production
and market clearance constraints and taking derivatives of
the resulting Lagrangian with respect to all the variables
and the multipliers.

Generating and manipulating the first-order conditions
so that they have the standard interpretations is tedious and
will be left for the interested reader. We will simply note
the principal results, which are entirely familiar thanks to
the two dichotomies that apply to all first-best models. In
particular, the usual interpersonal equity and pareto-optimal
conditions are required to achieve a social welfare
maximum at the bliss point.

The Interpersonal Equity Conditions

The government should redistribute one good or factor
lump sum to equalize its social marginal utility of con-
sumption (supply) across all consumers. The interpersonal
equity conditions have the standard form:

oW ou'_
au" av,;

allh = 1,...,H 8.7)

with factor 1 chosen for redistribution. Assuming the inter-
personal equity conditions hold, then the usual pareto-
optimal conditions hold at the bliss point.

The Pareto-Optimal Conditions

The Purely Private Goods and Factors

The pareto-optimal conditions for all the purely private
goods and factors have the standard form. For example,

MRS" = MRT h =1,....H (8.8)
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for any two goods or factors.” They can be achieved by
competitive markets without any government intervention.

The Externality

The pareto-optimal condition for the eternality-generating
factor i also has the standard form expressed in terms of
good 1. The difference between the private supply, MRSl’.’J,
and the private use, MRT?,, should equal the aggregate
external effects of factor i on the margin. The only modi-
fication from previous models is that the external effects
apply to all consumers and all firms. The pareto-optimal
condition has the form

H G
MRS!, — MRT{, = — Y MRS} + Y MRT;, (8.9)
h=1 g=1
Because the aggregate external effects on the right-hand
side (RHS) are independent of the firm using factor i, a
single Pigovian tax on the use of factor i can achieve
condition (8.9), with

H G
ti = —Y MRS), + Y MRT},
h=1

g=1

(8.10)

and P; =q; =1, the numeraire. In the context of global
warming, the same tax on carbon emissions should be
applied to every source of emissions worldwide (or the
same tax on CO, emissions, if that is the gas targeted to
be reduced). The tax is commonly referred to as a harmo-
nized carbon tax.

The standard supply and demand analysis applies as
well to factor 7, as depicted in Fig. 8.1. Aggregate use of
factor i, R;, is on the horizontal axis. S represents the hor-
izontal summation of each consumer’s MRSf’_1 in supply.

Similarly, D™ represents the horizontal summation of
each firm’s private use MRT$,. D*° corrects D™ by
vertically subtracting the aggregate marginal external
diseconomy at every aggregate R;.

At the optimum, the difference between the private
MRS and MRT, represented by the vertical distance
DP™ — S, just equals the value of the marginal external
effects

G
- XH: MRS}, + )  MRT},
h=1

g=1

represented by the vertical distance D™ — D*°°. The Pigo-
vian tax, t;, drives the appropriate wedge between the pro-
ducer demand price, P;* !, and the consumer supply price,

g™, at the optimum. Thus, the only modification of our

3. Recall that MRT is interpreted as a marginal rate of transformation for
two goods, a marginal product for a good and a factor, and a marginal rate
of technical substitution for two factors.
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Chapters 6 and 7 analyses required by the consumption—
production externality is in the terms reflecting the extent
of the marginal damage, which now include both con-
sumers and producers. Otherwise, the analysis is identical
to that of the earlier models, not only for aggregate exter-
nalities but also for all other forms of externalities, as could
easily be verified.

The only wrinkle regarding the harmonized tax is that
fossil fuels are already taxed in many countries, such as taxes
on gasoline used by automobiles. In these cases, the govern-
ment should levy an additional tax as needed to raise the
overall tax rate to the harmonized tax rate (or provide a sub-
sidy to reduce the overall tax rate to the harmonized tax rate.)

A final point is that the same alternative solutions
described in Chapter 7 are open to the government should
it choose not to levy a direct tax on the source of the ex-
ternality. For example, firms could be subsidized for
reducing the amount of carbon emissions below the un-
controlled amount. In summary, the presence of a com-
bined consumption—production externality changes none
of the policy insights gained from analyzing the simpler
consumption and production externalities.

LEGISLATING POLLUTION STANDARDS

Societies cannot be expected to achieve, or even approxi-
mate, the full social optimum when combating any signif-
icant pollution problem, much less one with all the potential
third-party effects of global warming. The main problem
comes in trying to evaluate the marginal benefits (MBs) of
pollution reduction (the distance between D™ and D** in
Fig. 8.1). This is especially true for the portion of the MBs
received by the consumers. In general, researchers and
policy makers face three serious handicaps in determining
the benefits.

The first is the enormous uncertainty about the harm
caused by various pollutants, especially the conventional

I
8.1

[+ R :

pollutants. Which pollutants are carcinogens, and at what
concentrations? What is the precise relationship between
the concentrations of the various pollutants in the atmo-
sphere and the resulting increase in morbidity or mortality?
Definite answers to questions such as these must await
further scientific research.

Second, even if the effects of all pollutants were known,
how does one evaluate the costs of pollution (benefits of
less pollution). What values should be placed on such
things as decreased visibility, increased morbidity, and loss
of life? Economists have developed some ingenious survey
and indirect market price techniques to estimate the benefits
of reducing pollution. Despite their ingenuity, however, the
benefit estimates from these techniques remain problematic
and controversial. Also, the government must aggregate
each person’s marginal loss to arrive at the aggregate
marginal damage on which the pollution tax is to be levied,
and do so without the benefit of markets in which people
are forced to reveal their preferences for cleaner air or
water.”

A final problem, noted in Chapter 7, is that the gov-
ernment must measure the MBs at the optimum, not at the
original preintervention equilibrium. In terms of Fig. 8.1,
the tax should equal the divergence between DP"™ and D™
at R, not at R¢. Even if the MBs at R¢ were known with
reasonable accuracy, their value at R?pt may well be subject
to great uncertainty, especially if RY™ is far from R¢. (A
trial-and-error process may discover R?pt, however, a point
discussed in Chapter 7.)

All these problems are present with global warming.
Carbon dioxide and the other GHGs remain in the atmo-
sphere for hundreds of years, thereby requiring estimates of
damages caused by global warming into the distant future.

4. Cropper and Oates (1992) have an excellent discussion of attempts to
measure the benefits (and costs) of pollution.
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These estimates are especially problematic because climate
scientists cannot be sure how much temperatures will rise
for any given sustained emissions rate of GHGs, or how
much melting of the polar ice caps will occur given the
estimated rise in temperature, and therefore how much
the sea level will rise. Projections are all over the place.
Whatever projection one settles on, the various marginal
benefits and costs across consumers and firms are so
extensive that attaching reasonably accurate numbers to
the sum of the MRS’s and MRT’s is problematic in the
extreme. Then adjusting these estimates to their sum at
the optimum adds another huge element of guesswork. We
will return below to the special problems of estimating
costs and benefits far into the future.

Given all these difficulties, governments have thrown in
the towel and turned to a second-best “standards” approach
for controlling pollution. First they somewhat arbitrarily
select a desired target level for each pollutant. Then the
economic goal becomes meeting the legislated target at
the lowest possible cost. The international attempts through
the United Nations to reduce global warming are another
instance of this approach.

The Kyoto Protocol and the Copenhagen
Accord

The United Nations began efforts to forge an international
agreement to reduce GHG emissions in 1992 under the
auspices of its Framework Convention on Climate Change
(UNFCCC). The goal was to stabilize the concentration of
the GHGs in the atmosphere and thereby halt the increase
in global warming. Its efforts reached fruition in December
of 1997 with the signing of the Kyoto Protocol. Thirty-nine
developed countries, those of the Organization for Eco-
nomic Cooperation and Development, Eastern Europe, and
the former Soviet Union agreed to reduce their GHG
emissions to achieve an overall reduction of global emis-
sions 5% below global emission levels of 1990 during the
period from 2008 to 2012. The countries were assigned
individual reduction targets ranging from 8% (23 countries)
reductions to a 110% increase (Iceland). The US target was
a 7% reduction. The countries took these pledges back to
their own governments for approval, and the Protocol was
ratified in February, 2005.

In addition to the targeted reductions, the Protocol
recommended that the reductions be achieved by means of
marketable emissions permits, with each permit allowing
one ton of carbon emissions. Permits would be distributed
based on 1990 emissions and then traded among countries.
Any country’s emissions each year could not be more than
the number of permits that it owned. The marketable per-
mits were viewed as the least cost means of reaching the
overall targeted reduction. (We will analyze marketable
permits in the next section.)
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The Kyoto Protocol was essentially doomed by the
time it was ratified, for two main reasons. One is that it
did not apply to the developing countries, particularly the
large developing countries such as China and India. The
other is that the United States dropped out of the Protocol
in 2001, and US emissions of CO, represented 32% of
total CO, emissions. By 2005, the countries still covered
by the Protocol accounted for only 30% of global emis-
sions. Moreover, only the European Union among the
39 countries adopted the suggested use of marketable
permits to reduce CO, emissions, a program called the
European Trading Scheme (ETS). The ETS covered only
8% of global CO, emissions, however. As it happened,
global GHG emissions had fallen by 2008—2012, but this
was almost entirely due to reduced production as a result
of the worldwide Great Recession that hit at the end of
2007. The Protocol was essentially ignored, other than by
the EU.

With the 2012 deadline fast approaching, 120 nations
met in Copenhagen in December of 2009 to generate a new
agreement on GHG emissions to apply post-Kyoto. The
results were not encouraging. Many nations left without
agreeing to anything. In order to salvage something from
the meeting, the United States and a few other countries
drew up an accord that set a target of holding the increase in
global warming to 2 °C (3.6 °F). The developed countries
that signed the original Kyoto Protocol in 1997 were to
submit targeted reductions in CO; emissions by January 31,
2010. The Copenhagen Accord also included some devel-
oping countries, notably China, which were to begin
implementing what were termed “mitigating strategies” and
submit their plans for these strategies, along with their
targeted CO, emissions reductions, also by January 31,
2010. There was no suggested method in the Accord for
meeting the targeted reductions at least cost. The Accord
also established a Copenhagen Green Climate Fund by
which the developed countries would provide subsidies to
the developing countries to help the latter reach their targets
without undue costs.

Most countries did submit targeted reduction plans,
but they amounted to little more than empty promises
because there was no enforcement mechanism put in
place. For example, the Obama administration committed
the United States to a 17% reduction of its GHG emis-
sions below 2005 levels by 2020, followed by a 45%
reduction from 2005 levels by 2030, and an 85%
reduction below 2005 levels by 2050. While this sounds
impressive, the administration had no chance at all of
getting Congress to accept this commitment. In truth,
there is no international agreement in place to reduce

5. Details of the Kyoto Protocol are available on the UN web site: http:/
unfcce.int/kyoto_protocol/items/2830.php. Two additional sources for the
difficulties Kyoto encountered are Buchner (2002) and Nordhaus (2005).
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GHG emissions, nor is one on the horizon as this is
written in 2014. At the same time, climate scientists
believe that there is some probability that unchecked
GHG emissions could raise average temperatures by
6.7 °C (12 °F) by 2100, an increase that would lead to
catastrophic loss of life.

The Kyoto Protocol target of a 5% reduction of GHG
emissions below 1990 levels by 2008—2012 and the
Copenhagen Accord target of holding the increase to global
warming to 2.6 °C by 2100 are examples of the standards
approach to reducing pollution. Neither target was arrived
at as a result of an attempt to estimate the marginal benefits
and costs of reducing GHG emissions and thereby establish
an optimal strategy for reducing emissions. Rather, they
were seen as reasonable targets to strive for that would
likely be beneficial on net. The economic issue, then, is
how to meet these legislated standards at the lowest
possible cost.

Cost Minimizing under the Standards
Approach to Reducing Pollution

To address the least cost issue, we have to modify our first-
best model to incorporate the standards approach. Fortu-
nately, the modification turns out to be straightforward.
Minimizing the opportunity costs of achieving a given
pollution standard is formally equivalent to maximizing
social welfare subject to the additional constraint that the
standard is satisfied. The reason is that the opportunity costs
are simply the losses in social welfare from satisfying the
constraint.

Adding the pollution constraint makes the analysis
second best so long as the target level of pollution differs
from its first-best optimum level. Nonetheless, we will
briefly sketch out the constrained model here because of its
relevance to pollution policy and because the solution to the
constrained social welfare optimum problem is also a single
tax, the properties of which are virtually identical to the
unconstrained Pigovian tax.

To analyze the constrained social welfare optimum,
let us continue with the same aggregate consumption—
production externality as above, in which

G
Global warming (P) = P ( Z rg,->

8.11)

6. One particular difficulty in reaching any international agreement on
reducing global warming is the principle established by the Treaty of
Westphalia in 1648, that no country can be forced to accept an interna-
tional agreement if it does not choose to do so. Details of the Copenhagen
Accord are available on the UN’s Web site: unfccc.int/resource/docs/2009/
copl5/eng/107.pdf. The country’s pledged CO, reductions are on http:/
unfccc.int/home/items/5264.php (United States and European Union) and
http://unfccc.int/home/items/5265.php (China).

Assume the government arbitrarily targets the pollution
standard at P. Since P is assumed to be a monotonic
function of ZgG:lrg,-, reinterpret the constraint to be

G

R =Y r,

g=1

(8.12)

where R; corresponds to P. Assume further that the pollu-
tion target is the only additional constraint in an otherwise
first-best policy environment. In other words, the formal
aggregate externality model above applies with the addition
of the pollution constraint.

The Lagrangian of the formal problem becomes

G
max L=w|U (thQVhf;ngi)]
{Xigs Vis XE5 reps T } §=1

G G

By inspection, the first-order conditions for all pure
private goods and factors are identical to those of the un-
constrained model. As before, the government need not
intervene in any market except the market for factor i.
Similarly, the interpersonal equity conditions remain un-
changed since they are unaffected by r,;. The only differ-
ence is the first-order condition for the r,;, which now
includes the term —A, the multiplier applied to the pollution
constraint. A equals the marginal increase in social welfare
from relaxing the pollution constraint, measured at the
second-best optimum. Alternatively, A is the marginal so-
cial cost of reducing the use of R; to R.

The pareto-optimal condition for r;, expressed in terms
of factor 1, is now

H G
MRS!, — MRS{, = — Y MRS}, + > MRT}, + 1/,
h=1 g=1

(8.13)

which differs from Eqn (8.9) only by the presence of the
term A/7t;. The terms on the left-hand side (LHS) represent
the private marginal rates of substitution in use and supply.
The first two terms on the RHS represent the marginal so-
cial costs of the pollution externality to the consumers and
producers. The final term on the RHS is an additional mar-
ginal social cost from imposing the resource constraint on

the solution. (The division by 7t expresses the loss of

. . . h
social welfare in terms of good 1, since 7t; = 9% gTUm’ h =

1,...,H, from the first-order condition for Vj;.)


http://unfccc.int/resource/docs/2009/cop15/eng/l07.pdf
http://unfccc.int/resource/docs/2009/cop15/eng/l07.pdf
http://unfccc.int/home/items/5264.php
http://unfccc.int/home/items/5264.php
http://unfccc.int/home/items/5265.php
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Given the legislated constraint R(P), therefore, the
divergence between the private use MRT and MRS now
equals the aggregate external effects on the margin plus the
social marginal cost (MC) of the constraint at R;. Note also
that the RHS is independent of g; it does not matter which
firm pollutes on the margin. Therefore, a single Pigovian-
style tax can achieve the second-best optimum, as illus-
trated in Fig. 8.2.

R™ is the unconstrained first-best optimum and R; is the
pollution standard imposed by the government. The pro-
ducer and consumer prices as the constrained optimum are
pio™tand ¢f°™!, with the difference between them equal to
the tax #. The government imposes R; by adjusting the tax
until R; = R;. As in Fig. 8.1, the vertical distance between
DP™ and D*° equals the third and fourth terms in Eqn
(8.13), the direct marginal social costs on the producers and
consumers caused by the externality. The additional dis-
tance between D*°° and S at R; is a measure of A/, the
marginal social cost of the pollution constraint. Notice that
ATty is a residual cost, in effect. Once the government sets
the tax to obtain R;, the tax automatically represents the full
marginal social cost of using factor i at the second-best
optimum. The diagram also indicates that the marginal
constraint cost is zero only if R; = R™.

The final point is that this tax must minimize the op-
portunity costs of achieving the resource constraint. This
could be demonstrated by setting up a cost minimization
problem but that is not necessary. Since the tax satisfies the
pareto-optimal conditions of the constrained social welfare
maximization problem, it must be cost minimizing in a
production sense. If production were inefficient, a reallo-
cation of resources could increase outputs without addi-
tional resources and the bonus could be given to consumers

7. As in the unconstrained case, whether a single tax or separate taxes on
each source of the pollution is least cost depends on whether the externality
is aggregate (single tax) or individualized (separate taxes).

to increase social welfare. But this contradicts the fact that
social welfare is maximized given the arbitrary pollution
standard. R;(P) may be a terrible choice, far from the first-
best optimum, but given that society chose it, taxing the use
of resource i such that R; is met is the least cost way of
achieving R;(P).

Taxing to meet a pollution standard may be a least cost
strategy, but it is not necessarily the one chosen by gov-
ernments. The United States has long favored a regulatory
approach to reducing pollution, called a command and
control (CAC) approach, under which each polluter is
required to reduce pollution by a given amount or to install
certain devices or use certain technologies to reduce
pollution. A familiar example is the pollution control
equipment required on all automobiles sold in the United
States. As noted earlier, the Kyoto Protocol recommended a
system of marketable permits to control the aggregate
amount of GHG emissions. A system of marketable permits
is often referred to as a cap-and-trade approach: The
aggregate emissions are capped by the total amount of
permits issued and the permits, once issued, can be traded
in an organized permits market from sources whose emis-
sions are less than their number of permits to sources whose
emissions exceed their number of permits. We want to
compare these two strategies with the cost-minimizing tax
strategy for meeting a given pollution standard, beginning
with the CAC approach.

The CAC Approach

The CAC regulatory approach to industrial polluters that
dominates US antipollution policy is seriously flawed
relative to a tax policy. In principle, regulation can be
designed to be equivalent to the tax for any given standard,
but only if it duplicates the exact pattern of resource use
and production occasioned by the tax. This is clearly not
practicable. Instead, regulation invariably takes the form of
simple rules that are decidedly worse than the tax. For
example, the Kyoto Protocol called for a 5% reduction in
GHG emissions. The cost-minimizing solution is to tax all
emitters of GHG emissions until the emissions are reduced
by 5% in the aggregate. If direct regulation is used instead,
there may be little choice other than to dictate a 5%
reduction in GHG emissions by each emitter. The gov-
ernment may even dictate the methods used to achieve the
reduction, as the US federal government typically does in
its policies for reducing air and water pollutants. The reg-
ulatory approach may achieve the desired 5% reduction, but
it does so at opportunity costs far in excess of the tax
policy.

The flaw in the regulatory strategy is that it ignores
the differences in costs and substitution possibilities
across firms. The tax strategy, in contrast, exploits these
differences in a least cost manner. Asking firms to reduce
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their pollution equally in the name of fair play may strike
some people as equitable. If so, it is a very costly notion
of equity and one that has no standing in the quest to
maximize social welfare. Yet, this notion of even-handed
fair play appears to dominate antipollution policy in the
United States.

Further intuition for the cost advantage of a pollution
tax over the CAC approach can be gained from the simple
textbook least cost production rule. Consider CO;, emis-
sions from the burning of fossil fuels.

Think of some firm producing its output (Q) with the
use of capital (K), labor (L), and fuel (F), according to the
production function:

Q = Q(K,L,F)

The least cost production rule says that to produce any
given amount of Q at least cost, the firm must equalize the
ratios of marginal product to price across all three inputs:

The ratios represent the extra output per dollar from
using each of the factors. If the ratios are unequal, the firm
should substitute toward the factors with the higher ratios
(the higher marginal output per dollar) until the ratios are
equalized.

The least cost production rule highlights the general
principle that a quantity complaint (“there is too much CO,
emission”) is symptomatic of a pricing problem. As such, a
tax (or equivalent pricing mechanism) gets right to the heart
of the problem. A tax on fuel forces an additional price on
polluters that reflects the marginal damage of burning fossil
fuels. If the firms have driven ratios of the marginal prod-
ucts of K, L, and F to their prices before the tax, the value
of the ratios with the tax is

MP; _ MP,  MP;
Pk P Pp

Firms now have an incentive to substitute away from
fuel and toward capital and labor to minimize their pro-
duction costs. In other words, the tax combats pollution
by appealing to the same profit motive that led to the
pollution in the first place. It also gives firms flexibility to
respond to the tax depending on their ability to substitute
away from fuel. For example, firms that are highly prof-
itable and have difficulty substituting for fuel may simply
pay the tax and continue to emit CO, as before. Other
firms that can easily find substitutes for the fuel they are
using, such as switching from fossil fuel to solar energy,
may find that substituting capital and labor to provide the
solar energy is less expensive than paying the tax and
polluting.

The cost-minimizing (social welfare optimizing) prop-
erties of taxing pollution at the source to meet a pollution
standard should now be clear. A correctly designed tax
forces firms to consider the full social costs of their de-
cisions, and the tax is easy to design correctly. Simply

adjust the tax until the standard is met. In addition, a tax
permits each firm to respond as flexibly as possible to these
social costs. The tax raises the costs for each polluting firm
because they now pay more to use a resource that they
previously used as part of their cost minimizing strategy.
Each firm reacts by trying to minimize these additional
costs. With each firm seeking its own least cost reaction to
the tax, society’s costs of reaching the standard are mini-
mized in the aggregate. This is the essence of a tax or
pricing strategy for combating pollution.”

A second practical drawback to regulation, stressed
long ago by Mills (1967), is that the incentive structure is
literally backward. With a harmonized carbon tax on fossil
fuels, firms have an incentive to substitute away from
fossil fuels to minimize their tax burdens. With regulation,
firms have a profit-motivated incentive to cheat because
the direct price of burning fossil fuel has not changed.
Rational firms will weigh the cost advantages of
continuing to pollute against the probability of being
caught and the penalty for cheating. Moreover, it is up to
the government prosecutors to bring suit, and the burden of
proof is on the prosecution. A prosecutorial approach is
highly problematic in an international setting. With taxes,
in contrast, the firms bear the burden of proving that they
deserve a lower tax bill because they have reduced their
carbon emissions.

Direct regulation makes sense as a standby weapon for
short-term emergencies. If air pollution becomes extremely
dangerous because of unusual atmospheric conditions, then
a temporary ban on some air pollutants may be the only
effective short-term solution. Also, if the United States had
maintained its original goal of zero water pollution, then the
choice of taxes versus regulation is irrelevant. The only
way to achieve zero pollution in the aggregate is for each
polluter to stop polluting entirely—taxes or CAC neces-
sarily lead to the same solution firm by firm. But this sit-
uation is not relevant in the context of global warming.

Marketable Permits

The recommendation in the Kyoto Protocol for a system of
marketable permits to control GHG emissions was not a
new idea at the time. Governments had used a system of
marketable permits to control pollution within their own
countries. A notable example was the United States adop-
tion of marketable permits in 1990 to reduce the emissions
of sulfur dioxide by the electric utilities, the first time the
United States used a pricing strategy instead of the CAC
approach to reduce any pollutant.

Marketable permits are equivalent to pollution taxes in
principle. To see why, recall the model from Chapter 7 in

8. Production possibilities must also remain convex in the presence of the
externality. Refer to the discussion of this point at the end of Chapter 7.
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which a firm (firm 1) produces a by-product z; that affects
the production of all other firms. Part of the discussion there
compared various kinds of taxes and subsidies for reducing
the firms’ output of z; by seeing how each affects the profit
function of firm 1.

Under a straight tax on zj, t,, the profit function of the
firm is

N
Profits = ZP,,Xm — 17

n=1

(8.14)

where Xj, are the purely private goods and factors supplied
and purchased by firm 1. Think of z; as tons of CO, emis-
sions for our current purposes.

Under a marketable permit scheme, a government or
international agency determines the total amount of permits
to be issued, with each permit allowing one ton of CO,
Therefore, the number of permits equals the total amount of
emissions allowed. The permits can then be auctioned off to
the emitting producers or distributed to them free of charge
as determined by some distribution formula. The producers
must buy permits for whatever amount of CO, they choose
to emit. Define z,, as the number of permits purchased by a
firm. The permits, once distributed by auction or by for-
mula, are traded in a national or international market that
has established a price of P, for each permit. Consider first
auctioning off the permits.

Auctioning the permits—Let firm 1 represent a CO,
emitter. The firm’s profit function under the marketable
permit scheme becomes

N
Profits = ZP”X‘" — Ppz,
n=1

st.z1 <z,
Assuming the constraint is binding (firms will not buy

permits they do not intend to use), the profit function is

N
Profits = ZPnXln — Ppz)

n=1

(8.15)

Therefore, the permits and tax are identical from the
perspective of firm 1, providing #, = P,

That the tax and permit price are equal for a given
reduction in pollution can be seen from Fig. 8.2. Think of
R; as the legislated target for CO, emissions, and f; = t,.
The tax is set such that it induces firms to emit exactly the
target level of emissions, R;. Thus, if the government issues
a total number of permits equal to R; and the permits are
traded in a competitive market, the equilibrium price P,
must equal the tax. If P, > 1, the firms would want to
purchase fewer than R; permits, the permit market would be
in excess supply, and the price would fall to ¢,. Similarly,
P, would be driven up to ¢, if it were originally less than ¢,
and the permit market were in excess demand. With P, =1,
the permit and tax schemes are identical.

Distributing the initial permits free of charge—Suppose
each firm, including firm 1, receives P permits initially.
Firm 1’s profit function is now

N
Profits = »  P,Xy, — Pp(z; — P)

n=1

(8.16)
or

N
Profits = ZP,,X.n — Ppzy +P,P (8.17)

n=1

Distributing the permits initially free of charge is kinder
to the producers, but it does not change the first-order
conditions for profit maximization. The permits are still
equivalent to the tax on the margin. Also, the subsidy to the
firms is different from the subsidy solution described in
Chapter 7, since any new entrant who will emit CO; has to
purchase permits from existing firms. It does not receive a
subsidy to enter the market unless additional permits are
granted each year, in which case it may receive a subsidy.
But this would defeat the government’s purpose of holding
constant the emission of COs,.

Practical considerations may favor permits or taxes in
certain applications, however. Permits have the advantage
of assuring that the legislated target is met at the outset of
the program, whereas taxes have to be adjusted until the
target is reached. Also, the price of permits automatically
adjusts to the general level of inflation. A pollution tax, in
contrast, would have to be increased every year to maintain
the appropriate relative value of the tax. Countering these
advantages is the possibility that existing firms could hoard
the permits. We assumed above that z; = z,. A firm could,
however, buy more permits than it intended to use for the
sole purpose of preventing other firms from obtaining them.
Hoarding could be a very effective barrier to entry, either
by preventing new firms from entering the market or by
forcing existing firms to reduce their production or increase
their costs if they cannot obtain their profit-maximizing
number of permits.

Marketable Permits, Taxes,
and Uncertainty

Another consideration that could favor marketable permits
over taxes relates to the uncertainties surrounding the MBs
and MCs of reducing almost any kind of pollution. The
optimal amount of pollution occurs when the marginal
benefits and costs are equal, as depicted in Fig. 7.3. The
government is unlikely to be able to measure either the
MBs or the MCs for any pollutant with much precision,
however. At best it might only have some intuitive sense of
the relative shape of the MB and MC curves. For example,
the government might reasonably assume that the MB
curve becomes quite steep for many toxic substances at
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some threshold level of pollution reduction simply because
high concentrations of these substances can be so
dangerous. (The MBs of reducing pollution are the same as
the marginal damages of increasing pollution.) Alterna-
tively, the government might just as reasonably assume that
the MC becomes quite steep for all pollutants beyond some
very high level of pollution reduction. Reducing pollution
any more beyond that point may require extremely costly
abatement techniques. Even rough guesses about the rela-
tive shape of the MB and MC curves turn out to be
important information for they can lead to a preference for
marketable permits or taxes.

Suppose the government assumes that the MB curve
is quite steep and the MC curve is quite flat in some
region of pollution reduction, as is likely for toxic sub-
stances. Marketable permits are the preferred strategy
under this scenario because it is better able to control the
quantity of the pollutant, assuming it can be enforced.
Pollution can be set at a safe level below the danger
threshold. If this happens to be beyond the optimal
MB = MC point, at least it avoids the steep portion of the
MB curve without incurring large increases in cost. Using
taxes, in contrast, runs the risk that the tax will be set too
low, there will be too little pollution reduction, and so-
ciety will remain exposed to dangerous concentrations of
the pollutant.

Suppose, instead, that the government assumes the MC
curve is quite steep and the MB curve is relatively flat in the
region near the target level of pollution. This combination
is highly likely with conventional pollutants if the target
levels are fairly stringent. A pollution tax is the preferred
strategy under this scenario since the tax allows tighter
control over the costs of reducing pollution. Errors in
setting the tax too high or too low have rather modest ef-
fects on marginal damages. Marketable permits, in contrast,
run the risk of setting a much too stringent target, which
sharply raises the MCs of pollution reduction without much
offset from the MBs.’

The Preference for Taxes over Marketable
Permits for CO, Emissions

Global warming brings up a number of other considerations
that have led most economists to conclude that the Kyoto
Protocol erred in recommending marketable permits to
reduce GHG emissions. A harmonized carbon tax is likely
to be a much better strategy, for a number of reasons. The
first relates to the analysis in the preceding section. Both the
MBs and MCs of reducing global warming are full of un-
certainties. Nonetheless, we can be pretty sure that the MB

9. The general preference for quantity or price controls under uncertainty
was first analyzed by Weitzman (1974).
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curve in any one year is fairly flat over virtually its entire
range, as pictured in Fig. 8.3. The GHG emissions are a
stock externality, because the amount of global warming
depends on the total accumulation of the gases in the at-
mosphere and the gases remain in the atmosphere for a very
long period of time. Therefore, whether emissions in any
one year are reduced substantially or hardly at all makes
little difference to the accumulated stock of gases in the
atmosphere. Hence the MB curve has to be quite flat. In
contrast, the MC curve is likely to have the usual fairly
steep slope, since reducing GHG emissions in any context
is quite costly for firms, and the costs increase rapidly with
greater emission reduction. The combination of a flat MB
curve and a relatively steep MC curve argues in favor of the
harmonized tax to keep tighter control over the costs of the
emissions reductions.

A second point is that nations are already quite
familiar with taxes on carbon emissions since they are
commonly used. An obvious example is the excise tax on
gasoline, which is levied throughout the world. A
harmonized carbon tax would have to take into account
the taxes on carbon that already exist, since existing taxes
would have to be adjusted up or down to be equivalent to
a worldwide harmonized tax on each ton of carbon (or
CO,) emissions. But this is an easier exercise for most
countries than establishing a permits, cap-and-trade
market from scratch.

A third point is that the cap-and-trade systems that do
exist have been vulnerable to wildly varying price swings
for permits, which makes it difficult for firms to plan future
investment strategies. For example, prices for permits under
the European Union’s ETS have varied from a high of $104
to a low of $23 per ton of carbon; prices under the United
States’ cap-and-trade system to control emissions of sulfur
dioxide from electric utility plants were even more variable
while the system was still operating as a national market,
from a high of $1500 per ton of SO, in 2005 to a low
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of $70 in 1996.'" It turns out that determining the proper
amount of permits each year is a difficult judgment call
given technical change and variations in macroeconomic
conditions. This would certainly be true on a global scale.
As noted above, a harmonized tax would have to be
adjusted periodically as well, but the wild swings under
permit prices can be avoided.

Finally, political considerations argue for a harmonized
tax over marketable permits if monitoring firms’ emissions
within a country is difficult for an international agency to
do, as would almost certainly be true in the case of CO,
emissions. The problem with marketable permits is that they
would first be distributed to each country, and then the
country would decide how to allocate them to its various
CO,-emitting producers. Under this system, and assuming
imperfect monitoring, the firms and the government have
the same interests. The firm wants to claim that it has
reduced its emissions so that it can be a seller rather than a
buyer of permits. The country’s government has the same
interests, to be a seller of permits on the international market
because it is an easy source of revenue. Therefore, the
government’s incentive is to take the firms at their word and
not monitor them closely. They certainly have no interest in
allowing an international agency to closely monitor their
firms. Under a harmonized carbon tax, in contrast, a coun-
try’s government and its emitting producers have opposite
interests: the firms want to claim they have reduced emis-
sions to save on taxes but the government wants the tax
revenue from the firms. Hence the government has an
incentive to closely monitor its own firms. This difference in
incentives is probably enough by itself to prefer a harmo-
nized tax over a cap-and-trade program since the monitoring
of emissions at the firm level by an international agency is
highly unlikely to be very effective, or indeed even
acceptable to many nations (China refused to submit
to monitoring under the Copenhagen Accord, even though
it pledged a considerable reduction in GHG emissions).

DEFENSIVE ANTIPOLLUTION STRATEGIES

Pollution taxes, marketable permits, and CAC are strategies
designed to reduce pollution at its source. In most cases
involving pollution, those harmed by the pollution can also
defend themselves to some extent. Pollution can also be
removed after the fact; municipal treatment plants of
polluted water and the United States’ Superfund are
examples.

Defending against the global warming caused by GHG
emissions is also possible. One possibility is to replant the
Brazilian rain forest and other forestation programs; trees
and plants remove CO, from the atmosphere in the process

10. Nordhaus (2005). The U.S. SO, prices are reported on p. 15 and the
EU-ETS carbon prices on p. 8.
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of photosynthesis. Another option is for people to move
away from coastal areas or to build seawalls to protect
coastal cities and towns as the ocean level rises. Still
another possibility is atmospheric engineering. Some sci-
entists believe it would be possible to seed the atmosphere
with sulfur-based compounds that would break down the
accumulated GHG gases and reverse the global warming.
This is highly controversial, however; other scientists
believe it is little more than a pipe dream given current
scientific knowledge. No doubt other possibilities exist as
well to defend against global warming.

Removing pollution after the fact and defending oneself
from pollution are certainly policies worth considering.
Suppose someone invented a method for removing vast
amounts of pollutants or hazardous wastes for only a few
pennies. Clearly an antipollution policy would want to make
liberal, perhaps exclusive, use of this technology. Recall the
factory-laundry example from Chapter 7, which suggested
that simply moving the laundry upwind from the factory may
be less expensive and more effective than a Pigovian tax
designed to reduce the factory’s smoke emissions. Generally
speaking, any technology or solution is attractive so long as it
is “cheap enough.” But whether the government should sub-
sidize defensive antipollution strategies is a complex question
that depends on the exact form of the externality, available
policy options, and the nature of the defensive technologies.

All our models of pollution externalities so far in
Chapters 6 through 8 have reached the same conclusion,
that the government must reduce pollution at its source to
achieve pareto optimality. These models, however, have
not included the possibility of defensive measures by in-
dividuals or firms to reduce their exposure to pollution. A
number of interesting questions arise once defensive mea-
sures are admitted:

1. Does the government still have to reduce pollution at
the source or can it rely exclusively on defensive
measures?"'’

2. Is a mixed strategy of reducing pollution at the source
and removing pollution after the fact pareto optimal,
in general?

3. Does the government have to subsidize defensive mea-
sures to achieve pareto optimality or can individuals and
firms be counted on to respond optimally on their own?

We want to consider these questions in a general
framework that could apply to many different kinds of
pollution rather than just to global warming, although we
will return to global warming at the end of the section.

11. Superfund and waste-treatment efforts are obviously necessary to
remove existing pollutants that resulted because no attempt was made to
reduce them at their sources and that would remain harmful if not treated
or removed. Our question is meant to be forward looking, when all stra-
tegies are possible.
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To explore defensive strategies in a relatively simple
framework, let us return to the single-source production
externality model of Chapter 7, in which firm 1 produces a
substance, z;, that enters into all other firms’ production
functions. Think of z; as a pollutant that harms the firms.
There are J firms and N goods and factors besides z;, and
all the other goods and factors, Xj,, are purely private.

To incorporate the possibility of defensive measures,
assume that each of the other firms can reduce its exposure
to z; with the use of factor k, according to the function
hi()(jk). Firm 1 can also use factor k to reduce its own
exposure to z; should it want to.

Firm j’s exposure to the externality is

Zy =z _hj(Xjk) J=1..J

with d7//0X; > 0.
Define the production functions for each of the J firms
to be

fj(Xjn;Zl

(8.18)

—W(Xy) =0 j=1,..Jn
(8.19)

This formulation assumes that input X may have some
direct use for firm j besides its use in reducing z;;. An
example might be an all-purpose cleaning agent or a
cooling technology that has many uses to firms besides
reducing the harmful effects of z;.

Assume a one-consumer equivalent economy because
the interpersonal equity conditions hold. Let
U(3"L,X;,) = the utility function of the single consumer,
incorporating the N market clearance equations, with
o0U/0X;, = 0U/0X,,, all J=1,..., N. The consumer is indif-
ferent about the identity of firm j. Note, also, that the
consumer is unconcerned about the production of z; since it
generates only a production externality.

The government’s problem is

ma J
(x,n%Z) U<jzl)(]
stf (X2 — W (X)) = 0

with the corresponding Lagrangian:

max L = U(Z jn> +iAjfj()(jn;Zl *hj()(jk))

Xjn321
The first-order conditions are
OL/0X;, = OU/3X,, + 4,0f /0X;n = O

8.20
j=1,...Jim*k ( )

OL/0Xy = 0U[0Xi +(0f /09Xy — Of [0X; -0l [0X;)
—0 j=1,..J
(8.21)

J
OL/9z = Mdf' [ozm+ > Wof 9z =0 (8.22)
j=2

Express the first-order conditions as ratios in terms of

X1, and assume X is a good for purposes of interpretation.
From conditions (8.20) for m and 1,

o
0Xjm

ax;

Un/U; = j=1,....];m#*k (8.23)

Adding the possibility of defensive measures does not
change the result that the government need not intervene in
the markets of the purely private goods and factors that are
unrelated to the externality. They can be marketed
competitively, with the consumer and producer prices equal
for all the private goods: g;, = p;;, m * k.

Consider, next, the allocation of z; expressed in terms
of good 1. Dividing Eqn (8.22) by the first-order conditions
for good 1 in Eqn (8.20) and selectively eliminating all the
A; in the usual manner yields

at g &

9z Oz
ot + Z afp

oxy  J=2 0%,

(8.24)

Condition (8.24) can be satisfied by a pollution tax on
firm 1, ¢,, such that

J (;Lff

_ 3t
tlqg = — P
J=2 ox;

(8.25)

where ¢, is the standard Pigovian tax, equal to the aggregate
damage of z; on the margin to all the affected firms. Faced
with the optimal tax, firm 1 sets the tax equal to the value of
marginal product of z; in its production of X|:

af’ of!
t, = t/g =2
z — 6f’ qi, or i;/q; = o

aXy Xy

S
)

Therefore,

At

J 2
z 6
La =5 ==Y 5 (8.26)
X, J=29x;

as required for pareto optimality. The answer to the first
question above, then, is that the government should
continue to tax the pollutant at its source in the presence
of defensive measures.

Consider, next, the optimal allocation of the defensive
factor X expressed in terms of good 1. Dividing Eqn (8.21)
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by the first-order conditions for good 1 in Eqn (8.20) and
selectively eliminating all the 4; in the usual manner yields

o il

IXix dz;1 aZjl .

UJU = 25— | |8 J=1,...J (8.27)
i of! .
X, 9X; X

The RHS of Eqn (8.27) is for each firm j, the full
marginal product of factor k in the production of good 1.
The first term is the direct effect of factor £ on good 1, and
the second term is the indirect effect on good 1 acting
through the reduction of exposure to zji.

Suppose that X; is marketed competitively so that
qx = px- The consumer sets g/q; equal to the LHS of Eqn
(8.27), and each producer sets pi/p; equal to the RHS of
Eqn (8.27). Therefore, competitive markets optimally allo-
cate each affected firm’s use of the defensive factor Xk.12

The answers, then, to the second and third questions
above in this model are

1. A mixed strategy of taxing a pollutant at its source and
using defensive measures to reduce exposure to the
pollutant is pareto optimal. Also, the availability of
defensive measures lowers the required Pigovian tax
at the source because it reduces the other firms’ expo-
sure to the pollutant.

2. The government should not subsidize the use of defen-
sive measures, providing the pollutant has been taxed
(optimally) at its source. The intuition is that the full value
of using a defensive measure is internal to each of the
affected firms and is therefore a purely private good.

Equalizing Marginal Costs in Reducing
Pollution

Another important result follows immediately from Eqns
(8.26) and (8.27): When there is more than one strategy for
reducing pollution, all strategies should be employed such
that the MCs of each strategy are equal. Equalizing MCs

12. One interesting variation of the model would be an assumption that the
use of Xj; by firm 1 benefits the other firms as well. Since firm 1 generates
2y, its attempts to reduce its own exposure could also reduce the amount of
z; emitted from its site of production. This might be realistic for some
kinds of pollution. Under this assumption, firm one is exposed to
zn=z—h'Xy), and the other J—1 firms are exposed to
Zn =211 — /’ti(Xjk). X thus gives rise to an externality just as z; does. The
interested reader can verify that competitive marketing of X;; would still
be pareto optimal providing the government sets the optimal tax ¢, on the
production of z;. The optimal tax not only guides firm 1 to the optimal
production of z;. It also causes the firm to incorporate correctly the external
effect of X;; when making its private decision regarding the use of X;;. The
intuition is that using X;; reduces the firm’s tax revenues (among its ef-
fects) by reducing its effective emission, z;,. Given t,, the revenue
reduction just equals the marginal external benefits to the other firms from
the reduction in z;;.
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across strategies ensures that any given reduction of
pollution exposure is achieved at a minimum total cost to
society. This result is analogous to the standard competitive
result of equalizing MCs across firms in an industry to
minimize the total costs of supplying a good or service.

The equal-marginal-cost interpretation comes from
rearranging the profit-maximizing conditions for the firms.
The tax raises firm 1’s MC of using z; from zero to

o
dz; _

I o | T @
Xy

(8.28)

On the LHS, t, is the price of z;, the denominator is the
marginal product of z; in the production of Xj;, and the
ratio is the MC of using z; expressed in terms of X;;. The
MC of X;; equals its price g; given competitive markets.
Also,

af! .
0z - dzjy
o = 5 (8.29)
Xy 09X
Therefore,
A
Oz
L/ = Dy (3.30)
J=2 09X

The LHS equals the social marginal external cost of z;
on the other firms, or the social MB of reducing z;. In other
words, the tax generates the standard MB = MC result for
reducing pollution.

The MC of Xj for firm j is

v L
X 9z 0%t ;

i Ef—éﬁ =q j=1..,J (83
0X;  0Xj Jk

the ratio of the price of Xj to the full marginal product of Xj.
Notice that the MC to firm 1 of producing z; given the tax
t, and the MCs of using X; are both equal to ¢g;. Therefore,
the MCs of the tax and defensive strategies are equal, as
required for reducing z; at minimum total cost to society.

Additional Complicating Issues

Our simple model ignores a number of complicating issues
that are likely to be important in practice:

1. Defensive measures as externalities—In some instances,
the defensive measures by affected agents may them-
selves generate an externality and require a Pigovian
tax or subsidy on that account. A common example is
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vaccinations against diseases. People who receive vacci-
nations not only protect themselves from the disease, but
also reduce the likelihood that others who are not vacci-
nated will contract the disease. This may explain why
governments frequently subsidize vaccinations (Brito
et al.,, 1991). Our model could incorporate this feature
by having the /#/ be a function of each firm’s Xji, either
individually or in the aggregate. Pareto optimality would
then require a Pigovian subsidy on each firm’s use of Xj.
This will be left as an exercise for the interested reader.

2. Defensive measures as a medium for externality—
Suppose that the effectiveness of the defensive measures
depends on the level of the pollutant. We could represent
this in our model as

g1 = 21 — hj(}(jkazl)

This dependence generates two externality channels for
21, one related to the damages inflicted on the other firms by
the production of z; and the other related to the firms’ costs
in defending themselves. The second channel implies that
the MC:s of using Xy depend on the level of z;, which may
often be the case. If so, then the MCs of defensive measures
are more likely to be inversely rather than directly related to
the level of the pollutant. A common pattern is that the first
units of a pollutant can be removed relatively inexpen-
sively, but then the costs of removal rise sharply once the
pollutant reaches some low level. The inverse relationship
can lead to nonconvexities and multiple equilibria for the
abatement technology.

3. Very inexpensive defensive measures—Suppose the
MCs of the defensive measures are so low that they
can remove all exposure to the pollutant at an MC
below the MC of reducing any pollution at its source.
The laundry-factory example comes to mind. The
pareto-optimal solution is to employ only defensive
measures and not have any reduction of the pollutant
at its source. Even so, the government should set a
per-unit pollution tax on the polluters equal to the MC
of the defensive measures to prevent unwanted entry
into the polluting industry. The reason for maintaining
a pollution tax in this case is as follows: Since the
tax, by definition, is less than the MC of any abatement
by the source, the polluter has no incentive to reduce the
pollutant to save tax revenues. There is still no reduc-
tion of the pollutant at the source, as required for pareto
optimality. At the same time, the pollutant does require
costly defensive measures, and the tax acts as an entry
fee into the industry. It discourages the entry of more
polluters in the long run whose pollution would require
still more defensive measures. In the laundry-factory
example, the government does not want to encourage
the building of more smoke-belching factories that

might place still more moving costs on the laundries."”

4. Economies of scale—Our model so far implies that the
affected firms and individuals should undertake defen-
sive measures on their own. Large defensive measures
undertaken or subsidized by the government do make
sense, however, if they exhibit significant economies
of scale. This is true even if pollution is taxed at its
source. Economies of scale is an entirely separate issue
from the externality point and will be analyzed in Chap-
ter 9. The crux of the matter is that each agent affected
by a pollutant should not be undertaking defensive mea-
sures at high MCs when a single large effort can be
operated at much lower MCs to provide the protection.
In fact, waste treatment of industrial water pollution
does exhibit substantial scale economies.

The complicating factors 1 and 4 are most closely
related to defensive strategies for global warming. For
example, planting trees, whether in Brazil or elsewhere,
generates external economies (diseconomies) to any indi-
vidual or firm that is hurt (benefits) from global warming.
And the plantings would have to be done on a massive
scale. Given that the external effects of the plantings are
global in scope, an international effort financed in part by
all countries is the obvious way to proceed. Seeding the
atmosphere, if that turns out to be viable, is also no doubt
subject to economics of scale. Similarly, building seawalls
to protect coastal cities calls for a joint effort. About all
individuals and firms can do on their own is to move away
from the coasts, which might be quite expensive.

LONG-LIVED EXTERNALITIES

Global warming raises one final issue that is partly philo-
sophical and partly economic in nature. The GHGs remain in
the atmosphere trapping heat for an incredibly long period of
time. The Environmental Protection Agency compares the
heat-trapping effect of each of the GHG 100 years out. CO,
never dissipates. The gas continuously circulates between
land, atmosphere, and ocean, disappearing only when it is
absorbed into sediments at the bottom of the oceans. The
point is that GHG emissions today generate costs across a
large number of future generations.

This gives rise to the following tension. Economists
typically assume that the goal of public policy over the long
run is to maximize the sum of the utilities of each popu-
lation cohort over time discounted to present value.

- Sl

(8.32)

13. These last two points, along with additional analysis of defensive
strategies, are contained in Oates (1983).
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The discount rate p applied to the different cohorts is
called the social rate of time preference. p is not the same as
the discount rate that individuals use to discount the future
in their intertemporal budget constraints. That discount rate
represents the net of tax return over time on the individuals’
saving. Instead, p represents society’s judgment about the
appropriate worth of future cohorts relative to the current
generation. The tension is that selecting a fairly high rate of
time preference, even one that is just a couple of percentage
points, discounts heavily the utilities of cohorts living one
hundred years and more from now. Their utilities count for
very little. Consequently, the costs of global warming borne
by people three or four generations out and beyond have
little effect on social welfare today, even if the costs they
bear are substantial. (The current value of $100 of cost from
global warming incurred 100 years from now is $1.98
discounted at 4%, $5.20 discounted at 3%, and $13.80 at
2%.) The implication is that current generations should not
bear large costs today to reduce global warming because
the costs of the global warming will be borne far in the
future. Conversely, selecting a very low rate of time pref-
erence, say one near zero, on the grounds that the utilities of
future cohorts should matter very much, can generate
enormous costs of global warming because the costs keep
coming more or less indefinitely, and they continue to
matter just about as much as if they were incurred today.
The implication is that the current cohorts should bear large
costs today to reduce global warming for the benefit of
generations in the distant future.

The tension between the current and future generations
regarding global warming surfaced in 2006. The British
government engaged economist Sir Nicholas Stern to head
a commission to study the effects of GHG emissions and
make recommendations about how much they should be
reduced. The Stern commission issued its report, entitled
Stern Review on the Economics of Climate Change, in
November 2006. Its conclusions were quite dramatic:

“[T]he Review estimates that if we don’t act, the overall
costs and risks of climate change will be equivalent to
losing at least 5% of global GDP each year now and
forever. If a wider range of risks and impacts is taken into
account, the estimates of damage could rise to 20% of GDP
or more...Our actions now and over the coming decades
could create risks...on a scale similar to those associated
with the great wars and the economic depression of the first
half of the 20th century” (p. xv). The Review recommended
a price of carbon of $350 per ton, equal to its estimate of
the social MC of carbon emissions in 2005 prices with the
current no policy regime, roughly equivalent to $85 per ton
of carbon dioxide emitted (p. 344)."4

14. Stern (2007). The quotation appears in the Executive Summary, p. xv
and the recommended carbon price on p. 364. The choice of words in the
quotation is by Nordhaus (2007).
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William Nordhaus wrote a critique of the Stern Review
recommendations for the Journal of Economic Literature
that was highly skeptical of the Review’s recommenda-
tions. Nordhaus had long been involved with models of
climate change developed at Yale University since 1975
called the Yale/DICE/RICE models.'”'® The 2007 version
of the DICE model, DICE-2007, reaches very different
recommendations from those of the Stern Review. It calls
for a harmonized carbon price phased in over time: $35 per
ton of carbon emitted in 2015, rising to $85 per ton by
2050, and to $206 per ton by 2100, all expressed in 2005
prices. According to Nordhaus, the difference between the
DICE-2007 and the Stern Review recommendations turn
almost entirely on their different choices for the social rate
of time preference.

Nordhaus notes that the centerpiece of the DICE and
Stern Review models is the Ramsey—Koopmans—Cass
model of optimal economic growth, which has become a
workhorse model in macroeconomic analysis. It is essen-
tially the original Solow growth model with saving and
consumption determined endogenously rather than being
fixed, as Solow assumed. Its objective function is social
welfare as defined by Eqn (8.32) above, along with the

()"0 < a < .

simplification that U(C,) = g

This utility function, the same as used by Atkinson in his
analysis of inequality (see Chapter 4), assumes a constant
elasticity of the marginal utility of consumption, equal
to —a. Maximization of the social welfare function under
the assumptions that population is constant and consumption
per capita is growing at a constant rate g because of tech-
nical change leads to the following steady state equation:

r=p+og (8.33)

where r is the real return to capital in equilibrium, equal to
the marginal product of capital. Equation (8.33) is called
the Ramsey equation.

Nordhaus centers his critique of the Stern Review on the
Ramsey equation. The Stern Review argues that society
should treat all generations equally, implying that the social
rate of time preference, p, should equal zero. They set
p =0.1 to allow for some probability of future extinction,
which is essentially the same zero. They also assumed
a =1, that utility in each generation is the log of con-
sumption, and that the rate of growth of consumption per
capita is 1.3% per year.

Nordhaus finds this set of assumptions to be question-
able in two respects. First, the near-zero rate of time pref-
erence implies that all future costs of global warming are
essentially given the same weight as if they occurred today,
no matter how far in the future they may be. In the Stern

15. DICE stands for Dynamic Integrated Model of Climate and the Economy.
16. RICE stands for Region Integrated Model of Climate and the Economy.
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Review model, more than half of the costs of global warming
that are seen to occur “now and forever” occur after 2800. In
Nordhaus’s view, setting the rate of time preference to zero
gives far too much weight to distant future generations,
especially given the huge uncertainties about what consumer
preferences will be even 100 years from now. The notion that
all generations should be treated equally sounds nice in
principle, but the weight it gives to all future generations is
too high for it to be compelling. To drive this point home,
Nordhaus imagines the following “wrinkle experiment.”
Suppose climate scientists discover a wrinkle effect in the
atmosphere that will lead to costs equal to 0.1% of con-
sumption per capita starting in 2200, two centuries from now.
On the assumptions used in the Stern Review, the current
generation should sacrifice 56% of 1 year’s world con-
sumption today to avoid the wrinkle. But with consumption
growing at 1.3% per year, and average current consumption
per capita approximately equal to $10,000, average con-
sumption per capita in 2200 will be $130,000. Therefore,
under the Stern Review assumptions, the current generation
should reduce its average consumption from $10,000 to
$4400 to prevent a decline in consumption from $130,000 to
$129,870 starting in 2200 and continuing forever after. This
trade-off to avoid such a tiny cost to much richer future
generations is simply unconvincing, in Nordhaus’s view.

A second criticism is that the parameters chosen by the
Stern Review imply a real return to capital of 1.4%
(1.4 =0.1 + 1(1.3)), whereas the actual return to capita is
on the order of 5.5%. The Stern Review therefore assumes a
much higher saving rate and capital stock (lower marginal
product of capital) than actually exists. Nordhaus believes
that projections of the costs of global warming should pay
attention to actual market rates of interest. Therefore, when
projecting the costs of global warming and the harmonized
carbon price that they imply in his DICE-2007 model, he
assumes: g = 2%, which is the average rate of growth of
consumption predicted by the DICE-2007 model over the
next century, a rate of time preference p=1.5%, and an
elasticity of the marginal utility of consumption o =?2.
These parameters are consistent with the real return to
capital of 5.5% (5.5 = 1.5 + 2(2)). These are the parameters
that lead to the phased set of carbon prices reported above.
If he runs the DICE-2007 model with a p=0.1 and a =1,
he generates an increase in the price of carbon to $360, as
did the Stern Review, highlighting that the Stern Review
results and recommendations are almost entirely due to the
assumptions on these two parameters, particularly the near-
zero rate of time preference.

By using a set of parameters that far underestimate the
marginal return to capital, the Stern Review recommenda-
tions ignore the current high productivity of capital in pro-
ducing consumption goods. As a result, they give too much
weight to capital devoted to reducing carbon emissions. The
better strategy is to exploit the high return to capital in the

near term to increase the growth in consumption per capita,
and only later sharply raise the price of carbon in stages to
reduce the costs of global warming. This phased-in strategy
allows all generations to be better off. In fact, under Nord-
haus’s parameters, the immediate large increase in the price
of carbon recommended by the Stern Review makes future
generations worse off because it reduces their consumption
per capita by not exploiting the high return to capital in
producing consumption goods now and in the near future.

In summary, the Nordhaus critique highlights the care
that has to be taken when modeling events that have con-
sequences far into the future. It is not clear what the right
model is, but he recommends trying a number of different
assumptions to assess the possibilities of very-long-run
projections. He does not find the recommendations of the
Stern Review at all convincing.'’
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Production of some goods and services exhibits significant
decreasing cost or increasing returns to scale, meaning that
unit or average cost for an individual firm continues to
decline up to a substantial proportion of total market demand.
Whenever this occurs, government intervention is almost
certainly required to ensure a social welfare optimum.

Public sector economics has traditionally concerned it-
self only with the most extreme example of decreasing cost,
in which a single firm’s average cost declines all the way to
total market demand. This is referred to as a natural
monopoly, because a single firm can supply the entire in-
dustry output most cheaply. The problems arising in less-
extreme instances of decreasing cost production that lead
to oligopolistic market structures have traditionally been
covered in courses on industrial organization. In keeping
with this tradition, this chapter analyzes only the natural
monopoly, so that “decreasing cost” means decreasing unit
cost to total market demand.

Decreasing cost industries are not at all rare. They
typically occur in the production of services rather than
products—in particular, services that require relatively
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