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Preface

A glance at any newspaper will confirm that environmental economics is now a
major player in environmental policy. Concepts such as cap-and-trade, renewable
portfolio standards, block pricing, renewable energy credits, development impact
fees, conservation easements, carbon trading, the commons, congestion pricing,
corporate average fuel economy standards, pay-as-you-throw, debt-for-nature
swaps, extended producer responsibility, sprawl, leapfrogging, pollution havens,
strategic petroleum reserves, and sustainable development have moved from the
textbook to the legislative hearing room. As the large number of current examples
in Environmental & Natural Resource Economics demonstrates, ideas that were once
restricted to academic discussions are now not only part of the policy mix, but they
are making a significant difference as well.

New to This Edition

New Features

® Jots of new self-test exercises (numerical problems, graphical manipulations,
and word problems) for students,

updated data tables,

inclusion of recent economic studies,

climate change now has its own chapter,

the toxic substances and environmental justice chapters have now been
combined into a single chapter

New or Expanded Topics

The ninth edition covers new topics and expands on others. These additions
include the following:

experimental economics,
oil and gas derived from shale,
nuclear program in France,

renewable energy credits,

XXi
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the forward capacity market for electricity,

feed-in tariffs,

energy efficiency policies,

The UN’s REDD program,

endocrine disruptors,

the BP/Deepwater horizon oil spill in the Gulf of Mexico,
Prestige oil tanker spill,

the Superfund National Priorities List,

disclosure strategies for controlling pollution,
geoengineering in climate control

climate change adaptation strategies,

HEFC control as a climate strategy,

Bhutan’s Gross National Happiness measure,

the Stern-Nordhaus debate about discount rates in climate policy,
distributional issues is benefit—cost analysis,

benefit transfer,

the value of a statistical life,

how the age structure of the labor force affects productivity;

increasing block rates for
water usage,

water desalination,

uses of revenue from the Regional Greenhouse Gas Initiative,
aquaculture,

high grading in fisheries,

I'TQs and enforcement,

CAFE standards,

international gas taxes,

congestion pricing,

cash for clunkers,

Zipcars,

taxes vs allowances in the presence of uncertainty,
the TDML program,

watershed-based trading,

the Nitrogen Credit Exchange

New Examples and Debates

The text includes the following new examples and debates:
¢ Experimental Economics: Studying Human Behavior in a Laboratory,
® Fuel from Shale: the Bakken Formation,
¢ Feed-In Tariffs,
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® Reducing Emissions from Deforestation and Forest Degradation (REDD):
A Twofer?,

Should Carbon Sequestration in the Terrestrial Biosphere Be Credited?,
The Arduous Path to Managing Risk: Bisphenol A,

Regulating through Mandatory Disclosure: The Case of Lead,

Can Eco-Certification Make a Difference? Organic Costa Rican Coffee
The Car Allowance Rebate System: Did It Work?,

Happiness Economics: Does Money Buy Happiness?,

Valuing Environmental Services: Pollination as an Example

Water Market Assessment: Australia, Chile, South Africa, and the
United States,

Reserving Instream Rights for Endangered Species,

Bluefin Tuna: Is Its High Price Part of the Problem or Part of the Solution?

An Overview of the Book

Environmental & Natural Resource Economics attempts to bring those who are begin-
ning the study of environmental and natural resource economics close to the
frontiers of knowledge. Although it is designed to be accessible to students who have
completed a two-semester introductory course in economics or a one-semester
introductory microeconomics course, it has been used successfully in several institu-
tions in lower-level and upper-level undergraduate courses as well as lower-level
graduate courses.

The structure and topical coverage of this book facilitate its use in a variety of
contexts. For a survey course in environmental and natural resource economics,
all chapters are appropriate, although many of us find that the book contains
somewhat more material than can be adequately covered in a quarter or even a
semester. This surplus material provides flexibility for the instructor to choose
those topics that best fit his or her course design. A one-term course in natural
resource economics could be based on Chapters 1-13 and 20-22. A brief intro-
duction to environmental economics could be added by including Chapter 14.
A single-term course in environmental economics could be structured around
Chapters 1-4 and 14-22.

In this ninth edition, we examine many of these newly “popular” market mecha-
nisms within the context of both theory and practice. Environmental and natural
resource economics is a rapidly growing and changing field as many environmental
issues become global in nature. In this text, we tackle some of the complex issues
that face our globe and explore problems and potential solutions.

"This edition retains a strong policy orientation. Although a great deal of theory
and empirical evidence is discussed, their inclusion is motivated by the desire to
increase understanding of intriguing policy problems, and these aspects are
discussed in the context of those problems. This explicit integration of research and
policy within each chapter avoids the problem frequently encountered in applied
economics textbooks—that is, in such texts the theory developed in earlier chapters
is often only loosely connected to the rest of the book.
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This is an economics book, but it goes beyond economics. Insights from the
natural and physical sciences, literature, political science, and other disciplines are
scattered liberally throughout the text. In some cases these references raise
outstanding issues that economic analysis can help resolve, while in other cases
they affect the structure of the economic analysis or provide a contrasting point of
view. They play an important role in overcoming the tendency to accept the
material uncritically at a superficial level by highlighting those characteristics that
make the economics approach unique.

Intertemporal optimization is introduced using graphical two-period models,
and all mathematics, other than simple algebra, are relegated to chapter appen-
dixes. Graphs and numerical examples provide an intuitive understanding of the
principles suggested by the math and the reasons for their validity. In the ninth edi-
tion, we have retained the strengths that are particularly valued by readers, while
expanding the number of applications of economic principles, clarifying some of
the more difficult arguments, and updating the material to include the very latest
global developments.

Reflecting this new role of environmental economics in policy, a number of
journals are now devoted either exclusively or mostly to the topics covered in this
book. One journal, Ecological Ecomomrics, is dedicated to bringing economists and
ecologists closer together in a common search for appropriate solutions for envi-
ronmental challenges. Interested readers can also find advanced work in the field in
Land Economics, Jfournal of Environmental Economics and Management, Environmental
and Resource Economics, International Review of Environmental and National Resource
Economics, Environment and Development Economics Resource and Energy Economics,
and Natural Resources fournal, among others.

New resources for student research projects have been made available in re-
sponse to the growing popularity of the field. Original research on topics related to
international environmental and natural resource issues was formerly very difficult
for students because of the paucity of data. A number of good sources now exist,
including World Resources (Washington, DC: Oxford University Press, published
periodically), and their free, online database Earth Trends: http://earthtrends
.wri.org/, and OECD Environmental Data (Paris: Organization for Economic
Cooperation and Development, published periodically).

A few Internet sources are included because they are closely related to the
focus of environmental and natural resource economics. Two discussion lists that
involve material covered by this book are ResEcon and EcolEcon. The former is
an academically inclined list focusing on problems related to natural resource
management; the latter is a wider-ranging discussion list dealing with sustainable
development.

Services on the Internet change so rapidly that some of this information may
become obsolete. To keep updated on the various Web options, visit the
Companion Website of this text at http://www.pearsonhighered.com/tietenberg/.
The site includes an online reference section with all the references cited in the
book. The site also has links to other sites, including the site sponsored by the
Association of Environmental and Resource Economists, which has information on
graduate programs in the field. An environmental economics blog that covers many
frontier policy issues is available at http://www.env-econ.net/
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Supplements

For each chapter in the text, the Online Instructor’s Manual, originally written by
Lynne Lewis of Bates College and revised by Nora Underwood of the University
of Central Florida, provides an overview, teaching objectives, a chapter outline with
key terms, common student difficulties, and suggested classroom exercises.
PowerPoint® presentations, prepared by Hui Li of Eastern Illinois University, are
available for instructors and include all art and figures from the text as well as
lecture notes for each chapter. Professors can download the Online Instructor’s
Manual and the PowerPoint presentations at the Instructor Resource Center
(www.pearsonhighered.com/irc).

The book’s Companion Website, http://www.pearsonhighered.com/tietenberg/,
features chapter-by-chapter Web links to additional reading and economic data.
The site also contains Excel-based models that can be used to solve common forest-
harvest problems numerically. These models, developed by Arthur Caplan and John
Gilbert of Utah State University, may be presented in lecture to accentuate the intuition
provided in the text, or they may underlie specific questions on a homework assignment.

The Companion Website also provides self-study quizzes for each chapter.
Written by Elizabeth Wheaton of Southern Methodist University, these chapter
quizzes contain 10 multiple choice questions for students to test what they have
learned.
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Visions of the Future

From the arch of the bridge to which his guide has carried him, Dante
now sees the Diviners . . . coming slowly along the bottom of the fourth
Chasm. By belp of their incantations and evil agents, they bad
endeavored to pry into the future which belongs to the almighty alone,
and now their faces are painfully twisted the contrary way; and being
unable to look before them, they are forced to walk backwards.

—Dante Alighieri, Divine Comedy: The Inferno, translated by Carlyle (1867)
Introduction

The Self-Extinction Premise

About the time the American colonies won independence, Edward Gibbon com-
pleted his monumental The History of the Decline and Fall of the Roman Empire. In a
particularly poignant passage that opens the last chapter of his opus, he re-creates a
scene in which the learned Poggius, a friend, and two servants ascend the
Capitoline Hill after the fall of Rome. They are awed by the contrast between what
Rome once was and what Rome has become:

In the time of the poet it was crowned with the golden roofs of a temple; the temple is
overthrown, the gold has been pillaged, the wheel of fortune has accomplished her
revolution, and the sacred ground is again disfigured with thorns and brambles. . . .
The forum of the Roman people, where they assembled to enact their laws and elect
their magistrates is now enclosed for the cultivation of potherbs, or thrown open for the
reception of swine and buffaloes. The public and private edifices that were founded for
eternity lie prostrate, naked, and broken, like the limbs of a mighty giant; and the ruin
is the more visible, from the stupendous relics that have survived the injuries of time

and fortune. [Vol. 6, pp. 650-651]

What could cause the demise of such a grand and powerful society? Gibbon
weaves a complex thesis to answer this question, suggesting ultimately that the
seeds for Rome’s destruction were sown by the Empire itself. Although Rome
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finally succumbed to such external forces as fires and invasions, its vulnerability was
based upon internal weakness.

The premise that societies can germinate the seeds of their own destruction has
long fascinated scholars. In 1798, Thomas Malthus published his classic An Essay on
the Principle of Population in which he foresaw a time when the urge to reproduce
would cause population growth to exceed the land’s potential to supply sufficient
food, resulting in starvation and death. In his view, the adjustment mechanism
would involve rising death rates caused by environmental constraints, rather than a
recognition of impending scarcity followed either by innovation or self-restraint.

Generally, our society seems remarkably robust, having survived wars and short-
ages, while dramatically increasing living standards and life expectancy. Yet, actual
historical examples suggest that Malthus’s self-extinction vision may have merit.
Example 1.1 examines two specific cases: the Mayan civilization and Easter Island.

Historical Examples of Societal Self-Extinction

The Mayan civilization, a vibrant and highly cultured society that occupied parts of
Central America, did not survive. One of the major settlements, Copéan, has been
studied in sufficient detail to learn reasons for its collapse (Webster et al., 2000).

The Webster et al. study reports that after A.n. 400 the population growth
began to bump into environmental constraints, specifically the agricultural carry-
ing capacity of the land. The growing population depended heavily on a single,
locally grown crop—maize—for food. By early in the sixth century, however, the
carrying capacity of the most productive local lands was exceeded, and farmers
began to depend upon more fragile parts of the ecosystem. The economic result
was diminishing returns to agricultural labor and the production of food failed to
keep pace with the increasing population.

By the mid-eighth century, when the population was reaching its historic apex,
widespread deforestation and soil erosion had set in, thereby intensifying the
declining productivity problems associated with moving onto marginal lands. By
the eighth and ninth centuries, the evidence reveals not only high levels of infant
and adolescent mortality but also widespread malnutrition. The royal dynasty, an
important source of leadership in this society, collapsed rather abruptly sometime
about A.D. 820-822.

The second case study, Easter Island, shares some remarkable similarities
with the Mayan case and the Malthusian vision. Easter Island lies some 2,000
miles off the coast of Chile. Current visitors note that it is distinguished by two
features: (1) its enormous statues carved from volcanic rock and (2) a surprisingly
sparse vegetation, given the island’s favorable climate and conditions, which
typically support fertile soil. Both the existence of the imposing statues and the
fact that they were erected at a considerable distance from the quarry suggests
the presence of an advanced civilization, but to current observers it is nowhere in
evidence. What happened to that society?

According to scholars, the short answer is that a rising population, coupled with
a heavy reliance on wood for housing, canoe building, and statue transportation,
decimated the forest (Brander and Taylor, 1998). The loss of the forest contributed
to soil erosion, declining soil productivity, and, ultimately, diminished food
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production. How did the community react to the impending scarcity? Apparently,
the social response was war, and ultimately, cannibalism.

We would like to believe not only that in the face of impending scarcity
societies would react by changing behavior to adapt to the diminishing resource
supplies, but also that this benign response would follow automatically from a
recognition of the problem. We even have a cliché to capture this sentiment:
“necessity is the mother of invention.” These stories do point out, however, that
nothing is automatic about a problem-solving response. Sometimes societal
reactions not only fail to solve the problem, but they can actually make it worse.

Sources: David Webster, Anncorinne Freter, and Nancy Golin. COPAN: THE RISE AND FALL OF AN
ANCIENT MAYA KINGDOM. (Fort Worth: Harcourt Brace Publishers, 2000); and Brander, J. A. and M. S.
Taylor (1998). “The Simple Economics of Easter Island: A Ricardo-Malthus Model of Renewable Resource
Use," THE AMERICAN ECONOMIC REVIEW, 88(1), pp. 119-138.

Future Environmental Challenges

Future societies, like those just discussed, will be confronted by both resource
scarcity and accumulating pollutants. Many specific examples of these broad
categories of problems are discussed in detail in the following chapters. This
section provides a flavor of what is to come by illustrating the challenges posed by
one pollution problem (climate change) and one resource scarcity problem (water

accessibility).

Climate Change

Energy from the sun drives the earth’s weather and climate. Incoming rays heat the
earth’s surface, radiating energy back into space. Atmospheric “greenhouse” gases
(water vapor, carbon dioxide, and other gases) trap some of the outgoing energy.

Without this natural “greenhouse effect,” temperatures on the earth would be
much lower than they are now, and life as we know it would be impossible. It is
possible, however, to have too much of a good thing. Problems arise when the con-
centration of greenhouse gases increases beyond normal levels, thus retaining
excessive heat somewhat like a car with its windows closed in the summer.

Since the Industrial Revolution, greenhouse gas emissions have increased con-
siderably. These increases have enhanced the heat-trapping capability of the earth’s
atmosphere. According to the Intergovernmental Panel on Climate Change
(2007), “Warming of the climate system is unequivocal . .. ”. That study concludes
that most of the warming over the last 50 years is attributable to human activities.

As the earth warms, extreme heat conditions are expected to affect both human
health and ecosystems. Some damage to humans is caused directly by increased
heat, as shown by the heat waves that resulted in thousands of deaths in Europe in
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the summer of 2003. Human health can also be affected by pollutants, such as
smog, that are exacerbated by warmer temperatures. Rising sea levels (as warmer
water expands and previously frozen sources such as glaciers melt), coupled with an
increase in storm intensity, are expected to flood coastal communities. Ecosystems
will be subjected to unaccustomed temperatures; some will adapt by migrating to
new areas, but others may not be able to adapt in time. While these processes have
already begun, they will intensify slowly throughout the century.

Climate change also has an important moral dimension. Due to their more
limited adaptation capabilities many Developing countries that have produced
relatively small amounts of greenhouse gases are expected to be the hardest hit as
the climate changes.

Dealing with climate change will require a coordinated international response.
That is a significant challenge to a world system where the nation-state reigns
supreme and international organizations are relatively weak.

Water Accessibility

Another class of threats is posed by the interaction of a rising demand for resources
in the face of a finite supply. Water provides a particularly interesting example
because it is vital to life.

According to the United Nations, about 40 percent of the world’s population
lives in areas with moderate-to-high water stress. (“Moderate stress” is defined in
the U.N. Assessment of Freshwater Resources as “human consumption of more
than 20 percent of all accessible renewable freshwater resources,” whereas “severe
stress” denotes consumption greater than 40 percent.) By 2025, it is estimated that
about two-thirds of the world’s population—about 5.5 billion people—will live in
areas facing either moderate or severe water stress.

"This stress is not uniformly distributed around the globe. For example, in the
United States, Mexico, China, and India, groundwater is being consumed faster
than it is being replenished and aquifer levels are steadily falling. Some rivers, such
as the Colorado in the western United States and the Yellow in China, often run
dry before they reach the sea. Formerly enormous lakes, such as the Aral Sea and
Lake Chad, are now a fraction of their once-historic sizes. Glaciers that feed many
Asian rivers are shrinking.

According to U.N. data, Africa and Asia suffer the most from the lack of access to
sufficient clean water. Up to 50 percent of Africa’s urban residents and 75 percent of
Asians lack adequate access to a safe water supply.

The availability of potable water is further limited by human activities that
contaminate the finite supplies. According to the United Nations, 90 percent of
sewage and 70 percent of industrial wastes in developing countries are discharged
without treatment.

Some arid areas have compensated for their lack of water by importing it via
aqueducts from more richly endowed regions or by building large reservoirs.
Regional and international political conflicts can result when the water transtfer or
the relocation of people living in the area to be flooded by the reservoir is resisted.
Additionally, aqueducts and dams may be geologically vulnerable. For example, in
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California, many of the aqueducts cross or lie on known earthquake-prone fault
lines (Reisner, 2003). The reservoir behind the Three Gorges Dam in China is so
vast that the pressure and weight are causing tremors and landslides.

Meeting the Challenges

As the scale of economic activity has proceeded steadily upward, the scope of
environmental problems triggered by that activity has transcended geographic and
generational boundaries. The nation-state used to be a sufficient form of political
organization for resolving environmental problems, but is that still the case?
Whereas each generation used to have the luxury of being able to satisty its own
needs without worrying about the needs of generations to come, intergenerational
effects are now more prominent. Solving problems such as poverty, climate change,
ozone depletion, and the loss of biodiversity requires international cooperation.
Because future generations cannot speak for themselves, the current generation
must speak for them. Current policies must incorporate our obligation to future
generations, however difficult or imperfect that incorporation might prove to be.

International cooperation is by no means a foregone conclusion. Global
environmental problems can result in very different effects on countries that will sit
around the negotiating table. While low-lying countries could be completely
submerged by the sea level rise predicted by some climate change models, arid
nations could see their marginal agricultural lands succumb to desertification.
Other nations may see agricultural productivity rise as warmer climates in
traditionally intemperate regions support longer growing seasons.

Countries that unilaterally set out to improve the global environmental situation
run the risk of making their businesses vulnerable to competition from less con-
scientious nations. Industrialized countries that undertake stringent environmental
policies may not suffer much at the national level due to offsetting increases in income
and employment in industries that supply renewable, cleaner energy and pollution
control equipment. Some specific industries facing stringent environmental regula-
tions, however, may well face higher costs than their competitors, and can be expected
to lose market share accordingly. Declining market share and employment resulting
from especially stringent regulations and the threat to outsource production are pow-
erful influences. The search for solutions must accommodate these concerns.

The market system is remarkably resilient in how it responds to challenges. As we
shall see, prices provide incentives not only for the wise use of current resources but
also for promoting innovations that can broaden the menu of future options.

Yet, as we shall also see, market incentives are not always consistent with
promoting sustainable outcomes. Currently, many individuals and institutions have
a large stake in maintaining the status quo, even when it involves environmental
destruction. Fishermen harvesting their catch from an overexploited fishery are
loath to reduce harvests, even when the reduction may be necessary to conserve the
stock and to return the population to a healthy level. Farmers who depend on fer-
tilizer and pesticide subsidies will give them up reluctantly.
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How Will Societies Respond?

The fundamental question is how societies will respond to these challenges. One
way to think systematically about this question involves feedback loops.

Positive feedback loops are those in which secondary effects tend to reinforce the
basic trend. The process of capital accumulation illustrates one positive feedback
loop. New investment generates greater output, which when sold, generates prof-
its. These profits can be used to fund additional new investments. Notice that with
positive feedback loops the process is self-reinforcing.

Positive feedback loops are also involved in climate change. Scientists believe,
for example, that the relationship between emissions of methane and climate
change may be described as a positive feedback loop. Because methane is a green-
house gas, increases in methane emissions contribute to climate change. The rise of
the planetary temperature, however, could trigger the release of extremely large
quantities of additional methane currently trapped in the permafrost layer of the
earth; the resulting larger methane emissions would further increase temperature,
resulting in the release of more methane, and so on.

Human responses can also intensify environmental problems through positive
feedback loops. When shortages of a commodity are imminent, for example, con-
sumers typically begin to hoard the commodity. Hoarding intensifies the shortage.
Similarly, people faced with shortages of food may be forced to eat the seed that is
the key to more plentiful food in the future. Situations giving rise to this kind of
downward spiral are particularly troublesome.

In contrast, a negative feedback loop is self-limiting rather than self-reinforcing.
Perhaps the best-known planetary-scale example of a negative feedback loop is pro-
vided in a theory advanced by the English scientist James Lovelock. Called the
Guaia hypothesis after the Greek concept for Mother Earth, this view of the world
suggests that the earth is a living organism with a complex feedback system that
seeks an optimal physical and chemical environment. Deviations from this optimal
environment trigger natural, nonhuman response mechanisms that restore the
balance. In essence, according to the Gaia hypothesis, the planetary environment is
characterized by negative feedback loops and, therefore, is, within limits, a self-
limiting process. As we proceed with our investigation, the degree to which our
economic and political institutions serve to intensify or to limit emerging environ-
mental problems will be a key concern.

The Role of Economics

How societies respond to challenges will depend largely on the behavior of human
beings acting individually or collectively. Economic analysis provides an incredibly
useful set of tools for anyone interested in understanding and/or modifying human
behavior, particularly in the face of scarcity. In many cases, this analysis points out
the sources of the market system’s resilience as embodied in negative feedback loops.
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Ecological Economics versus Environmental
Economics

Over the last decade or so, the community of scholars dealing with the role of the
economy and the environment has settled into two camps: ecological economics
(http://www.ecoeco.org/) and environmental economics (http://www.aere.org/).
Although they share many similarities, ecological economics is consciously more
methodologically pluralist, while environmental economics is based solidly on the
standard paradigm of neoclassical economics. While neoclassical economics
emphasizes maximizing human welfare and using economic incentives to modify
destructive human behavior, ecological economics uses a variety of methodo-
logies, including neoclassical economics, depending upon the purpose of the
investigation.

While some observers see the two approaches as competitive (presenting an
“either-or” choice), others, including the authors of this text, see them as com-
plementary. Complementarity, of course, does not mean full acceptance.
Significant differences exist not only between these two fields, but also within
them over such topics as the valuation of environmental resources, the impact of
trade on the environment, and the appropriate means for evaluating policy
strategies for long-duration problems such as climate change. These differences
arise not only over methodologies but also over the values that are brought to
bear on the analysis.

The senior author of this book has published in both fields and has served on
the editorial boards of the leading journals in both fields, so it probably will not be
surprising that this book draws from both fields. Although the basic foundation
for the analysis is environmental economics, the chapters draw heavily from
ecological economics to critique that view when it is controversial and to comple-
ment it with useful insights drawn from outside the neoclassical paradigm, when
appropriate. Pragmatism is the reigning criterion. If a particular approach or study
helps us to understand environmental problems and their resolution, it has been
included in the text.

In others, it provides a basis not only for identifying the circumstances where mar-
kets fail, but also for clarifying how and why that specific set of circumstances sup-
ports degradation. This understanding can then be used as the basis for designing
new incentives that restore a sense of harmony in the relationship between the
economy and the environment for those cases where the market fails.

Over the years, two different, but related, disciplinary approaches have arisen
to address the challenges the future holds. As shown in Debate 1.1, both
ecological economics and environmental economics can contribute to our
understanding.

il
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The Use of Models

All of the topics covered in this book will be examined as part of the general
focus on satisfying human wants and needs in light of limited environmental and
natural resources. Because this subject is complex, it is better understood when
broken into manageable portions. Once we master the components, dealt with
in individual chapters, we will be able to reassemble them to form a more com-
plete picture.

In economics, as in most other disciplines, we use models to investigate complex
subjects such as relationships between the economy and the environment. Models
are simplified characterizations of reality. For example, although a road map by
design leaves out much detail, it is nonetheless a useful guide to reality. By showing
how various locations relate to each other, a map gives an overall perspective. It
cannot, however, capture all of the unique details that characterize any particular
location. The map highlights only those characteristics that are crucial for the
purpose at hand. The models in this text are similar. Through simplification, less
detail is considered so that the main concepts and the relationships among them
become clear.

Fortunately, models allow us to study rigorously issues that are interrelated and
global in scale. Unfortunately, due to their selectivity, models may yield con-
clusions that are dead wrong. Details that are omitted may turn out, in retrospect,
to be crucial in understanding a particular dimension. Therefore, models are useful
abstractions, but the conclusions they yield depend on the structure of the model.
Change the model and you are likely to change the conclusions. As a result, models
should always be viewed with some skepticism.

Most people’s views of the world are based on models, although frequently the
assumptions and relationships involved may be implicit, perhaps even sub-
conscious. In economics, the models are explicit; objectives, relationships, and
assumptions are clearly specified so that the reader understands exactly how the
conclusions are derived.

The validity and reliability of economic models are tested by examining the
degree to which they can explain actual behavior in markets or other settings. An
empirical field known as econometrics uses statistical techniques, primarily
regression analysis, to derive key economic functions. These data-derived func-
tions, such as cost curves or demand functions, can then be used for such diverse
purposes as testing hypotheses about the effects of policies or forecasting future
oil prices.

Examining human behavior in a non-laboratory setting, however, poses special
challenges because it is nearly impossible to control completely for all the various
factors that influence an outcome beyond those of primary interest. The search for
more control over the circumstances that provide the data we use to understand
human behavior has given rise to the use of another analytical approach—
experimental economics, as discussed in Example 1.2. Together, econometrics and
experimental economics can provide different lenses to help us understand human
behavior and its impact on the world around us.
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Experimental Economics: Studying Human
Behavior in a Laboratory

The appeal of experimental economics is based upon its ability to study human
behavior in a more controlled setting. During the mid-twentieth century economists
began to design controlled laboratory experiments with human subjects. The exper-
imental designs mimic decision situations in a variety of settings. Paid participants
are informed of the rules of the experiment and asked to make choices. Perhaps, for
example, in an experiment to mimic the current carbon trading market, the partici-
pants are told how much it costs to control each unit of their carbon emissions and
they are asked to place bids to buy carbon allowances. The team running the exper-
iment would then calculate how many allowances each successful participant
would acquire, based on all the bids, as well as the market-clearing price.

To the extent that the results of these experiments have proved to be replicable,
they have created a deeper understanding about the effectiveness of markets,
policies, and institutions. The large and growing literature on experimental economics
has already shed light on such widely divergent topics as the effectiveness of
alternative policies for controlling pollution and allocating water, how uncertainty
affects choices, and how the nature of cooperative agreements affects the
sustainability of shared natural resources.

While experiments have the advantage of being able to control the decision-
making environment, the artificiality of the laboratory setting raises questions
about the degree to which the results from laboratories can shed light on actual
human behavior outside the lab. While the degree of artificiality can be controlled
by careful research design, it cannot be completely eliminated. Over the years,
however, this approach has provided valuable information that can complement
what we have learned from observed behavior using econometrics.

Sources: Ronald G. Cummings and Laura O. Taylor. “Experimental Economics in Natural Resource and
Environmental Management,” THE INTERNATIONAL YEARBOOK OF ENVIRONMENTAL AND NATURAL
RESOURCE ECONOMICS 2001/2002, Henk Former and Tom Tietenberg, eds. (Cheltenham, UK: Edward
Elgar, 2001), pp. 123-149; and Vernon L. Smith, “Experimental Methods in Economics.” THE NEW
PALGRAVE DICTIONARY OF ECONOMICS, Volume 2, John Eatwell, Murray Milgate, and Peter Newman,
eds. (London, UK: The Macmillan Press Limited), pp. 241-249.

The Road Ahead

Debate 1.2 examines the controversial question of whether or not societies are on a
self-destructive path. In part, the differences between these two opposing views
depend on whether human behavior is perceived as a positive or a negative feed-
back loop. If increasing scarcity results in a behavioral response that involves a
positive feedback loop (intensifies the pressure on the environment), pessimism is
justified. If, on the other hand, human responses serve to reduce those pressures or
could be reformed so as to reduce those pressures, optimism may be justified.
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The field of environmental and natural resource economics has become an
important source of ideas for coping with this dilemma. Not only does the field
provide a firm basis for understanding the behavioral sources of environmental
problems, but also this understanding provides a firm foundation for crafting spe-
cific solutions to them. In subsequent chapters, for example, you will be exposed to
how economic analysis can be (and has been) used to forge solutions to climate
change (Chapter 16), biodiversity loss (Chapters 10 and 13), population growth
(Chapter 21), and water scarcity (Chapter 9). Many of the solutions are quite novel.

Market forces are extremely powerful. Attempts to solve environmental problems
that ignore these forces run a high risk of failure. Where these forces are compatible
with efficient and sustainable outcomes, those outcomes can be supported and
reinforced. Where the forces diverge, they can be channeled into directions that restore
compatibility. Environmental and natural resource economics provides a specific set of
directions for how this compatibility between goals and outcomes can be achieved.

The Issues

The two opposing visions of the future identified in Debate 1.2 present us not only
with rather different conceptions of what the future holds but also with dissimilar
views of what policy options should be chosen. They also suggest that to act as if
one vision is correct, when it is not, could prove to be a costly error. Thus, it is
important to determine if one of these two views (or some third view) is correct.
In order to assess the validity of these visions, we must address some basic issues:

® Is the problem correctly conceptualized as exponential growth with fixed,
immutable resource limits? Does the earth have a finite carrying capacity? If
so, how can the carrying-capacity concept be operationalized? Do current or
forecasted levels of economic activity exceed the earth’s carrying capacity?

® How does the economic system respond to scarcities? Is the process mainly
characterized by positive or negative feedback loops? Do the responses inten-
sify or ameliorate any initial scarcities?

® What is the role of the political system in controlling these problems? In
what circumstances is government intervention necessary? What forms of
intervention work best? Is government intervention uniformly benign, or can
it make the situation worse? What roles are appropriate for the executive,
legislative, and judicial branches?

® Many environmental problems involve a considerable degree of uncertainty
about the severity of the problem and the effectiveness of possible solutions.
Can our economic and political institutions respond to this uncertainty in
reasonable ways or does uncertainty become a paralyzing force?

® Can the economic and political systems work together to eradicate poverty
and social injustice while respecting our obligations to future generations?
Or do our obligations to future generations inevitably conflict with the
desire to raise the living standards of those currently in absolute poverty or
the desire to treat all people, especially the most vulnerable, with fairness?
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HEBM[ What Does the Future Hold?

Is the economy on a collision course with the environment? Or has the process

] 2 of reconciliation begun? One group, led most notably by Bjern Lomborg, Director
of Denmark’s Environmental Assessment Institute, concludes that societies have
resourcefully confronted environmental problems in the past and that environ-
mentalist concerns to the contrary are excessively alarmist. As he states in his
book, The Skeptical Environmentalist:

The fact is, as we have seen, that this civilization over the last 400 years has
brought us fantastic and continued progress. ... And we ought to face the

facts—that on the whole we have no reason to expect that this progress will
not continue.

On the other end of the spectrum are the researchers at the Worldwatch
Institute, who believe that current development paths and the attendant strain they
place on the environment are unsustainable. As reported in State of the World 2004

This rising consumption in the U.S., other rich nations, and many developing
ones is more than the planet can bear. Forests, wetlands, and other natural
places are shrinking to make way for people and their homes, farms, malls,
and factories. Despite the existence of alternative sources, more than

90 percent of paper still comes from trees—eating up about one-fifth of the
total wood harvest worldwide. An estimated 75 percent of global fish stocks
are now fished at or beyond their sustainable limit. And even though
technology allows for greater fuel efficiency than ever before, cars and other
forms of transportation account for nearly 30 percent of world energy use
and 95 percent of global oil consumption.

These views not only interpret the available historical evidence differently, but
also they imply very different strategies for the future.

Sources: Bjgrn Lomborg, THE SKEPTICAL ENVIRONMENTALIST: MEASURING THE REAL STAT OF THE
WORLD (Cambridge, UK: Cambridge University Press, 2001); and The Worldwatch Institute, THE STATE
OF THE WORLD 2004 (New York: W. W. Norton & Co., 2004).

Can short- and long-term goals be harmonized? Is sustainable development
feasible? If so, how can it be achieved? What does the need to preserve the
environment imply about the future of economic activity in the industrial-
ized nations? In the less industrialized nations?

The rest of the book uses economic analysis to suggest answers to these complex
questions.

An Overview of the Book

In the following chapters you will study the rich and rewarding field of environmen-
tal and natural resource economics. The menu of topics is broad and varied.
Economics provides a powerful analytical framework for examining the relationships
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between the environment, on one hand, and the economic and political systems, on
the other. The study of economics can assist in identifying circumstances that give
rise to environmental problems, in discovering causes of these problems, and in
searching for solutions. Each chapter introduces a unique topic in environmental and
natural resource economics, while the overarching focus on development in a finite
environment weaves these topics into a single theme.

We begin by comparing perspectives being brought to bear on these problems
by economists and noneconomists. The manner in which scholars in various
disciplines view problems and potential solutions depends on how they organize
the available facts, how they interpret those facts, and what kinds of values they
apply in translating these interpretations into policy. Before going into a detailed
look at environmental problems, we shall compare the ideology of conventional
economics to other prevailing ideologies in the natural and social sciences. This
comparison not only explains why reasonable people may, upon examining the
same set of facts, reach different conclusions, but also it conveys some sense of
the strengths and weaknesses of economic analysis as it is applied to environ-
mental problems.

Chapters 2 through 5 delve more deeply into the conventional economics
approach. Specific evaluation criteria are defined, and examples are developed to
show how these criteria can be applied to current environmental problems.

After examining the major perspectives shaping environmental policy, in
Chapters 6 through 13 we turn to some of the topics traditionally falling within
the subfield known as natural resource economics. Chapter 6 provides an
overview of the models used to characterize the “optimal” allocation of resources
over time. These models allow us to show not only how the optimal allocation
depends on such factors as the cost of extraction, environmental costs, and the
availability of substitutes, but also how the allocations produced by our political
and economic institutions measure up against this standard of optimality.
Chapter 7 discusses energy as an example of a depletable, nonrecyclable resource
and examines topics, such as the role of OPEC; dealing with import dependency;
the “peak oil” problem, which envisions an upcoming decline in the world
production of oil; the role of nuclear power; and the problems and prospects
associated with the transition to renewable resources. The focus on recyclable
resources in Chapter 8 illustrates not only how depletable, recyclable resources
are allocated over time but also defines the economically appropriate role for
recycling. We assess the degree to which the current situation approximates this
ideal, paying particular attention to aspects such as tax policy, disposal costs, and
pollution damage.

Chapters 9 through 13 focus on renewable or replenishable resources. These
chapters show that the effectiveness with which current institutions manage
renewable resources depends on whether the resources are animate or inanimate
as well as whether they are treated as private or shared property. In Chapter 9,
the focus is on allocating water in arid regions. Water is an example of an inani-
mate, but replenishable, resource. Specific examples from the American
Southwest illustrate how the political and economic institutions have coped with
this form of impending scarcity. Chapter 10 focuses on the allocation of land
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among competing potential and actual uses. Land use, of course, is not only
inherently an important policy issue in its own right, but also it has enormous effects
on other important environmental problems such as providing food for humans and
habitats for plants and animals. In Chapter 11, the focus is on agriculture and its
influence on food security and world hunger. Chapter 12 deals with forestry as an
example of a renewable and storable private property resource. Managing this crop
poses a somewhat unique problem in the unusually long waiting period required to
produce an efficient harvest; forests are also a major source of many environmental
services besides timber. In Chapter 13, fisheries are used to illustrate the problems
associated with an animate, free-access resource and to explore possible means of
solving these problems.

We then move on to an area of public policy—pollution control—that has come
to rely much more heavily on the use of economic incentives to produce the desired
response. Chapter 14, an overview chapter, emphasizes not only the multifaceted
nature of the problems but also the differences among policy approaches taken to
resolve them. The unique aspects of local and regional air pollution, climate
change, vehicle air pollution, water pollution, and the control of toxic substances
are dealt with in the five subsequent chapters.

Following this examination of the individual environmental and natural
resource problems and the successes and failures of policies that have been used to
ameliorate these problems, we return to the big picture by assembling the bits and
pieces of evidence accumulated in the preceding chapters and fusing them into an
overall response to the questions posed in the chapter. We also cover some of the
major unresolved issues in environmental policy that are likely to be among those
commanding center stage over the next several years and decades.

Summary

Are our institutions so myopic that they have chosen a path that can only lead to
the destruction of society as we now know it? We have briefly examined two stud-
ies that provide different answers to that question. The Worldwatch Institute
responds in the affirmative, while Lomborg strikes a much more optimistic tone.
The pessimistic view is based upon the inevitability of exceeding the carrying
capacity of the planet as the population and the level of economic activity grow.
The optimistic view sees initial scarcity triggering sufficiently powerful reductions
in population growth and increases in technological progress bringing further
abundance, not deepening scarcity.

Our examination of these different visions has revealed questions that must be
answered if we are to assess what the future holds. Seeking the answers requires
that we accumulate a much better understanding about how choices are made in
economic and political systems and how those choices affect, and are affected by,
the natural environment. We begin that process in Chapter 2, where the economic
approach is developed in broad terms and is contrasted with other conventional
approaches.
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Discussion Questions

1. In his book The Ultimate Resource, economist Julian Simon makes the point
that calling the resource base “finite” is misleading. To illustrate this point,
he uses a yardstick, with its one-inch markings, as an analogy. The distance
between two markings is finite—one inch—but an infinite number of points
is contained within that finite space. Therefore, in one sense, what lies
between the markings is finite, while in another, equally meaningful sense,
it is infinite. Is the concept of a finite resource base useful or not? Why or
why not?

2. This chapter contains two views of the future. Since the validity of these
views cannot be completely tested until the time period covered by the
forecast has passed (so that predictions can be matched against actual
events), how can we ever hope to establish in advance whether one is a better
view than the other? What criteria might be proposed for evaluating
predictions?

3. Positive and negative feedback loops lie at the core of systematic thinking
about the future. As you examine the key forces shaping the future, what
examples of positive and negative feedback loops can you uncover?

4. Which point of view in Debate 1.2 do you find most compelling? Why?
What logic or evidence do you find most supportive of that position?

Self-Test Exercise

1. Does the normal reaction of the price system to a resource shortage provide
an example of a positive or a negative feedback loop? Why?

Further Reading

Farley, Joshua, and Herman E. Daly. Ecological Economics: Principles and Applications
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economics.

Fullerton, Don, and Robert Stavins. “How Economists See the Environment,” Nature Vol.
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myths about how the economics profession thinks about the environment.

Meadows, Donella, Jorgen Randers, and Dennis Meadows. The Limits to Growth: The 30 Year
Global Update (White River Junction, VT Chelsea Green Publishing, 2004). A sequel to
an earlier (1972) book that argued that the current path of human activity would
inevitably lead the economy to overshoot the earth’s carrying capacity, leading in turn to
a collapse of society as we now know it; this sequel brings recent data to bear on the over-
shoot and global ecological collapse thesis.
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Repetto, Robert, ed. Punctuated Equilibrium and the Dynamics of U.S. Environmental Policy
(New Haven, CT: Yale University Press, 2006). A sophisticated discussion of how
positive and negative feedback mechanisms can interact to produce environmental policy
stalemates or breakthroughs.
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The Economic Approach:
Property Rights, Externalities,
and Environmental Problems

The charming landscape which I saw this morning, is indubitably made
up of some twenty or thirty farms. Miller owns this field, Locke that,
and Manning the woodland beyond. But none of them owns the
landscape. There is a property in the horizon which no man has but he
whose eye can integrate all the parts, that is, the poet. This is the best
part of these men’s farms, yet to this their land deeds give them no title.

—Ralph Waldo Emerson, Nature (1836)

Introduction

Before examining specific environmental problems and the policy responses to
them, it is important that we develop and clarify the economic approach, so that we
have some sense of the forest before examining each of the trees. By having a feel
for the conceptual framework, it becomes easier not only to deal with individual
cases but also, perhaps more importantly, to see how they fit into a comprehensive
approach.

In this chapter, we develop the general conceptual framework used in economics
to approach environmental problems. We begin by examining the relationship
between human actions, as manifested through the economic system, and the
environmental consequences of those actions. We can then establish criteria for
judging the desirability of the outcomes of this relationship. These criteria provide
a basis for identifying the nature and severity of environmental problems, and a
foundation for designing effective policies to deal with them.

Throughout this chapter, the economic point of view is contrasted with alternative
points of view. These contrasts bring the economic approach into sharper focus and
stimulate deeper and more critical thinking about all possible approaches.

16
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The Human-Environment Relationship

The Environment as an Asset

In economics, the environment is viewed as a composite asset that provides a
variety of services. It is a very special asset, to be sure, because it provides the life-
support systems that sustain our very existence, but it is an asset nonetheless. As
with other assets, we wish to enhance, or at least prevent undue depreciation of, the
value of this asset so that it may continue to provide aesthetic and life-sustaining
services.

The environment provides the economy with raw materials, which are trans-
formed into consumer products by the production process, and energy, which fuels
this transformation. Ultimately, these raw materials and energy return to the
environment as waste products (see Figure 2.1).

The Economic System and the Environment

The Environment
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\ / Recycling
Raw
Materials | > Inputs Outputs
The Economy
/ Waste |
Heat
Water Households
(consumption)
Water _|
» Pollution
Amenities
\_ J




18

Chapter 2 The Economic Approach

The environment also provides services directly to consumers. The air we
breathe, the nourishment we receive from food and drink, and the protection we
derive from shelter and clothing are all benefits we receive, either directly or
indirectly, from the environment. In addition, anyone who has experienced the
exhilaration of white-water canoeing, the total serenity of a wilderness trek, or the
breathtaking beauty of a sunset will readily recognize that the environment
provides us with a variety of amenities for which no substitute exists.

If the environment is defined broadly enough, the relationship between the
environment and the economic system can be considered a closed system. For our
purposes, a closed system is one in which no inputs (energy or matter) are received
from outside the system and no outputs are transferred outside the system. An
open system, by contrast, is one in which the system imports or exports matter
or energy.

If we restrict our conception of the relationship in Figure 2.1 to our planet and
the atmosphere around it, then clearly we do not have a closed system. We derive
most of our energy from the sun, either directly or indirectly. We have also sent
spaceships well beyond the boundaries of our atmosphere. Nonetheless, histori-
cally speaking, for material inputs and outputs (not including energy), this system
can be treated as a closed system because the amount of exports (such as abandoned
space vehicles) and imports (e.g., moon rocks) are negligible. Whether the system
remains closed depends on the degree to which space exploration opens up the rest
of our solar system as a source of raw materials.

The treatment of our planet and its immediate environs as a closed system has
an important implication that is summed up in the first law of thermodynamics—
energy and matter can neither be created nor destroyed.! The law implies that
the mass of materials flowing into the economic system from the environment
has either to accumulate in the economic system or return to the environment
as waste. When accumulation stops, the mass of materials flowing into
the economic system is equal in magnitude to the mass of waste flowing into the
environment.

Excessive wastes can, of course, depreciate the asset; when they exceed the
absorptive capacity of nature, wastes reduce the services that the asset provides.
Examples are easy to find: air pollution can cause respiratory problems; polluted
drinking water can cause cancer; smog obliterates scenic vistas; climate change can
lead to flooding of coastal areas.

The relationship of people to the environment is also conditioned by another
physical law, the second law of thermodynamics. Known popularly as the entropy low,
this law states that “entropy increases.” Entropy is the amount of energy unavailable
for work. Applied to energy processes, this law implies that no conversion from one
form of energy to another is completely efficient and that the consumption of

. . . i .
"We know, however, from Einstein’s famous equation (E = zc®) that matter can be transformed into
b b q
energy. This transformation is the source of energy in nuclear power.
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energy is an irreversible process. Some energy is always lost during conversion, and
the rest, once used, is no longer available for further work. The second law also
implies that in the absence of new energy inputs, any closed system must eventually
use up its available energy. Since energy is necessary for life, life ceases when useful
energy flows cease.

We should remember that our planet is not even approximately a closed system
with respect to energy; we gain energy from the sun. The entropy law does remind
us, however, that the flow of solar energy establishes an upper limit on the flow of
available energy that can be sustained. Once the stocks of stored energy (such as
fossil fuels and nuclear energy) are gone, the amount of energy available for useful
work will be determined solely by the solar flow and by the amount that can be
stored (through dams, trees, and so on). Thus, in the very long run, the growth
process will be limited by the availability of solar energy and our ability to put it
to work.

The Economic Approach

"Two different types of economic analysis can be applied to increase our under-
standing of the relationship between the economic system and the environment:
Positive economics attempts to describe what is, what was, or what will be. Normative
economics, by contrast, deals with what ought to be. Disagreements within positive
economics can usually be resolved by an appeal to the facts. Normative dis-
agreements, however, involve value judgments.

Both branches are useful. Suppose, for example, we want to investigate the
relationship between trade and the environment. Positive economics could be used
to describe the kinds of impacts trade would have on the economy and the environ-
ment. It could not, however, provide any guidance on the question of whether trade
was desirable. That judgment would have to come from normative economics, a
topic we explore in the next section.

The fact that positive analysis does not, by itself, determine the desirability of
some policy action does not mean that it is not useful in the policy process.
Example 2.1 provides one example of the kinds of economic impact analyses that
are used in the policy process.

A rather different context for normative economics can arise when the possi-
bilities are more open-ended. For example, we might ask, how much should we
control emissions of greenhouse gases (which contribute to climate change) and
how should we achieve that degree of control? Or we might ask, how much forest
of various types should be preserved? Answering these questions requires us to
consider the entire range of possible outcomes and to select the best or optimal
one. Although that is a much more difficult question to answer than one that asks
us only to compare two predefined alternatives, the basic normative analysis frame-
work is the same in both cases.
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Economic Impacts of Reducing Hazardous
Pollutant Emissions from Iron and Steel Foundries

The U.S. Environmental Protection Agency (EPA) was tasked with developing a
“maximum achievable control technology standard” to reduce emissions of
hazardous air pollutants from iron and steel foundries. As part of the rule-making
process, EPA conducted an ex ante economic impact analysis to assess the
potential economic impacts of the proposed rule.

If implemented, the rule would require some iron and steel foundries to
implement pollution control methods that would increase the production costs at
affected facilities. The interesting question addressed by the analysis is how large
those impacts would be.

The impact analysis estimated annual costs for existing sources to be $21.73
million. These cost increases were projected to result in small increases in output
prices. Specifically, prices were projected to increase by only 0.1 percent for iron
castings and 0.05 percent for steel castings. The impacts of these price increases
were expected to be experienced largely by iron foundries using cupola furnaces
as well as consumers of iron foundry products. Unaffected domestic foundries
and foreign producers of coke were actually projected to earn slightly higher
profits as a result of the rule.

This analysis helped in two ways. First, by showing that the impacts fell under
the $100 million threshold that mandates review by the Office of Management
and Budget, the analysis eliminated the need for a much more time and resource
consuming analysis. Second, by showing how small the expected impacts would
be, it served to lower the opposition that might have arisen from unfounded fears
of much more severe impacts.

Source: Office of Air Quality Planning and Standards, United States Environmental Protection Agency,
“Economic Impact Analysis of Proposed Iron and Steel Foundries” NESHAP Final Report, November
2002; and National Emissions Standards for Hazardous Air Pollutants for Iron and Steel Foundries,
Proposed Rule, FEDERAL REGISTER, Vol. 72, No. 73 (April 17, 2007), pp 19150-19164.

Environmental Problems and Economic

Efficiency

Static Efficiency

The chief normative economic criterion for choosing among various outcomes
occurring at the same point in time is called static efficiency, or merely efficiency. An
allocation of resources is said to satisfy the static efficiency criterion if the eco-
nomic surplus derived from those resources is maximized by that allocation.
Economic surplus, in turn, is the sum of consumer’s surplus and producer’s surplus.

Consumer surplus is the value that consumers receive from an allocation minus
what it costs them to obtain it. Consumer surplus is measured as the area under the
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demand curve minus the consumer’s cost. The cost to the consumer is the area
under the price line, bounded from the left by the vertical axis and the right by the
quantity of the good. This rectangle, which captures price times quantity, repre-
sents consumer expenditure on this quantity of the good.

Why is this area thought of as a surplus? For each quantity purchased, the
corresponding point on the market demand curve represents the amount of money
some person would have been willing to pay for the last unit of the good. The total
willingness to pay for some quantity of this good—say, three units—is the sum of the
willingness to pay for each of the three units. Thus, the total willingness to pay for
three units would be measured by the sum of the willingness to pay for the first,
second, and third units, respectively. It is now a simple extension to note that the
total willingness to pay is the area under the continuous market demand curve to
the left of the allocation in question. For example, in Figure 2.2 the total willing-
ness to pay for Q, units of the commodity is the shaded area. Total willingness to
pay is the concept we shall use to define the total value a consumer would receive
from the five units of the good. Thus, total value the consumer would receive is
equal to the area under the market demand curve from the origin to the allocation
of interest. Consumer surplus is thus the excess of total willingness to pay over the
(lower) actual cost.

Meanwhile, sellers face a similar choice (see Figure 2.3). Given price P*, the
seller maximizes his or her own producer surplus by choosing to sell Q, units. The

The Consumer’s Choice
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(dollars
per unit)
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Consumer
Surplus
pr

Quantity
0 Qy (units)
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The Producer’s Choice
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producer surplus is designated by area B, the area under the price line that lies over
the marginal cost curve, bounded from the left by the vertical axis and the right by
the quantity of the good.

Property Rights
Property Rights and Efficient Market Allocations

The manner in which producers and consumers use environmental resources
depends on the property rights governing those resources. In economics, property
right refers to a bundle of entitlements defining the owner’ rights, privileges, and
limitations for use of the resource. By examining such entitlements and how they
affect human behavior, we will better understand how environmental problems
arise from government and market allocations.

These property rights can be vested either with individuals, as in a capitalist
economy, or with the state, as in a centrally planned socialist economy. How can
we tell when the pursuit of profits is consistent with efficiency and when it is
not?



Property Rights

Efficient Property Rights Structures

Let’s begin by describing the structure of property rights that could produce effi-
cient allocations in a well-functioning market economy. An efficient structure has
three main characteristics:

1. Exclusivity—All benefits and costs accrued as a result of owning and using the
resources should accrue to the owner, and only to the owner, either directly
or indirectly by sale to others.

2. Transferability—All property rights should be transferable from one owner to
another in a voluntary exchange.

3. Enforceability—Property rights should be secure from involuntary seizure or
encroachment by others.

An owner of a resource with a well-defined property right (one exhibiting these
three characteristics) has a powerful incentive to use that resource efficiently
because a decline in the value of that resource represents a personal loss. Farmers
who own the land have an incentive to fertilize and irrigate it because the resulting
increased production raises income. Similarly, they have an incentive to rotate
crops when that raises the productivity of their land.

When well-defined property rights are exchanged, as in a market economy, this
exchange facilitates efficiency. We can illustrate this point by examining the incen-
tives consumers and producers face when a well-defined system of property rights
is in place. Because the seller has the right to prevent the consumer from consum-
ing the product in the absence of payment, the consumer must pay to receive the
product. Given a market price, the consumer decides how much to purchase by
choosing the amount that maximizes his or her individual consumer surplus.

Is this allocation efficient? According to our definition of static efficiency, it is
clear the answer is yes. The economic surplus is maximized by the market allo-
cation and, as seen in Figure 2.4, it is equal to the sum of consumer and producer
surpluses (areas 4 + B). Thus, we have established a procedure for measuring effi-
ciency, and a means of describing how the surplus is distributed between consumers
and producers.

This distinction is crucially significant. Efficiency is nor achieved because
consumers and producers are seeking efficiency. They aren’t! In a system with well-
defined property rights and competitive markets in which to sell those rights,
producers try to maximize their surplus and consumers try to maximize their
surplus. The price system, then, induces those self-interested parties to make
choices that are efficient from the point of view of society as a whole. It channels
the energy motivated by self-interest into socially productive paths.

Familiarity may have dulled our appreciation, but it is noteworthy that a system
designed to produce a harmonious and congenial outcome could function effec-
tively while allowing consumers and producers so much individual freedom in
making choices. This is truly a remarkable accomplishment.
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Market Equilibrium
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Producer’s Surplus, Scarcity Rent, and Long-Run
Competitive Equilibrium

Since the area under the price line is total revenue, and the area under the marginal
cost curve is total variable cost, producer’s surplus is related to profits. In the short
run when some costs are fixed, producer’s surplus is equal to profits plus fixed cost.
In the long run when all costs are variable, producer’s surplus is equal to profits plus
rent, the return to scarce inputs owned by the producer. As long as new firms can
enter into profitable industries without raising the prices of purchased inputs, long-
run profits and rent will equal zero.

Scarcity Rent. Most natural resource industries, however, do give rise to rent and,
therefore, producer’s surplus is not eliminated by competition, even with free entry.
This producer’s surplus, which persists in long-run competitive equilibrium, is
called scarcity rent.

David Ricardo was the first economist to recognize the existence of scarcity rent.
Ricardo suggested that the price of land was determined by the least fertile
marginal unit of land. Since the price had to be sufficiently high to allow the poorer
land to be brought into production, other, more fertile land could be farmed at an
economic profit. Competition could not erode that profit because the amount of
high quality land was limited and lower prices would serve only to reduce the
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supply of land below demand. The only way to expand production would be to
bring additional, less fertile land (more costly to farm) into production; con-
sequently, additional production does not lower price, as it does in a constant-cost
industry. As we shall see, other circumstances also give rise to scarcity rent for
natural resources.

Externalities as a Source of Market Failure

The Concept Introduced

Exclusivity is one of the chief characteristics of an efficient property rights
structure. This characteristic is frequently violated in practice. One broad class of
violations occurs when an agent making a decision does not bear all of the con-
sequences of his or her action.

Suppose two firms are located by a river. The first produces steel, while the
second, somewhat downstream, operates a resort hotel. Both use the river,
although in different ways. The steel firm uses it as a receptacle for its waste, while
the hotel uses it to attract customers seeking water recreation. If these two facilities
have different owners, an efficient use of the water is not likely to result. Because
the steel plant does not bear the cost of reduced business at the resort resulting
from waste being dumped into the river, it is not likely to be very sensitive to that
cost in its decision making. As a result, it could be expected to dump too much
waste into the river, and an efficient allocation of the river would not be attained.

"This situation is called an externality. An externality exists whenever the welfare
of some agent, either a firm or household, depends not only on his or her activities,
but also on activities under the control of some other agent. In the example, the
increased waste in the river imposed an external cost on the resort, a cost the steel
firm could not be counted upon to consider appropriately in deciding the amount
of waste to dump.

The effect of this external cost on the steel industry is illustrated in Figure 2.5,
which shows the market for steel. Steel production inevitably involves producing
pollution as well as steel. The demand for steel is shown by the demand curve D,
and the private marginal cost of producing the steel (exclusive of pollution control
and damage) is depicted as MC), Because society considers both the cost of pollu-
tion and the cost of producing the steel, the social marginal cost function (MCy)
includes both of these costs as well.

If the steel industry faced no outside control on its emission levels, it would seek
to produce Q,, That choice, in a competitive setting, would maximize its private
producer surplus. But that is clearly not efficient, since the net benefit is maximized
at Q*, not Q,,.

With the help of Figure 2.5, we can draw a number of conclusions about market
allocations of commodities causing pollution externalities:

1. The output of the commodity is too large.

2. Too much pollution is produced.
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The Market for Steel
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3. The prices of products responsible for pollution are too low.

4. Aslong as the costs are external, no incentives to search for ways to yield less
pollution per unit of output are introduced by the market.

5. Recycling and reuse of the polluting substances are discouraged because
release into the environment is so inefficiently cheap.

The effects of a market imperfection for one commodity end up affecting the
demands for raw materials, labor, and so on. The ultimate effects are felt through
the entire economy.

Types of Externalities

External effects, or externalities, can be positive or negative. Historically, the terms
external diseconomy and external economy have been used to refer, respectively, to cir-
cumstances in which the affected party is damaged by or benefits from the external-
ity. Clearly, the water pollution example represents an external diseconomy.
External economies are not hard to find, however. Private individuals who preserve
a particularly scenic area provide an external economy to all who pass. Generally,
when external economies are present, the market will undersupply the resources.

One other distinction is important. One class of externalities, known as pecuniary
externalities, does not present the same kinds of problems as pollution does.
Pecuniary externalities arise when the external effect is transmitted through altered
prices. Suppose that a new firm moves into an area and drives up the rental price of
land. That increase creates a negative effect on all those paying rent and, therefore,
is an external diseconomy.
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This pecuniary diseconomy, however, does not cause a market failure because
the resulting higher rents are reflecting the scarcity of land. The land market pro-
vides a mechanism by which the parties can bid for land; the resulting prices reflect
the value of the land in its various uses. Without pecuniary externalities, the price
signals would fail to sustain an efficient allocation.

The pollution example is 7ot a pecuniary externality because the effect is not
transmitted through prices. In this example, prices do not adjust to reflect the
increasing waste load. The damage to the water resource is not reflected in the steel
firm’s costs. An essential feedback mechanism that is present for pecuniary exter-
nalities is not present for the pollution case.

The externalities concept is a broad one, covering a multitude of sources of
market failure (Example 2.2 illustrates one). The next step is to investigate some
specific circumstances that can give rise to externalities.

Shrimp Farming Externalities in Thailand

In the Tha Po village on the coast of Surat Thani Province in Thailand, more than half
of the 1,100 hectares of mangrove swamps have been cleared for commercial
shrimp farms. Although harvesting shrimp is a lucrative undertaking, mangroves
serve as nurseries for fish and as barriers for storms and soil erosion. Following the
destruction of the local mangroves, Tha Po villagers experienced a decline in fish
catch and suffered storm damage and water pollution. Can market forces be
trusted to strike the efficient balance between preservation and development for
the remaining mangroves?

Calculations by economists Sathirathai and Barbier (2001) demonstrated that
the value of the ecological services that would be lost from further destruction
of the mangrove swamps exceeded the value of the shrimp farms that would take
their place. Preservation of the remaining mangrove swamps would be the
efficient choice.

Would a potential shrimp-farming entrepreneur make the efficient choice?
Unfortunately, the answer is no. This study estimated the economic value of
mangroves in terms of local use of forest resources, offshore fishery linkages, and
coastal protection to be in the range of $27264-$35,921 per hectare. In contrast,
the economic returns to shrimp farming, once they are corrected for input
subsidies and for the costs of water pollution, are only $194-$209 per hectare.
However, as shrimp farmers are heavily subsidized and do not have to take into
account the external costs of pollution, their financial returns are typically
$7706.95-$8,336.47 per hectare. In the absence of some sort of external control
imposed by collective action, development would be the normal, if inefficient,
result. The externalities associated with the ecological services provided by the
mangroves support a biased decision that results in fewer social net benefits, but
greater private net benefits.

Source: Suthawan Sathirathai and Edward B. Barbier. “Valuing Mangrove Conservation in Southern
Thailand” CONTEMPORARY ECONOMIC POLICY, Vol. 19, No. 2 (April 2001), pp. 109-122.

27



28

Chapter 2 The Economic Approach

Improperly Designed Property
Rights Systems

Other Property Rights Regimes®

Private property is, of course, not the only possible way of defining entitlements to
resource use. Other possibilities include state-property regimes (where the govern-
ment owns and controls the property), common-property regimes (where the
property is jointly owned and managed by a specified group of co-owners), and res
nullius or open-access regimes (in which no one owns or exercises control over the
resources). All of these create rather different incentives for resource use.

State-property regimes exist not only in former communist countries, but also
to varying degrees in virtually all countries of the world. Parks and forests, for
example, are frequently owned and managed by the government in capitalist as well
as in socialist nations. Problems with both efficiency and sustainability can arise in
state-property regimes when the incentives of bureaucrats, who implement and/or
make the rules for resource use, diverge from collective interests.

Common-property resources are those shared resources that are managed in com-
mon rather than privately. Entitlements to use common-property resources may be
formal, protected by specific legal rules, or they may be informal, protected by
tradition or custom. Common-property regimes exhibit varying degrees of
efficiency and sustainability, depending on the rules that emerge from collective
decision making. While some very successful examples of common-property
regimes exist, unsuccessful examples are even more common.

One successful example of a common-property regime involves the system of
allocating grazing rights in Switzerland. Although agricultural land is normally
treated as private property in Switzerland, grazing rights on the Alpine meadows
have been treated as common property for centuries. Overgrazing is protected by
specific rules, enacted by an association of users, which limit the amount of livestock
permitted on the meadow. The families included on the membership list of the asso-
ciation have been stable over time as rights and responsibilities have passed from
generation to generation. This stability has apparently facilitated reciprocity and
trust, thereby providing a foundation for continued compliance with the rules.

Unfortunately, that kind of stability may be the exception rather than the rule,
particularly in the face of heavy population pressure. The more common situation
can be illustrated by the experience of Mawelle, a small fishing village in Sri Lanka.
Initially, a complicated but effective rotating system of fishing rights was devised by
villagers to assure equitable access to the best spots and best times while protecting
the fish stocks. Over time, population pressure and the infusion of outsiders raised
demand and undermined the collective cohesion sufficiently that the traditional
rules became unenforceable, producing overexploitation of the resource and lower
incomes for all the participants.

2This section relies on the classification system presented in Bromley (1991).
3The two cases that follow, and many others, are discussed in Ostrom (1990).
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Res nullius property resources, the main focus of this section, can be exploited on
a first-come, first-served basis because no individual or group has the legal power
to restrict access. Open-access resources, as we shall henceforth call them, have given
rise to what has become known popularly as the “tragedy of the commons.”

"The problems created by open-access resources can be illustrated by recalling the
fate of the American bison. Bison are an example of “common-pool” resources.
Common-pool resources are shared resources characterized by nonexclusivity and
divisibility. Nonexclusivity implies that resources can be exploited by anyone, while
divisibility means that the capture of part of the resource by one group subtracts it
from the amount available to the other groups. (Note the contrast between common-
pool resources and public goods, the subject of the next section.) In the early history of
the United States, bison were plentiful; unrestricted hunting access was not a problem.
Frontier people who needed hides or meat could easily get whatever they needed; the
aggressiveness of any one hunter did not affect the time and effort expended by other
hunters. In the absence of scarcity, efficiency was not threatened by open access.

As the years slipped by, however, the demand for bison increased and scarcity
became a factor. As the number of hunters increased, eventually every additional
unit of hunting activity increased the amount of time and effort required to
produce a given yield of bison.

Consider graphically how various property rights structures (and the resulting
level of harvest) affect the scarcity rent (in this case, equivalent to the economic
surplus received by consumers and producers), where the amount of rent is
measured as the difference between the revenues received from the harvest minus
the costs associates with producing that harvest. Figure 2.6 compares the revenue
and costs for various levels of harvest. In the top panel the revenue is calculated by
multiplying, for each level of hunting activity, the (assumed constant) price of bison
by the amount harvested. The upward sloping total cost curve simply reflects that
fact that increases in harvest effort result in higher costs. (Marginal cost is assumed
to be constant for this example.)

In terms of the top panel of Figure 2.6 the total surplus associated with any level
of effort is measured as the vertical difference between the total revenue curve and
the total cost curve for that level of harvest.

In the bottom panel the marginal revenue curve is downward sloping (despite
the constant price) because as the amount of hunting effort increases, the resulting
bison population size decreases. Smaller populations support smaller harvests per
unit of effort expended.

"The efficient level of hunting activity in this model (£;) maximizes the surplus. This
can be seen graphically in two different ways. First, £y maximizes the vertical difference
between the two curves in the top panel. Second, in the bottom panel E; is the level
where the marginal revenue, which records the addition to the surplus from an addi-
tional unit of effort, crosses the marginal cost curve, which measures the reduction in
the surplus due to the additional cost of expending that last unit of effort. These are
simply two different (mathematically equivalent) ways to demonstrate the same out-
come. (The curves in the bottom panel are derived from the curves in the top panel.)

With all hunters having completely unrestricted access to the bison, the result-
ing allocation would not be efficient. No individual hunter would have an incentive
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Bison Harvesting
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to protect scarcity rent by restricting hunting effort. Individual hunters, without
exclusive rights, would exploit the resource until their total benefit equaled total
cost, implying a level of effort equal to (£;). Excessive exploitation of the herd
occurs because individual hunters cannot appropriate the scarcity rent; therefore,
they ignore it. One of the losses from further exploitation that could be avoided by
exclusive owners—the loss of scarcity rent due to overexploitation—is not part of
the decision-making process of open-access hunters.

Two characteristics of this formulation of the open-access allocation are worth
noting: (1) In the presence of sufficient demand, unrestricted access will cause
resources to be overexploited; (2) the scarcity rent is dissipated; no one is able to
appropriate the rent, so it is lost.
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Why does this happen? Unlimited access destroys the incentive to conserve.
A hunter who can preclude others from hunting his stock has an incentive to keep
the herd at an efficient level. This restraint results in lower costs in the form of less
time and effort expended to produce a given yield of bison. On the other hand, a
hunter exploiting an open-access resource would not have an incentive to conserve
because the potential additional economic surplus derived from self-restraint
would, to some extent, be captured by other hunters who simply kept harvesting.
Thus, unrestricted access to resources promotes an inefficient allocation. As a
result of excessive harvest and the loss of habitat as land was converted to farm and
pasture, the Great Plains bison herds nearly became extinct (Lueck, 2002). Another
example of open-access, fisheries, is the principal topic of Chapter 13.

Public Goods

Public goods, defined as those that exhibit both consumption indivisibilities and
nonexcludability, present a particularly complex category of environmental
resources. Nonexcludability refers to a circumstance where, once the resource is
provided, even those who fail to pay for it cannot be excluded from enjoying the
benefits it confers. Consumption is said to be indivisible when one person’s
consumption of a good does not diminish the amount available for others. Several
common environmental resources are public goods, including not only the
“charming landscape” referred to by Emerson, but also clean air, clean water, and
biological diversity.*

Biological diversity includes two related concepts: (1) the amount of genetic vari-
ability among individuals within a single species, and (2) the number of species
within a community of organisms. Genetic diversity, critical to species survival in the
natural world, has also proved to be important in the development of new crops
and livestock. It enhances the opportunities for crossbreeding and, thus, the devel-
opment of superior strains. The availability of different strains was the key, for
example, in developing new, disease-resistant barley.

Because of the interdependence of species within ecological communities, any
particular species may have a value to the community far beyond its intrinsic value.
Certain species contribute balance and stability to their ecological communities by
providing food sources or holding the population of the species in check.

The richness of diversity within and among species has provided new sources of
food, energy, industrial chemicals, raw materials, and medicines. Yet, considerable
evidence suggests that biological diversity is decreasing.

Can we rely on the private sector to produce the efficient amount of public
goods, such as biological diversity? Unfortunately, the answer is no! Suppose that
in response to diminishing ecological diversity we decide to take up a collection to
provide some means of preserving endangered species. Would the collection yield

*Notice that public “bads,” such as dirty air and dirty water, are also possible.

31



32 Chapter 2 The Economic Approach

Efficient Provision of Public Goods

Benefits of Person A
Diversity
(dollars per unit)

Quantity

Benefits of
Diversity
(dollars per unit)

Person B

B

Quantity

Benefits of
Diversity
(dollars per unit)

Market Demand

OA + OB MC

OB

OA

Quantity

sufficient revenue to pay for an efficient level of ecological diversity? The general
answer is no. Let’s see why.

In Figure 2.7, individual demand curves for preserving biodiversity have been
presented for two consumers A and B. The market demand curve is represented by
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the vertical summation of the two individual demand curves. A vertical summation
is necessary because everyone can simultaneously consume the same amount of bi-
ological diversity. We are, therefore, able to determine the market demand by find-
ing the sum of the amounts of money they would be willing to pay for that level of
diversity.

What is the efficient level of diversity? It can be determined by a direct applica-
tion of our definition of efficiency. The efficient allocation maximizes economic
surplus, which is represented geometrically by the portion of the area under the
market demand curve that lies above the constant marginal cost curve. The alloca-
tion that maximizes economic surplus is Q%, the allocation where the demand curve
crosses the marginal cost curve.

Why would a competitive market not be expected to supply the efficient level of
this good? Since the two consumers get very different marginal willingness to pay
from the efficient allocation of this good (OA versus OB), the efficient pricing sys-
tem would require charging a different price to each consumer. Person 4 would
pay OA and person B would pay OB. (Remember consumers tend to choose the
level of the good that equates their marginal willingness to pay to the price they
face.) Yet the producer would have no basis for figuring out how to differentiate
the prices. In the absence of excludability, consumers are not likely choose to reveal
the strength of their preference for this commodity. All consumers have an incen-
tive to understate the strength of their preferences to try to shift more of the cost
burden to the other consumers.

Therefore, inefficiency results because each person is able to become a free rider
on the other’s contribution. A fiee rider is someone who derives the value from a
commodity without paying an efficient amount for its supply. Because of the con-
sumption indivisibility and nonexcludability properties of the public good, con-
sumers receive the value of any diversity purchased by other people. When this
happens it tends to diminish incentives to contribute, and the contributions are not
sufficiently large to finance the efficient amount of the public good; it would be
undersupplied.

The privately supplied amount may not be zero, however. Some diversity would
be privately supplied. Indeed, as suggested by Example 2.3, the privately supplied
amount may be considerable.

Imperfect Market Structures

Environmental problems also occur when one of the participants in an exchange
of property rights is able to exercise an inordinate amount of power over the out-
come. This can occur, for example, when a product is sold by a single seller, or
monopoly.

It is easy to show that monopolies violate our definition of efficiency in the goods
market (see Figure 2.8). According to our definition of static efficiency, the efficient
allocation would result when OB is supplied. This would yield consumer surplus
represented by triangle IGC and producer surplus denoted by triangle GCH.
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Public Goods Privately Provided:
The Nature Conservancy

Can the demand for a public good such as biological diversity be observed in
practice? Would the market respond to that demand? Apparently so, according to
the existence of an organization called The Nature Conservancy.

The Nature Conservancy was born of an older organization called the Ecologist
Union on September 11, 1950, for the purpose of establishing natural area
reserves to aid in the preservation of areas, objects, and fauna and flora that have
scientific, educational, or aesthetic significance. This organization purchases, or
accepts as donations, land that has some unique ecological or aesthetic signifi-
cance, to keep it from being used for other purposes. In so doing they preserve
many species by preserving the habitat.

From humble beginnings, The Nature Conservancy has, as of 2010, been
responsible for the preservation of 119 million acres of forests, marshes, prairies,
mounds, and islands around the world. Additionally, The Nature Conservancy has
protected 5,000 miles of rivers and operates over 100 marine conservation
projects. These areas serve as home to rare and endangered species of wildlife
and plants. The Conservancy owns and manages the largest privately owned
nature preserve system in the world.

This approach has considerable merit. A private organization can move more
rapidly than the public sector. Because it has a limited budget, The Nature
Conservancy sets priorities and concentrates on acquiring the most ecologically
unique areas. Yet the theory of public goods reminds us that if this were to be the
sole approach to the preservation of biological diversity, it would preserve a
smallerthan-efficient amount.

Source: The Nature Conservancy, http://nature.org/aboutus/.

The monopoly, however, would produce and sell O4, where marginal revenue
equals marginal cost, and would charge price OF At this point, although the pro-
ducer’s surplus (HFED) is maximized, the sum of consumer and producer surplus is
clearly not, because this choice causes society to lose economic surplus equal to tri-
angle EDC.> Monopolies supply an inefficiently small amount of the good.
Imperfect markets clearly play some role in environmental problems. For
example, the major oil-exporting countries have formed a cartel, resulting in
higher-than-normal prices and lower-than-normal production. A cartel is a
collusive agreement among producers to restrict production and raise prices.
This collusive agreement allows the group to act as a monopolist. The inefficiency
in the goods market would normally be offset to some degree by the reduction in

*Producers would lose area 7DC compared to the efficient allocation, but they would gain area FEJG,
which is much larger. Meanwhile, consumers would be worse off, because they lose area FEC7G. Of
these, FEJG is merely a transfer to the monopoly, whereas E7C is a pure loss to society. The total pure
loss (EDC) is called a deadweight loss.
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social costs caused by the lower levels of pollution resulting from the reduction in
the combustion of oil. Debate 2.1 examines the pricing activities of OPEC and
recent fluctuations in oil prices.

Government Failure

Market processes are not the only sources of inefficiency. Political processes are
fully as culpable. As will become clear in the chapters that follow, some environ-
mental problems have arisen from a failure of political, rather than economic,
institutions. To complete our study of the ability of institutions to allocate environ-
mental resources, we must understand this source of inefficiency as well.

Government failure shares with market failure the characteristic that improper
incentives are the root of the problem. Special interest groups use the political
process to engage in what has become known as rent seeking. Rent seeking is the use
of resources in lobbying and other activities directed at securing protective
legislation. Successful rent-seeking activity will increase the net benefits going to
the special interest group, but it will also frequently lower the surplus to society as
a whole. In these instances, it is a classic case of the aggressive pursuit of a larger
slice of the pie leading to a smaller pie.
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Chapter 2 The Economic Approach

How Should OPEC Price Its Oil?

As a cartel, OPEC (Organization of Petroleum Exporting Countries) has considerable
control over its output and, hence, prices. And as Figure 2.8 suggests, it could
increase its profits by restricting supply, a tactic that would cause prices to rise
above their competitive levels. By how much should prices be raised?

The profit-maximizing price will depend upon several factors, including the
price elasticity of demand (to determine how much the quantity demanded will
fall in response to the higher price), the price elasticity of supply for non-OPEC
members (to determine how much added production should be expected from
outside producers), and the propensity for cheating (members producing more
than their assigned quotas). Gately (1995) has modeled these and other factors
and concluded that OPEC's interests would be best served by a policy of
moderate output growth, defined as growth at a rate no faster than world income
growth.

As Gately points out, however, OPEC historically has not always exercised this
degree of caution. In 1979-1980, succumbing to the lure of even higher prices,
OPEC chose a price strategy that required substantial restrictions of cartel
output. Not only did the price elasticities of demand and non-OPEC supply turn
out to be much higher than anticipated by the cartel, but also the higher oil prices
triggered a worldwide recession (which further lowered demand). OPEC lost not
only revenue but also market share. Even for monopolies, the market imposes
some discipline; the highest price is not always the best price.

Interestingly, since 1980, world oil markets have experienced increasing price
volatility. Oil prices dropped as low as $10 per barrel in 1998 and rose above
$30 per barrel in 2000 (then considered a huge price swing). In 2008, oil prices
rose to over $138 per barrell Kohl (2002) analyzes OPEC’s behavior during the
period of 1998-2001. He notes that OPEC has consistently had trouble with
member compliance and with the non-OPEC competitive fringe (e.g., Norway,
Mexico, and Russia). He notes that compliance with production quotas has been
best during periods of high demand or when the quotas are set above production
capacity.

High demand has been the recent situation. With surging demand in China
and the United States, oil prices have risen dramatically. Will higher prices induce
sufficient reductions in consumption to moderate OPEC power? Stay tuned.

Sources: Dermot Gately. “Strategies for OPEC's Pricing and Output Decisions.” ENERGY JOURNAL, Vol. 16,
No. 3 (1995), pp. 1-38; Wilfrid L. Kohl, “OPEC Behavior, 1998-2001" QUARTERLY REVIEW OF ECONOMICS
AND FINANCE, Vol. 42 (2002), pp. 209-233; and “"OPEC Finds Price Range to Live With!” THE NEW YORK
TIMES, December 6, 2007.

Why don’t the losers rise up to protect their interests? One main reason is voter
ignorance. It is economically rational for voters to remain ignorant on many issues
simply because of the high cost of keeping informed and the low probability that
any single vote will be decisive. I