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“Environmentalists need to understand how markets work. This book introduces 
many of the themes that environmental economists work with, some of which will 
need to come into play if we’re going to deal with catastrophes like climate change.”

—BILL MCKIBBEN, author Earth: Making a Life on a Tough New Planet

“A vital resource for those who want to understand the economic underpinnings of 
environmental policy applied to the most pressing problems we currently face. Puts 
to rest the notion that economics and the environment are at odds; in fact, sound 
economic policy is the key for environmental solutions.”

—ANN HARRISON, Director of Economic Development Policy, The World Bank

“An excellent introduction and overview of the some of the key debates in mainstream 
economics and policy. Explains in accessible terms the underpinnings of economics 
which most influence government policies on environmental protection.”

—DARA O’ROURKE, Professor at UC-Berkeley and founder of Goodguide

“Economics continues to be one of the most powerful, yet misunderstood tools for en-
vironmental management and conservation. Moves beyond simple ideas of money to 
understand how economic factors affect the environment and how the environment 
affects the economic wellbeing of all people.”

—LINWOOD PENDELTON, Director of Ocean and Coastal Policy, 
The Nicholas Institute at Duke University

“An easy-to-read, non-technical primer on how the problems we face today as envi-
ronmentalists are fundamentally economic in nature. Excellent background for any-
one interested in devising sensible solutions to environmental problems.”

—RICHARD E. RICE, Chief Conservation Officer, Save Your World

“At this time of environmental destruction from the Gulf of Mexico oil spill, we need a 
clear understanding of practical economics that this book uniquely provides, to help 
us move away from policies that undervalue and thus compromise the ecosystems 
that provide the foundations for our continued economic prosperity.”

—DR. JUDITH KILDOW, Director, National Ocean Economics Program (NOEP)

JASON SCORSE is Associate Professor and Chair of the International Environmental 
Policy Program at the Graduate School of International Policy and Management at 
the Monterey Institute of International Studies (A graduate school of Middlebury 
College).
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INTRODUCTION

This book was inspired by the warm reception I received from 
a short essay I wrote in 2005 entitled, “Why Environmentalists 
Should Embrace Economics.” I would like to thank the dozens 

of people from around the world who sent me encouraging messages 
and convinced me that there was a need for a larger treatment of the 
issues raised in this piece.

The target audience for this book is anyone interested in envi-
ronmental issues with an eye toward actually solving them: students, 
citizens, policy makers, and activists. No economics background is 
required for this text, although some basic microeconomics knowl-
edge is helpful. Even those with more advanced training in econom-
ics may find some new perspectives in this volume that they had not 
considered before.

The overarching goal of this book is to demonstrate why a solid 
grasp of economics is a necessary (though not sufficient) condition 
for addressing the environmental challenges of the day. For too long, 
there has been a lingering mistrust and skepticism among many envi-
ronmentalists of economics and economists. There are many reasons 
for this, but one thing is certain: it has been to the detriment of many 
environmental causes. I am confident that the more environmental-
ists understand what economic analysis and reasoning entails, the 
more they will realize that economics can be one of their greatest 
allies. The bottom line is that more often than not it is distortions, 
imperfections, and perversions of economic systems that are the 
main drivers of environmental degradation.
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WHAT ENVIRONMENTALISTS NEED TO KNOW ABOUT ECONOMICS 2

Of the many criticisms of economists, one of the more truthful 
is that often they are poor communicators (even when they are not 
presenting complex mathematical models and abstract theories). For 
this reason I have tried to write this book in a clear and accessible 
manner with no graphs or charts and no mathematical formulas. The 
primary objective of these chapters is to help develop the economic 
intuition necessary to address a wide range of environmental issues; 
i.e., how to think like an economist in the environmental realm.

Given the complexity of the issues dealt with in this volume (each 
of which individually could span multiple volumes), this treatment 
provides nothing more than a basic foundation for future study, dis-
cussion, and inquiry. I have provided a short list of websites and peri-
odicals at the end of the book where interested readers can continue 
to increase their knowledge of economic approaches to environmen-
tal issues. Because I also want this book to be rigorous, I have pro-
vided lengthy footnotes for those who want additional information.

Part I presents the basic intellectual architecture that underlies 
how economists think about environmental issues, and the tools 
and insights that they use to address them. Part II surveys the major 
environmental issues of the day and presents a range of solutions 
derived from economic analysis. It is recommended that readers read 
all of part I before they delve into the specific issues in part II. Part II 
does not follow any predetermined sequence, and therefore does not 
require following the chapters in order.

Throughout the chapters I try to differentiate the ways in which 
theory and theoretical conditions may deviate from real-world situa-
tions. In such instances, I present the key insights from the theories 
that are still applicable even if they do not perfectly mirror reality. 
In addition, because politics is so integral to getting environmental 
policies enacted and enforced, I provide political commentary where 
appropriate. All of this is for the purpose of increasing the relevancy 
of this volume for actually solving the world’s environmental prob-
lems, which is the ultimate goal.

I would like to thank my advisor at UC–Berkeley, Michael 
Hanemann, who showed me that economics should always be relevant 
to real-life issues. Thanks also to all of the students at the Monterey 
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INTRODUCTION 3

Institute of International Studies whose insights have helped me to 
refine my own. And a special thanks to Kira Darlow for her work as 
my research assistant.

I warmly invite all constructive criticism of the contents of this 
book, for which I am solely responsible. I can be reached at jason.
scorse@miis.edu.

Jason Scorse, Central California, 2010
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Part I

HOW ECONOMISTS 
APPROACH 

ENVIRONMENTAL 
ISSUES
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CHAPTER 1

THE ROOT CAUSES OF 
ENVIRONMENTAL 

PROBLEMS

Environmental problems are extremely complex and varied, yet 
they almost always share similar features, be it air pollution in 
Mexico City or a village in Indonesia, habitat loss in Kenya or 

Brazil, or fisheries collapse in the Indian, Pacific, or Atlantic oceans.
Environmentalists trying to make sense of these issues are faced 

with difficult questions:

Why do relatively rational actors buying and selling goods • 
and services rarely take into account the toxic  pollution 
that results from their choices?
Why do fishermen routinely overexploit the fisheries that • 
they depend on?
Why are the ecological services provided by forests and • 
wetlands, which produce tangible and wide-ranging value 
for society, usually not taken into account when decisions 
are made?
How can food be so cheap when there is such massive pollu-• 
tion and resource use involved in industrial agriculture?
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HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES8

Economists have been studying questions like these for many decades 
and have devised a fairly comprehensive framework for understanding 
the root causes of environmental problems, which is where we begin.

Those who believe that the field of economics rests on an unal-
terable faith in the power of markets may be surprised to learn that 
one of the most robust areas of study within economics concerns the 
conditions under which markets do not lead to socially optimum out-
comes, especially in regard to environmental issues.1 In fact, in the 
environmental arena market imperfections are ubiquitous and often 
require some form of government intervention.

Readers may also be pleasantly surprised to discover that the 
economic theories that explain why markets fail also hold the keys 
to solving the myriad environmental problems we currently face. 
Virtually all of the environmental policies currently being discussed 
in the political realm, in the board meetings of environmental orga-
nizations, and on environmental websites can be traced to economic 
theories that date back to the 1940s and continue to be vigorously 
debated in academic settings.

The three most important sources of environmental problems 
are 1) market failure, 2) the tragedy of the commons, and 3) the 
underprovisioning of public goods.

MARKET FAILURE

One of the first principles of free markets is that for them to work effec-
tively, the full costs of an activity must be borne by the involved parties.

For example, many types of air and water pollutants exact a sig-
nificant price on human health and degrade ecosystems, yet they 
are not included in the costs of production or at the consumer level. 
These costs, which are borne by society but not the individual pro-
ducers and consumers of the goods, are called externalities.

Externalities lead to market failure because in order for the market 
to supply the proper amount of goods and services, the prices must 
correctly reflect the true costs.

Nowhere is this type of market failure more common than in the 
environmental realm.
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ROOT CAUSES OF ENVIRONMENTAL PROBLEMS 9

The following are some specific examples of widespread environ-
mental externalities:

Heavy metals emitted from power plants that cause can-• 
cer, birth defects, and harm animals and plants, but that 
most power companies and consumers of electricity are 
not required to pay for.
Greenhouse gas emissions, which have no cost almost any-• 
where in the world (except in the EU and in some sectors 
of the U.S. power industry), so no matter how much a 
person or company emits, they pay no penalty for their 
contribution to global warming.
Factory farms that emit more sewage than the entire hu-• 
man population, despoiling nearby waterways, but which 
are largely unregulated.
Biodiversity loss from clear-cut logging, which timber • 
companies can essentially ignore because there is no cost 
to factor into their decisions, and which consumers can 
ignore because they do not pay for the negative conse-
quences of the forest products they buy.

The result of unaccounted for externalities is that prices for many 
of the most common goods and services are significantly lower than 
if they included their environmental costs. This leads to a gross 
 misallocation of society’s resources. Economists characterize a situa-
tion where the costs of environmental externalities are not included 
in the price of a good as a form of passive subsidy. Think of it this 
way: whenever we use power from a coal-fired power plant we receive 
energy at a price that is much lower than its true cost (once all of the 
harmful effects are calculated and included).

These harmful effects are not simply theoretical; they represent 
real damages that have real monetary value. In effect, our energy 
use from coal is being subsidized by all of the people who get sick 
from the resulting sulfur pollution, by the money lost when our natu-
ral heritage and infrastructure are degraded by acid rain, and by the 
communities whose landscapes are despoiled by mining operations 
(the worst being mountaintop-removal2). There is little incentive for 
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HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES10

people to switch to wind or solar energy when coal is cheaper, even 
though the low price of coal is largely illusory; society pays a heavy 
cost for our reliance on this extremely dirty form of energy.

If we lived in a world where prices fully captured environmental 
costs, our entire economies would look vastly different: we would have 
different modes of transportation, different layouts for our cities and 
towns, different dietary habits, and consumer goods would likely con-
tain much less toxic material. Prices of environmentally harmful goods 
would rise and much more R&D would go into alternatives, thereby 
decreasing their price. In such a world society’s resources would be 
invested in those things which bring the greatest social value.

This book discusses the various policies that can lead individu-
als and companies to take these environmental costs into account. 
Economists refer to this as the process of internalizing the externalities.

But externalities are not the only thing that can lead to market 
failure. In economic models of well-functioning markets, one of the 
strongest assumptions is that the parties involved have perfect informa-
tion about products and services, including the consequences of the 
consumption and production of these goods. It doesn’t take a critic of 
economics to realize that this assumption is very strong and is unlikely 
to be the case in the real world. Nowhere are the deviations from per-
fect information more prominent than in the environmental realm.

Even with major scientific advances, our knowledge of the inter-
action of many industrial chemicals is still incomplete as is our 
understanding of how ecosystems function. Even what we do know is 
extremely complex and beyond the comprehension of anyone but the 
most senior scientists. Producers and consumers of goods, therefore, 
must often rely on outside sources to make informed decisions about 
what they produce and what they buy. The market itself is not likely to 
provide the necessary information for people to make well-informed 
decisions. As forests are cut down how does this impact the water-
sheds and how is this information conveyed to the people that rely on 
them? How are municipalities supposed to decide whether they want 
to approve the development of a new factory that emits some quantity 
of air and water pollution? Precisely what information is needed and 
what is the best way to provide it? These are difficult questions even 
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ROOT CAUSES OF ENVIRONMENTAL PROBLEMS 11

with very good information, but almost impossibly difficult questions 
when the relevant information is poor.

A third cause of market failure arises from the incomplete and/or 
nontransparent distribution of property rights. In situations where it 
is unclear who has the right to use an environmental resource, there 
may be little incentive for long-term management. For example, con-
sider a country where land rights are uncertain and frequently con-
tested. A farmer who currently resides on the land may want to invest 
significant resources into developing a more environmentally sustain-
able management regime. This may include drip irrigation, vegetative 
buffer zones, and integrated pest management (IPM). However, if she 
fears that someone may claim her land title, she has little incentive to 
make these investments. Instead, she may choose to get as much out 
of the land as quickly as possible and take her chances.

Clear property rights are also crucial for assessing liability in the 
case of environmental damages. If there is not a clearly identifiable party 
who owns the environmental resource in question or is responsible for 
its protection, it is difficult to collect damages or enforce regulations to 
hold them accountable in the event that they are breaking the law.

The issue of liability sometimes takes subtle turns that have large 
environmental consequences. In the famous 1989 Exxon Valdez case, 
an Exxon tanker spilled more than 11 million gallons of oil into the 
pristine ecosystem of Prince William Sound in Alaska. One of the key 
questions that arose was whether Exxon was responsible for the dam-
age to this public resource above and beyond the cleanup costs. Put 
another way, did the public hold the right to Prince William Sound 
in its pristine state, or was a private company allowed the right to 
severely damage the resource without compensation, as long as they 
“cleaned it up”?

The courts held that Exxon was liable, and even though the ini-
tial case was ultimately settled outside of court,3 the damage esti-
mates that were calculated included a measure of compensation to 
the general public. It is now on record that oil companies operating 
tankers in U.S. waters are held liable for damages to the public inter-
est, which in the Exxon case were estimated in the billions of dollars 
(Carson et al., 2003). The legislation that the U.S. Congress passed 
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HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES12

in the years immediately following the Exxon Valdez spill was sup-
posed to enshrine into law oil companies’ responsibilities in the case 
of future spills; ironically, the $75 million cap that was placed on 
liabilities (above and beyond clean-up costs) may have led companies 
such as BP to cut corners on safety.

From a purely economic standpoint, there should be no limit 
to a company’s liability for environmental damage. Any limit will 
decrease their incentive to fully take into account the potential risks 
in their actions. Whether a higher, or even unlimited, liability cap 
would have led BP to invest in better safety equipment is hard to know 
(the company has had a terrible safety record for decades), but the 
2010 Deepwater Horizon oil spill disaster is a reminder that there are 
significant hidden costs that come with oil production, one of which 
is the risk of the environmental catastrophe that is now unfolding.

It is important to point out that when economists talk of property 
rights, they do not necessarily mean private property rights. In the 
case of market failure, due to a lack of transparent and enforceable 
property rights, this can sometimes be addressed by assigning prop-
erty rights to government agencies or a community organization. 
These options entail their own set of issues that need to be addressed, 
but it is not the case that defining property rights always necessitates 
private ownership.

A lack of clear and enforceable property rights leads to the most 
pronounced forms of environmental degradation in cases of open 
access resources, which were made famous by ecologist Garrett Hardin 
(1968), who coined the phrase “the tragedy of the commons.”4

THE TRAGEDY OF THE COMMONS

Two of the world’s most important environmental resources are the 
oceans and the atmosphere. The oceans provide not only huge quan-
tities of fish and sea life that humans consume, but also immense 
quantities of marine biodiversity and critical ecosystem services, 
upon which much of the world’s terrestrial biodiversity depends. 
Biochemical interactions in the atmosphere help to regulate climate 
and temperature, the ozone layer blocks harmful solar radiation 
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ROOT CAUSES OF ENVIRONMENTAL PROBLEMS 13

from reaching the earth’s surface, while clean air promotes human 
and ecosystem health.

But most of the world’s oceans and atmosphere are devoid of 
property rights5; that is, there is no body, whether groups of individu-
als, private companies, or governments, that can claim ownership 
over them.6 They are called open access resources, which anyone can use 
and to whatever extent they wish. From here on I will use this term 
instead of the term “commons” that Garret Hardin coined, because 
it is now understood that there are important distinctions between 
open access resources and those held as commons.7

Hardin’s insights are truer today than when he first discussed 
them four decades ago. His essential insight is that open access 
resources will more often than not be exploited at unsustainable 
levels because there is a wide divergence between the private ben-
efits that accrue to the individual users of the resource and the costs, 
which are diffused over the entire population.

When a fishing company decides how much fish to take out of 
the ocean, it is only thinking of the bottom line: how much profit it 
can make. It will increase fishing as long as it is profitable to do so. 
Fish are a renewable resource, but are potentially exhaustible if over-
exploited. Every time a fishing boat removes fish, it affects the abil-
ity of the species to repopulate and survive. From a sustainable use 
perspective, the problem is that this cost of reducing the viability of 
the fish population is spread over all of the fishing companies in the 
industry, and therefore will likely seem insignificant to the individual 
fisherman in an industry of thousands of boats and private firms.

In addition, given the open access nature of the world’s fisheries, 
if one company decides to stop fishing in order to allow the species 
to recover, there is nothing stopping another company from taking 
the fish for themselves. This produces a very shortsighted “race to the 
bottom” mentality that we observe in virtually all of the ocean’s inter-
national waters, and even domestic waters where property rights are 
not clearly defined. It is no surprise that fish stocks are at or near 
levels of collapse globally as a result.8

The atmosphere is a much different type of resource, one that is 
not actively harvested, but the essential logic holds. Because virtually 
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HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES14

anyone can dump as much greenhouse gases into the atmosphere as 
they want, there is little incentive for any individual company or nation 
to restrict their emissions. If they do so they will have to incur all of the 
costs of restricting their activity, while the benefits of reducing global 
warming (however marginal) will be spread out over the entire world.

Poorer nations, particularly island nations or those at or below 
sea level, who stand to suffer the most from global warming, have no 
recourse with which to demand that emissions be restricted, because 
there is no international body that has jurisdiction over the atmo-
sphere.9 While there are ways to address the issue of global warming 
short of creating property rights to the atmosphere, the key point is 
that the open access nature of the atmosphere has created the prob-
lem in the first place.

This brings up another essential point. Some claim that the com-
moditization of the environment and living things are the root causes 
of environmental problems; it is a world that assigns property rights 
to the world’s environmental heritage and assigns them price tags 
that is the greatest threat to a more livable future.10

A careful examination, however, of the areas where we see some 
of the greatest environmental threats leads to the exact opposite conclu-
sion. It is the fact that much of the world’s oceans and the atmosphere 
are freely open to exploitation that drives the unsustainable levels of 
both fish harvesting and greenhouse gas emissions. The same is true 
for many areas of the Amazon rain forest, where property rights are 
nonexistent, nontransparent, or not enforced; as a result we observe 
massive deforestation.11

None of this is to suggest that addressing the problem of open 
access resources alone will be sufficient to solve major environmental 
problems. Market failure can still occur in cases when property rights 
are well-defined, whether due to the transboundary nature of environ-
mental pollution or imperfect information. In addition, there is another 
serious reason to believe that environmental quality will be underpro-
vided in a free-market system and require some form of intervention.

PUBLIC GOODS

Public goods are a specific class of goods that are nonrival and non-
excludable. Put simply, they are goods where one person’s use of the 
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ROOT CAUSES OF ENVIRONMENTAL PROBLEMS 15

good does not inhibit another’s use of the good (nonrival) and where 
once the good is provided to one it is by definition provided to all 
(nonexcludable).

There are very few “pure” public goods, mostly because there are 
ways to exclude people from the enjoyment of what otherwise would 
be considered entirely public resources.

The following are examples of environmental public goods, 
along with the appropriate caveats:

Biodiversity:•  My enjoyment of biodiversity doesn’t limit your 
ability to enjoy it, and once biodiversity has been preserved, 
no one can be excluded from enjoying it (in the abstract; for 
example, if the blue whale is preserved, we all can take plea-
sure in this achievement, but access to viewing these whales 
will be limited by individuals’ income and leisure time).
An intact ozone layer:•  The protection I get from the ozone 
layer doesn’t impede anyone else’s protection, and once 
the ozone layer is protected, it is protected for all (this is 
close to a pure public good, but in reality, we do have a 
situation where the remaining hole in the ozone is con-
centrated over Australia and New Zealand, which until it 
is fully restored means that there are populations that are 
excluded from the full benefits of protection).
Clean air:•  My breathing clean air doesn’t prevent anyone 
else from breathing clean air, and once clean air is pro-
vided to my community, no one in the community can be 
denied access to it (but yet again, air quality may differ 
substantially within a community and it may cost more 
money to live in areas where the air is the cleanest).
A climate in which the threat of global warming is greatly • 
diminished: This may be the closest we can get to a pure 
environmental public good; there is no way to exclude 
anyone from a nonwarming planet, and one person’s ben-
efit from a reduction in the risk of global warming doesn’t 
conflict with anyone else’s.

Because of the nonexcludable nature of environmental public goods 
(however imperfect), we encounter what economics refers to as the 
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HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES16

“free-rider” problem. It is often difficult to get people to contribute 
to the provision of public goods because they know that once they’re 
provided they can get them for free.

If the local people of Hawaii decide to protect their coral reefs, 
all U.S. citizens (and all citizens of the world) get the benefit of this 
enhanced biodiversity protection, even if they didn’t contribute to 
this effort. If Brazil decides to fully protect the Amazon rain forest, 
all the countries of the world get the myriad benefits of rain forest 
protection for free as well.

This is not to suggest that there are not significant reasons for the 
Hawaiians to protect their marine resources or the Brazilians to protect 
their forests without outside assistance. There are direct benefits that 
accrue to the immediate parties, and the Hawaiians currently do a lot 
to protect their reefs and the Brazilians do a lot to protect their forests. 
Economic analysis only points out that if others who also benefited 
from the provision of these resources contributed to their protection, 
the extent of the conservation efforts would likely be much greater. It 
is not that public goods result in zero provision in the free market, but 
that they are often underprovided, which is the key insight.

SUMMARY

The economics profession is in many ways the study of markets. 
Markets for many goods and services often work very well and minimal 
intervention is needed to protect the public interest. But in the envi-
ronmental realm, market failure is quite common and markets left to 
their own devices will not produce anything close to optimum social 
outcomes. The transboundary nature of environmental resources 
and pollution, the great complexity of ecosystems, incomplete prop-
erty rights, and the highly imperfect information about the effects 
of toxins on health require adjustments to markets to make them 
function properly. More precisely, the prices for goods and services 
should include their full costs, consumers and producers should have 
the best and most up-to-date information about the products and 
services they buy and sell, and ownership over resources should be as 
clear and accurate as possible.
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CHAPTER 2

DETERMINING THE 
“OPTIMUM” AMOUNT 

OF POLLUTION

At first glance, determining an optimum pollution level may 
strike many environmentalists as strange or even heretical; 
there is an obvious “optimum” for pollution (despite what 

economists may think): zero.
Economic theory doesn’t arrive at this conclusion, not because 

economists are callous to environmental concerns, but because pol-
lution is a by-product of many things that we all value; therefore, 
some amount of pollution is warranted.

Take electricity, for example. Electrical generation produces pol-
lution; even renewable sources produce some quantity of pollution. 
All of us benefit greatly from electrical power and would not be will-
ing to give it up to decrease this source of pollution to zero.

Take another example: agriculture. All forms of agriculture 
require vast alterations of the natural environment, including vari-
ous forms of inputs, organic and/or synthetic. To eat a varied and 
healthy diet, significant quantities of pollution are often generated 
even in the most ecologically designed systems. This is especially 
true when agricultural systems are required to feed large numbers 
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of people who reside far from agricultural centers and the costs of 
transportation are included.

These are two basic goods that virtually no one would be 
 willing to forego: electricity and farm-produced food. The list of 
 pollution-causing goods grows exponentially once we start includ-
ing the luxuries that most of us in the developed world now take 
for granted—airplane travel, computers and other electronic goods, 
furniture, modern houses—and which most in the developing world 
are striving to acquire as well.

Following this logic, it is easy to see why zero pollution is not fea-
sible, at least given current modes of living and technology.

What about reducing pollution as much as possible? This sounds 
like a reasonable second-best option. But what does “as much as pos-
sible” really mean? In many cases reducing pollution is expensive. 
How much money should society spend to reduce pollution? And 
what should it give up in order to achieve these lower levels of pollu-
tion? Many people might have opinions on the matter, but how can 
we judge which views are more reasonable than others?

Economic theory provides a way to conceptualize the issue, which, 
while far from perfect, at least allows us to begin with a methodology 
that can be applied in a variety of situations and has some objective 
merit. As we will see, it does not completely solve the problem, and it 
also raises a host of other issues, but it’s a start.

The idea is relatively straightforward (although putting it into 
practice isn’t): the optimum level of pollution is the amount where 
the benefits of abating (getting rid of) additional pollution are worth 
the added cost.1

We can conceive of this from two different angles. First, let’s 
assume that we are starting in a world with no pollution. We value 
some things more than having an environment entirely free from pol-
lution, and we produce those things up to the point where we decide 
that additional pollution is no longer worth it. Or, more realistically, 
if we start from a relatively polluted world, we can ask ourselves how 
much pollution we would like to get rid of before the costs exceed the 
benefits of a cleaner environment.
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Since this second perspective more closely mimics the situation 
we find ourselves in today, we will stick with it. The task we are pre-
sented with is determining how much to reduce various forms of pol-
lution from their current levels.

For example, let’s assume that we’re talking about electrical pro-
duction and the toxic emissions from power plants. Abatement can 
be achieved in many ways: by adding pollution-control equipment 
(such as scrubbers for sulfur in coal-fired power plants), switching 
to cleaner energy sources or technologies, or improving efficiency. 
These different ways of reducing pollution from power plants have 
very different costs; some may be relatively cheap while others may be 
very expensive. This means that we may be able to get some quantity 
of abatement for a relatively low cost, but if we want more, it may cost 
a lot more.

If we have a very dirty power plant with almost no pollution-
 control equipment, there are likely relatively straightforward and 
accessible options to help reduce some portion of its pollution. But as 
the plant becomes cleaner, the technology to improve it even more is 
likely to become increasingly expensive.

The same is true if we think of pollution not at the facility level, 
but at a regional or national level. The amount that it costs to decrease 
air pollution in a region becomes increasingly expensive as the area 
becomes cleaner. Reducing the smog in Los Angeles, while expen-
sive, would be less expensive than improving air purity an additional 
step once most of the smog is removed. Often, it is these last units of 
pollution abatement that are extremely costly.

This phenomena is often referred to as the “low-hanging fruit” 
theory: there are almost always some pollution-reduction options 
that are relatively easy (they’re within arm’s reach), but once these 
are used up, pollution-abatement options become increasingly dif-
ficult (they’re way up high near the top branches).

The benefits of reducing pollution exhibit the opposite relation-
ship: they usually start out high and ultimately decline. Again, let’s 
examine air pollution. The health and other environmental bene-
fits of cleaning up a highly polluted airshed are many; they include 
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significantly reduced mortality, reduced respiratory illness, better 
visibility, and a healthier environment for animals and plants. But 
once much of the smog has been removed and the air is reasonably 
clean, removing the remaining particulate matter, while beneficial, 
does not translate into nearly as much benefit as when the air pollu-
tion was at much higher levels.

Let’s take a step back and think about all of this together.
The starting point is a city with a serious smog problem. The 

government wants to reduce pollution due to the myriad health and 
environmental problems through some form of new regulation (later, 
we will examine the various means of achieving a pollution-reduction 
target, but for now we’re just interested in the target itself).

The city makes some estimates of the damages from the smog 
and the costs of abating it, and concludes that reducing smog by 
50 percent costs only $10 million but leads to benefits of $100 million 
(for a net benefit of $90 million: 100 minus 10 equals 90). Next, the 
city considers whether reducing pollution by 75 percent is worth the 
cost. It determines that the additional 25 percent reduction costs a 
little more than first 50 percent reduction (another $12 million); the 
additional benefits are not as great (only $65 million this time), but 
the net investment is still positive ($53 million: 65 minus 12 equals 
53) for going this extra step.

The city then examines the scenario of reducing the smog by 
90 percent, and here is where the calculation changes dramatically. 
The additional 15 percent reduction (from 75 percent to 90 per-
cent) turns out to be very expensive ($50 million for this incremen-
tal improvement), but this additional 15 percent reduction doesn’t 
yield nearly as many benefits as the last phase of pollution reduc-
tion (now only $35 million). The net benefits of this final phase of 
abatement would actually be negative—to the tune of –$15 million 
(35 minus 50 equals –15).

A case can now be made that 75 percent smog reduction (or 
perhaps a little more since we didn’t examine the precise scenarios 
between 75 percent and 90 percent) represents the “optimum” level 
of smog reduction for this city. We have arrived at this conclusion by 
quantifying the relative benefits and costs of smog abatement until 
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we reached a point where the costs of additional abatement became 
greater than the additional benefits.

Before addressing the many caveats that accompany this logic, it 
is important to recognize that this is the same logic that we employ 
when choosing virtually any other good.

Take strawberries. Let’s say the price is three dollars per basket. 
You go into the store and grab the first basket at the cost of three 
dollars, and then wonder whether you want a second. You decide 
that you do. Then a third—they are so delicious. A fourth? You think 
hard about it, but decide that three is enough. What made you stop? 
Simple, the marginal benefit of the fourth basket was not equal to the 
marginal cost of three additional dollars. If the additional benefit 
of that fourth basket was worth more than three dollars to you, you 
would have bought it (assuming you had the money).

Takeaway point: The theory of optimum pollution is premised 
on the same logic that economists use to analyze the markets for ordi-
nary goods and services.

However clever this logic may (or may not) appear to you, you 
might already have questions regarding the actual implementation 
of this concept. To start, how are the benefits and costs calculated 
for pollution abatement? And, perhaps more important, how can we 
translate health and environmental values into dollars, which is what 
this methodology entails?

But first I want to make a couple of additional points about 
the concept of optimal pollution and its implications for real-world 
policymaking.

REAL-WORLD IMPLICATIONS OF OPTIMUM 
POLLUTION THEORY

The “optimum” quantity of pollution refers to what is most efficient 
for society as a whole. This is defined as the point at which society 
gets every bit of pollution abatement where the benefits exceed the 
costs.

What is important to recognize is that while efficiency may be a 
valid criterion, it is simply one among many. Efficiency says absolutely 
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nothing about the distributional impacts of a given level of pollution. 
For example, an efficient solution could be entirely consistent with 
a situation where the pollution that is not abated is heavily concen-
trated in a poor minority community or in an area with lots of school-
age children with asthma.

What is efficient, therefore, may conflict with what people con-
sider fair, just, or equitable. And in current policy debates, fairness 
and equity are often what people are most concerned about. This 
doesn’t mean that efficiency shouldn’t be considered. In cases where 
what is efficient also corresponds with what the majority thinks is fair, 
we have a win-win situation.

A second key point is that economic models implicitly include 
costs and benefits that weight the decision-making process in favor of 
those with greater incomes and wealth.

Often, when health effects are calculated, lost productivity is 
partially determined by the number of sick days; a sick day for an 
engineer counts more in monetary terms than a sick day for a school-
teacher because an engineer’s salary is usually much higher. When 
the benefits of nature viewing are assessed, the wealthy traveler who 
spends thousands of dollars to visit a national park counts for a lot 
more than a person without a car who doesn’t have the money to 
make such a trip. (One way this issue can be mitigated is to find the 
average of all people’s values and use this as a representative of the 
population, which most studies do.)

Bottom line: the classical economic view of pollution doesn’t 
take into account any notion of environmental goods as rights. For 
example, many people argue that access to clean air and water are 
human rights that society has an obligation to provide to all of its 
citizens.2 While efficient solutions, as defined by economics, need 
not conflict with such notions of rights, they may, and sometimes do. 
There are cases where economists may use the above framework to 
define pollution strategies that are optimum, but that do not auto-
matically guarantee all members of society some minimum level of 
environmental quality.

As a student of environmental issues for more than two decades, 
I have noticed that when economists and environmentalists discuss 
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controversial issues, the economists often talk about efficient solu-
tions, whereas the environmentalists talk about equitable solutions. In 
many instances there is a great deal of confusion as the parties essen-
tially talk past each other. Environmental discussions and debates 
would benefit greatly if all parties could be explicit about when they 
are making arguments based on efficiency concerns and when they 
are making a case based on the distributional consequences of a pol-
icy independent of efficiency.

In cases where environmentalists want to argue that an efficient 
strategy for pollution abatement does not meet certain ethical cri-
teria, it would be helpful if they acknowledged the potential losses 
in efficiency that these may entail.3 Economists are used to talking 
about trade-offs and are not all coldhearted statisticians unable to be 
swayed by these modes of argumentation.

With respect to the earlier hypothetical case where our city’s 
“optimal” reduction in smog is approximately 75 percent, what if 
the remaining 25 percent is concentrated in a poor minority com-
munity where rates of respiratory illnesses are significantly higher 
than the regional average? It would be entirely appropriate to make 
a case that what is optimum in this scenario from an efficiency 
standpoint may not be just, and imposes too heavy a burden on eco-
nomically disenfranchised communities. What is efficient is not the 
“end all, be all” when determining the ultimate policy outcome.

There are other serious limitations of the optimum pollution 
methodology.

When attempts are made to quantify the costs and benefits of 
pollution reduction, analysts often compare aggregate costs of a 
given action to improve the environment with aggregate benefits; 
they usually do not search for the precise pollution level that will be 
most efficient. And typically, these benefit-cost analyses do not seri-
ously examine the distributional consequences.4

Here are some suggestions for environmentalists when con-
fronted with these types of studies:

Take a close look at the scope of the benefits and the • 
costs that are being examined. This is often where many 
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assumptions are made and usually where many short-
cuts are taken. Almost always, the direct health benefits 
comprise the bulk of the benefits side of the calculation, 
because politicians are usually swayed by these benefits 
more than benefits to plant and animal life,5 which are in 
some ways more abstract. If this is the case, and there is a 
compelling reason to suspect that the effects apart from 
human health are significant, environmentalists may be 
justified in insisting that the benefits of the proposed 
policy are underestimated and may lobby for the inclu-
sion of a greater scope of benefits, or at least an acknowl-
edgement that the benefit estimates are incomplete.6

Society expends its resources—financial, social, 
and political—on all sorts of things that it deems 
important, and which, one hopes, confer signifi-
cant benefits to various groups of people within 
society and/or society as a whole. If we had a 
completely rational manner of distributing these 
resources, would it make sense to spend money 
on a program that cost $1,000,000 for every life 
saved when another program could save a life for 
$1,000? Put another way, wouldn’t it make more 
sense to shift resources from the $1,000,000-
per-life-saved program to the one that cost 
1/1000th to save a life?

• With respect to costs, these usually include the direct and 
indirect costs of actually implementing the regulation. 
Typically, the bulk of the costs are the costs to industry 
for altering its production processes. These costs are often 
estimated based on estimates of the prices given current 
technology. But there are many examples where the costs of 
reducing pollution decrease dramatically once incentives 
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for pollution reduction are created by new regulation. 
This often leads to an overestimation of the costs of pol-
lution reduction.7 Environmentalists should pay close 
attention to these costs estimates, and in cases where no 
 account is made for technological progress, make the case 
that they need to be included.
Uncertainty is very difficult to include in a benefit-cost • 
analysis or optimum pollution framework because it is 
next to impossible to put monetary estimates on the un-
known. The current state of our scientific knowledge of 
the adverse effects of many classes of toxic chemicals is 
poor or in its infancy, which only compounds the prob-
lem.8 It may be reasonable to argue that an additional 
benefit of reducing pollution is risk reduction. Pollution 
reduction can be viewed not only as a means to achieve 
verifiable health and environmental benefits, but also as 
an insurance policy against many unknowns.
Finally, environmentalists would be best served by priori-• 
tizing their environmental goals according to some level 
of rational calculus. This doesn’t have to come from any 
central authority that speaks for all environmental organi-
zations, nor does it need to be set in stone. But not all en-
vironmental goals are created equal. Figuring out which ones 
can achieve a high level of benefits relative to the costs is 
one way to couch them in economic terms, which often 
holds a lot of sway in the political process.

If we organized society according to this logic we would do things 
very differently. We would likely spend less money on maintaining 
thousands of active nuclear warheads and more money on prenatal 
and infant nutrition and education (which has huge societal returns). 
We would also likely shift environmental regulation more toward 
reductions in heavy metals such as lead, mercury, and benzene, and 
perhaps focus a little less on reducing chemicals that at current levels 
don’t offer much more in the way of benefits, such as dietary expo-
sure to some low-risk pesticides.9
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SUMMARY

Economists approach the issue of pollution in much the same way 
as they approach the issue of how markets allocate other goods and 
services. Pollution is a bad thing, but many times it is the result of 
producing a good thing, or at least a thing that people want. Balancing 
the good and bad from pollution is similar to balancing the satisfac-
tion (the good) we get when we consider buying a product or service 
against the amount of money we have to give up to get it (the bad).

However, this framework is an aggregate framework that does 
not deal with issues of equity and fairness; just as the market, when 
left to its own devices, does not guarantee everyone three meals a day 
and shelter, the market will not guarantee everyone relatively clean 
air and water.

WANT TO BE TOUGH ON CRIME? 
BE TOUGH ON LEAD

Recent research makes a persuasive case that lead expo-
sure can lead to increases in violent crime (Reyes, 2007), 
and conversely, that decreasing lead exposure can reduce 
criminal behavior. With crime rates always capturing a lot 
of public (and political) attention, this finding is something 
environmentalists would be wise to follow. If it can be further 
demonstrated that reducing some of the worst toxic heavy-
metal pollutants can also help combat crime, this would pro-
vide a very powerful new argument in the environmentalists’ 
arsenal.
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CHAPTER 3

VALUING ECOSYSTEMS

In addition to addressing issues related to toxic pollution, con-
serving ecosystems and the species that inhabit them is the most 
important issue that confronts environmentalists. Rarely does 

a month go by without a major news story concerning ecosystems 
under strain or species facing extinction. Most people, even many 
who wouldn’t consider themselves environmentalists, believe that we 
have a moral obligation to protect our natural heritage. For those 
who directly rely on ecosystems for their livelihood, it is often an 
issue of survival.

The problem, once again, is that preserving environmental 
resources is not only very difficult in practice, but sometimes also 
very costly. How do we prioritize what to conserve? What criteria 
should we use?

Once we have answered these questions, we then must determine 
who should pay for the desired course of action and how these deci-
sions will be enforced. But first we need to think about what it is we 
want to conserve before we can formulate a strategy to get it done.

Ecosystems provide a wide range of benefits to society: they pro-
vide productive services such as food, fiber, and water; regulating 
services such as flood and disease control; wildlife services such as 
recreational and cultural benefits; and supporting services such as 
nutrient cycling that maintain the conditions for life on Earth.
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While this broad range of services has been acknowledged by sci-
entists (and economists) for quite some time, until relatively recently 
there have been very limited attempts to actually quantify them 
comprehensively to assign them economic value.1 Unfortunately, the 
result has been that these benefits are often vastly undervalued in 
the public policy process. It is one thing to make note of the flood-
control potential of a marshlands ecosystem, and another to say that 
it provides flood-control protection on the order of hundreds of mil-
lions or billions of dollars each year.2 The latter is much more likely 
to get a policymaker’s attention.

The absence of specific information on ecosystem services can 
be thought of as a form of market failure, as discussed in Chapter 1. 
Markets are very likely to undervalue ecosystem services (and there-
fore not preserve them to the extent that they should) if these services 
are not in some ways quantified and recorded, and the information 
disseminated. Only then can actors, whether they are private compa-
nies, local or national governments, or international organizations, 
take these values into account when deciding on alternative uses of 
ecosystems or the activities that will affect them.

In order to fill this void, numerous consultants, nongovernmen-
tal organizations (NGOs), and academics are busy trying to put mon-
etary values on hitherto undocumented ecosystem services.3 This 
work is going a long way toward demonstrating the tremendous eco-
nomic value that ecosystems provide across a wide range of users.

Much of this work is uncontroversial, at least conceptually. 
Ecosystems provide many direct and measurable services, which even 
if difficult to quantify, are reasonably easy to catalog. For example, 
if a watershed above a city helps to purify the city’s drinking water, 
which in turn saves the city the money required to build a water fil-
tration plant, it makes sense to assign the value of water purification 
services to the watershed ecosystem.

If a river provides low-cost transportation in an area, then the 
difference between the cost of shipping goods using the river and 
the cost of using the next best option is one of the ecosystem ser-
vices that the river provides. In economies that are dependent on 
extracting natural resources from ecosystems, such as timber, food, 
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and medicinal plants, the consumptive value of these goods can be 
calculated in a relatively straightforward manner and attributed to 
ecosystem services.

In addition, we can often estimate the value of our recreational 
use of ecosystems because we leave behavioral traces when making use 
of these services, which can be quantified. Whenever we view wild-
life, or go hunting, camping, rafting, surfing, scuba diving, or bird 
watching, we spend money along the way, which can be recorded 
and incorporated into an economic valuation. Revenue from tour-
ist operations, park fees, the supporting services in the area such as 
restaurants, stores, and hotels, as well as the distance people travel to 
seek out nature recreation can be used to more precisely estimate the 
total economic impact of the demand for nature-based activities.

Again, this is relatively uncontroversial, even if the specific tech-
niques are complex, imperfect, and require certain behavioral and 
statistical assumptions. It is reasonable that places people spend lots 
of money to get to and enjoy, such as Yosemite National Park, the surf 
breaks of Indonesia, or the dunes of Cape Cod, have more aggregate 
recreational value than locations that are rarely visited. (Remember, 
recreational services are but one among many ecosystem services, and 
a far-removed ecosystem that tourists never visit may still be highly 
valued for other reasons.)

Most controversial are the benefits that we derive passively from 
ecosystems. There are many places in the world that most of us will 
never visit, yet we care about what happens to them because we value 
their existence independent of whether we actually make direct use 
of them. We are happy to hear that they are being preserved and pro-
tected, and saddened when we learn of their destruction. Many of us 
give charitable contributions to organizations that help protect these 
distant ecosystems, which we may only ever see in pictures. Part of 
the value may be based on our desire to pass the natural heritage on 
to future generations, and perhaps because we want to reserve the 
option to visit these unique places one day, even if we may not actu-
ally get the opportunity.

Regardless of the reasons we care about those ecosystems that 
do not directly affect our daily lives and with which we have no direct 
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experience, these passive-use (or nonuse) values are real. If we could 
somehow quantify them they would likely be very large, both because 
of the depth of many people’s commitment to ecosystem preservation 
and simply because there are so many people on the planet. Some 
may suggest that contributions to conservation organizations capture 
the full extent of people’s existence value for ecosystems, but this is 
not the case.

Many people believe that it is the role of government, not private 
charities, to protect our natural heritage. In addition, since nature 
conservation is a public good, there are many people who are content 
to let other people pay for ecosystem preservation while they sit back 
and derive the benefits. If push came to shove, however, and the fate 
of these ecosystems was dependent on their actions, most of these peo-
ple would be willing to pay some amount of money to preserve them.

So how do we go about estimating these passive-use values for 
which we do not observe behavioral traces in everyday activity?

This is a very difficult task. The best economists have come up 
with is to devise surveys that attempt to elicit these values. They inter-
view people and present them with hypothetical situations having to 
do with ecosystem protection or preservation. Ultimately, the par-
ticipants are asked how much they would be willing to pay (WTP) to 
support a given action that will lead to improvements in the ecosys-
tem, whether the purchase of new land, restoration efforts, or efforts 
to limit ongoing damage. This survey technique is called contingent 
valuation;4 it used throughout the world to estimate the passive-use 
value of ecosystems. By posing realistic scenarios that confront peo-
ple with difficult choices, contingent valuation surveys are able to 
elicit information that can inform us of the magnitude of the nonuse 
values, even when the ecosystems in question are distant.

Imagine that a government is considering a program to restore 
a degraded river. A contingent valuation survey would guide partici-
pants through a description of the current state of the river and what 
the government proposes to do to improve the fish and animal popu-
lation and water quality. Then the participants might be asked if they 
would be willing to pay a given amount in extra taxes to enact this 
program.
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The most important element of the survey is to convince the par-
ticipants that their answer is consequential; that is, if they answer 
“yes” that they are willing to pay the given amount for the restora-
tion project, this will influence the government’s decision whether to 
proceed with the program and actually enact the tax.5 If they don’t 
believe that their answer will have any influence on the final decision, 
then they may simply answer “yes” to the payment question because 
it feels like the right thing to do, not believing that they will have to 
bear any real costs for doing so.

The contingent valuation method was famously used to help esti-
mate the damage claims against the Exxon Corporation after the 
Exxon Valdez oil spill in Prince William Sound, Alaska, in 1989.6 In a 
precedent-setting move, a federal court ruled that lost passive-use val-
ues due to the spill needed to be included in the damage estimates. 
This was the first time that a U.S. court explicitly acknowledged that 
citizens derive economic value from the mere existence of the ecosys-
tems in the government’s care, even if they do not directly use them 
and may never do so.

The contingent valuation survey estimated lost passive-use values 
of approximately $2.8 billion. The hypothetical scenario posed in the 
survey—that the government was planning on instituting a system of 
escort ships to prevent tankers from running aground—was eventu-
ally adopted.7

Contingent valuation studies can be very helpful for organiza-
tions that want to estimate the willingness to pay for entrance fees 
to parks or other environmental monuments. In many developing 
countries entrance fees to incredible natural treasures are often very 
low, and these nations are foregoing potentially tens of millions in 
revenue because they do not know the true value of their natural 
resources. Well-crafted contingent valuation studies can help them 
more accurately determine pricing and fee structures.

SUMMARY

Increasingly, efforts are underway to assign monetary values to eco-
system services. Some methods are much more straightforward than 
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others, both conceptually and in practice, but by using a combination 
of tools, it is possible to capture a wide range of ecosystem benefits. 
This work is important because identifying both the source of the 
values and their approximate magnitude is an important first step in 
determining how best to preserve and protect ecosystems.

But monetary estimates of ecosystem services are just that: esti-
mates. In many cases they may be extremely imprecise. At best these 
tools provide a reasonable range of values. They allow environmen-
talists to compare different sources of value, which is often important 
for figuring out the most effective conservation strategies.

If it can be shown that a wetlands ecosystem provides more value 
for storm protection than duck hunting, a stronger case for conserva-
tion may be made working with adjacent landowners than with hunt-
ing groups.

If both of these services combined provide more value than a 
proposed industrial development project, then these numbers may 
be used to sway the agencies in charge of approving the project. Of 
course, there is always the risk that the ecosystem benefits will actu-
ally be less than the value that could be generated by a new develop-
ment project.

This underlies one of the inherent risks in assigning monetary 
values to ecosystems: there is no guarantee that the ecosystems will always 
win in an economic calculus. This is why some environmentalists are 
deeply suspicious of the race to put monetary values on environmen-
tal resources, even if they recognize the powerful economic forces at 
work that they must contend with.

Both the ethical and tactical problems associated with assign-
ing monetary values to the environment arise in almost all economic 
policy responses to environmental issues. Whether they are made 
explicit or not, they are always just beneath the surface.
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CHAPTER 4

PUTTING MONETARY 
VALUES ON THE 

ENVIRONMENT AND 
LIVING THINGS

The first three chapters outlined the basic conceptual frame-
work of how economists approach environmental problems. 
Economists do not begin with the assumption that all pollu-

tion and environmental degradation should be eliminated; they 
believe that society must strike a balance between industrial devel-
opment and environmental quality. Much of the methodology that 
economists employ to help society weigh the trade-offs between envi-
ronmental goals and the production of goods and services relies on 
putting monetary values on the environment and living things.

Economists do this for a simple reason: money provides a conve-
nient metric. To the extent that we can translate societal costs and ben-
efits into monetary values, we can then easily compare them. This can 
help us choose priorities and make the most cost-effective choices.

But money is not the only metric we could use. In fact, there is 
virtually no limit to the number of metrics we could come up with. 
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We could measure things in equivalent amounts of copper or gold, 
pencils, computers, or children that could be fed.

There are many benefits of using money as the metric, as well as 
some significant drawbacks. The first I have already touched upon; 
there may be some things that we consider human rights, which 
should not be decided based on notions of cost-effectiveness.

Since access to clean water is considered a human right, we 
wouldn’t want a government deciding not to build a new water delivery 
system because the monetary benefits of providing the water (however 
defined) were found to be less than the costs. Yet even in such a case, it 
would be reasonable to assess different costs of providing the water and 
using these to determine the most efficient way to provide this right.

The notion that certain levels of environmental quality and access 
to natural resources should be guaranteed is sometimes used as a way 
of saying that they are priceless. Many reasonable people argue that 
environmental treasures, such as our national parks, unique species, 
and human life are all priceless.

But the reality is that they are not; I have proof.
Consider the decision a person makes when deciding whether to 

take a vacation that will cost $1,000. What else could they do with the 
money? They could give it to charities that help starving children or 
AIDS patients, or to those like the Nature Conservancy that protect 
endangered ecosystems. And what if they don’t? What if they decide 
to go on that vacation? Such a decision makes clear that, according 
to this person’s calculus, the environment and living things are not 
priceless, not even close. If they were, they would certainly have sacri-
ficed the relatively small sum of money for a luxury good (a vacation), 
and used it instead to protect and preserve life. The actions of this 
hypothetical actor are repeated billions of times a day in one way or 
the other, most of the time with a similar outcome.

FOR ECONOMISTS IT IS ACTIONS, 
NOT WORDS, THAT MATTER MOST1

Some may think that my example is unfair. Let me be clear: the per-
son who takes the vacation may care a lot about the disadvantaged 
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and threats to the environment. They may give a lot of money to 
charity to support these causes. And they are not alone; there are 
many incredibly charitable people in the world. But there is a point at 
which virtually all people stop giving. It is at a point well before they 
reach a simple subsistence lifestyle.

We may put a high value on the needs of others and the environ-
ment, but not a value that comes close to showing the type of dedica-
tion that would constitute a true belief that the well-being of others 
and the environment are priceless. Even those who are most chari-
table still put a premium on a high standard of living for themselves 
and their families.

There are many other ways to demonstrate that virtually no 
one acts in a way consistent with the view that the environment and 
human life are priceless.

Let’s take the speed limit. In most states in the United States it 
stands at 65 mph. It used to stand at 55 mph. This increase of 10 mph 
has probably led to thousands of additional fatal accidents per year, 
because the speed limit is highly correlated with fatalities;2 the faster we 
go, the greater chance that we die when we crash—and that we crash 
in the first place. And many of those killed in these accidents are com-
pletely innocent; they are simply the victims of other people’s mistakes.

So why did we increase the speed limit in the United States? 
Because we valued the convenience of getting places faster more than 
we cared about the loss of life, even innocent life. In fact, if we really 
wanted to treat life as priceless we would make the speed limit very 
low, probably in the range of 15 to 25 mph. But how many people 
would accept this? Close to zero.

We can also see trade-offs at work even in the most basic environ-
mental activity: nature viewing. Many if not most environmentalists 
are driven to protect ecosystems by a deep desire to commune with 
nature. But this desire to visit natural habitats and interact with natu-
ral systems exacts a price. The roads that we cut through wilderness 
areas to reach them, the diseases and invasive species we introduce, 
and the pollution we generate put strains on fragile ecosystems. If we 
truly wanted to maximize the survivability of these systems, in many 
cases we would protect them and leave them alone. But we don’t.
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In fact, those of us who live in rural settings, perhaps to feel more 
in tune with nature and away from the hustle and bustle of modern 
industrial life, often impose more of a negative impact on just those 
natural systems that we want to protect. It is extremely inefficient and 
damaging to ecosystems to bisect them with country roads that serve 
very few people, and which require driving much longer distances to 
get to work, town, and school. From a pure conservation standpoint, 
urban living is much more efficient.

None of these critiques suggest that there is anything wrong or 
immoral about treating the environmental and living things as less than 
priceless. As economists have noted for a long time, humans are self-
 interested beings. We are often generous, compassionate, and charita-
ble, but not in the extreme. We balance our own needs and desires with 
what we feel are our obligations to others, the environment included.

So while there are still problems with putting monetary values on 
the environment and living things, the “they are priceless” critique is 
not very persuasive.

The biggest issue with monetizing the environment and living 
things is not philosophical or ethical, but practical: how do we do it 
in a defensible way?

As mentioned in the previous chapter, some methods for 
assigning monetary values to environmental benefits are relatively 

One of the most dramatic examples in recent memory with 
respect to damage awards occurred in the decision over how 
to distribute funds allotted to the families of the victims of 
9/11. Kenneth R. Feinberg created a detailed method for cal-
culating benefits based on victims’ ages, the nature of their 
employment, and their projected wealth (Chen, 2004b). This 
created a major controversy since the spouses of investment 
bankers received a lot more than the spouses of janitors. If he 
had to do it all over again, Feinberg said that he would simply 
give everyone an equal share (Chen, 2004a).
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uncontroversial. For example, if a fishery creates $50 million per year 
in revenues for the fishing industry and the surrounding local econ-
omy, then this is a reasonable minimum starting point for the total 
value of the fishery. If smog over a city decreases property values by 
$100 million, then this tells us something significant about the value 
that people assign to better views and breathing cleaner air.

The most difficult issue we face is putting a dollar value on human 
life and suffering, which is often necessary when trying to quantify the 
benefits of a given pollution-reduction policy. For  example, if reduc-
ing mercury emissions would save fifty lives a year but cost $1 billion 
to implement, is it worth it?

Policymakers face these types of questions all the time. Probably 
the institution with the most experience dealing with monetary val-
ues for life is the court system. Damage claims for loss of life and pain 
and suffering are ubiquitous, and juries are often faced with the task 
of granting monetary awards to those who have lost loved ones or suf-
fered due to someone else’s negligence.3

Ultimately, there is no completely satisfactory way to place a mon-
etary value on human life. One million dollars, ten million, twenty? 
There is always some degree of arbitrariness to the exercise. What 
economists have often done, which has filtered into the legal system, 
is to take the sum of the total of earnings over a person’s lifetime. One 
way to make this equitable from a societal standpoint is to take the 
average across all people to determine the average lifetime earnings 
of the population; this ensures that poor and rich alike are weighted 
equally in the calculation. This doesn’t address issues of the sorrow 
and pain that a person’s family feels, but there is essentially no satis-
factory way to put a dollar value on this.

We could begin to approximate pain and suffering damages by 
measuring the amount of lost time at work, but this only scratches the 
surface with respect to the true extent of the damages. In the courts, 
the accepted range for pain and suffering compensation is up to sev-
eral million dollars, depending on the extent of the injuries.4

The problems don’t end here.
One of the most interesting aspects of putting monetary values on 

human life is how dependent it is on the statistical nature of the lives 
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in question. For example, let’s go back to the issue of whether reducing 
mercury pollution that kills fifty people a year would be worth a cost 
of $1 billion. It is only when we talk about people in the abstract that 
we can even begin to make this judgment. What if, on the other hand, 
we knew exactly which fifty people were going to die? Could we then 
sit down and reasonably argue over whether it was okay to let these 
fifty people die instead of making the $1 billion investment? I doubt 
it. The same goes for our desire for the 65 mph speed limit. It would 
never be acceptable if we actually knew for sure which thousands of 
citizens would be mangled in the increased number of accidents.

But the randomness that comes with the costs of our actions 
makes them statistical exercises. We know that some people some-
where at some future time will die because of certain policy choices, 
but the uncertainty that surrounds the circumstances allows us to 
distance ourselves from these otherwise unacceptable costs.

This paradox raises some profound questions. Is this apparent 
contradiction actually beneficial? Does it allow us to bypass our sen-
timentality, which might otherwise cripple our material progress? 
And doesn’t this material progress not also create the conditions for 
greater life span and prosperity?

There are no easy answers to these questions. The bottom line is 
that putting monetary values on human life will always be problem-
atic, somewhat arbitrary, and subject to valid criticism.

For this reason, it is often preferable to think about environmen-
tal problems from another angle. What are the most cost-effective pol-
lution reduction policies that will reduce the loss of life and improve 
health outcomes? This is often the actual task policymakers face; they 
are given mandates to reduce mortality and illness from pollution 
and then must figure out the best ways to achieve these results.5

Where these targets come from is worthy of an entire book unto 
itself. One of the first things one notices when examining many envi-
ronmental targets established by government agencies is that they 
often come in round, even numbers—for example, reductions in pol-
lution of 20 percent or 50 percent; it is rare that a government agency 
puts forth a plan to cut emissions by 13.7 percent.6 Numbers are often 
chosen that are easily digestible by the public and that can demon-
strate a clear commitment to pollution reduction.
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However, in most cases there is at least some scientific basis that 
accompanies the given number. For example, in the 1990 U.S. sul-
fur dioxide “cap and trade” program, the goal was to significantly 
reduce acid rain, and the target chosen was based on an analysis of the 
reductions required. But even behind this decision lurked an implicit 
benefit-cost analysis and monetary valuations of human lives and the 
environment.

We know that the particulate pollution from sulfur dioxide leads 
to severe health problems, and that the initial 50 percent reduc-
tion from 1980 levels would not completely eliminate the acid rain 
problem. Why didn’t the program call for immediate 60 percent or 
70 percent reductions, which would have resulted in less smog and 
less  environmental degradation? The likely answer is that there 
wasn’t sufficient political will to push for greater reductions because 
there were limits to the costs that regulators wanted to impose on 
the coal industry. In effect, there was a point at which the agencies 
involved didn’t think it was worth it to push for greater environmen-
tal improvements.7

Many U.S. environmental statues are unique in that they specifi-
cally mandate that agencies are not allowed to use benefit-cost analy-
sis in their decision making. The Clean Air Act, the Clean Water Act, 
and the Environmental Protection Agency’s (EPA) pesticide permitting 
process are all required by law to be carried out entirely on the basis of 
serving the public interest irrespective of the costs imposed on industry 
(and indirectly on consumers, who may face higher costs as a result).8

But is it possible for regulating agencies to truly divorce them-
selves from weighing costs and benefits when making important deci-
sions about human health and the environment (putting aside for 
the moment whether it’s desirable for them not to do so as the laws 
require)?

In a landmark 1992 study of the EPA’s decisions regarding pro-
hibiting the use of pesticides, a team of researchers discovered that 
while the EPA didn’t carry out an explicit benefit-cost analysis when 
deciding which pesticides to ban under which uses, the agency did 
in fact weigh costs and benefits very much as if they had (Evans et al., 
1992). Pesticides that posed a greater risk to consumers and pesti-
cide applicators were banned more often than those that posed a 
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lesser risk, while those pesticides that helped farmers the most were 
banned less frequently than those which were not as beneficial.

I suspect that if this study were updated today the results would 
hold. Regulators are faced with a wide variety of often competing 
interests, and they must find some logical way to prioritize their regu-
latory decisions. Some weighting of the costs of regulation against 
the benefits to human health and the environment are inevitable.

SUMMARY

Whether we explicitly assign dollar values to the environment and liv-
ing things in the public policy arena, there is always an undercurrent 
of monetary valuation running just below the surface; it is inescap-
able. Economists contend that it is preferable to make these valuations 
and the assumptions that accompany them transparent and an inte-
gral part of the decision-making process. This does not mean that any 
action where costs are greater than benefits is unwarranted; only that 
good reasons should then be provided for pursuing such a course.

It is a misperception that assigning monetary values to the envi-
ronment and living things automatically cheapens them and renders 
them mere commodities in the public policy process. In many cases, 
if attempts are not made to assign monetary values to the environ-
ment, the default value is zero or close to zero. As we continue to 
document the economic values of ecosystems and make them salient 
in the policy arena, it becomes much more difficult to ignore them.

There are cases where opponents of environmental regulations 
or environmental preservation may be able to use economic  values 
to gain the upper hand; not every economic exercise will show envi-
ronmental goals as the best choice for society as a whole. But envi-
ronmentalists should not let this dissuade them from embracing 
environmental valuation.

Every day, scientists are discovering new ways that ecosystems provide 
societies with benefits and new ways that industrial pollutions threaten 
human health.9 In addition, people all over the world are increasingly 
seeking nature-based recreation and enjoyment, putting a premium on 
environmental quality. Given these trends, the dollar value of the envi-
ronment is poised to grow exponentially, which will help environmental-
ists make the case for increased preservation and pollution reduction.
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CHAPTER 5

VALUING FUTURE 
GENERATIONS

If valuing current generations and their environmental needs wasn’t 
difficult enough, policymakers also have to contend with how to 
value future generations. This is not an abstract issue; the biggest 

environmental issue of all, climate change, has huge implications 
for future generations (as well as current generations);1 so do other 
issues, such as the depletion of nonrenewable resources, the degrada-
tion of unique and irreplaceable ecosystems, nuclear waste disposal, 
and the hole in the ozone layer.

A few questions naturally arise: How much voice should be 
given to the needs of the future when making decisions that affect 
us today? Put another way, if people from the future could influ-
ence our decisions, what would they ask us to do? And should we 
listen?

For many environmentalists the answers are obvious: future gen-
erations want us to dramatically decrease air and water pollution 
and increase the amount of biodiversity preservation so that they 
will inherit a cleaner environment rich with life, and one in which 
they won’t have to face any catastrophic environmental risks.

Are these reasonable assumptions to make?
Since we have no way of interviewing future generations to elicit 

their opinions, it may seem impossible to answer this question. But 
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we can look at the actions of generations before us and ask ourselves 
whether we would have asked the same of them.

There is little doubt that if U.S. citizens could go back in time 
they would tell the early settlers not to wipe out most of the buffalo 
population.2 They would also inform those in the past of the risks 
of rampant and unchecked industrialization that made many cities 
nearly unlivable and exacted a terrible price on the environment that 
future generations inherited.

But if U.S. citizens compared their lifestyles today with those 
of one hundred or two hundred years ago, they would also likely 
acknowledge that some of the historical pollution and environ-
mental degradation paved the way for the immense material prog-
ress they now enjoy. As with present-day environmental decisions, 
they would still be cognizant of the need to balance the benefits of 
smaller ecological impacts in the past against the benefits that were 
derived from them.

There is another angle to consider. Most of us alive today, espe-
cially in the developed world, are much wealthier than our distant 
ancestors. We enjoy better health, longer lives, more leisure time, and 
more choices. Would it be right of us to ask those in the past to cut 
down fewer trees and pollute the water less if these activities were 
integral to the modest improvements in their standards of living? Why 
should they have sacrificed so that we, who are immeasurably richer, 
could enjoy even greater prosperity today?

While these questions are somewhat abstract, it is not unreason-
able to think along these lines. The future is uncertain and we may 
very well be passing down a planet in worse shape to future genera-
tions. But we might not—even the best ecological models are imper-
fect and highly uncertain. What we do know for sure is that in the 
areas of medicine, transportation, computer technology, and virtually 
every other field, the people of the twenty-second century are likely 
to inherit vastly superior technologies that will have the potential to 
markedly improve their well-being. Imagine if, by the end of the cen-
tury, we eliminate cancer and heart disease or have computers that 
dramatically improve safety in all aspects of our lives. No doubt new 
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technological improvements will also be made in pollution- control 
technology and renewable energy.

To the extent that there is a trade-off between spending more 
money on environmental improvements versus other types of invest-
ments, we have to be careful before assuming that future generations 
would automatically choose less pollution and more nature reserves. 
How can we be certain what balance of resources future generations 
would like us to invest in?

Nobel Laureate Robert Solow, in his classic 1991 essay 
“Sustainability: An Economist’s Perspective,” adds another wrinkle to 
his issue: we should be willing to sacrifice at least as much for present 
generations as we would be willing to sacrifice for future generations. 
In other words, it would be odd (some would say immoral) to incur 
costs today that would benefit people a hundred years from now and 
not make the same sacrifices for those who are living in squalor and 
misery today, which according to the United Nation stands at roughly 
one billion people.3

All of this raises a central question for economists, environmental-
ists, and policymakers: to what extent do environmental improvements 
actually require us to sacrifice resources that could be used to promote 
other goals? In other words, could we be at a point where current tech-
nology and know-how is sophisticated enough that improving the envi-
ronment can be a win-win situation with positive economic returns?

Would a massive effort to combat global warming actually lead to 
the development of new technologies that would help grow our econ-
omies and increase employment? If this were the case, then we could 
be better off today and help secure a better environment for future 
generations; there would be no inherent conflict between the two, 
and in many ways the whole previous discussion would be moot.

The consensus view, however, is that we are not yet at this point; 
promoting many of our environmental goals does require incurring 
societal costs. For example, the Stern Review, which represents prob-
ably the most comprehensive analysis to date on the economics of 
climate change, estimates the costs of sufficiently reducing the risks 
of climate change at $1.35 trillion per year by 2050.4
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If it is indeed the case that environmental goals require us to 
sacrifice resources, and hence some percentage of economic growth, 
we are back to where we started, confronted with the issue of how to 
weigh costs today against benefits in the future.

This is also the issue that the authors of the Stern Review had to 
deal with when it came to policy recommendations. Once they calcu-
lated the costs of greenhouse gas reductions, they needed to see how 
these compared to the benefits of the reduced risk of climate change 
many decades, even centuries, into the future.

How do we best do this? Should a dollar spent today to prevent 
climate change weigh equally against a dollar in benefits one hun-
dred years from now?

To address these questions, we need to understand the role of 
economic discounting, which is highly controversial.

Discount rates appear in many discussions of environmental pol-
icy, particularly in the context of benefit-cost analyses and long-range 
environmental planning. They are expressed in percentage terms: 
the higher the discount rate, the more we value a dollar in hand today 
over one in the future (e.g., a discount rate of 10 percent makes the 
benefits of climate change prevention one hundred years from now 
worth much less than if the discount rate were 5 percent).

To compare costs today with benefits in the future, the authors 
of the Stern Review had to choose a discount rate that reflected the 
degree to which we as a society (or world community) value a dollar 
in hand today over a dollar in the hands of future generations.

Many environmentalists argue that the discount rate should be 
zero because it is immoral to value our well-being over that of future 
generations. But a zero discount rate implies behavior that we don’t 
exhibit anywhere in the world: saving virtually all of our money to 
pass it down to our children and grandchildren.5 If we really believed 
that a dollar in the hands of those in the distant future was just as 
important as a dollar in our hands today, we could put most of our 
money in the bank, let it earn interest, and make those in the future 
much better off. Why would we spend so much money on frivolous 
things when that money could grow and provide much greater happi-
ness to others one hundred years from now?
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We do, however, save some amount of our income for future gen-
erations and make investments that require us to sacrifice in order 
to make them better off. But not at levels that would justify a zero 
discount rate. We still spend a lot today on things that are purely for 
our own benefit and that are clearly luxuries.

If a zero discount rate is not consistent with how we actually 
behave (at least the overwhelming majority of the time), then what 
discount rate should be chosen? The answer has serious implications. 
Discount rates are applied exponentially per year; if we value some-
thing at 5 percent less next year than we value it today, we value it at 
10.25 percent less two years from now (0.052), 21.55 percent less four 
years from now (0.054), and so on.

Put more concretely, if we estimated the benefits of climate 
change mitigation at approximately $1 trillion one hundred years 
from now and we used a discount rate of 5 percent, that $1 trillion 
would be worth only $7.6 billion today. If instead we choose a near-
zero rate of 0.1 percent, then that same $1 trillion one hundred years 
from now would be worth over $900 billion today, more than one 
hundred times the amount!

Before proceeding with a discussion of what might be an appro-
priate discount rate and examine the choice made in the Stern 
Review, let me state bluntly that there is no absolutely correct answer. 
For decades, there has been intense debate about what the right dis-
count rate should be for environmental projects, and there is still no 
consensus. However, there is a relatively high degree of agreement 
on what constitutes a reasonable range for the discount rate, and there 
are defensible arguments for choosing a rate within this range.

The upper range for the discount rate should be the average real 
long-term return on private investment, which has historically been 
in the range of approximately 9 to 12 percent per year for developed 
countries (and significantly higher for developing countries because 
of the higher risk).6 This discount rate forces environmental invest-
ments to earn a rate of return greater than or equal to the return of 
private investment in order to pass a benefit-cost test. Those who pro-
pose this discount rate argue that environmental investments must 
compete on an equal playing field with all other types of investments 
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that society makes; if an environmental project can’t match nor-
mal private rates of return, then society’s resources would be better 
invested somewhere else.

Others point out that the average return on private investment 
includes a premium for risk. Some businesses in developed coun-
tries return zero or negative profits (because they fail), while some 
yield much greater than 11 percent, resulting in the average of 8 
to 11 percent. If an environmental investment is very likely to yield 
positive societal benefits, then the rate of return required to pass a 
 benefit-cost analysis should be lower than the average private return, 
which factors in this risk premium (reward for taking the extra risk). 
Advocates of this view argue that the rate of return on government 
bonds, which are essentially guaranteed, makes more sense. Over the 
past decade the average long-term bond rate has been in the range of 
approximately 4 to 6 percent.7 This discount rate forces environmen-
tal investments to earn a rate of return equal to or greater than the 
essentially riskless option of government treasuries.

Some argue that even this rate is too high. They advocate a dis-
count rate of 2 to 3 percent because many environmental resources are 
irreplaceable; once they are severely degraded or damaged, this dam-
age cannot be reversed. They believe that the special nature of environ-
mental resources should tilt society more toward saving them for future 
generations. Unlike a new road, school, or factory, there is no substitute 
for a unique ecosystem, a stable climate, or an intact ozone layer; the 
more unique the resource, the lower the discount rate should be.

Environmentalists who find themselves in the position of having 
to argue in support of a particular discount rate almost always fall 
into this last category. Even those who in principle support a zero dis-
count rate often concede that it not practical, nor does it best reflect 
actual human behavior.

But this group recently found a surprising ally for a close-to-zero 
discount rate in the authors of the Stern Review, which used 0.1 per-
cent per year to calculate the present value of the benefits of climate 
change mitigation for future generations.

The report concludes by advocating an aggressive investment to 
prevent global warming precisely because of this very low discount rate, 
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which makes future benefits appear relatively attractive when com-
pared to the costs of reducing greenhouse gas emissions in the pres-
ent. This is an absolutely crucial point: without the very low discount 
rate, the Stern Review would not have concluded that the benefits of 
mitigating climate change (which accrue largely in the future) are 
worth the costs incurred today.

The use of this near-zero discount rate has led to the accusation 
by many economists that the authors of the Stern Review “cooked 
the books”—a discount rate even in the low range of 2 to 3 percent 
would not have led to the report’s favorable conclusions for immedi-
ate action. Many of those who otherwise view the report favorably 
have focused on the very low discount rate as the report’s greatest 
weakness.

And yet, a few notable economists, including Martin Weitzman of 
Harvard (2007), have concluded that the Stern Review’s conclusions 
might be “right for the wrong reasons.”

This leads to a couple of final points on uncertainty and cata-
strophic risk that further complicate thinking about far-off environ-
mental problems, and whether discounting them in the conventional 
manner makes sense.

Even though the science now confirms that human activity is 
contributing to global warming and that this warming is likely to 
continue if we do not dramatically reduce our greenhouse gas emis-
sions, we are still highly uncertain as to what the end results of this 
warming will be (Parry et al., 2007). We can be sure about a few 
things—less Arctic ice, more storms, sea level rise—but the range of 
possibilities still includes some not-so-catastrophic outcomes along 
with some potentially cataclysmic scenarios, such as major new storm 
activity, sever drought, major species extinction, and major inunda-
tion of coastal areas.

Weitzman argues that a small probability of catastrophic damage 
may be enough to force us to err on the side of action over inaction, 
even if the most likely average future benefits of action do not merit 
such a response. Putting a high premium on worst-case scenarios tilts 
us in the direction of a zero discount rate not because we actually 
value benefits to people one hundred years from now as much as 
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we value benefits today (as many environmentalists and the authors 
of the Stern Review would like us to believe), but because when our 
actions pose a reasonably significant risk of making the world much 
less livable in the future, then we have an obligation to go out of our 
way to reduce that risk.

This rationale is not operative when assessing the benefits of 
most types of environmental investments, because they do not pose 
such dire scenarios. For example, cleaning up a waterway or expand-
ing open space, while perhaps in society’s interests, will not greatly 
affect humanity’s chance for survival or greatly affect overall living 
standards to anywhere near the degree that climate change might. 
When posed with these more common scenarios, we should revert 
back to the basic arguments for choosing the proper discount rate. 
These arguments are contentious and there is no consensus, but at 
least there is a range of reasonable values for which to make a case.

SUMMARY

Environmental planning almost always entails taking into account 
the well-being of future generations. All situations that require exam-
ining a stream of costs and benefits over time must confront the issue 
of choosing a proper discount rate, because a dollar in the future is 
not worth a dollar today (even after counting for inflation). Many 
environmental investments can be very sensitive to the choice of the 
discount rate; higher discount rates make current investments with 
benefits that accrue in the future appear less attractive, while lower 
discount rates make them appear more attractive.

To complicate matters, there is no correct discount rate.
The key for environmentalists is to understand the rationale for 

discount rates that are used in different environmental analyses and 
to craft an argument as to whether they are defensible. When dealing 
with especially unique and irreplaceable environmental resources, 
or in situations when future generations may be subjected to severe 
environmental risks, a very low discount rate, even approaching 
zero, may be warranted. The upper bound should always be the 
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average private rate of return, which is the bar that private business 
investments must meet.

This upper bar will be higher in developing countries because 
their investments are typically more risky and require additional 
returns as compensation. In addition, in developing countries the 
average standard of living is lower and the balance between current 
consumption and the well-being of people in the distant future is 
arguably tilted more toward the needs of the present.

Another thing to pay attention to when assessing a study that 
makes use of a discount rate is whether alternative scenarios are pre-
sented using different discount rates to see whether they alter the 
basic conclusions. This is often referred to as “sensitivity analysis,” 
presenting results under a variety of assumptions to show how sensi-
tive the conclusions are to the different rates that are chosen. Studies 
with conclusions that are less sensitive to the choice of discount rate 
will be easier to defend. And as always, benefit-cost analyses are sim-
ply measures of aggregate efficiency, not equity or distributional con-
cerns. These must be taken into consideration as well.
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CHAPTER 6

TOOLS TO ADDRESS 
ENVIRONMENTAL 

PROBLEMS
TAXES, PROPERTY RIGHTS, 

INFORMATION, PSYCHOLOGICAL 
INSIGHTS, AND COMMAND AND 

CONTROL REGULATION

The field of economics would be of limited use to environmental-
ists if it was only good at examining the causes of environmen-
tal problems and offered little about how to actually solve them. 

Fortunately, this is not the case. This chapter provides an overview of 
the policy options for addressing environmental problems that econo-
mists have developed and the areas where they can be most effective. 
By and large, these policies fall under the heading of “market-based” 
mechanisms and are not at all controversial on the theoretical level; 
where disagreement exists is in the implementation and in the details.

At the end of this chapter I also briefly discuss “command and 
control regulation,” which has traditionally been favored by many in 
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the environmental community because of its clear and precise man-
dates and its long history of delivering tangible results. I argue that 
while market-based mechanisms are often more efficient than com-
mand and control regulations, optimum environmental policy often 
blends both approaches.

This discussion will form the basis for much of the discussion 
in the second part of the book, where we examine a range of cur-
rent environmental issues and the best types of policies available to 
address them.

ENVIRONMENTAL TAXES

As discussed earlier, when the production of a good or service leads 
to damages that are borne by parties besides the producer and con-
sumer, this is called an externality; environmental degradation is the 
classic example. In virtually all industries there is some amount of pol-
lution or environmental harm that is imposed on those in the region 
or the greater society who neither produced nor consumed the good.

If we can calculate the damage from these external costs, we can 
partially correct for this market failure by levying an equivalent tax 
on the offending industries.1 This is often referred to as the “pol-
luter pays” principle, although this is a somewhat misleading phrase. 
In reality, it is highly unlikely that the price of the newly taxed good 
will rise by the precise amount of the tax. Depending on the relative 
slopes of the supply and demand curves for the good, the producers 
and consumers will share the tax burden in different proportions.

For example, if the good is something that consumers desper-
ately need (or want) and has few substitutes, and hence their demand 
is not very sensitive to price, much of the environmental tax will be 
passed on to them in the form of higher retail prices.2 For other 
goods that have more substitutes and that consumers can more easily 
do without, an environmental tax will be absorbed mostly by produc-
ers; here the polluter-pays principle is a more apt description.

Not only do environmental taxes generate the revenue needed to 
compensate those who are harmed by the pollution and/or to miti-
gate the negative impacts, but they also raise the price of the good or 
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service in question, thereby decreasing the quantity demanded. This 
is exactly the result that environmentalists should favor: a shift away 
from environmentally harmful goods once their prices reflect the 
true costs imposed on society.

Putting aside for the time being the political issues associated 
with raising taxes, there are significant problems with this policy 
choice. While environmental taxes will reduce the production of 
environmentally harmful goods and encourage the production of 
alternatives, they may not reduce them significantly in the short term 
if the demand is not very sensitive to price.

Perhaps more important, environmental taxes do not address 
distributional issues. Over time they may lead to environmentally 
favorable shifts in patterns of production and consumption, but they 
are unlikely to effectively address situations where particular groups 
or resources are under immediate environmental strain and bear a 
disproportionate toxic burden.

Also, environmental taxes have to be thought out very carefully; 
if they are not applied to the root cause of environmental problem, 
they may actually make matters worse.

Let’s examine the case for a gasoline tax for the purpose of reduc-
ing greenhouse gas emissions. At face value it appears like a sensible 
idea. Driving is the number one cause of greenhouse gas emissions in 
the transportation sector;3 raising the price of gas (by the incremen-
tal damage of each gallon’s CO2 emissions) would decrease emissions 
both by reducing driving and creating incentives for more fuel-
efficient cars and gasoline alternatives. The tax would also raise rev-
enue that could be used to fund research and development in clean 
energy technologies and carbon sequestration, or that could be 
refunded to consumers.

The problem is that gasoline is not the only type of fuel that 
produces greenhouse gas emissions, and focusing only on gasoline 
(not the root source of the problem) could actually lead to a greater 
reliance on fuels that are even worse for climate change.

There already is a push toward plug-in hybrids as an alternative 
to gas-powered vehicles. But where will the electricity come from? If 
gasoline becomes more expensive through a gas tax, while the price 
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of coal remains the same, increased coal generation could be used as 
the primary source of electricity for the plug-ins.

A carbon tax might be more appropriate than a gas tax because 
this would raise both the price of gasoline and coal accordingly; 
 otherwise the tax could shift the economy to favor coal as an 
energy source, which could lead to a net increase in greenhouse gas 
emissions.

This still might not be sufficient. Carbon dioxide is not the 
only greenhouse gas emission, even if it is the most ubiquitous. 
Methane and other gases used for fuel are orders of magnitude 
more damaging for the climate than carbon dioxide.4 If the ulti-
mate goal of the environmental tax is to reduce the likelihood of 
catastrophic climate change, then it should focus on some weighted 
average of the total greenhouse gas impact for all types of fuels. 
This way, new methane farms, not just gas and coal, would face 
higher costs. Similarly, nitrous oxide is a potent greenhouse gas 
that is used in the production of nitrogen fertilizer; if this chemical 
were exempt from a greenhouse gas tax, the use of biofuels might 
increase without accounting for the additional nitrous oxide this 
would produce.

This example exemplifies why focusing on root causes of envi-
ronmental problems is of the utmost importance in crafting envi-
ronmental policy, especially when considering environmental taxes. 
This is one of the greatest insights that economics can provide to environ-
mentalists. If this is not done, new distortions are created that may 
actually lead to a shift toward even more polluting industries and 
technologies.

There is a growing movement, especially within Europe, to move 
toward a tax base that derives a greater proportion of revenue from 
environmental taxes and less from labor income.5 From an efficiency 
standpoint, there is a strong argument in favor of shifting society’s 
tax burden toward environmental taxes instead of taxing labor 
income. Putting aside the issue of the proper size of government, no 
one denies that governments need to generate significant tax rev-
enue to operate and provide the services that have been promised to 
the electorate.
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Taxes by their very nature discourage the activity that they are 
levied upon because they raise its price. The higher the tax rates for 
labor income (all else equal), the less people will be willing to work. 
After all, if you are able to take home eighty cents of every dollar you 
earn, you will be willing to work more than if you can only take home 
sixty cents.

Taxing labor income is the predominant manner in which gov-
ernments generate revenue throughout the world. The problem is 
that discouraging work is not good for society, since labor is the life-
blood of the economy. An optimal tax policy would have very low 
or zero taxes on labor income so as to encourage labor productivity 
and innovation. Environmental taxes, on the other hand, discour-
age exactly what society should be discouraging: environmentally 
degrading activity.

The challenge is figuring out what level of environmental taxes 
could provide the same revenue stream as taxing labor. Since no 
country has completely shifted to environmental taxes as its primary 
source of revenue, we don’t yet have an answer, but we do know that 
they would be high. A society that went down this path would face 
much higher energy and food prices and costs for heavily manufac-
tured goods, but would pay little to no income tax.

The question arises how the poor and middle class would fare 
under such a scheme. The middle class would likely do reasonably 
well; their overall level of taxation would likely stay about the same 
since they would be relieved of a major tax burden on labor but pay 
significantly higher prices for consumer goods.

Unfortunately, the poor would probably fare worse. Currently, 
they don’t pay very much in income taxes, and hence they wouldn’t 
benefit greatly from lower labor income tax rates, while they would 
face much higher prices across a wide range of goods.

The rich would likely be better off because they would be 
relieved of a huge tax burden. Although they consume a lot more 
than most people, as a percentage of their income they actually save 
and invest more.6

This leads to a major conundrum that plagues environmental 
policy. Many times what is most efficient is also regressive; is hurts 
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the poor disproportionately more than the middle classes and the 
wealthy. Some might argue that the poor would be the greatest ben-
eficiaries of a cleaner environment (which would result from much 
higher environmental taxes) since they bear a disproportionate toxic 
burden in society. This may be true and should be considered; how-
ever, this would likely not be sufficient to make up for having a much 
harder time buying enough food and heating their homes.

One potentially simple solution would be to use some of the tax 
revenue levied from environmental taxes to help subsidize the poor 
who would be hurt by this policy, perhaps in the form of tax credits or 
a minimum income. This would allow society to maintain equity and 
fairness while also benefiting from a shift in the tax structure that 
favors labor over consumption, and creates significant incentives to 
produce environmentally sensitive products and technologies.

PROPERTY RIGHTS: CAP AND TRADE SYSTEMS

The lack of transparent and enforceable property rights for fisher-
ies, forests, and atmospheric resources has, in many cases, led to the 
classic “tragedy of the commons” scenario. On a theoretical level 
the solution to this problem is relatively simple: governments need 
to assign property rights to these resources, figure out a way to dis-
tribute them, and make sure that people don’t use more of these 
resources than they are entitled based on their property rights.

These government-created environmental property right schemes 
are usually referred to as “cap and trade” systems. After the government 
determines the maximum allowable use of the resource (the cap), it 
allows actors to freely trade the rights to this utilization (usually in the 
form of permits), which in most cases greatly improves efficiency over a 
standard regulatory mandate (i.e., command and control regulation).

Efficiency gains are greatest in industries in which firms have 
very different cost structures, because the gains from trade arise 
from some companies’ ability to reduce pollution at much lower costs 
than others. This typically occurs in industries where there is a mix of 
old and new, small and large companies, and that compete with for-
eign firms. A flexible system that allows pollution allowance trading, 
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instead of a government mandate, allows the cleaner firms to gain an 
advantage over dirtier firms and earn money in the process.

The first issue that needs to be addressed when considering a cap 
and trade system is the appropriate level for the cap. For example:

How much sulfur dioxide should be allowed in the atmo-• 
sphere if greatly minimizing acid rain is the goal?
How much greenhouse gas emissions should be allowed • 
if we are to reduce the chance of catastrophic climate 
change?
How much fishing should be allowed to maintain a fish-• 
ery’s sustainability?
How much logging should be allowed to maintain optimal • 
forest biodiversity and ecosystem services?

This is where the natural and physical sciences must play a huge role.
Fisheries biologists can help determine sustainable levels of fish-

ing, ecologists can calculate with relative precision the optimal forest 
cover for habitat preservation and the provision of ecosystem ser-
vices, while climate specialists have a pretty good sense of the maxi-
mum concentrations of greenhouse gases in the atmosphere that can 
insure us against climate catastrophe.

There are many uncertainties in all of these fields, which is why the 
caps should be subject to periodic review based on scientific updates 
and the best available information. Fortunately, our  scientific under-
standing will only improve over time, and the scientific community 
can currently provide defensible baseline estimates to be used in cap 
and trade systems in a wide variety of contexts.

Economic considerations come into play as well, typically in some 
form of a benefit-cost analysis or other weighting of interests. Scientists 
can provide what they believe are the optimal levels of resource use 
from an ecological perspective, but to the extent that these recom-
mendations require sacrifice in other realms of the economy, it is the 
job of policymakers to balance these with the economic interests at 
stake. The distributional impacts and the ethical implications of dif-
ferent courses of action must be addressed as well.
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It is the job of citizens and environmental organizations to make 
their voices heard (and elect leaders who reflect those voices). One 
of the primary arguments of this book is that these voices will be 
most persuasive if environmentalists are able to speak the language 
of economics and understand its implications, as well as substantively 
critique economic analyses, especially if they believe that they are 
biased against environmental interests.

Cap and trade policies have become very popular because they 
allow for maximum flexibility in achieving their targets; once the cap 
is set, businesses and other actors can meet their obligations almost 
any way they choose. This creates room for innovation and adapta-
tion that otherwise would be reduced if the government mandated 
certain technologies or practices. Similar to environmental taxes, 
cap and trade systems create incentives to move toward the develop-
ment of environmentally friendly technologies because polluting or 
extracting a resource becomes more expensive; business are required 
to own a permit in order to exercise this right.

Some environmentalists criticize the basis of these programs 
because they create rights to pollute (or in the case of fisheries and 
forests, rights to exploit).7 While this instinct is understandable, the 
appropriate question to ask is whether in the absence of explicitly 
recognizing these rights firms were limited in their ability to pollute 
or extract resources in the first place? In almost all cases the answer 
is no; the atmosphere and the open oceans are treated like free goods 
that everyone can pollute and degrade if they so choose; it is the 
establishment of the cap that actually limits what was otherwise an 
unlimited right.

Once a cap is chosen, how the rights to the resource are allo-
cated raises important political and ethical issues that can have sig-
nificant efficiency and revenue impacts. Economists typically favor 
the auctioning of resource permits; in this manner no actors are 
privileged and all must bid based on their valuation of the permits. 
This is equitable in that no firms are immediately favored over 
 others, and future entrants aren’t put at a disadvantage over existing 
businesses.
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In reality, however, most of the time permits are allocated 
to existing businesses based on past performance; this is called 
“grandfathering.”8 This usually happens because it is politically the 
easiest way to get cap and trade systems passed in the legislative pro-
cess. By freely giving out the permits to existing actors, these players 
gain a valuable resource, even if the caps ultimately end up constrain-
ing their activity. This has been crucial in generating the necessary 
support from industry for both sulfur cap and trade systems in the 
United States and the CO2 trading scheme in the EU.

Allocating permits freely to existing industry raises serious issues, 
because in some way those with the worst environmental records are 
rewarded for their past bad behavior. In the U.S. sulfur dioxide trad-
ing program, established in 1990 (the world’s first cap and trade sys-
tem), the dirtiest plants were given the most permits while the cleanest 
plants given significantly fewer. The owners of the dirty plants could 
reasonably respond that their environmental performance was tied 
to the age of their facilities, which they shouldn’t be penalized for, 
but many of them had for many years resisted making environmental 
improvements, thereby weakening this argument.

Not only does freely allocating permits create equity issues, but 
the government also loses a major source of revenue. With sulfur 
dioxide permits initially trading at approximately $170 per ton, the 
initial 226,384 permits were worth $38,485,280, which the U.S. gov-
ernment was unable to collect.9 This money could have been used for 
any number of research projects such as cleaner coal technology, coal 
alternatives, or ecological restoration projects.

One of the benefits of permits is that since they are freely traded, 
environmental groups can participate in the market. Environmental 
groups that want to reduce sulfur dioxide by even greater amounts 
than the cap can purchase permits and not exercise them, thereby 
decreasing total sulfur dioxide emitted. (There are examples of envi-
ronmental groups purchasing hunting permits and retiring these in 
order to decrease hunting below the maximum amount allowed.10) 
There is also nothing stopping environmental groups from purchas-
ing CO2 permits on the European trading market and retiring those 
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in order to reduce carbon emissions at a rate greater than the EU has 
initially called for.11 This takes money, but the mechanism exists.

Cap and trade systems work only in situations where the resource 
in question can be relatively easily monitored. For example, in the 
case of sulfur dioxide, there are a set number of coal power plants, 
and these all are equipped with instruments that monitor emissions 
levels. With respect to CO2 emissions, firms must report the fuel they 
use, which can be converted into carbon equivalents.

The key is making sure that there are sufficient penalties for non-
compliance with the permit allowances. If it’s cheaper to pay a fine 
than to limit pollution or resource extraction, then a cap and trade 
system will break down almost immediately. Typically, the penalties 
have to be at least an order of magnitude greater than the benefits of 
noncompliance to truly deter cheating, since there is always a chance 
of not being caught.12 Adding criminal penalties to noncompliance 
costs, especially those that may result in jail time, can also be very 
effective; it is one thing to pay a fine and another to do hard time 
behind bars.13

INFORMATION PROVISION: RIGHT-TO-KNOW 
PROGRAMS, ECOLABELS, AND R&D

Imperfect information is one of the primary causes of market fail-
ure; it is impossible for firms, policymakers, NGOs, and individuals 
to make well-informed decisions when the information at their dis-
posal is limited and incomplete. If there is a factory on the outskirts 
of a town and the mayor and the citizenry are contemplating whether 
existing regulatory requirements are sufficient, they need to know 
what toxins the factory is emitting into the environment before they 
can evaluate the factory’s impact.

In many parts of the world, a company’s emissions are consid-
ered proprietary information that is not available to the public. 
This was the case in the United States until 1987, when the U.S. 
Congress passed the Emergency Planning and Community Right-to-
Know Act (EPCRA), which mandated that virtually all manufactur-
ing facilities in the United States had to annually make public the 
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data on their emissions of hundreds of toxic chemicals.14 The law 
led to the establishment of the Toxic Release Inventory (TRI), which 
the Environmental Protection Agency manages and disseminates to 
the public every year with updated emissions figures for more than 
20,000 manufacturing facilities.

This “right-to-know” program was a revolutionary development 
in the environmental movement;15 it has been heralded as a great 
success by many for its low cost, the breadth of information it pro-
vides, and its overall influence on how both the public and firms view 
environmental information. Although drawing a causal link between 
the establishment of the TRI and the subsequent drop in virtually 
all of the chemicals reported in the database (many by as much as 
two-thirds) is extremely difficult, there is a general consensus that 
the program has had an impact (Hamilton, 2005). Possibly the most 
powerful effect has been the ability to “shame” firms by directing 
media scrutiny to their poor environmental performance, which is 
often followed by political pressure to improve their management 
and reduce emissions.

Since the creation of the TRI, numerous countries have followed 
suit and established their own right-to-know programs, including 
the European Union and Canada,16 and to a limited extent Mexico, 
Chile, China, Australia, India, and Indonesia.17

What is particularly fascinating about the experience of the 
TRI in the United States is that the emissions of many of the listed 
chemicals have dropped to levels much lower than those mandated 
by existing regulations (Roe, 2002). Some of these reductions may 
have occurred even if the TRI had never been established, but it is 
unlikely that they would have been so dramatic. The maxim in poli-
tics that transparency is a critical first step in minimizing corruption 
may have an analogous interpretation with respect to toxic emissions: 
transparency is the necessary first step to make firms take respon-
sibility for their toxic emissions; or, put another way, being able to 
hide behind a wall of incomplete information may forestall greater 
improvements in emissions reductions.

Right-to-know programs are not without their critics, and they do 
suffer from a number of significant flaws. They are only as good as the 
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quality of information they provide, which in many cases, especially in 
developing countries, is poor. In addition, while the provision of the 
information is often mandatory, the reports are provided by the firms 
with very little oversight as to their accuracy. This can lead to cheating 
or mistakes, which then weaken the effectiveness of the information.

Perhaps most important, emissions vary tremendously in terms 
of their toxicity. This requires skilled people to translate the raw data 
into information that accurately measures the health and environ-
mental impacts of the various chemicals that are reported. A more 
than decades-old effort to translate the TRI data into a user-friendly 
form can be found at the Scorecard website.18 Users can examine all 
sorts of geospatial aspects of the TRI database, including emissions 
in low-income and minority communities, and across a wide range of 
important categories, from reproductive toxins to ozone-depleting 
chemicals to cancer risks.

While right-to-know programs will continue to provide an amaz-
ing array of useful information to environmental groups, there is 
also a growing movement to offer more information directly to con-
sumers at the retail level. This has led to the proliferation of doz-
ens of “ecolabels,” such as sustainably certified wood, dolphin-safe 
tuna, energy-efficient appliances, environmentally friendly cleaning 
supplies, and many others.19 These labels help to provide some of 
the missing environmental information in markets by highlighting a 
product’s use of nontoxic chemicals, energy efficiency, recycled con-
tent, or other sustainable practices. This then affords consumers the 
opportunity to put their “money where there values are” by support-
ing products with a lower environmental footprint.

The rise of ecolabels speaks to one of the larger ongoing issues in 
environmental policy: to what extent should individuals be allowed, 
through the marketplace, to choose the level of environmental qual-
ity they want versus the degree to which certain practices or standards 
should be mandated across the board by the government? While most 
environmentalists favor the latter course of action (and in many cases 
rightly so), they still recognize the tremendous potential for ecolabels 
to reshape industries.
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The key for an effective ecolabel is to provide truthful and mean-
ingful information to the consumer. Since eco-friendly products usu-
ally carry a price premium, there is a great incentive for producers 
to exaggerate their claims, or make outright false ones.20 This then 
requires some type of oversight, which can be governmental or by a 
credible third party.21

Modern technology is improving the legitimacy of ecolabels and is 
providing more informational power at the individual level. The Forest 
Stewardship Council, which certifies sustainably harvested wood prod-
ucts, makes use of satellite technology to monitor forests and uses bar 
codes to ensure that they can trace all of the logs they certify.22

Technology to empower consumers has also moved rapidly to 
handheld devices, such as cell phones, iPods, and BlackBerries. 
The company GoodGuide has released applications for the iPhone 
that allow consumers to scan barcodes in retail stores to ascertain 
detailed environmental data on products.23 The company also main-
tains a website with the most comprehensive consumer product 
information in the world, which goes beyond simply environmental 
data to include issues of labor rights, the treatment of animals, and 
political contributions. Although still in its infancy, and with many 
gaps in product information, this new technology is ushering in a 
revolution in “ethical consumerism” that is sure to have profound 
consequences.

The power of information to influence consumer demand, as 
incredible as it is, is tempered by the fact that there is only so much 
information that individuals can reasonably be expected to process; 
there is a point where individuals experience “informational over-
load” and stop paying attention. Where this threshold lies should be 
of great interest to environmentalists; surprisingly, however, there 
has been little research to date on this topic.24

Not only do consumers shut down when faced with too great an 
array of competing information and labels, but an even more pressing 
question arises: given the limited window to provide environmental 
information to consumers, what is the most important information 
to present?
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Put another way, if we could influence consumer choices in only 
a few key dimensions, what would these be? Carbon footprint, toxic 
materials, unsustainable logging, food choices? Since the rise of 
ecolabels has been largely a bottom-up movement with no overarch-
ing strategy or public interest objective (aside from general envi-
ronmental improvement), this question has never been addressed. 
It should be.

It can take years, or even decades, to cultivate consumer con-
sciousness around a particular label or issue. The environmental 
movement would likely benefit if the major environmental organiza-
tions and institutions could agree on a limited set of issues to priori-
tize for information campaigns, and then stick to them, continually 
coordinating in order to reinforce them in the public consciousness.

We have seen this happen with recycling and to a lesser extent 
organic agriculture, but the question still arises whether these are 
the most effective areas for channeling individual action toward envi-
ronmental improvements.

On the informational front there is ultimately nothing more 
pressing than the need for dramatic increases in basic research and 
development in all aspects of environmental science. Of the more 
than 42 billion pounds of chemicals entering the U.S. market every 
day, we have little to no information about the effects of more than 
95 percent of these substances.25 In addition, even the chemicals that 
have been studied have been in isolation; we have almost no knowl-
edge of the synergistic effects of the varied combinations of these 
chemicals in the environment and our bodies.

Valuing ecosystem services can only be as good as our knowledge 
of the basic functions of these systems, which is in its infancy. More 
research dollars for understanding the roles of wetlands, savannas, 
tidal zones, forests, and the interactions within the climate system 
will only help us make better policy decisions.

More investment is also needed to research alternatives to 
toxic substances (i.e., “green chemistry”) and for energy efficiency 
improvements across all sectors of society, from power plants to build-
ing to manufacturing. Private enterprises already have incentives to 
decrease their environmental footprint to save money, but since they 
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don’t reap all of the benefits of a healthier global environment, they 
are almost assured to underinvest in these improvements.

In the twenty-first century, we are going to witness massive eco-
nomic shifts that we have barely begun to recognize; the econo-
mies of 2100 will be radically different in ways that we can only 
begin to imagine. One thing is for sure: whoever can lead the way 
in the development of green technologies is likely to have an advan-
tage since this will be one of the biggest growth markets of the 
century.26

PSYCHOLOGICAL INSIGHTS

Over the past decades, a group of prominent economists and psy-
chologists have been studying the various ways people think and act 
that are not in accordance with rationality as classically defined by 
economics. This has led to development of the field of “behavioral 
economics,” which is becoming an increasingly influential school of 
thought within the discipline.27

While this growing subfield is too extensive to cover broadly in 
this chapter, environmentalists can get a sense for its potential for 
shaping environmental policy by examining the conundrums cur-
rently faced when trying to get residential customers to switch from 
dirty power to green power.

In the green power industry, one anomaly continues to attract 
attention: when people are surveyed and asked whether they would 
be willing to pay a small amount more for green power (typically 5 to 
10 percent), overwhelming majorities say that they would; however, 
when these programs are made available, only a very small percent-
age of people actually make the switch to green power.28

Why the discrepancy? Is it that people just tell interviewers what 
they want to hear? Are people really not willing to pay more for green 
power?

Perhaps, but there is a more plausible explanation that comes 
from behavioral economics: status quo bias. In a landmark paper by 
Madrian and Shea (2000), the authors show (using the example of 
401(k) retirement savings plans in a large corporation where enroll-
ment was extremely low) that people tend to stick with default options 
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and not switch even when it’s in their economic interest; that is, iner-
tia dramatically dictates a person’s course of action.

In their research project, when the default option was switched 
to automatically enroll workers in the 401(k) plan, there was much 
greater participation in the plan than when the default was “not 
enrolled” and people had to opt in by calling the human resources 
department. This result was striking because retirement decisions are 
one of the most important we ever face, and yet inertia and procras-
tination prevented people from taking the time to sift through the 
information and make a simple phone call. This was even the case in 
instances where the company would match dollars one for one—an 
immediate 100 percent return on the investment in the 401(k) plan.

This finding is completely inconsistent with any conception of 
rationality that classical economics relies on, where all individuals 
are assumed to be able to make well-reasoned decisions about their 
future.

It very likely that status quo bias is also at work in a big way in 
electricity markets.

What if the default option when people moved into new homes 
was green power, and they had to call up the electric company to 
switch to “brown” power if they didn’t want to pay a premium? Not 
only would we almost certainly see much higher utilization rates 
approaching those found in the surveys, but the psychology would be 
vastly different as well. When one is faced with the option of choosing 
green power, it is not hard to see how one can procrastinate; one has 
the good intention of switching but never gets around to it.

Once the default position is switched to green power, people 
would have to actively choose to switch to dirty power. How many 
people would really call up the electric company to request dirty 
power in order to save a few bucks? Some for sure, but this switch 
would make the issue much more salient because it would force us to 
focus on the ill effects of conventional electricity generation.

It is likely that status quo bias is ubiquitous throughout many sec-
tors of the economy. It will force us to fundamentally rethink many 
of our policies in a variety of areas, including the environmental 
realm.
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Another area where psychological insights can help guide policy 
is with respect to energy efficiency. Numerous studies have demon-
strated that both individuals and companies often overlook large 
energy-saving investments, even when they are in their financial 
interest.29 In the case of companies, the reasons for this oversight are 
likely bureaucratic inertia and the fact that many companies simply 
aren’t accustomed to thinking about detailed energy-efficiency deci-
sions in their business plans.

On the individual level, the reasons have more to do with a 
bias against energy costs over long time horizons versus the initial 
purchase price of appliances and other consumer durables (the dis-
counting problem at the individual consumer level). People tend to 
buy lower-priced goods that are less energy efficient even when the 
cost savings over the lifetime of the product would make a slightly 
more expensive energy-efficient model significantly cheaper when 
the energy savings are factored in.

For this reason, governments may need to provide additional 
incentives or mandates to both businesses and individuals that favor 
energy-efficient purchases. For example, creating minimum effi-
ciency standards for classes of appliances or electronic goods may 
actually benefit the environment and help people save money.30 
While classical economics predicts that people will always choose to 
save money without government interference, the reality is that most 
people simply don’t pay attention to small savings over long periods, 
even if they add up to relatively large sums.

Another fascinating psychological insight with major implica-
tions relates to how people view their own household energy use. 
Researchers have discovered that the simple act of highlighting a per-
son’s energy use in comparison to their neighbors on their energy bill, 
accompanied with energy-saving tips, can lead to significant energy 
reductions (not huge percentage changes, but significant absolute 
changes when taken over an entire population).31

There is no question that the behavioral economics revolution is 
just beginning to be felt in the environmental realm, and will become 
increasingly important, especially as we tackle ever more complex 
problems.
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COMMAND AND CONTROL REGULATION

There is no strict definition of command and control regulation; 
it generally refers to specific legally binding mandates regarding a 
company’s production processes and/or emissions levels. A law that 
specifies a precise type of technology that all chemical plants must 
use is a form of command and control regulation, as is a law that 
limits the maximum amount of effluent that cruise ships may dump 
in domestic waters. (The previous example of minimum energy stan-
dards for appliances or electronic devices—such as the EPA’s Energy 
Star Program—is also a command and control policy.)

The two defining pieces of environmental legislation in the United 
States—the Clean Air Act and the Clean Water Act—are command 
and control laws that include hundreds of specific mandates that 
firms must comply with regarding production processes, emissions 
limits, and rules for upgrading facilities. Despite the success of these 
signature pieces of legislation in reducing air and water  pollution, 
they have been subject to severe criticism because of the burdens they 
impose on businesses and their lack of flexibility in meeting their 
 pollution-reduction targets. There is no doubt that while these acts 
have been beneficial to society overall, they could have been achieved 
at a lower cost if firms had greater options for meeting the goals.32

Market-based mechanisms have the benefit of allowing firms 
multiple pathways to compliance, thereby allowing them to choose 
the cheapest. Market-based mechanisms are also generally much bet-
ter at promoting innovation because they create incentives for the 
development of new cleaner technologies. This incentive is often lost 
under command and control regimes because specific technologies 
are mandated, or all firms are required to reduce pollution by the 
same amount, thereby eliminating the incentives for cleaner plants 
to make additional pollution reductions.

The focus of part II of this book will mainly be on the market-
based mechanisms (largely) developed by economists, but where 
appropriate, attention will be paid to command and control options 
that can complement market-based solutions. It is often the combina-
tion of these policies that produces the best outcomes.
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SUMMARY

The types of policies described above are the principle mechanisms 
in the economist’s (and environmentalist’s) tool kit that can be used 
to craft workable solutions to a wide variety of environmental prob-
lems. These policies can be characterized broadly as attempts to cor-
rect for market failures that are not self-correcting; they require some 
form of intervention, most often by the government. Governments 
can and do exacerbate many environmental problems through poorly 
designed policies (usually enacted to favor special interest groups) 
that are not designed to promote the public interest.33 But these 
cases do not undermine the reality that market failure is pervasive 
with respect to many environmental issues, and that governments do 
have a constructive role to play in fixing them.

One of the main takeaways from this discussion is that there are 
many avenues with which to pursue effective solutions to environmental 
issues, many of which have been developed and tested over decades.

This brings us to a critical point: it is not the dearth of ideas 
in environmental and natural resource economics that impede a 
more livable future, but the lack of political will in the face of deeply 
entrenched special interests, as well as timidity in the face of uncer-
tainty. We have the intellectual apparatus to solve most, if not all, of 
our global environmental challenges; we just need to put it into prac-
tice. This cannot be overstated.

Yet, for every policy that would result in significant benefit for 
society as a whole, there is some interest group or demographic that 
might lose out as a result. These groups will go to great lengths to stop 
progress and the promotion of the public interest. From an economic 
standpoint, their behavior is rational, even if rightly frowned upon.

At the extreme, economists use the term “regulatory capture”, 
when industry groups gain so much influence over the policy and 
regulatory process that they in effect control the government appara-
tus that is supposed to be overseeing them.34 Oftentimes  regulatory 
capture occurs when former members of industry are given top regu-
latory posts, thereby perpetuating a “revolving door” in which con-
flicts of interests are rife and the public interest is scuttled.
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Powerful interests will always do their best to influence politi-
cians and block legislative and regulatory changes that will negatively 
affect them. In societies where the powerful are allowed to contribute 
to politicians without limit, where the public is less informed and 
mobilized, these interests are likely to have greater success in stymie-
ing good environmental policy than in societies where the public 
interest is given greater prominence.

There is nothing mysterious or surprising about this. This is why 
ultimately environmental policy is driven by politics; this is not meant 
in a disparaging manner, but simply to indicate that policy is the result 
of the interplay of interest groups vying for power and influence.35 
Ultimately, all environmental (and public) policy is only as good as 
the people carrying it out; electing honest and competent politicians 
with a strong commitment to the public interest, and the resolve to 
stand up to powerful corporate lobbies, is an absolute necessity.
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CHAPTER 7

ENVIRONMENT VS. 
ECONOMY

GROWTH RATES, JOBS, AND 

INTERNATIONAL TRADE

Before moving on to issue-specific discussions about econom-
ics applied to environmental policy, I would be remiss not 
to spend a few pages on the controversial topic of the “envi-

ronment versus economy” debate. Environmentalists are often 
confronted with the claim that stronger and more far-reaching 
environmental regulations will harm the economy by decreasing 
economic growth, raising unemployment, and making the home 
country less competitive globally, thus weakening export markets 
and leading to outsourcing.

At face value these claims seem to follow a logical progres-
sion: stronger regulation leads to greater costs for industry, which 
decreases profits, leads businesses to shed workers, and makes other 
countries without these regulations more attractive. But this “conven-
tional wisdom” is largely wrong, both because of theoretical consid-
erations that render the issues much more complex, and because the 
empirical data for the most part does not support this view.
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ENVIRONMENTAL REGULATION AND JOBS

There is no doubt that many environmental regulations cost money, 
whether for the purpose of installing new technology or monitoring 
equipment, switching to cleaner fuel sources, or changing produc-
tion processes. While this may raise the cost of doing business in the 
affected firm or industry, if the demand for the goods in question are 
insensitive to price, this cost may be passed on to consumers without 
any appreciable decrease in output, and therefore with little to no 
employment impact. If the regulation calls for additional fixed costs 
only—such as requiring the installation of scrubber in a smokestack—
this may decrease a firm’s profits, but would not cause the firm to 
decrease production. In this case their variable costs haven’t changed, 
and therefore the regulation represents a one-time write-off.

Environmental regulations can actually lead to increases in jobs 
because the laws can mandate the purchase of new technologies, 
which bolsters demand for the businesses that produce these inputs. 
Oftentimes regulations necessitate increased management and 
 bureaucracy, which also increase jobs; complying with the U.S. Clean 
Air and Water Acts requires many forms and detailed monitoring pro-
grams that employ full-time workers at many large firms. Employment 
also increases at government agencies that need to enforce any new 
regulations. In large developed countries, environmental regulatory 
agencies typically employ tens of thousands of people.

The notion that environmental regulations will by default lead 
to increased layoffs is theoretically unfounded. They can harm 
industries and lead to net job losses, but they also can lead to net job 
increases, depending on multiple factors.

In industries dependent on natural resources—agriculture, for-
estry, fisheries, mining—the employment impacts of environmental 
regulation are equally nuanced. In most cases, employment is driven 
much more by technology than any other factor. Most people would 
be surprised to learn that U.S. manufacturing is currently producing 
record output.1 Talk of the demise of U.S manufacturing is common 
throughout the media and has seeped into the public conscious-
ness. What is true is that employment in manufacturing has declined 
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dramatically. These two facts coexist—greater output with fewer 
workers—because of the tremendous technological innovations that 
have swept the industry. Modern market economies are extremely 
dynamic, and while there is less employment in manufacturing, there 
are a lot more jobs building the technology that supplies it.

This same technological trend has taken place in agriculture. 
In developed economies very few people work as farmers, but yields 
are at or near record levels.2 Even in developing countries, where 
much higher proportions of people work in agriculture, this trend 
is observed; every decade fewer people work in the fields as societies 
industrialize. Agriculture is highly regulated, mostly for environmen-
tal health concerns, but it is hard to make a case that this is what has 
driven the employment declines.

These declines started more than a century ago, long before the 
environmental movement. One could actually make the counterar-
gument that the lack of regulation for greenhouse gases has led to 
an artificially low price for fossil fuels and fertilizers, which has led 
to more automation than would have occurred if fuel prices included 
their true cost to society. If and when society aggressively addresses 
climate change, it is entirely possible that higher fuel prices will lead 
to less automation and more workers in agricultural fields. Organic 
agriculture is typically much more labor-intensive because of the 
demands of growing crops without pesticides or synthetic fertilizers, 
and therefore greater limits on pesticides and synthetics might also 
lead to greater agricultural employment.

Employment in forestry and fisheries is interesting to analyze 
because these are both renewable resources if managed well and 
require lots of manual labor. But many forestry industries have 
experienced significant employment declines. This has been driven 
largely by the practices in the industry and not due to environmen-
tal regulations. In most parts of the world forestry companies have 
either clear-cut or greatly exploited the old-growth forests with the 
biggest and most valuable trees. Since these trees take hundreds or 
thousands of years to grow, once they are removed simple mathemat-
ics dictates that there will not be as much biomass to harvest (for a 
very long time). This translates to a need for fewer workers. If the 

9780230107298_09_ch07.indd   739780230107298_09_ch07.indd   73 8/23/2010   3:34:21 PM8/23/2010   3:34:21 PM



HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES 74

forests aren’t replanted right away, the soils will erode into rivers and 
streams, making regrowth much more difficult, and the employment 
impacts will be even more severe. Here again, environmental regula-
tions that mandate sustainable forestry practices can actually help 
maintain employment, especially in the long term.

The same situation exists in fisheries. A well-managed fishery can 
sustain employment essentially indefinitely, and the business is labor-
intensive. Even with the advent of modern fishing technology, there 
is a great need for workers since there is only so much within fishing 
operations that can be automated. Where fisheries have collapsed 
due to excessive exploitation, it is precisely the lack of environmental 
regulations and limits that helped drive the demise. Given the current 
state of the world’s fisheries, it is unlikely that they can sustain the 
current levels of employment. The trade-off is slightly higher employ-
ment now with all but guaranteed collapse in the future, versus a slight 
diminishment now but with sustainable employment indefinitely.

In the mining industry, once deposits nearer to the surface are 
mined, it becomes increasingly expensive to extract ore and mines 
have to be dug much deeper. This is extremely expensive. Many 
types of mines produce very large environmental externalities—both 
to the immediate surrounding environment and to air and water 
 quality—and therefore are highly regulated in most parts of the world. 
This no doubt significantly raises the costs of mining operations, but 
the alternative is to allow them to despoil the environment. In the 
absence of these regulations employment might be higher, but again, 
the main driver of employment is the cost of extracting the ore ever 
deeper in the ground. These resources are nonrenewable, and regula-
tion or no, they will always become increasingly harder to access. The 
challenge of reaching these deposits can actually employ many work-
ers, and new exploration is also a continuing source of jobs.

Bottom line: There is no evidence that, overall, environmental 
regulation leads to job losses. In fact, many industries are created or 
expanded through regulation, and it is the absence of environmental 
regulation that leads many industries to seek short-term profit over 
long-term planning, which leads to employment bubbles that are not 
sustainable.
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ENVIRONMENTAL REGULATION AND ECONOMIC GROWTH

But what about the impact on the overall growth rate of the 
economy?

There is no doubt that excessive regulation (of any kind) can 
dampen productivity and innovation in even the most dynamic econo-
mies. It is possible that environmental regulations, even well-crafted 
ones, can diminish economic growth as measured by GDP—through 
a net reduction in the production of goods and services—compared to 
what the economy would’ve produced in the absence of such regulation. 
But regulations can also help to spur innovation by forcing firms to cut 
waste or develop new technologies to become even more efficient.3

The right question to ask is whether the regulation is worth it, 
once all of its pros and cons are considered. Not everything society 
values shows up in GDP, and some things that show up in GDP—
burglar alarms, medical costs, fuel spent sitting in traffic jams—do 
not necessarily correlate with a higher quality of life.4

While clean air and water laws might lead to lower economic 
growth rates if they are very costly to implement, it is still possible that 
they can be justified on economic grounds. The key is documenting 
and measuring the value of the contributions of such regulations to 
a society’s overall quality of life, including those that aren’t picked up 
by traditional market prices, and therefore don’t show up in GDP.5

Given the widespread economic transformations and disloca-
tions that serious climate change regulations will entail, it is entirely 
plausible and reasonable to suggest that they will decrease economic 
growth rates. Even if only by a tiny fraction of a percent per year, these 
reductions—since they are exponential—could very well mean that 
society will be giving up some significant potential wealth to take this 
threat seriously. But what we get in return is a much greater probabil-
ity of avoiding catastrophic damages that may represent an existential 
threat to modern civilization. We will also get cleaner air and better 
energy security.

A government that decides to set aside a large portion of its 
undeveloped land for conservation will almost certainly forego some 
GDP growth since this action will prevent a significant amount of 
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construction and industrial development. But the value that soci-
ety derives from having these natural resources to visit and enjoy—
much of which does not show up in GDP figures—must be taken into 
account. In addition, if these preserved lands help to clean the water 
that is used by nearby cities or provide storm protection for coastal 
communities, conserving them could actually have the perverse 
impact of negatively impacting GDP, despite being clearly beneficial 
to society. GDP would capture the costs of a water filtration plant or 
rebuilding after a storm, but not the ecosystems that provide these 
services naturally (for “free”).6

Bottom line: Environmental regulations should be judged on the 
totality of what they contribute to society. Supporting or opposing 
environmental regulations on economic grounds is entirely valid, but 
care must be exercised when using GDP as the ultimate metric. GDP 
is highly correlated with many things that most of us value, and given 
a choice to live in a society with high per capita GDP versus one with 
low per capita GDP, most of would chose the former. But there are 
serious problems with GDP as on overall measure of well-being and 
we shouldn’t be wedded to it. Even the economist who developed the 
concept of GDP (Simon Kuzents, who was awarded the Nobel Prize in 
economics) knew this, and rebuked those who thought that national 
accounts were direct proxies for a nation’s well-being.7

ENVIRONMENTAL REGULATION AND 
INTERNATIONAL TRADE

Similar to the links between environmental regulation and jobs, the 
link with international trade is more nuanced than it first appears. 
To the extent that environmental regulation in one country leads to 
increased costs relative to another country that is not subject to these 
regulations, the affected industries may become less competitive. The 
key issue is whether the environmental regulation is significant enough 
to lead to outsourcing or a shift toward imports from other countries.

The first thing to keep in mind is that transportation costs for 
international trade can be very high, and if a product is competitive 
domestically, the environmental regulation would have to impose 
large costs to make paying these extra transportation costs worth 
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switching to a foreign supplier. The electrical power sector, which is 
one of the most heavily regulated sectors, doesn’t face international 
competition because power has to be consumed near to where it’s 
produced. There are some cross-border power supply agreements 
between nations, but for the most part electrical systems by definition 
will always be domestic industries (this doesn’t mean that the parts 
for the power plants or wind farms will be produced domestically).

In most industries environmental compliance costs are not a huge 
share of the operating budget. Labor, land, administrative, and mate-
rials costs make up the bulk of the total costs. Access to skilled and 
dependable workers, access to capital, a stable and reliable source of 
power, and political stability are all also hugely important for business 
operations and profitability. Ultimately, for most businesses environ-
mental costs may lead to higher prices or reduced profitability, but 
they are not the main drivers that determine where a business locates 
or how much demand there is for their products.

There are some industries, however, in which environmental 
regulatory costs can be very large—in the range of 20 to 30 per-
cent; notably, the chemical and petroleum industries. The question 
is whether these costs are high enough to drive these industries to 
countries with more lax environmental regulations, thereby creating 
“polluting havens.” The only way to answer this is empirically because 
economic theory alone cannot provide an answer.

A study in the Review of Environmental Economics and Policy 
(Levinson, 2010) shows that over the past thirty years, the United 
States has been producing cleaner goods domestically and importing 
cleaner goods as well. The belief that our environmental regulation 
might lead us to import dirtier goods from abroad does not appear to 
be supported by the evidence. One explanation is that even in indus-
tries with high regulatory costs, the other benefits of locating in the 
United States trump these concerns. In addition, major advances in 
technology have allowed industries to comply with environmental reg-
ulations at lower costs, decreasing the incentive to relocate.

There is also no guarantee that countries with fewer environmen-
tal regulations will stay that way; as countries develop and become 
wealthier, they tend to increase their environmental regulations.8 A 
company that sets up shop in a country solely to take advantage of lax 

9780230107298_09_ch07.indd   779780230107298_09_ch07.indd   77 8/23/2010   3:34:22 PM8/23/2010   3:34:22 PM



HOW ECONOMISTS APPROACH ENVIRONMENTAL ISSUES 78

environmental rules is taking a significant risk. And if this firm cares 
about its international reputation, it can suffer a serious public rela-
tions problem if it comes to light that it is poisoning people in order 
to save a buck or two. This is not to suggest that companies never do 
this, only that the risks are great enough that the practice may not be 
as widespread as some environmentalists fear.

How the relative environmental standards of a large developed-
country multinational corporation (MNC) in its home country 
compare with its operations in poorer countries is an important con-
sideration for the environmental community. Equally important, how-
ever, is how that company’s environmental performance compares 
to the domestic alternative in the host country. In many developing 
countries, the domestic industry, completely free from any signifi-
cant environmental regulations, may be even dirtier than a foreign 
firm that replaces it. Even if foreign firms do not employ all of the 
environmental mitigation techniques that they would at home, firms 
based in wealthier countries tend to be more efficient and employ 
newer technology. There is little evidence to suggest that a domestic 
Nigerian, Vietnamese, or Bolivian firm will be less polluting than a 
European and Japanese firm that operates in these countries.

If firms don’t routinely seek out pollution havens in a “race to the 
bottom” for environmental quality, could there be examples where 
the opposite is taking place? Could international trade actually lead 
to a “race to the top,” with firms competing to be the most environ-
mentally sustainable? The answer is largely dependent on the domes-
tic policies of the world’s biggest markets. Many developing countries 
are very reliant on exports to the developed world for a large share 
of their GDP. If the countries they sell to demand greener products 
and production processes, they will make accommodations to secure 
access to these markets. There is evidence that the EU’s increasingly 
stricter environmental regulations, especially with respect to toxic 
chemicals, are leading to the production of more environmentally 
benign goods in industries in the developing world (Schapiro, 2007). 
The EU is now the world’s largest market9 and their environmental 
policies hold tremendous weight globally.
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Bottom line: The trade impacts of environmental regulation 
are ambiguous. While regulation can increase costs and diminish 
competitiveness, there is no persuasive evidence that major pollut-
ing industries are moving from the wealthier nations with higher 
regulations to poorer nations with weaker regulations. In addition, 
countries or regions with very strong environmental regulations can 
actually drive exporting countries to adopt stronger standards.

HOW U.S. TRADE POLICY HELPED 
DESTROY THE EVERGLADES*

The history of U.S. sugar policy and the state of the Florida 
Everglades are inextricably linked. For decades, the United 
States has protected the Florida sugar industry by levying sig-
nificant tariffs on imported sugar. The Florida sugar industry 
uses tremendous amounts of water from the Everglades and 
discharges huge quantities of toxic chemicals, which have 
helped to drive the ecosystem’s decline. Removing these tar-
iffs and making the sugar industry pay for the pollution it emits 
would address one of the root causes of the degradation of the 
Everglades (the other major problem is commercial develop-
ment). But in the Everglades Restoration Act (which began 
under President Clinton in 2000, continued under President 
Bush, and continues under President Obama), the U.S. gov-
ernment instead chose to spend billions on huge engineering 
projects to try to “fix” the problem. As part of the restoration 
plan, sugar producers are receiving hundreds of millions of dol-
lars (or more) to retire their land from production. In the end, 
not only has the sugar industry benefited to the tune of billions 
of dollars in higher-priced sugar over the decades (taken from 
the pockets of U.S. consumers at the expense of producers in 
low-cost Caribbean and Central American nations), but it is 
now reaping an additional reward for bad behavior. This case 
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SUMMARY

The “environment versus economy” debate often generates more heat 
than light. Economic theory does not offer black-and-white answers 
with respect to whether environmental regulation is ultimately good 
or bad for jobs, the economy, or trade; we have to turn to empiri-
cal analysis for the final analysis. While environmental regulations 
can lead to job losses in certain industries, as well as lower economic 
growth and diminished competitiveness, they can also lead to job 
growth, innovation, and a “race to the top” in international stan-
dards. Modern economies destroy and create jobs at a furious pace, 
but most of this “creative destruction” is driven by changes in technol-
ogy and innovation, independent of environmental regulation.

All regulations, including environmental, should be judged on 
their overall benefit to society. Economic considerations are extremely 
important for decision making, but issues of fairness, rights, and 
overall quality of life improvements need to be considered as well, 
even if they cannot be easily translated into dollar values. Even if a 
higher per capita GDP is correlated with material improvements in 
the standard of living, it is only one of many metrics that can used to 
assess a society’s well-being.10

should be exhibit A for environmentalists on how trade pro-
tectionism at the behest of corrupt special interest groups 
can wreak havoc on the environment and waste billions in 
taxpayer money.

* For more information on the link between U.S. trade policy and 
the decline of the Everglades, see Schwabach (2002) and Natta 
and Cave (2010).
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CHAPTER 8

CLIMATE CHANGE

Climate change is the most daunting issue the environmental 
community has ever faced; it is fraught with huge uncertain-
ties, requires intense international cooperation, and portends 

a major transition in almost all aspects of the global economy. The 
closest the international community has come to taking on an envi-
ronmental issue of this magnitude was the effort to stop ozone deple-
tion, which resulted in the one of the most effective international 
treaties ever enacted: the Montreal Protocol.1

Unlike the problem of ozone depletion, however, which could be 
traced to a relatively narrow group of chemicals with relatively minor 
global importance, addressing climate change will require reorient-
ing our entire energy supply and making major improvements in 
efficiency throughout vast sectors of the economy. It is a much more 
complex and demanding task.

The problem is also compounded because the potential effects 
of climate change are more uncertain than the increased risk of skin 
cancer linked to the destruction of the ozone layer. Given the green-
house gases currently in the atmosphere, some amount of global 
warming is almost assured (and is happening already).2 The issue 
before us is at what concentrations could we significantly reduce the 
probability of severe and catastrophic climate change to acceptable 
levels.
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Once again, we are faced with a trade-off: every incremental 
reduction in greenhouse gas emissions reduces the probability of 
catastrophic change, but also requires a greater societal transforma-
tion and more intrusive policies, which are costly, both in dollars (at 
least in the short to medium run) and perhaps more significant, in 
political capital.

With the myriad problems facing the world—the recent finan-
cial collapse and global recession, the tremendous toll from dozens 
of infectious diseases, the proliferation of weapons of mass destruc-
tion, terrorism, and global poverty—it will take a very courageous 
and determined leader to put climate change at or near the top of the 
list and make the demands on society that are required to tackle it. 
While global leadership is not necessarily a zero-sum game, in which 
focusing on one problem automatically detracts from another, the 
environment still ranks relatively low in the public consciousness;3 
therefore, significant political leadership is required to mobilize the 
public for dramatic action.

And dramatic action is what is needed, according to the 
International Panel on Climate Change (IPCC), the largest scientific 
body ever assembled. The IPCC’s most recent report states that to 
limit CO2 concentrations to 350 parts per million (ppm), the number 
suggested by NASA scientist James Hansen to prevent catastrophic cli-
mate change,4 an 85 percent reduction in global greenhouse gas emis-
sions is required with respect to 2000 levels (Barker et al., 2007).

Keep in mind, the world economy is expected to grow at an 
average rate of approximately 2.5 to 3.5 percent over the coming 
decades,5 which means that these reductions will be much more dif-
ficult to achieve. If left unchecked, greenhouse gas emissions would 
likely grow by several hundred percent by midcentury.6

The remaining goal of this chapter is to outline the two main 
types of policies that are currently being discussed in academic and 
government circles (and in some limited cases already in action) to 
address climate change—an international carbon (or greenhouse 
gas) tax and an international greenhouse gas cap and trade system.

The critical component of both of these policies is to put a signif-
icant price on greenhouse gas emissions that increases over time; the 
tax does so directly (which is one of its strengths), while the cap and 
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trade does so indirectly by direct limits on greenhouse gases emis-
sions (which is one of its strengths).

Questions remain as to what the price of carbon dioxide (or the 
other greenhouse gas equivalents) pollution would need to be to get 
businesses and individuals to make the changes necessary to reduce 
greenhouse gases by 85 percent by 2050, which is the International 
Panel on Climate Change’s goal. Nothing short of $35 to $50 per ton 
of CO2 is likely high enough to initiate the full-scale transition that 
is required, but the price may need to rise as high as $100 per ton to 
make greenhouse gas emissions, and the technologies that generate 
them, prohibitively expensive.

Whatever the precise number, the cost of generating electricity 
from high greenhouse-gas fuels, particularly coal, must rise signifi-
cantly, as well as the cost of gas for cars and heating. This in turn will 
decrease the relative power and profit of these industries (unless they 
can diversify significantly into the new industries that will comprise 
the green energy economy). It should surprise no one that the coal 
and gas industries have been at the forefront of campaigns to dis-
credit climate change science and block or weaken comprehensive 
climate change legislation.7

INTERNATIONAL CARBON TAX

This is one of the most widely discussed proposals for tackling cli-
mate change. The logic behind it is relatively simple: carbon is cur-
rently underpriced in the market because the price does not account 
for the costs associated with climate change. By adding at tax to all 
carbon-based fuels that reflects the potential damage inflicted by 
each ton of carbon on the international community, users of these 
fuels will finally face the true cost of their actions. This will force 
them to shift to climate-friendly types of fuel or reduce energy con-
sumption altogether.

As mentioned in Chapter 6, to be most effective, a tax should 
focus on the full range of greenhouse gas emissions, not just CO2. 
While carbon dioxide is the most ubiquitous greenhouse gas, the last 
thing we want to do is distort the economy in favor of even more 
damaging gases. This could be accomplished by using carbon as the 
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baseline for the tax and ratcheting up the taxes proportionally based 
on greater warming potential; for example, gases that have twice 
the warming potential would be taxed at twice the rate as carbon. 
(Therefore, while the term “carbon tax” is the most widely discussed 
in political circles, it is more appropriate to conceive of this policy as 
a “greenhouse gas” tax.)

Since the demand for fuel is relatively insensitive to price (inelas-
tic—at least in the short to medium term) the tax would need to be 
relatively high to get significant reductions in fuel use.8 This means 
that the prices of all forms of fossil fuel energy would have to increase 
significantly. At a time when oil prices have already risen dramati-
cally, the price would rise even further, making driving as well as 
home heating and the cost of food more expensive.

But while taxes have this negative and regressive component, 
they also contain the source of the resolution: the tax revenue col-
lected. A carbon tax could be refunded to consumers in the form of 
tax rebates or lower income taxes. Under most scenarios the revenue 
collected by the government could more than offset the higher costs 
of fuel for the lower and middle classes, even with the bureaucratic 
costs that accompany such a plan.9

Other proposals call for using the revenue generated to invest in 
research and development into alternative energy sources and energy 
efficiency, or the retrofitting of existing infrastructure. A combina-
tion of tax rebates for lower-income groups and R&D would be an 
attractive mix.

A significant advantage of a tax system is that it makes the cost of 
greenhouse gas emissions immediately salient to consumers and busi-
nesses in the form of higher prices. The best tax policy would be one 
that begins with a high enough tax to get people’s attention andthen 
steadily increases over time until reaching its peak. This sends the 
signal to individuals and businesses that they had better make a tran-
sition to cleaner fuels or less energy use, and it gives them the time 
to do so, while also sending a clear signal that the pressure to reduce 
greenhouse gas emissions will only intensify in the future.

One of the greatest advantages of a tax-based approach is that it 
is transparent; it would be relatively easy to verify that nations were 
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imposing this tax. In addition, this approach doesn’t rely on having 
to verify the quantities of greenhouse gases emitted, only the quanti-
ties of energy bought and sold, which in most nations is already read-
ily available or could be relatively easy to obtain.

From an outcome-based standpoint, however, this benefit rep-
resents the biggest downside to a greenhouse gas tax, because we 
wouldn’t be able to guarantee a precise drop in greenhouse gas 
emissions. For example, a tax might be aimed at reducing emis-
sions by 10 percent within the first five years, but actually lead to 
reductions of only 5 percent or 8 percent. This weakness could be 
remedied by annual adjustments based on what we actually observe 
once the tax is instituted. Some flexibility of this nature would be 
critical. It could work the other way as well; if demand turned out 
to be more sensitive to price than predicted, future tax hikes could 
be slightly curbed.

From a political standpoint, the biggest weakness of a tax is that 
taxes are highly unpopular. Making a greenhouse gas tax revenue 
neutral, or at least refunding some of the money to consumers, could 
help to overcome this aversion to taxes, but it would still be a difficult 
sell in many countries.

There also exists the potential for some countries to gain an 
immediate economic advantage by opting out of such a tax system; 
to be effective the tax would need to be truly international in scope 
(even major reductions in the United States and Europe are not suf-
ficient to curb greenhouse gas concentrations to the levels that are 
required). Any country that refuses to enact the tax would lower the 
cost of doing business in the home country relative to other nations, 
which could increase foreign direct investment or give domestic 
industry a competitive edge.

This same logic applies to a cap and trade system (discussed below), 
and explains in no small part why the United States refused to sign the 
Kyoto Protocol or enter into any binding agreements with respect to 
greenhouse gases. Out of fear that U.S. industry will suffer unfairly, 
leaders in the United States for the most part have refused to sign on 
to any international agreements that mandate reductions unless the 
major developing countries, such as India and China, do so as well.
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There is already a widespread perception among the U.S. public 
that U.S. industry is at an unfair disadvantage with respect to India 
and China because of currency manipulation (China) and weak 
labor and environmental laws (China and India), which drive down 
the price of labor.10 In addition, if only a subset of countries makes 
serious efforts to reduce emissions, this may simply shift the emis-
sions to other parts of the world and not result in net reductions (this 
is commonly referred to as “carbon leakage”).

This potential for competitive advantage by opting out of costly 
climate change measures, while possible, may not be as significant as 
some suspect. Nations that impose serious measures on greenhouse 
gas emissions are likely to gain an advantage in the green technolo-
gies that will ultimately define the twenty-first century. While taxes 
can be viewed as penalties levied on business activity, they also pro-
vide strong incentives for change and innovation, and nations that 
take the lead on climate change may in fact gain the upper hand in 
developing new industries.

In addition, there are many local benefits of decreasing green-
house gas emissions since fossil fuels, which are the dominant source 
of emissions, have many negative effects on air quality and human 
health. Any reductions in these fuels for the purpose of decreasing 
the likelihood of catastrophic climate change will also have many 
environmental co-benefits.

From the United States’ standpoint, our oil dependency also cre-
ates a major foreign policy challenge since we are dependent on many 
hostile regimes for our energy needs, and thus a strong case could be 
made that independent of climate change, the United States should 
be raising the cost of oil.11

INTERNATIONAL CAP AND TRADE SYSTEM

Due mainly to the political aversion to new taxes (especially in the 
United States), an international cap and trade system for greenhouse 
gases has emerged as the preferred policy option for a post-Kyoto 
agreement that would take effect in 2012 and beyond.12 Such a system 
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would require not only coming up with a maximum annual green-
house gas emissions target for the world as a whole, but also an agree-
ment on how these allotments would be distributed among nations, 
and the rate at which the cap would decrease to arrive at the 85 per-
cent reductions by 2050.

If all nations were equally responsible for the loading of the 
atmosphere with greenhouse gases and were at relatively equal stages 
of development, each nation could simply set their cap at a level that 
corresponded with an equal percentage reduction in emissions. For 
example, if the global cap required a 2 percent annual reduction, 
each nation would set the cap at 2 percent less than the baseline level 
from each previous period.

But the reality is that the industrialized Western nations are 
responsible for the overwhelming majority of greenhouse gases that 
fill the atmosphere,13 and the majority of the world’s countries are 
still vastly underdeveloped, with large shares of their populace living 
in poverty. This is particularly true in the large developing countries 
such as India, China, Brazil, and Nigeria, which are home to almost 
half the world’s people.

Any international cap and trade system will need to recognize these 
disparities in historic greenhouse gas loading, and acknowledge that 
developed countries must bear a greater share of carbon reductions.14 
Arriving at consensus on distribution will be very difficult.

If it is achieved, a cap and trade system’s most obvious benefit (at 
least on the surface) is that it can deliver a set target in reductions, 
unlike the international tax, which is less precise. This precision is 
perhaps the main reason that environmental groups seem to prefer a 
cap and trade system to a greenhouse gas tax.15

When in operation, there are potentially large efficiency gains 
from a cap and trade system since the ability to trade permits pro-
vides those with the lowest costs of greenhouse gas reduction the 
incentive to do so; they can then profit by selling their permits to 
those with higher abatement costs. Once again, environmentalists 
could also choose to buy permits from the market and retire them, 
thereby reducing greenhouse emissions beyond the global cap.
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A cap and trade system and a tax should have almost exactly the 
same effect on prices since both raise the cost of emissions to the 
same degree if their target is the same. Politicians have largely pro-
moted a cap and trade system as if it is relatively costless, when in real-
ity its price impacts would be almost identical to a tax on greenhouse 
gases (which is one of the reasons they prefer it).

While many of the features of a cap and trade system are rightly 
attractive, there are some significant potential problems with the cap 
and trade system that merit mention:

1. Monitoring an international cap and trade system is a lot 
harder than monitoring an international tax. Once a greenhouse gas 
tax is instituted, it would be relatively easy to see if countries were 
uniformly imposing it since it would immediately be reflected in 
prices. A cap and trade system requires a much more comprehensive 
set of political and bureaucratic institutions to operate, and while the 
price effects should ultimately be commensurable with a tax, it would 
be much more difficult to see whether firms were actually being held 
to the limits imposed by their permit allowances.

2. Most cap and trade systems (at the international level, as well as 
in the United States) include provisions for “carbon offsets.”16 Carbon 
offsets allow firms to earn credits toward their emissions reductions 
by paying for emissions reductions in other firms, sectors, and even 
other parts of the world.17 Under the Kyoto Protocol, these offsets 
are managed under the Clean Development Mechanism (CDM), in 
which firms can purchase offsets from projects certified by the United 
Nations.18 There is also a growing market for voluntary carbon offsets 
(those that do not help firms meet legally mandated reductions obli-
gations) that are being used to help companies burnish their green 
credentials or by groups and individuals who want to offset their own 
greenhouse gas pollution (in some airports, consumers can, with 
the swipe of a credit card, purchase carbon offsets for air travel19). 
Voluntary offsets are significantly cheaper than offsets sold in com-
pliance markets because they are not part of a mandated regulatory 
regime (and some would argue are not as rigorously verified).

Carbon offsets are extremely attractive on a theoretical level 
because they allow firms to meet their obligations more inexpensively 
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than if they were to reduce emissions in their own operations (which 
is why industries, and the politicians who represent them, fight vigor-
ously to allow offset provisions into cap and trade legislation) and 
because often it is firms in wealthy developed countries that buy cred-
its from projects in poorer developing nations. But in practice, it is 
difficult to verify at the project level that emissions reductions eli-
gible for offsets are actually “additional”—that they would not have 
happened under a business-as-usual scenario.20 The CDM has come 
under harsh criticism from a number of sources, both because of sig-
nificant problems with additionality and the large lag time between 
project proposals and approval.21

The CDM has been an incredible experiment in using the power 
of markets to jump-start green projects in the developing world, many 
of which have reduced CO2 more than under business as usual (even 
the strongest critics admit that some projects have been additional). 
The CDM has also helped to accelerate entire new industries. China 
didn’t have a wind power industry before the CDM, and now it leads 
the world; some of this amazing growth can be linked to the incen-
tives the CDM provided.

A strong case can be made that fixing the CDM is preferable 
to scrapping it, especially since it is not clear what would replace 
it. If no offsets are allowed under an international climate change 
regime, the price of reducing carbon will be dramatically higher, 
which will make it much more difficult politically to enact. In addi-
tion, developing countries are going to need significant inflows of 
capital to make the rapid transition to low-carbon technologies. 
The money flows under the CDM are mostly from private sources. 
If this dries up, the only substitute would be government money, 
specifically foreign aid flowing from developed to developing 
countries. It is hard to imagine that new foreign aid budgets would 
be sufficient to the task, because of both economic and political 
concerns. It is going to take trillions of dollars to transform the 
Chinese, Indian, Brazilian, Nigerian, and other major developing-
country economies, and private capital will likely form the bulk 
of this investment, but only if the incentives are right. The CDM 
provides one set of incentives by providing revenue streams from 
carbon offsets.
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Greatly streamlining the CDM process to make it much easier 
to navigate is critical. Since some of the credits the CDM issues are 
clearly “phantom credits”—ones that don’t pass the additionality 
test—the system should err on the side of making very conservative 
estimates of how many credits to grant. If a large project is estimated 
to offset 500,000 tons of CO2, this should be discounted by some 
“overhead” or “hedging” factor of, say, 20 percent (the precise num-
ber would need to be calculated by scientific experts) such that only 
400,000 (80 percent of 500,000) actual credits are issued. This would 
provide a form of insurance to guarantee the environmental integ-
rity of the CDM system. Project developers and developing countries 
would get less revenue, but environmentalists would be much more 
supportive overall of the CDM process and offsets more generally. 
There is so much potential money to be made in any post-2012 phase 
of offset trading that even with this insurance buffer there would still 
be plenty of money to go around.

One potential solution to greatly simplify the CDM system is to 
do away with much of the project-specific framework, which is paper-
work-intensive and includes complicated methodologies, and instead 
create sector- or technology-specific “benchmarks” for greenhouse 
gas reductions. Instead of trying to determine whether a new wind 
project in China will be economical only if it receives carbon offset 
money (i.e., outside money that makes the carbon reductions addi-
tional), energy experts would determine how much new wind proj-
ects reduce China’s overall carbon footprint, accounting for the fact 
that a lot of wind farms might be built without carbon offsets at all. 
Coefficients could be assigned to different classes of projects that 
would then generate offsets. A coefficient of 0.2 would mean that for 
every five megawatts of wind power, carbon credits equivalent to the 
coal burned to produce one megawatt with coal (.2×5=1) would be 
earned and could be sold under the CDM.

A benchmark could also be constructed for the cement indus-
try, based on an assessment of currently available technologies, 
such that if the industry as a whole, or individual plants within that 
industry, exceeded certain levels of energy efficiency, they too would 
receive carbon credits. Again, these credits could be issued based 
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on very conservative formulas to ensure that they truly represent net 
reductions in greenhouse gases in the atmosphere.

Another potential change in the CDM would be to allow the aggre-
gation of lots of small projects, which individually don’t have much 
greenhouse gas impact but collectively do. If a million people in Mexico 
switch from incandescent to fluorescent lightbulbs, or if millions in 
China switch from cutting down trees for fuel to using propane cook-
stoves, the CO2 reductions could be large. The issue is how to aggregate 
the impacts and verify them. Creating a system to allow these types of 
program activities in the CDM would also help steer money to poorer 
parts of the world, where huge manufacturing and power plants may 
not exist, but where greenhouse gas reductions can still be found.

None of these developments in the CDM would be free from 
problems, but they are worth trying.22 The CDM process is flawed but 
not irreparably so.

3. How the permits from a cap and trade system are allocated 
can have large distributional consequences and also serious ramifi-
cations for the other types of policy interventions that are needed 
for a comprehensive climate change strategy. There is a consensus 
among economists that greenhouse gas permits should be auctioned 
off to firms since this doesn’t reward firms for past bad behavior or 
create barriers to entry for firms that enter after the permits have 
been allotted, and it allows governments to generate revenue from 
the sale. This revenue can be used in the same manner as under the 
tax scheme. The problem is that there is tremendous political pres-
sure to allocate permits freely to existing firms, and this pressure is 
hard for governments to resist.

To date, more than 95 percent of permits allocated under the EU 
cap and trade system have been given away for free (though this is 
supposed to change in the future)23 and most current U.S. proposals 
call for free allocation of the overwhelming majority of permits. One 
notable exception is the Carbon Limits and Energy for America’s 
Renewal (CLEAR) Act proposed by Senator Maria Cantwell (Dem.) 
and Susan Collins (Rep.), which auctions 100 percent of the permits 
in the cap and trade system, doesn’t allow for any carbon offsets, and 
refunds 75 percent of the money from the permit auction directly 
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to consumers in a lump-sum annual check, which would cover the 
increased energy costs for 80 percent of U.S. households.24 It is a 
serious and promising piece of legislation that could provide a foun-
dation for future national and international agreements (it still has 
significant flaws, however, and could be improved).

In summary, despite the benefit of setting a precise target for 
greenhouse gas reductions, there are serious issues with a cap and 
trade system for greenhouse gases. For these reasons (and a couple of 
other technical issues) William Nordhaus (2007), one of the leading 
experts on the economics of climate change, recommends the tax 
system over the cap and trade.25

COMMAND AND CONTROL POLICIES TO 
ADDRESS CLIMATE CHANGE

The longer we wait to address climate change, the more expensive it 
will be to make the transition to a low-carbon future. As the saying 
goes: “an ounce of prevention is cheaper than an ounce of cure.”

Every new building that is built without the latest energy effi-
cient technology creates more long-term demand for energy, and 
it is very expensive to retrofit them later on; every inefficient car 
that gets produced will likely be on the road for many years; every 
new  housing development that is built without comprehensive trans-
portation planning will lock in place wasteful commuting patterns 
for decades; every new coal or gas power plant that is built guaran-
tees significant increases in greenhouse gas emissions for the life of 
the plant.

As the world waits for a new multilateral climate change regime 
that caps global emissions or puts a significant price on greenhouse 
gas pollution, we need to enact other types of policies that can get us 
started on the path to a low-carbon future.

Many of the steps that can be taken now fall under the heading 
of command and control policies:

1. Green Building Standards

Requiring a minimum level of energy efficiency in building design 
and construction, as well as incentives for even greater levels of 
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efficiency, is one of the best ways for a city, region, state, province, 
or even nation to get a head start in the race to reduce greenhouse 
gas emissions. This is especially true in rapidly growing developing 
countries where the pace of construction is extremely high.

With China poised to increase its urban population by hundreds 
of millions in the coming decades (essentially building infrastruc-
ture equivalent to an entire new United States), the standards that 
are in place for this construction will have a tremendous impact on 
the energy and resource impacts for the country and the world. The 
Chinese government’s Ministry of Construction has set ambitious tar-
gets for green building in the country and has developed detailed 
ratings system for new development projects.

Even the United States is expected to urbanize another 100 million 
people by midcentury, and given our much higher per capita energy 
and resource use levels, how we do this will have huge ramifications. 
Simple measures like skylights, the choice of paint colors, the type 
of insulation, and the types of indoor heating, air-conditioning, and 
light fixtures can significantly reduce energy and resource demands.

The U.S. Green Building Council (USGBC) is a leader in the 
effort to transition to more efficient buildings, and many interna-
tional efforts modeled after the USGBC’s Leadership in Energy and 
Environmental Design (LEED) rating system are in place around the 
world. While many of these green building standards are voluntary, 
governments are increasingly writing them into law to make sure that 
the infrastructure of tomorrow is the most efficient it can be. This 
will make the transition to a low-carbon future less costly.

2. Fuel Economy Standards

People drive less when the price of gasoline goes up, but this behavioral 
change may not last if the price goes back down.26 Only a sustained high 
price of gasoline will lead to long-term shifts to more fuel-efficient cars 
and less driving by the average consumer. Until we have a price on car-
bon, the price of gasoline is likely to fluctuate a lot and not provide the 
type of consistent price signal that will lead to significant reductions.

While gasoline prices are the most direct way to get people 
to change their driving habits, governments can set average fuel 
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economy standards for car and truck fleets that can drive innovation 
and reduce total gasoline consumption. In the United States these 
standards are called Corporate Average Fuel Economy (CAFE) stan-
dards, and they are still relatively low, and are not slated to reach 
more than thirty miles per gallon for cars and light trucks until close 
to 2020.27 China is pushing for standards that are more stringent, 
with average fuel economy of over forty miles per gallon.

Fuel economy standards can be incorporated into their own type 
of cap and trade system in which the cap is the average fuel economy 
for the entire national fleet, and credits are earned by companies 
that exceed these targets, which can then be sold to companies whose 
fleets don’t achieve the standard (e.g., if the standard is forty-five 
miles per gallon, a company that makes cars that get fifty-five miles 
per gallon could sell its excess credits to companies whose cars or 
trucks don’t achieve the forty-five miles per gallon target).

3. Efficiency Standards for Appliances and Electronics

Efficiency standards for durable goods (those with a product life of 
at least three years) such as washers, dryers, televisions, refrigerators, 
computers, copiers, and other household and office devices are an 
excellent way to lock in energy efficiency across a wide swath of indus-
try and sectors of the economy.

As already mentioned, the U.S. EPA’s Energy Star program is one 
of the leading examples of an energy efficiency rating system applied 
to a large range of products. Energy Star products are indicated with 
an easily recognizable label.28 Such labels make it easy for house-
holds and institutions to identify efficient devices instead of having 
to research them on their own, thereby greatly reducing transaction 
costs and making green purchasing much more convenient.

4. Renewable Portfolio Standards (RPS)

As soon as greenhouse gas emissions have a price (whether directly 
through a tax or indirectly through a cap), the economic attractive-
ness of low-carbon fuels will improve overnight. Resources will shift 
to alternative energy sources such as wind, solar, geothermal, and 
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hydropower. But governments can start moving energy production 
in the direction of alternative energy sources right now through a 
variety of policies, including direct subsidies for different types of 
renewable energy generation.

The problem with direct subsidies is that they distort the mar-
ket in favor of one technology over the other. Even if the technol-
ogy being favored is preferable to fossil fuels, this biases investments 
against emerging technologies and can lock in place the least effi-
cient of the renewable alternatives.

A better way to promote alternatives to fossil fuels is to set a target 
for renewable energy generation (at the state, regional, or national 
level) and then allow the utilities to meet this target in any way they 
like. Setting up renewable portfolio standards (RPS) allows maxi-
mum flexibility and doesn’t distort investment decisions. RPS systems 
can have a cap and trade component in which utilities that exceed 
the targets can sell credits to utilities that don’t meet them. One of 
the keys to a successful RPS is to make sure the definition of “renew-
able” is absolutely clear, consistent with the environmental goals of 
the program, and general enough to include new technologies that 
are either nascent or yet to be developed.

In the EU the preferred policy option is a direct subsidy to renewable 
power generators in what is called a “feed-in tariff.”29 Different types of 
renewable power are guaranteed a long-term price that is above the mar-
ket price for nonrenewable power, thereby creating long-term demand 
for types of energy that couldn’t compete on their own. Feed-in tariffs 
are used throughout the EU (and in many other countries) as a way to 
provide stability to the renewable industries so that they can grow to suf-
ficient scale and ultimately become more competitive. While these poli-
cies are credited with the larger share of renewable in the EU’s power 
system, from a strict economic standpoint RPS are preferable because 
they don’t favor any one technology over the other, but allow for compe-
tition among renewable, including nascent technologies.30

5. Urban Planning and Smart Growth

As with green building standards, urban planning and zoning rules 
have a tremendous impact on the types of infrastructure that will 
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be built in the coming decades. Laws mandating high-density hous-
ing built around community gardens and business centers and criss-
crossed with bike lanes will have much different resource impacts 
than laws allowing for low-density housing that continues to rely on 
the city core/suburb model in which residents commute long dis-
tances to work by car.

Decisions over zoning ordinances and community growth plans 
occur every day in city councils, state legislatures, and national plan-
ning meetings, and are extremely consequential in regard to what 
our world is going to look like in the future.

“Smart growth” refers to an increasingly popular school of urban 
planning that has evolved over the past few decades. It centers on 
ways to make communities more environmentally sustainable and 
increase the overall quality of life.

GEOENGINEERING AND FINAL THOUGHTS

With an issue as massive and complex as climate change, there will 
(likely) be no silver bullet or miracle solution. An effective strategy 
will make use of multiple policies and technologies, many of which 
have yet to be invented (which in and of itself has major policy 
implications).

One particularly intriguing possibility for addressing climate 
change involves massive geoengineering projects. For decades peo-
ple have floated ideas about how to tackle climate change that range 
from the absurd (filling the oceans with Styrofoam to reflect sun into 
the atmosphere) to the less implausible (seeding the oceans with iron 
to spur algae blooms that absorb carbon).

Recently, there has been a lot of discussion about the possibil-
ity of injecting carbon underground, perhaps in empty coal mines 
or oil fields, as a way to render fossil fuels carbon neutral. None of 
these technologies are currently economically feasible, but they offer 
promise and will no doubt continue to be investigated.

On the energy front, there is still the hope that hydrogen fuel cell 
technology, a new generation of nuclear plants, or cold fusion may 
one day deliver on the promise of virtually unlimited sources of clean 
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energy. Ironically, one of the more promising energy futures may rest 
with solar thermal—an essentially eighteenth-century technology 
that uses mirrors to heat water and power turbines—magnified to a 
massive scale. One recent study estimates that for a little over $400 
billion, all U.S. power (for both electricity and transportation) could 
be generated in the desert by solar thermal and distributed around 
the nation with large transmission lines (Zweibel and Fthenakis, 
2008). This would require massive government coordination, espe-
cially with the siting of thousands of miles of massive new transmis-
sion systems, but it is not entirely far-fetched.

Whatever the solutions to climate change, one thing is for sure: 
they all require a significant degree of government intervention in 
the marketplace and a serious and sustained commitment by the 
entire world community. The key is to get a significant long-term 
price on greenhouse gases so that all sectors in the economy begin 
the shift away from fossil fuels.
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CHAPTER 9

FOREST AND 
BIODIVERSITY 

CONSERVATION

Preserving biodiversity is often considered the signature goal of 
environmentalism; along with pollution control, it has defined 
the movement since its inception. But preserving biodiversity is 

one of the most difficult policy challenges. It also raises very compli-
cated moral and philosophical questions.

Economics is a discipline whose moral foundation rests on the 
utilitarian goal of maximizing society’s welfare.1 In economic analy-
sis, intrinsic value rests with humans and humans only; nonhumans 
have no intrinsic value whatsoever. Nonhumans only have value to the 
extent that humans value them directly or if they help provide ser-
vices that humans value; apart from these sources their default value 
is zero.

According to economic theory, whales have value because people 
derive pleasure from watching them and knowing that they exist out 
in the oceans; wetlands have value because they provide storm pro-
tection and help to purify water, in addition to providing habitat for 
many birds that people value.

Understandably, this strong form of anthropocentrism rattles 
many environmentalists. For most environmentalists, the great 
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problems in the world stem from putting human values above all else 
at the expense of the natural world. The notion that all of nature’s 
creation has no intrinsic value is anathema to the core environmental 
ethic that all of life has essential value and is sacred.

On the first day of class in my Environmental and Natural 
Resource Economics course, I present this conundrum to my stu-
dents and pose the following question:

Is it possible to avoid anthropocentrism while making  decisions 
about the environment?

It turns out that it’s not as easy as many environmentalists make 
it seem. After all, if we decide that all life has intrinsic value, it is we 
who have decided it; that is, humans are deciding to assign values to 
nonhumans. In essence the anthropomorphism question is sort of a 
catch-22.

Putting aside the philosophical angle, it is very difficult to opera-
tionalize an environmental ethic that automatically assumes that all 
life has intrinsic value.

Does this mean that we should protect all species from extinc-
tion, even the ones that would go extinct through entirely natural 
processes (after all, 99.9 percent of all species that have ever existed 
are now extinct)? Does the intrinsic value of life apply equally to 
viruses and pathogens and parasites? Is it right to favor native spe-
cies over invasive species? How do we prioritize what to preserve and 
protect if all life has intrinsic value?

This last question is particularly important for the environmen-
talist. Saying that all life has intrinsic value or is sacred is in some 
sense a way of saying that all life is priceless. The problem with such a 
view is that it is impossible to compare the relative worth of one form 
of life with another if they are both priceless.

If a subspecies of snail is priceless, then there is no way to say that 
saving the humpback whale is more important. If a rare subspecies of 
weed is priceless, there is no way of saying that saving a tropical forest 
ecosystem is more important. The strongest form of environmental 
ethic, while perhaps intuitively appealing to our moral sensibility, can 
actually paralyze the policy process—at a time when more than ever 
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we need to focus resources and make hard choices about where to 
expend our energies.

Fortunately, environmentalists and environmental organizations 
are pragmatic and want to get things done. There is a growing rec-
ognition that time is not on our side and that we need to make great 
efforts to preserve the biodiversity that we value most, which is essen-
tially a concession to the economists’ view of the world (even if not 
explicit). Along with top natural scientists, many groups have identi-
fied “biodiversity hot spots” that they are targeting for preservation 
based on their ecosystem uniqueness and standing biodiversity, both 
on land and sea.2

The majority of these areas are in the tropics, particularly trop-
ical forests,3 which are some of the poorest regions in the world 
and under the greatest threat. This poses a particularly difficult 
challenge for conservationists since not only do these areas lack 
sufficient funds for conservation, but there is also immense pres-
sure to exploit these resources and little institutional capability to 
prevent illegal resource extraction even when efforts are made to 
protect them.

The pressures on forests are varied, ranging from logging (legal 
and illegal), urban development, agricultural conversion, acid rain, 
and fire. Behind all of these pressures lie two driving forces of for-
estry decline: the de facto “open access” status of much of the world’s 
forests and the underpricing of forest ecosystem services.

Similar to much of the world’s oceans (for which property rights 
do not exist), much of the world’s forests are located in remote areas 
with low population densities and where the enforcement powers of 
a central authority are weak to nonexistent. The result is a situation 
where property rights over forestry resources, even if they exist on 
paper, are often not enforced and are tenuous at best. This leads to a 
race to exploit forest resources before others can claim them, which 
in turn leads to massive deforestation.

Not only does the open access nature of forests lead to their 
overexploitation, but often there are additional incentives to cut 
down trees. Unfortunately, in many developing countries rampant 
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corruption is often the norm; government authorities, in league with 
illegal loggers, engage in massive deforestation, even in areas that 
are set aside as protected areas.4 In developed countries there is less 
outright corruption, but government subsidies for road construction 
and timber leases priced at well below the true market value result in 
much the same—excessive deforestation and abuse of the resources 
held in the public trust.5

The best way to decrease deforestation would be to directly 
address these issues: improve the system of property rights and 
decrease corruption in developing countries, and get rid of govern-
ment subsidies for timber companies in the developed world (there 
are instances where these recommendations would apply to both 
sets of countries). The impediments within the developing coun-
tries are obvious; establishing and strengthening the rule of law 
is much easier said than done. But the obstacles in the developed 
world, while easier to solve theoretically, are also difficult because 
of the power of the timber companies and a lack of public awareness 
about the ways in which government actively exacerbates defores-
tation (this is similar to the situation with regard to agricultural 
subsidies).

But even if we could miraculously improve the institutions of gov-
ernance in developing countries and diminish the perverse policies 
in developed countries that promote deforestation, there would still 
remain serious threats to the world’s forests and biodiversity through 
the other channels mentioned above. Development pressures would 
still exist and agricultural conversion would not go away.

This brings us back to one of the central intuitions from the 
economics of the environment: the goal is not to reduce deforesta-
tion to zero, but to balance the legitimate uses of forest resources 
with the needs of preservation. Currently, the ecosystem services that 
forests provide are vastly undervalued; in fact, they often are taken 
 completely for granted.

It is critical for environmentalists to recognize that most biodiver-
sity resides on land that is privately owned. These landowners must 
be given incentives to conserve their resources if it is not currently in 
their economic interests to do so.
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Economics poses a relatively straightforward solution to this 
challenge (at least theoretically) with the concept of payments for envi-
ronmental services. Those who derive the most benefit from environ-
mental resources should pay for their preservation.

REDD

A significant amount of time at the recent United Nations Climate 
Change Conference in Copenhagen was devoted to the how develop-
ing countries can receive carbon credits for not cutting down their 
forests, and hence preventing the release of the CO2 stored in them 
into the atmosphere. This was done under the proposed Reduced 
Emissions from Degradation and Deforestation (REDD) framework.6

Trees sequester carbon, and therefore release carbon when they 
are cut or burned. Currently, a company that cuts down a tract of 
forestland and releases tons of carbon into the atmosphere pays no 
price for this carbon pollution. Conversely, developing countries that 
decide to halt deforestation receive no compensation for the carbon 
that they sequester. Without any funding for the environmental ser-
vice of carbon sequestration, simple economics often dictates that 
cutting down the forests is the best course of action for developing 
countries to take. The poorer nations view REDD as both a way to 
recognize the global value of their forests and to secure outside fund-
ing to ensure their preservation.7

It is very likely that some version of REDD will be ratified and 
become an integral part of any post-Kyoto climate change agreement 
in 2012 and beyond. REDD’s theoretical premise, just like the central 
tenets of carbon offsets more generally, is sound: a ton of carbon not 
released into the atmosphere, which would have been released had a 
transfer payment not been made, should be considered a reduction 
in global CO2 emissions. In the case of REDD, this emission reduc-
tion is achieved through a payment for forestry services and allowing 
trees to stand.

But as with other carbon offsets, the additionality problem is 
paramount. It is very difficult to determine that a tree that is not cut 
down would have been cut down had someone not paid the owner 
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a carbon credit. REDD tries to ensure additionality by creating 
baselines of deforestation for countries and then establishing what 
deforestation rates would be under a business-as-usual scenario. Any 
amount of deforestation less than this projected amount is then eli-
gible for carbon credits. One potential problem in this system is that 
if one country reduces deforestation, what is to stop the deforesta-
tion from moving to other countries, especially ones where historical 
deforestation rates have been low, and therefore the countries don’t 
have the potential to earn many carbon credits under REDD. This 
problem is known as “leakage” and it is a serious enough concern that 
provisions to artificially inflate historical deforestation baselines for 
low-deforested countries are being considered.8

REDD has generated so much attention in the environmental 
community because not only can it help reduce global carbon emis-
sions, but also the co-benefits of biodiversity conservation that would 
come with significantly reducing deforestation are potentially large. 
It is rare that a proposed solution could address so many critical envi-
ronmental priorities at once.

I wish that I could enthusiastically and without hesitation endorse 
REDD, but the economist in me remains skeptical. The problem 
is not in paying people in developing countries to preserve their 
forests—that makes complete sense and should be increased—but 
in coupling these payments with carbon credits, since big problems 
arise if these credits aren’t truly additional. While I am not pre-
pared to recommend scrapping the REDD framework altogether, 
it may turn out that decoupling payments for forestry services from 
the carbon markets will be necessary to ensure the integrity of a 
climate change regime. If avoided deforestation is decoupled from 
carbon credits there will be less money for it, but this trade-off may 
be worth it in order to guarantee greenhouse gas reduction tar-
gets (the last thing we need are millions of “phantom” reductions 
bringing us closer to a climate tipping point). As with most poli-
cies, the “devil is in the details,” and environmentalists will have to 
examine very closely any final REDD agreement before rendering 
a judgment.
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OTHER ENVIRONMENTAL SERVICES FROM FORESTS

Carbon sequestration is only one of many ecosystem services that 
forests provide. Water filtration, storm protection, habitat for biodi-
versity, clean air, and protecting against soil erosion all have tremen-
dous economic value but are rarely even measured or enter into the 
decision-making process when forests are cleared.

Multiple efforts, however, are underway to estimate the values of 
forest ecosystem services and create mechanisms by which communi-
ties can be rewarded for preservation efforts.9 Probably the best exam-
ple of such a policy in action is in Costa Rica, where since 1997 the 
country has embarked on an ambitious plan to pay landowners for for-
est preservation based on the valuable ecosystem services they provide 
(Chomitz et al., 1998). The program has largely been a success and is 
heralded as a model for other countries to follow. In the first phase, 
approximately four thousand projects received approximately $65.8 
million to conserve approximately 300,000 hectares of forestland 
across the country (Sanchez-Azofeifa et al., 2007).10 One problem with 
the program is that funding comes primarily from a fuel tax, which 
is regressive and disproportionately affects the poor (which could be 
mitigated in the future by outside funding from REDD).

Some other excellent examples of forest ecosystem services incor-
porated into economic decisions in novel ways include:

Panama: To decrease sediment runoff into the Panama Canal 
(caused by deforestation), which leads to expensive dredging efforts, 
the government is paying people to plant trees in areas adjacent to 
the canal (“Are You Being Served?” 2005).

Belize: The government accepted funding from Shaman 
Pharmaceuticals to preserve 2,400 hectares of forest as an ethnobio-
medical reserve in exchange for the rights to the discovery of new 
drugs (Spiro, 1998).11

New York City: The city bought the forestland in its upstate 
watershed since the trees provide water purification more inexpen-
sively than an industrial water purification plant (U.S. Environmental 
Protection Agency, 2008).
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Niger and Kenya: Recognizing the value of trees for soil protec-
tion and as a renewable source of food and wood products, these 
governments have provided many incentives for tree planting to local 
communities (U.S. State Department, 2004; World Agroforestry 
Centre, 2004).

CREATING NATIONAL PARKS AND PROTECTED AREAS

Setting aside large swaths of land for protected areas or national 
parks, particularly where biodiversity is most concentrated, is also 
a worthy goal. Governments around the world are increasingly rec-
ognizing the importance of conserving entire ecosystems, both 
because of their cultural and historic value, and their economic 
importance. Yet, only slightly over 12 percent of the world’s ter-
restrial resources are under some form of legal protection, and 
less than 6 percent of the world’s marine resources (Ervin et al., 
2010).

For decades, in an effort to increase global conservation 
efforts aimed at the world’s most threatened biodiversity hot spots, 
organizations like the Nature Conservancy (TNC), Conservation 
International (CI), the International Union for the Conservation 
of Nature (IUCN), and the World Wildlife Fund (WWF) have been 
channeling donations from primarily wealthy donors in the devel-
oped world to conservation projects throughout both the developed 
and developing world.

The willingness and capability to devote significant monetary 
resources to biodiversity preservation is much greater among the 
wealthy for the simple reason that they have more disposable income, 
and because biodiversity preservation is in most cases a luxury good 
(the richer one becomes the greater percentage of one’s income one 
is willing to devote to this cause).12

It is almost certain that the people of the United States and 
Europe have devoted more money to rain forest preservation in the 
Amazon than the people of South America. This is not because the 
people of South America don’t care about the fate of the Amazon (or 
to imply that they aren’t doing anything to preserve it), but at their 

9780230107298_11_ch09.indd   1089780230107298_11_ch09.indd   108 8/23/2010   3:16:41 PM8/23/2010   3:16:41 PM



FOREST AND BIODIVERSITY CONSERVATION 109

current stage of development preservation is not as great a priority 
as economic growth and raising material standards of living (rapidly 
exploiting their natural resources is exactly what the now-developed 
nations did during their industrial rise).

But contributions by private organizations will never be enough, 
because too much habitat is under threat and people can “free-ride” 
on the preservation successes of others. All of the great work done 
by TNC, CI, IUCN, and WWF is enjoyed by everyone, regardless of 
whether they ever contribute a dime to any of these causes. This is 
why public goods like biodiversity conservation will always be under-
funded (relative to the total benefits of global biodiversity conserva-
tion goals) if left to the whims of the market system.

Fortunately, many developed-country governments and interna-
tional organizations like the United Nations Environment Programme 
(UNEP) have also contributed billions to global conservation initia-
tives in dozens of countries to protect some of the world’s most fragile 
ecosystems and spectacular natural resources.

Not only is funding for conservation from rich countries to poorer 
countries efficient—matching demand with supply—but it is also 
equitable. After all, if the rain forests are truly the “world’s lungs,” 
and provide environmental services to billions of people outside of 
the countries where they are situated, then it is only right that the 
rest of the world contribute to their preservation. This can be viewed 
as a corollary to the “polluter-pays principle”—the  beneficiary-pays 
principle.

In addition, many of the world’s biodiversity hot spots are under 
strain from climate change and the huge global demand for natu-
ral resources, both of which have been fueled for centuries primar-
ily by the industrialization of the developed world. Now that the 
wealthy countries have achieved very high standards of living, it is 
arguable that they have a responsibility to devote a growing share of 
their wealth to preserving the most threatened areas of the natural 
world.

In order to dramatically increase worldwide conservation to the 
levels that many scientists believe is necessary to stave off a major 
reduction in global biodiversity, rich countries would need to transfer 
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a significant amount of wealth to poorer nations over the coming 
decades—on the order of at minimum tens of billions of dollars.

To put things in perspective, in the post-WWII era the richer 
countries have already transferred (in the form of foreign aid) in 
excess of two trillion dollars to poorer nations, often with little to 
show for it (Easterly, 2006). If even a fraction of the hundreds of 
billions of dollars a year that the rich countries spend subsidizing 
their farmers (often at the expense of the environment and many 
 poor-nation farmers) was devoted to greater global biodiversity pres-
ervation efforts, momentous progress could be made. Investments in 
conservation corridors that run north–south across countries (and 
continents) and allow species to migrate as the climate changes offer 
excellent returns on conservation dollars.

The key is to ensure that any money transferred from developed 
to developing nations results in tangible conservation benefits, and 
does not simply line the pockets of corrupt or ineffective politicians. 
With modern technology it is now much easier to monitor environ-
mental impacts through satellite photos or wildlife tracking sensors, 
which should make it easier to hold governments and organizations 
accountable to their conservation agreements.

One policy mechanism that is once again gaining traction is 
“debt-for-nature” swaps, in which outside funders purchase a portion 
of country’s international debt (at pennies on the dollar) in exchange 
for conservation commitments equal to the face value of that debt. In 
this way, poorer countries get much-needed debt relief and conserva-
tion sponsors get habitat protection at a large discount.

Debt-for-nature swaps began in the 1980s during the time of the 
major debt crises in Latin America, and since then some important 
lessons have been learned.13,14 It is not enough for developing country 
governments simply to promise to protect areas and nothing more; 
they must create detailed management plans and commit resources 
to their enforcement. This puts more onus on the recipient countries, 
but also creates a mechanism for accountability and ensures that real 
conservation is taking place instead of nothing more than the cre-
ation of “paper parks.” Recent examples of such transactions occurred 
in Guatemala and Costa Rica.15
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IT WILL TAKE MORE THAN MONEY

Money alone is not sufficient to ensure that biodiversity is preserved. 
Billions of people currently live in the areas that have been identi-
fied as biodiversity-rich areas.16 The old-style belief that somehow we 
could cordon off the world’s natural treasures is giving way to a more 
balanced and nuanced approach that takes into account continued 
human presence in these areas and the needs of local populations.17 
This requires much more than simply buying up areas and designat-
ing them as natural parks or protected areas. Conservation plans now 
must provide serious alternatives to natural resource extraction and 
incentives for local groups to take an active role in preserving the sur-
rounding areas over the long term, both of which require significant 
investment of money and capacity-building for effective monitoring 
and enforcement.

A 2004 article entitled “A Challenge to Conservationists” 
sparked a furious debate in the environmental community because 
it accused three of the biggest environmental conservation groups 
of ignoring the plight of indigenous groups in and around the areas 
that they tried to protect (Chapin, 2004). The author paints a pic-
ture of these groups as arrogant and out of touch with the needs 
of local people and their historical rights to their natural resource 
base. Needless to say, the article produced major responses from 
the accused parties and a lot of discussion.18

The net effect has been a healthy discourse; environmentalists 
are beginning to grapple more effectively with how to incorporate 
models of “sustainable development” into forest conservation plans, 
and to treat ecosystems as arenas of human-nature interaction, 
instead of simply zones for wildlife and biodiversity protection. This 
is a crucial development because the majority of the world’s forests 
will remain in private hands. We are past the time when the choice 
was between forest conservation or meeting human needs; they must 
both be accomplished to guarantee sustainability.

There are also many conservation challenges that are much 
more local in nature and do not require large-scale wealth transfers 
across countries. At the national, state, provincial, and city and town 
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levels, pitched battles for conservation and biodiversity preservation 
occur every day. These conflicts sometimes pit farmers against devel-
opers; commercial fishermen against recreational fishermen; energy, 
mining, and timber companies versus local landowners—and envi-
ronmentalists are almost always on the side of those favoring more 
conservation and less exploitation of the natural world. As with virtu-
ally all public policy decisions, these conflicts entail inherent trade-
offs that result in winners and losers.

ASSIGNING “NONMARKET” VALUES TO 
ENVIRONMENTAL RESOURCES

Environmentalists are often at a disadvantage in the public policy 
process because the benefits to resource exploitation are easier to 
quantify than the benefits of preservation. The economic gains from 
fisheries can be captured by valuing the amount of fish harvested 
and applying a multiplier factor that captures the overall economic 
impact to the local community, but the benefits of less commercial 
fishing to the tourist sector or the sea otter population are more dif-
ficult to quantify.

The same goes for agriculture versus development. Developers 
have an array of market prices with which to assign values to agricul-
tural land conversion, which will almost always exceed the value of 
the crops currently grown on the land, while the value to the commu-
nity of having a viable agricultural sector is hard to put a monetary 
value on.

With extractive industries such as mining, energy, and logging, 
the current price of these commodities is transparent and provides 
a clear signal of the value of removing these natural resources, while 
there is a not readily apparent market price for the value of main-
taining pristine ecosystems and open space. Sometimes these non-
market uses of natural resources are referred to “nonconsumptive” 
uses since they do not rely on significantly altering the resources 
and the activities in question leave the resources reasonably intact.

Economists have developed many techniques for what is referred 
to as “nonmarket” valuation, which attempts to assign monetary 
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values to the environmental goods and services that are not readily 
accessible in the marketplace. These techniques can help provide a 
more comprehensive and accurate account of the wide range of val-
ues that people derive from the natural environment.

Many of us derive considerable value from viewing wildlife and 
pay significant sums of money to partake in this recreational activ-
ity. In instances where we pay to go on tours (or full-scale safaris or 
scuba trips for those of us that are fortunate enough) there are read-
ily available market prices with which to gauge the direct economic 
value from visitors. But what about those of us who simply visit public 
parks or drive down the coast, stopping along the way to take in the 
views and watch the animals? There is no simple way to gauge our 
economic value for these excursions, but economists have come up 
with ways to estimate them.

One of the most common and well-respected methods is called 
the “travel-cost method.” It originated in 1947 when economist 
Harold Hotelling was tasked with trying to estimate the public value 
of the U.S. national park system.19 Hotelling discovered that although 
entrance fees couldn’t provide an accurate valuation of the parks 
(since they are set by the government and not subject to supply and 
demand forces, and capture only one dimension of the cost of visiting 
the parks), the amount of money people spend trying to get to them 
can provide a reasonable estimate of their direct value to citizens. By 
collecting information on how far people drive to get to the parks, 
economists can estimate a “virtual” demand curve for park recre-
ation, and thereby estimate the public’s total benefit. Thousands of 
travel cost studies have been done over the years, and since they rely 
on actual behavior that is quantifiable, the results are taken quite seri-
ously. These results can not only help environmentalists determine 
values for environmental resources that are not available from mar-
ket data, but they can also help to prioritize efforts by highlighting 
the types of things that people value the most. Travel-cost studies can 
be used to estimate environmental values for a variety of resources, 
both terrestrial and marine.

Another interesting and well-tested method for determining 
nonmarket values is called “hedonic estimation.” It is based on the 
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principle that when consumers buy goods, they are really buying bun-
dles of attributes.20 When someone buys a house, they are buying a 
collection of things, such as the number of rooms, the view, the safety 
of the neighborhood, the quality of the schools, and the proximity 
to other resources they value. What if one of those attributes is open 
space? How could we determine how much of the home price can be 
attributed to being near a park or forest?

In principle, if we could somehow find two identical houses in 
every way except that one was in the middle of a residential area and 
the other bordered the open space, the difference in price would tell 
us how much the open space contributed to the value of the house 
(if at all). Since in practice this is not possible to do, what economists 
have developed is a method by which large samples of data, which dif-
fer on many dimensions, can be used to “tease out” the distinct con-
tributions each attribute makes to the final price of the good. This 
has proven particularly effective in determining the value of cleaner 
air, the absence of traffic noise, or proximity to a landfill.

What is important for environmentalists to take from these exam-
ples is that while economics may threaten to reduce environmental 
resources to monetary values, it can also help assign monetary values 
to resources that usually are considered secondary in public decision-
making. Environmentalists should take heart that in many instances 
(though not always) the nonmarket and nonconsumptive values for 
natural resources are actually greater than the market values based 
on extraction.21 It is often the case that a full accounting of the values 
that society derives from natural resources favors their preservation 
over exploitation. One of the primary challenges for environmental-
ists is to make sure this full spectrum of values is taken into account 
in the public policy process, and not just the interests of the extrac-
tive industries.

ECOTOURISM (NATURE-BASED TOURISM)22

One of the more promising avenues for promoting economic devel-
opment and environmental conservation at the same time is eco-
tourism. Though not without its critics, ecotourism is an attempt 

9780230107298_11_ch09.indd   1149780230107298_11_ch09.indd   114 8/23/2010   3:16:42 PM8/23/2010   3:16:42 PM



FOREST AND BIODIVERSITY CONSERVATION 115

to directly link conservation to economic benefits, which does not 
necessarily require elaborate funding mechanisms or transfers 
of wealth, but instead relies on tried and true business principles. 
Ecotourism matches the growing demand for nature-based tourism 
with the desire by local inhabitants to find alternative ways to pro-
mote economic development that also provide incentives for biodi-
versity conservation. I was somewhat skeptical of the potential and 
efficacy of ecotourism as a preservation model until I heard a lecture 
by a famous National Geographic photographer.

During his talk he retold the story of a trip to the Pantanal in 
Brazil (the world’s largest freshwater ecosystem, which is an amaz-
ing example of South American biodiversity) in which he saw a rare 
and endangered bird and asked the local guide about it. The guide’s 
response was that it tasted good. Aghast that people were eating this 
endangered animal, the photographer told the guide that he would 
pay $100 if he could help him get a good photo of the bird. This was 
an incredible amount of money for the guide and he proudly helped 
the photographer get some close-up shots. The photographer then 
told his friends about the guide and promised him future business, 
premised on the guide’s ability to ensure future visitors such great 
access for viewing.

Immediately, the guide’s view of this endangered bird changed. 
No longer did he view it as a source of food, but as something to cher-
ish and protect, both because of the tremendous revenue he could 
generate by protecting it, as well as the pride he took in knowing that 
people from the outside valued his local wildlife.

This anecdote impressed upon me the power of economic incen-
tives at the grassroots level. Most people want to preserve the natural 
world, but their economic circumstances often force them to exploit 
it for short-term gain if they are struggling to survive and improve 
the lives of their families. The poor often do not have long-term time 
horizons because they do not know if they will even be alive in the dis-
tant future. By creating direct economic values for local conservation, 
ecotourism is filling a crucial need in the environmentalists’ toolbox.

This leads to a larger point that is often overlooked by econo-
mists: people only can value things that they are aware of. For example, 
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people who don’t know about the environmental benefits of forests 
or that a rare type of freshwater dolphin just went extinct in China 
cannot attribute values to these things (Lovgren, 2006). For this rea-
son environmental education is extremely important in providing 
a foundation for promoting the values of biodiversity preservation. 
Every time a person experiences the majesty of nature or learns to 
appreciate human dependence on ecosystem services, it is very likely 
that their valuation of a whole host of environmental resources will 
increase.

From 1995 to 2000 Mitsubishi had plans to open a major salt-
works operation in Baja, Mexico, near one of the most pristine and 
largest lagoons where gray whales congregate every year. The Natural 
Resources Defense Council (NRDC) worked tirelessly to fight this 
development, and just when it seemed like they were going to lose, an 
interesting thing happened. Mexican minister of natural resources 
Julia Carabias convinced then Mexican president Ernesto Zedillo 
to come out with them to the lagoon and see the whales firsthand 
before making the final decision on the project. President Zedillo 
took along his young children on the small dinghy boats into the 
lagoon. Once on the water, they were soon surrounded by the gray 
whales, with one of them coming close enough to touch.23 Needless 
to say, the president and his son were deeply moved by this experi-
ence. The next day the president rejected Mitsubishi’s plans for the 
saltworks. It’s not possible to attribute this decision solely to the expe-
rience on the boat trip, but from all accounts this intimate encounter 
with the whales was a deciding factor (Smith, 2001). Personal experi-
ence and direct contact with nature’s bounty is one of the best ways 
to instill a conservation ethic, or from the economist’s point of view, 
generate additional value for environmental resources.

OTHER IMPORTANT LESSONS

1. The Failure of “Bioprospecting”

Whereas ecotourism holds great promise for future conservation 
efforts, it is instructive to examine the widely held belief during the 
1980s and into the 1990s that the great potential for pharmaceutical 
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discoveries in the natural world would provide significant incen-
tives to halt deforestation and species extinction. The essential logic 
behind “bioprospecting” was that companies and local communi-
ties would do better economically scouring the forests for new medi-
cines than cutting down the trees. While a few joint agreements in 
Costa Rica and Belize between western pharmaceutical companies 
and local governments produced economic development opportu-
nities, conservation victories, and some minor discoveries with eco-
nomic value, overall the bioprospecting movement has been a great 
disappointment.24

The reality is that many plants contain the same elements as oth-
ers, thereby making conservation of large tracts redundant, and syn-
thetic chemicals have been replacing naturally derived medicines, 
further limiting the economic potential of new discoveries of plant-
based compounds (Simpson et al., 1996).

2. The Threat Posed by the “Bush Meat” and 
Exotic Wildlife Trade

The global demand for “bush meat” (animals caught in the wild and 
sold for food), animals and plants for jewelry and medicines, and exotic 
pets is exacting a terrible toll on the world’s biodiversity. In particular, 
the demand for shark fins is devastating many marine ecosystems and 
entire shark populations, and the demand for wild meat throughout 
Africa is leading to massive depopulation of numerous threatened 
species of primates.25 Not long ago, the demand for ivory decimated 
the world’s elephant population, and the current demand for tiger 
bone has led to dangerously low levels of these majestic animals.

The trade in virtually all of these commodities is not driven by 
the desperate poor struggling to survive (although they are often the 
ones engaged at the supply side), but by the middle class and the 
wealthy in both the developed and developing world who are willing 
to pay high prices for these products. Much of the trade in these wild-
life products is illegal, but as visitors to open-air markets through-
out Asia and Africa can attest, in many places enforcement is lax or 
nonexistent.
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As with the illegal drug trade, the only way to stop the supply 
is to decrease demand at the source. Organizations like WildAid 
have been very effective at airing commercials using famous celebri-
ties that implore people to stop buying things such as shark fin soup 
(these have starred NBA player Yao Ming and movie mogul Jackie 
Chan).26 Effective education campaigns that shame people may be 
one of the most effective ways to combat the demand for bush meat 
and exotic wildlife.

As a side note, the development of Viagra has supposedly 
decreased the demand for some rare animal parts known for their 
aphrodisiac properties (“Kindest cut of All,” 2002).

3. Too Much Focus on “Charismatic Megafauna”?

Within the environmental movement there has always been a tension 
between the popular demand for the preservation of “charismatic 
megafauna,” such as whales, dolphins, polar bears, bald eagles, and 
seals, and the conservation of other strata of species, such as rep-
tiles, amphibians, and small plants and animals that may play just 
as important a role in ecosystem functioning but don’t capture the 
public’s imagination to the same extent.27

In some sense, this problem can be viewed as one of education: 
people simply need to be informed of the ecological importance of 
these less “sexy” animals and plants and be made to appreciate a 
wider spectrum of environmental resources. Some argue that since 
the megafauna are often dependent on a whole host of lower spe-
cies that support the ecosystem, making this leap shouldn’t be too 
difficult.

There is a counterargument that says there is nothing wrong with 
people valuing animals like whales more than salamanders, since it 
is we who have to decide what to prioritize and we should be able to 
focus on the things that give us the most pleasure. This may seem 
shortsighted to some conservation purists, but we are all likely suscep-
tible to this logic to some extent; after all, if we had the choice, how 
many of us would choose saving a salamander over a whale?
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But clearly, economic criteria are not the only criteria for deter-
mining value, and it may well be the case that the public’s infatuation 
with charismatic megafauna has channeled money and resources 
into some areas that do not represent the best conservation options 
or “bang for the buck.” Working on establishing a greater role for 
purely science-based measures of conversation priorities in the  public-
policy process may be a fruitful strategy for environmentalists to pur-
sue, along with greater educational efforts.

SUMMARY

The basic economics of forests and biodiversity conservation posit 
that private investments will never be sufficient to meet all of the 
world’s conservation goals, because people can “free-ride” on the 
investments made by others. There is a role for governments both to 
promote biodiversity conservation in their own countries and to assist 
with global conservation goals, especially in biodiversity hot spots.

Since most biodiversity exists on private lands, providing incen-
tives for landowners to conserve their natural resources is critical. 
The most effective means of doing so is through a system of payments 
for environmental services, in which the primary beneficiaries of the 
services pay those who are providing the conservation benefits.

Even if putting a monetary price on natural resources is antithet-
ical to most environmentalists, priorities for conservation must be 
made given limited resources. Shining a light on the values that we 
derive from forests and the world’s plants and animals can actually 
elevate their importance in the policymaking process.
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CHAPTER 10

AGRICULTURE

Agriculture is the greatest human alteration of the natural world. 
Currently, more than 38 percent of the world’s land has been 
converted to agricultural production (Food and Agriculture 

Organization of the UN, 2004). In most cases the conversion to agri-
culture causes a dramatic decrease in biodiversity, since forests are 
often cleared to make way for crops. In addition to losses in biodiver-
sity, agricultural production is rife with externalities caused by pesti-
cide use, soil erosion, and water and energy use.

Given agriculture’s scope and its dramatic effects on the envi-
ronment, it is surprising that agricultural policy rarely garners 
the attention from the environmental community that it deserves. 
Agricultural issues are by no means ignored by the major environ-
ment organizations, but as their monthly periodicals and newsletters 
can attest, issues such as oil drilling, whaling, and climate change 
receive disproportionate attention.

I am not exactly sure why this is the case, but it likely has some-
thing to do with the romantic notion of farming that still persists, 
ironically, in the developed countries where so few people actually 
farm. There are no doubt tens of thousands of farmers who live up to 
the ideals of proper land stewardship, but agriculture is big business, 
where profits often trump environmental concerns; even many “fam-
ily farmers” are not immune to practices that are severely damaging 
to the environment.1
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The negative environmental impacts of agriculture must be 
weighed against the tremendous benefits that it has brought to 
humanity.2 The agricultural productivity gains of the twentieth cen-
tury were the foundation for much of the economic growth that pro-
pelled the United States and Europe and helped to free up resources 
for other aspects of industrial development. These gains were not just 
relegated to the developed world. The “green revolution” technolo-
gies that dramatically increased yields are estimated to have saved 
the lives of hundreds of millions of people around the globe. For 
this reason, Dr. Norman Borlaug received a Nobel Peace Prize for his 
work in the area of plant genetics.3

Agricultural innovations are constantly changing the dynamics 
of global food production; Brazil’s soybean industry has been cata-
pulted to number three in the world, behind the United States and 
China, after major breakthroughs in plant breeding and fertilization 
techniques. Many countries in Africa, which continue to lag behind 
the world in agricultural productivity, are poised to reap the benefits 
of modern technology and improved management if the right incen-
tives are put in place.

When dealing with something as pervasive and fundamental for 
society as food production, it is difficult to accurately quantify all of 
the myriad benefits that come from a strong agricultural sector and 
low-cost nutrition.

From an environmentalist perspective, it is much easier to identify 
specific aspects of the agricultural system that are clearly counterpro-
ductive—those that promote negative environmental outcomes with 
few or no counterbalancing benefits.

AGRICULTURAL PRODUCTION SUBSIDIES

The massive agricultural production subsidies that persist in the 
United States, Europe, Japan, South Korea, and a few other devel-
oped countries4 total over $200 billion a year and result in huge envi-
ronmental damage (Organization for Economic Co-operation and 
Development, 2004b). Most of these subsidy programs were first insti-
tuted in the early twentieth century, around the time of the Great 
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Depression, when large segments of the population worked in agri-
culture and agricultural production in many regions had come to a 
standstill. Production subsidies were used as a way to sustain farming 
and rural livelihoods and have stayed with us ever since. Unfortunately, 
not only have they greatly outlived their usefulness, they contribute 
to massive overproduction, besides being a colossal waste of taxpayer 
money that could be used for much more worthwhile causes.

Production subsidies pay farmers a per unit amount to produce 
certain crops—mostly commodities such as wheat, rice, soy, corn, 
and cotton—usually based on the difference between the current 
market price and a predetermined price floor that is significantly 
higher.5 With the promise of subsidy payments, farmers produce 
much more than they would in a free market system. Not only do 
they expand acreage, but much of this expansion occurs on mar-
ginal lands, since the best lands are used first. These marginal crops 
require even more fertilizers and pesticides, and are grown on soils 
that are prone to erosion. All of this leads to unnecessary environ-
mental harm.

In addition, most of the subsidies go to larger farmers who own 
the most land. In a process called “land capitalization,” the subsidies 
ultimately result in higher land prices, as the value of the guaranteed 
government payments gets absorbed into the land price. This creates 
a barrier to entry for aspiring farmers who want to enter the agricul-
tural sector, and directly harms those who lease their land, which are 
often the small-scale producers.

The obvious solution is to eliminate agricultural production 
subsidies by slowly phasing them out over time to give farmers suf-
ficient time to adjust. This would not only yield tremendous envi-
ronmental benefits, but also save taxpayers billions of dollars a year 
that could be devoted to dozens of other causes that merit greater 
investment.

Unfortunately, due to both the disproportionate political power 
that agribusiness maintains throughout the world and a lack of knowl-
edge on the part of the public,6 there is little indication that there is 
the political will to diminish the role of production subsidies in the 
agricultural sector in most countries anytime soon. Undoing the U.S. 
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system of agricultural subsidies is particularly difficult since the main 
agricultural states have disproportionate representation in the U.S. 
Senate and are also some of the major “swing” states in national elec-
tions, which politicians must pander to for votes.7

One interesting campaign in the United States that is drawing 
public attention to the issue of agricultural subsidies is being led by 
the Environmental Working Group (EWG), which hosts a website 
that lists every farmer in the country who receives agricultural subsi-
dies along with their exact annual payments.8 This information has 
been reported in various media outlets and has led more people to 
question the efficacy and fairness of the system.

The inability to significantly reduce agricultural subsidies9 is 
one of the main reasons that the most recent Doha Round of mul-
tilateral trade talks reached an impasse. Many developing countries 
rightly contend that the overproduction caused by production sub-
sidies decreases the world price of agricultural commodities, which 
then harms their producers, who do not have the benefit of wealthy 
governments to subsidize them. It is estimated that food-exporting 
nations are harmed to the tune of tens of billions of dollars a year 
because of artificially depressed world prices for their crops.10

While the multilateral process has stalled, there have been some 
positive developments coming out of the World Trade Organization’s 
(WTO) judicial body. Since agricultural production (and export) 
subsidies greatly distort world trade in agricultural goods, the WTO 
has repeatedly ruled against the United States in cases brought by 
developing countries harmed by U.S. agricultural policy.11 While the 
United States has been slow to heed the WTO rulings—as evidenced 
by new farm legislation that maintains most of the current subsi-
dies12—the EU has made some great strides in moving away from 
production subsidies over the past decade.

Even though the EU still greatly subsidizes its farmers, the 
farm payments are now largely “decoupled” from production; they 
are not linked to how much farmers produce, and therefore do not 
encourage as much overproduction. The EU has largely shifted to a 
system where farmers receive lump-sum payments as a form of mini-
mum income insurance, as well as payments to engage in specific 
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agricultural practices that are more environmentally benign.13 This 
is certainly an improvement over the production subsidy system, and 
may present a model for other countries to follow. Large agribusiness 
interests who stand to lose tens of millions in direct payments will still 
resist it, but at least it presents a compromise that many parties have 
already accepted.

Ideally, farmers should receive no subsidies, since workers in many 
industries face uncertainties and risks just as great as in agriculture. 
Farmers can purchase crop insurance on the private market, just as 
other businesses buy insurance for all sorts of potential losses.

New Zealand was one of the first developed countries to scrap 
its entire agricultural subsidy system in 1984–1985.14 Today New 
Zealand’s agricultural sector is thriving, with farmers competing on 
global markets through innovation and efficiency, and free from gov-
ernment support (Birrell, 2007; Sayre, 2003). Not all New Zealand 
farmers are still in business, but turnover exists in every industry, and 
overall New Zealand’s agricultural sector is strong.

There is one last point regarding agricultural subsidies that has 
important global ramifications, especially for the poor. It has been 
noted that by depressing the global prices of agricultural commodi-
ties, production subsidies harm agricultural exporting nations in the 
developing world. But those developing countries that are net food 
importers actually benefit from cheaper food on world markets—at 
least, the urban consumers benefit.

Any change in the global subsidy system that led to an increase 
in world food prices could hurt these poor food-importing countries. 
Two important things to keep in mind: the poorest of the poor in 
most of these countries are in the rural areas, and the extent to which 
their income could be boosted by higher prices for their crops would 
be a plus; also, the money saved by wealthy countries by eliminat-
ing the subsidies would be more than enough to make up for the 
increased food prices in the poorer countries. A multilateral agree-
ment that combined a reduction or the elimination of agricultural 
production subsidies in the developed world with increased assis-
tance to the developing world would likely be a win-win scenario for 
the environment and the world’s poor.
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SUBSIDIZED WATER

Water scarcity is becoming an increasingly important global issue. 
Already there is talk of water becoming the new “black gold.”15 There 
are some regions of the world where water shortages are so persis-
tent that there is literally not enough water to maintain a reasonable 
standard of living for the populace, let alone for other economic pur-
poses or to support local biodiversity.

But in most parts of the world, even those regions where fresh 
water supplies are decreasing, the primary issue is not one of absolute 

AGRICULTURAL SUBSIDIES AND 
HEALTH IMPACTS

Agricultural subsidies in the United States have dramati-
cally increased the production of corn and lowered its price; 
this is one reason corn syrup is so cheap and ubiquitous in 
food products. Corn and soybeans (another subsidized crop) 
are now the primary feed for livestock, so these subsidizes 
are also indirect subsidies for the meat and dairy industry, 
also lowering their prices. The net result is that calories are 
cheaper now than ever before, which is one reason obesity 
is on the rise. In addition, agricultural subsidies are partly 
responsible for the extremely low prices for a wide variety of 
fast foods that contribute to heart disease, cancer, and diabe-
tes. These diseases take a tremendous toll on human health 
and cost huge sums of money to treat. Because the prices 
of unhealthy foods are artificially depressed, the relatively 
higher prices for fresh fruit and vegetables (which receive no 
direct subsidies) further discourage their consumption. From 
a public health perspective this is completely backward—if 
anything should be subsidized it is healthy foods, but the 
opposite is the case in the United States and throughout 
much of the world.
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water scarcity, but how the water is distributed. And in many regions 
and countries the bulk of fresh water resources go to agriculture, 
often at highly subsidized rates, which is both environmentally dam-
aging and a waste of public resources.16

My home state of California is a perfect example.17 Here, 80 
percent of all of the states’ water goes to agriculture (Office of 
Water Use Efficiency, 2008), and at prices that are a fraction of its 
true value, both with respect to what others are willing to pay for 
it and the costs of capturing and transporting it. The result is that 
in California a huge amount of water is wasted; hundreds of thou-
sands of acre-feet of fresh water are used inefficiently for relatively 
low-value crops in areas that couldn’t naturally support such pro-
duction. Not only does this lead to much less water for residential 
use, but the environment has been one of the biggest losers in the 
state’s water wars.

Many rivers in the state have been deprived of sufficient water 
to maintain healthy levels of fish and other biodiversity, leading 
to large areas that are essentially devoid of sustainable biological 
 populations—this in a state where river recreation and wildlife tour-
ism is extremely popular and lucrative. This practice is technically 
illegal in California, but that has not stopped many water districts 
from taking more than their share of the state’s water for their agri-
cultural interests for decades.

One of the state’s longest-running lawsuits pitted the Friant 
County Water District against the Natural Resources Defense 
Council (NRDC, which represented the people of California). The 
NRDC claimed that the Friant County Water District was legally obli-
gated to leave sufficient water in the San Joaquin River to maintain 
its historic salmon populations, when in fact the district for decades 
had removed so much water that large stretches of the river were 
rendered virtually lifeless. After numerous appeals and decades of 
legal action, the NRDC won its lawsuit in September 2006 (“Water to 
Flow,” 2006; U.S. Bureau of Reclamation, 2006) and the San Joaquin 
River is being restored with hundreds of millions of dollars in state 
money.
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California is not alone in having a highly inefficient system of 
water distribution in which the environment and consumers are the 
net losers. The question is how to move to a more equitable and effi-
cient distribution system.18

It is often the case that changes in water policy are precipitated by 
legal challenges such as the one described above; water interests are 
so entrenched, the historical claims so complicated, and the stakes 
so large that protracted court battles are required to settle them. 
The legal process is costly, both in time and money, but routinely 
necessary.

Since water is considered a public resource virtually everywhere 
in the world, the government is the principle arbiter of establishing a 
baseline of rights and distribution. Ironically, the fact that in so many 
parts of the world so much water is being wasted is good news; it means 
that there is sufficient water available for both human and environ-
mental needs if a sensible distribution system is put in place.

One of the policy recommendations most popular among econo-
mists is to create water markets, which allow users to buy water rights 
from farmers, and for farmers to trade among each other. This can 
go a long way to dealing with the efficiency issue; farmers that grow 
low-value crops will have an incentive to sell to higher-value users, 
including other farmers, residential users, industry, and environmen-
tal groups.

It is estimated that if we had a fully functioning water market in 
California the agricultural sector would shift considerably; we would 
still have large-scale production of high-value crops such as nuts, 
tree fruits, wine grapes, and avocados, but little to no alfalfa or rice 
production. This shift would free up water for many of the state’s 
beleaguered rivers as well as for increased residential uses to meet the 
needs of the growing population.

Creating water markets requires first and foremost the clarifica-
tion of property rights over water so that traders can be confident that 
they are obtaining contracts that are legally binding. In addition, a 
trading system has to be established along with methods of transport-
ing water from one user to another, which requires significant infra-
structure. Water markets do not address the equity issue as to whether 
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the existing rights to water are fair or not, but they do at least allow for 
water to be used in high-value activities instead of being wasted.

POLLUTION FROM PESTICIDES, FERTILIZER, AND 
ANIMAL WASTE

When environmentalists get engaged in agricultural issues, it is often 
the air and water pollution from farming that captures the most atten-
tion, with pesticides front and center. This is unsurprising given the 
health effects of pesticide residues in our food, the direct harm suffered 
by farm workers, and the widespread ecological impacts. Before discuss-
ing pesticide policy, it is worth noting two other very serious pollution 
issues associated with agriculture that tend to garner less attention.

The first is fertilizer use, which results in massive damage to 
underground aquifers, and perhaps more important, to rivers and 
coastal areas. The nitrogen content of fertilizers in particular can 
starve water systems of oxygen, leading to huge algae blooms that 
choke off all other forms of life. This phenomenon has resulted in 
large “dead zones” in coastal regions throughout the world.19 One 
of the largest dead zones is off the Gulf Coast of the United States, 
fueled by the massive quantities of fertilizers used in fields of the 
Midwest, which makes its way down the rivers and empties into the 
sea. On its way, many river systems are also damaged and groundwa-
ter is polluted.

No one suggests banning these types of fertilizers since they are 
essential to industrial agricultural production. However, it is clear 
that too much is entering the environment.

One potential policy fix is to tax fertilizers based on their capac-
ity to pollute, with the most water-soluble forms being taxed the most. 
Faced with a significant cost for highly polluting nitrogen fertilizers, 
farmers would have the option of switching to less damaging meth-
ods of fertilization, such as the use of nitrogen-fixing cover crops, 
developing new seed varieties that require less fertilizer, creating 
larger buffer zones between their crops and waterways, or switching 
to less nitrogen-demanding crops. With a high enough tax it is likely 
that nitrogen pollution could be curtailed.
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Another policy option is set a national, regional, or statewide cap 
on the use of nitrogen fertilizer and let farmers buy and sell per-
mits. This policy is already at work in Connecticut.20 Monitoring 
and enforcement is costly because analyses have to be routinely con-
ducted in the waterways near farms to gauge individual runoff rates. 
This is technically feasible, but requires not only significant capital 
investment, but also a new bureaucracy to administer the program 
effectively. Farmers must also be penalized severely for noncompli-
ance or the system breaks down.

Unfortunately, up until now attempts to deal with agricultural 
dead zones have been limited, and the ecological damage continues 
to expand year after year. Again, the power of the agricultural indus-
try has hampered serious efforts, and it is not for lack of options that 
the problem remains unaddressed.

The same can be said for the growing problem of animal waste. 
As livestock production continues to become industrialized and con-
centrated, it is not uncommon for operations to boast 100,000-plus 
animals on a single gigantic lot.21 While there are no doubt efficien-
cies gained from containing so many animals in one place (aside from 
the serious ethical implications of doing so), this also greatly con-
centrates the animal waste. In fact, waste from factory farms is now 
orders of magnitude greater than all of the waste generated by the 
human population. Most of it ends up piled in gigantic mountains or 
in artificial lagoons.22 The problem is that it’s virtually impossible to 
keep all of this waste from seeping into the environment, especially 
during periods of rain and storms. In the United States there have 
been horrific examples of massive lagoons of pig waste bursting their 
seams and flooding nearby rivers, killing everything in their wake.23

Again, the polluters, in this case the factory farm operators (and 
indirectly the consumers of animal products), are not paying the true 
cost for the pollution they create. A waste surcharge levied per ani-
mal or a limit on the total quantity of waste that can be kept in a cer-
tain area are policy options.

In the above examples, the government could dictate that any 
revenue generated by agricultural pollution taxes or permit trading 
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be allocated toward efforts to reduce those problems. For example, 
the revenue from taxes levied on nitrogen fertilizer could be used 
to buy land adjacent to waterways, create additional buffer zones, 
improve water-quality monitoring, or fund ecological restoration 
efforts in dead zones and other waterways impaired by agricultural 
runoff. Taxes on animal production could be used to develop better 
ways to recycle animal waste into energy and fertilizer or to create 
more effective means of disposal.

The issue of agricultural pesticides is much more complicated 
because the current state of our scientific knowledge with respect to 
toxins is extremely poor. Most economic policy responses are reasonably 
straightforward when it is possible to make sound estimates of damages. 
But when we know very little about which chemicals have which effects, 
and how they act in combination, we are left with little in our economic 
toolbox that can provide anything approaching precise solutions.

The central problem is one of risk management. How should we 
weigh improving the productivity of agriculture, and thereby lower-
ing the price of food, against the increased exposure to toxic risks, 
both for ourselves and the plants and animals that come in contact 
with pesticides?

The organic agriculture industry has demonstrated that many 
people are prepared to pay a price premium for foods with much 
lower quantities of toxic residues. It is possible to argue that the emer-
gence of the organic market is proof of the market’s effectiveness, 
in that individuals can choose their level of risk based on their own 
priorities.24 Banning pesticides or dramatically increasing their price 
would likely lead to higher food prices and deny people the option 
of which food to purchase based on their own perceived risk prefer-
ences. But perhaps this is the right thing to do.

It all comes down to whether the larger impacts on ecosystems 
and farm workers are great enough to warrant such an interven-
tion, as well as whether people are truly informed about the risks 
they face from pesticide residues, which, again, are poorly under-
stood. Undoubtedly, there are some pesticides, for example methyl 
bromide, that are known to be highly toxic and damaging to the 
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environment, that have rightly been banned (although exceptions 
have been made and they remain on the market).25 There are also 
some pesticides that are universally thought to be benign that have 
proved very useful for farmers and have demonstrably improved agri-
cultural productivity.26

It is the pesticides that we are less sure of, both with respect to 
their impacts and their overall effectiveness, where decisions get 
trickier. Should the onus be on producers to prove that not only is a 
pesticide safe but also greatly needed for the industry? Or should the 
onus be on those who want to prevent the use of chemicals to prove 
that they are damaging and that substitutes exist?

There is no precise answer to this question; it comes down to 
society’s collective appetite for risk. In some countries, the regulatory 
apparatus strongly favors precaution (the EU), while in others (nota-
bly the United States) the rights of industry to experiment with new 
chemicals are greater.

GENETICALLY MODIFIED ORGANISMS (GMOS)

The issue of whether to allow the use of genetically modified organ-
isms (GMOs) in agricultural production is a topic for which the 
environmental community is essentially split. Some contend that 
GMOs represent such an extreme deviation from what is “natu-
ral” and pose such great environmental and health risks that the 
process should be banned. This is what the organic industry has 
done; in fact, virtually the only way to obtain food that is free (in 
principle)27 of GMOs is to buy organic. The European Union has 
been the most adamantly opposed to GMOs, going so far as to ban 
their importation from the United States until their recent loss in 
the WTO court.28

Putting aside issues of what is natural (which includes the argu-
ment that most uses of genetic engineering are little more than the 
acceleration of plant-breeding techniques that have been practiced 
for millennia),29 the fundamental argument against GMOs once 
again revolves around notions of risk. Those opposed to GMOs 
believe that the introduction of new organisms into the environment 
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has not been studied sufficiently and presents an unacceptable envi-
ronmental hazard. There are also concerns that people with allergies 
to certain foods may be unaware that the genes of one food are con-
tained in another, thus leading to medical risks.

Those in favor of GMOs cite their potential to actually decrease 
the environmental impact of agriculture through the development 
of pest-resistant crops or crops that require less water and fertilizer. 
There is also the potential to modify crops to increase their nutrient 
content, which is being done with rice, bananas, and potatoes, and 
could be very beneficial in countries where the populace suffers from 
malnutrition.30

The consensus view, based on the available evidence so far, is 
that GMO crops do not represent a grave threat to ecosystems.31 
GMOs have been in production on a large scale for more than ten 
years and there is as of yet no reported incidences of major ecologi-
cal  disruptions due to the propagation of GMO crops.32 This is not 
to suggest that there aren’t potential negative effects or effects that 
have yet to be discovered, only that little to no evidence currently 
exists.

However, there is a significant consumer-rights movement that 
believes individuals have a right to know whether they are eating 
GMO food that is pushing for mandatory labeling.33 From a market-
based perspective this seems reasonable since consumers can make 
informed decisions only if they have sufficient information.

But if we are going to require mandatory GMO labeling, the ques-
tion arises as to what other information should be mandatory. Foods 
do not list the pesticides and fertilizers used in their production, or 
the miles the food traveled, or the country of origin, or the wages of 
the workers. It is difficult to make the case that this information is 
any less important. And mandatory labeling of GMO foods is costly, 
requiring sorting by seed type throughout the production process, 
along with expensive monitoring.

Is it worth it?
Without clear evidence that GMOs represent new and significant 

risks to the environment it is not clear that the mandatory labeling 
is warranted. There are already plenty of companies that voluntarily 
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advertise GMO-free food, and organic is by default GMO-free. 
Certainly, in the case of foods with a high allergen potential manda-
tory labeling is needed—for example, if peanut genes were injected 
into almonds.

If the evidence continues to point to the relative benign nature of 
GMOs, it seems appropriate to let the market choose the winners and 
losers in this new realm of agricultural technology. In the instances 
where GMOs can cut costs and minimize environmental impacts, 
they should be embraced. When they are used for little more than 
cosmetic improvements, this may appear wasteful, but if the products 
are competitive and there is significant demand from farmers they 
shouldn’t be opposed strictly on ideological grounds. Remember, it 
is not the government’s job to regulate people’s tastes, but to protect 
the public interest.

If in fact GMOs do develop the potential to greatly reduce envi-
ronmental impacts, this may pose a challenge to the organic indus-
try, which may be compelled to revisit its opposition. It is certainly 
permissible for any industry to determine its own standards, but an 
industry that prides itself on environmental stewardship should be 
open to the possibility that GMO technology could be an ally in the 
future. And developing countries that suffer from very low yields and 
contain large swaths of unproductive lands would be well advised to 
consider GMOs as one potentially beneficial tool to employ.

The ultimate fate of GMO crops should be determined by their 
effectiveness and their cost.

SUMMARY

The environmental impacts of agricultural are truly astounding. 
While industrial food production has created the foundation upon 
which much of modern prosperity is based, it has come with signifi-
cant costs. Many of these costs, however, are the result of bad policies 
that distort agricultural practices and reward mostly large farmers at 
the expense of small growers, taxpayers, and environmental quality.

Fixing these problems requires taking on powerful and 
entrenched agricultural interests. One of the greatest allies for 
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agricultural reform is the WTO, whose mission is to create a level 
playing field internationally in agriculture, which requires eliminat-
ing all forms of agricultural subsidies.

Although the agricultural landscape both within and across coun-
tries is extremely varied, the essential economic logic for good policy 
remains consistent: don’t subsidize farmers (but if you do, decouple the 
subsidies from production) and create incentives for farmers to take into 
consideration their pollution when making their production decisions.
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CHAPTER 11

CHEMICAL POLLUTION

One of the defining moments in the environmental movement 
was the 1962 publication of Rachel Carson’s book Silent Spring, 
which awakened the United States (and the world) to the 

potential hazard that toxic chemicals could wreak on the environ-
ment. Carson’s work led to a major public outcry, which gave rise to 
many of the organizations that comprise the modern environmen-
tal movement. In 1972 the United States banned the chemical DDT, 
which Carson had linked to reductions in bird populations, includ-
ing the nation’s symbol—the bald eagle—and the peregrine falcon.1

Like many of the other landmark pieces of environmental leg-
islation that were passed during this era in the United States (the 
Endangered Species Act, Clean Water Act, and Clean Air Act), there 
was no explicit use of benefit-cost analysis employed to enact the 
ban. No economists were asked to determine the “value” of the bald 
eagles and falcons and weigh this against the benefits to agriculture 
(mostly the cotton industry) of the use of DDT. It was determined 
that it was simply unacceptable to risk the extinction of these birds 
and the larger environmental and human costs associated with the 
use of DDT.

Almost forty years have passed and there is virtually no one in 
the United States who believes that the ban was the wrong decision. 
There has been some controversy regarding attempts to ban or greatly 
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diminish the use of DDT in developing countries, particularly those 
in the tropics, because DDT can be effective against the mosquitoes 
that carry malaria, which unfortunately still kills tens of thousands 
of people a year.2

Still, most people today would be surprised to learn that the 
majority of chemicals that they are routinely exposed to have barely 
been studied at all. Those that have are usually tested in animal stud-
ies, which do not necessarily provide accurate information regard-
ing human health effects (putting aside the ethical implications of 
subjecting millions of animals to often painful procedures). There 
is virtually no scientific data that analyzes the synergistic effect of 
the thousands of chemicals working in concert in our bodies and the 
environment every day.3

In addition, many chemicals that have been banned or phased out 
long ago still persist in the environment, and their toxic legacy con-
tinues. In fact, DDT is a persistent organic pollutant that has shown 
up in relatively high concentrations in Arctic ecosystems, negatively 
affecting many forms of Arctic wildlife decades after it was banned 
and thousands of miles away from where it was used.4

It is not an exaggeration to suggest that we are all, more than 
ever, human “guinea pigs” when it comes to the toxic legacy we 
have both inherited and continue to promulgate. Hundreds of new 
chemicals are produced every year and brought to market, trans-
mitted through everything from plastics, electronics, pesticides, 
shampoos, processed food, cosmetics, and industrial processes. In 
addition, the new and exciting world of nanotechnology is introduc-
ing ever smaller particles into our environment that pose new risks 
and challenges.5

While in most parts of the world longevity is increasing—a tes-
tament to one measure of improved health—cancer deaths remain 
extremely high. The persistent high incidence of cancer may very well 
turn out to be a product of our chemical burden, given that the blood-
stream of the average person can contains more than ninety differ-
ent chemicals, many of them known to be toxic.6 It is safe to say that 
whatever damage we are inflicting on ourselves is multiplied many 
times over on nonhuman creatures, who do not have the benefit of 
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advanced medicine, detection, filtration, or the ability to switch food 
sources based on a knowledge of their toxicity.

Faced with the prospect that our current levels of chemical pol-
lution are subjecting us and our surrounding ecosystems to elevated 
levels of risk, which we don’t fully understand, conventional economic 
analysis does not suffice. We simply do not have the information with 
which to even begin making a fully informed benefit-cost analysis, 
even if it was deemed an ethically appropriate method to assess which 
chemicals should be restricted or not.

This presents a much more difficult policy situation than some of 
the other environmental problems that we face. We are dealing with 
probabilities of risk, with large gaps in our knowledge, and a great 
degree of uncertainty.

Comparing how the United States approaches the issue of control-
ling toxic substances with the approach currently being undertaken 
by the European Union is instructive. In the United States, industry 
has much more power to limit restrictions on chemicals, which must 
be proven to be harmful before they can be regulated. The EU, on 
the other hand, invokes the “precautionary principle” and the bar 
for banning or restricting chemicals is much lower; chemicals are 
restricted if there is even a reasonable chance that they can cause 
significant harm.7 This difference in regulatory approach is creating 
a widening gulf between the types of chemicals that are permitted 
within the United States and the EU. This shift marks a contrast to 
the era when the United States set one of the highest standards for 
chemical safety in the world.

The family of chemicals known as phthalates, which are used to 
make plastic toys more pliant, has now been banned in the EU due to 
fears that children will chew on them and face a toxic risk, whereas 
in most of the United States the chemical is still widely used (some 
states, including California, have recently banned it).8

Although the EU has not undertaken explicit benefit-cost analy-
ses in its rulings prohibiting many chemicals, there is an underlying 
benefit-cost logic below the surface. In cases where relatively cheap 
substitutes exist that are known to be less toxic, the EU has ruled 
in favor of bans or limitations on the more toxic materials. In areas 

9780230107298_13_ch11.indd   1399780230107298_13_ch11.indd   139 8/23/2010   3:38:24 PM8/23/2010   3:38:24 PM



PUTTING ECONOMIC ANALYSIS TO WORK140

where a chemical is crucial to a production process and the overall 
competitiveness of European industry, the precautionary approach 
has not always prevailed; for example, despite a growing volume of 
evidence that bisphenol A (BPA) mimics estrogen in the body and 
causes cancer and developmental disabilities, it has not been banned 
in the EU (Goodman, 2008).9

The lessons on how best to approach the issue of chemical pol-
lution by the environmental community (which can be applied to 
all forms of chemicals, including industrial, residential, and agricul-
tural) can be summarized as follows:

1. Changing the regulatory paradigm is probably the most 
important step in reducing toxic chemicals. With woe-
fully incomplete scientific information on the majority 
of chemicals in everyday use, a regulatory system that 
requires definitive proof of toxicity will almost always 
favor industry over public health and the environment. 
Stressing that the burden of toxic chemicals often falls 
on the most vulnerable—pregnant women, infants, the 
elderly—is a big part of changing this paradigm. The 
crux of the argument is not so much about economic ef-
ficiency, but about the distributional effects of chemical 
pollution.

2. Policies that encourage the development of nontoxic 
or “green” substitutes for common chemicals represent 
one of the best long-term strategies for dramatically re-
ducing the use of toxic chemicals. Such policies include 
subsidies for “green” chemical research,10 as well as more 
money for research that demonstrates the ill effects of 
the chemicals currently in use.11

3. Given the tens of thousands of chemicals currently in use, 
it is best to focus on classes of chemicals, such as PCBs.12 
This way the unintended consequence of banning one 
chemical, only to have industry switch to another related 
chemical that is equally or potentially more toxic, can be 
avoided.
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4. Focus on the chemicals that are most likely contributing 
to the worst effects; that is, choose priorities. This may 
seem like stating the obvious, but there have been notable 
examples of environmental groups expending significant 
resources to oppose the use of chemicals that are not be-
lieved to be acutely toxic. For example, the opposition to 
Alar in the United States in 1989, or the more recent cam-
paigns against fluoride in drinking water.13 This is not to 
suggest that these chemicals are entirely benign, only that 
given limited political capital and resources, priorities are 
essential; campaigns against elevated levels of mercury or 
lead offer a much better public and environmental health 
return for every ounce of organizational investment.14

5. Finally, the most controversial of my recommendations: 
in most cases eschew market-based mechanisms in favor 
of “command and control” policies such as limits or bans. 
Command and control regulation is often inefficient, but 
in the area of toxic chemicals it may be the best regula-
tory approach we have. The problem with market-based 
mechanisms—especially cap and trade—is that they 
can lead to the creation of “toxic hot spots”—areas with 
disproportionately elevated levels of toxic pollution.15 
Sometimes it is better to simply limit the levels of certain 
chemicals across the board or ban them altogether.

Plans have been discussed in the United States to extend the cap 
and trade system for sulfur pollution to mercury.16 The policy would 
set a cap on the total levels of mercury emitted by coal-fired power 
plants and then issue permits to be traded. From an efficiency stand-
point the policy would most likely “work” in that it would reduce 
total mercury pollution at the lowest cost (i.e., it would be efficient); 
unfortunately, some segments of the population might be exposed to 
unacceptably high risks in the process.

It is entirely conceivable that the older plants with high mitiga-
tion costs would purchase the bulk of the permits, thereby leading to 
much higher concentrations of mercury in the surrounding areas. In 
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this case a limit on mercury emissions across all power plants, while 
not the most cost-effective, is preferable. Equity concerns sometimes 
must trump efficiency concerns. This logic can be applied to the 
majority of situations in which the goal is to curtail the use of acutely 
toxic chemicals, especially those that disproportionately harm the 
most vulnerable populations.

REGULATING TOXIC CHEMICALS INTERNATIONALLY

Because chemicals emitted into the air and water don’t respect politi-
cal boundaries, and through international trade they are transported 
to every corner of the world, there is a great need for international 
cooperation, especially for the most toxic substances.

Most countries are signatories to a host of international agree-
ments that ban or severely limit the use of many highly toxic chemi-
cals, and the International Organization for Standardization (ISO), 
which publishes standards for thousands of products and is the pre-
mier global standardization body, includes chemical and other envi-
ronmental safety standards in much of its work.

Despite these efforts, which have succeeded in partially leveling 
the international playing field and reducing some of the worst uses 
of toxic chemicals, there is a wide gap between the institutional and 
enforcement capacity between developed and developing countries. 
Not only do many developing countries lack the regulatory infra-
structure—scientists, labs, detection equipment, auditors and other 
staff—necessary to adequately address the problem, but also the laws 
governing chemical pollution in many developing countries are sig-
nificantly weaker to begin with.

This disparity is largely what motivated the international agree-
ment that has come to be known as the Basel Convention, which gov-
erns the trade in hazardous waste.17 The agreement came into force 
in 1992; it severely restricts the quantities and types of waste that can 
be shipped from one country to the next. It was motivated by the 
desire to prevent wealthy nations from dumping their toxic waste in 
the developing countries, which was viewed both as unethical and 
an impediment to the development of cleaner production processes; 
the ability to outsource pollution diminishes the incentive for home 
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countries to produce more efficient and environmentally benign 
technology.

One consequence of the Basel Convention is that the toxic waste 
industry in developing countries—everything from disposing of med-
ical waste, e-waste, and nuclear waste to ship breaking—has declined, 
which is considered a success by most environmentalists. However, 
these industries employ millions of people, often the least educated 
and the poorest, and it is unclear if they are now actually better off. 
Despite the hazards they were exposed to in the toxic waste industry, 
their employment options are severely limited.18

These types of trade-offs are extremely difficult for people in 
wealthy countries to grapple with and for good reason: we are at a stage 
of development where the types of environmental health and safety 
risks that are routine in many developing countries are considered 
unacceptable. And through the Basel Convention we have exported 
these values to the poorest nations of the world, with good intentions 
no doubt, but also perhaps with unintended consequences.

SUMMARY

For many types of toxic substances, benefit-cost analysis is not plau-
sible because we have insufficient information with which to assign 
monetary values to the pros and cons of using particular chemicals. 
Traditional market-based strategies, such as environmental taxes or 
cap and trade, can be appropriate policy responses for chemicals 
that are well studied and not acutely toxic (e.g., CO2 or SOx), but do 
not make sense for persistent organic pollutants, heavy metals, and 
highly carcinogenic compounds.

A command and control approach that bans or severely limits the 
use of highly toxic chemicals is the most sensible approach, especially 
when many of the worst chemicals disproportionately affect the most 
vulnerable segments of society—children, pregnant women, and the 
elderly. These regulations should be coupled with government efforts 
to promote research into less toxic alternatives, greater scientific 
information about the effects of the chemicals already in use, and 
strong international cooperation to ensure that all countries severely 
limit the worst classes of chemicals.
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CHAPTER 12

FISHERIES AND 
THE MARINE 

ENVIRONMENT

The oceans are in serious trouble; this is not hyperbole or more 
“doom and gloom” prognosticating. Multiple assessments of 
the state of the oceans show that the majority of fisheries are 

declining and face complete collapse.1

In areas where unsustainable rates of fishing have already led to 
the collapse of large fisheries, such as the cod fishery off the coast 
of New England and Canada in the 1990s, tens of thousands of jobs 
have been lost and entire local communities devastated. Even in areas 
where fisheries have yet to collapse, the toll of overfishing has created 
serious economic hardship.

This decline of the world’s fisheries is easy to explain: virtually 
all of the oceans are “open access” resources, and fishermen, fueled 
by a surge in demand for seafood,2 harvest as much fish as they can 
resulting in unsustainable rates of fishing. Not only has demand 
for seafood skyrocketed, but also technology for catching fish has 
improved dramatically; many large commercial fleets employ sophis-
ticated sonar systems costing hundreds of thousands of dollars and 
nets hundreds of meters long.

9780230107298_14_ch12.indd   1459780230107298_14_ch12.indd   145 8/23/2010   3:36:58 PM8/23/2010   3:36:58 PM



PUTTING ECONOMIC ANALYSIS TO WORK146

INDIVIDUAL FISHING QUOTAS (IFQS)

Theoretically, the solution to the problem of overfishing is relatively 
straightforward: limit the quantity of fish that can be caught. This 
necessitates creating property rights to fishery resources and assign-
ing them to different parties (or finding some other way to distribute 
them, such as an auction), essentially creating a cap and trade–style 
system over these natural resources.

In countries such as New Zealand, Norway, Iceland, Canada, and 
the United States, systems have been put in place that create property 
rights for fisheries and limit the total catch. These are referred to as 
Individual Fishing Quota (IFQ) or Individual Tradable Quota (ITQ) 
systems (and sometimes also as “catch shares”).3 In almost all of the 
regions where they have been implemented they have been success-
ful at helping to create sustainable fisheries. In all of these programs, 
fisherman can freely buy and sell permits among themselves.

The mechanics of setting up these programs are complex, and 
they are not simple to manage. IFQs are only possible in areas where 
the government or some other legal entity has clear property rights 
over the ocean resources with which they can exercise authority. The 
Law of the Sea Convention grants nations the rights to all ocean 
resources within two hundred miles of their coastlines.4 These regions 
are where all of the current IFQ systems exist. Within these boundar-
ies nations are entitled to utilize their ocean resources as they see 
fit, which includes creating property rights systems over particular 
resources.

The scientific data requirements of IFQ systems are very strong; 
to determine the sustainable levels of fishing, detailed information 
about historic fish stocks must be available. This is complicated by the 
fact that fish species intermingle; while fishing for one species, other 
species are often caught as well. This typically results in conservative 
estimates for the “maximum allowable catch.” Another reason in sup-
port of more conservative estimates is that when faced with fishing 
quotas, fishermen are apt to “high-grade”—only bringing to shore 
the best catches and dumping the others back into the ocean—which 
increases the total impact of a given fish quota. Since the science of 
fisheries is imperfect, fisheries must be constantly monitored, and if 
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it turns out that the original quotas were set too high, adjustments 
must be made in future allotments.

An IFQ system, like all cap and trade systems, works only if there is 
reliable and consistent enforcement. In the case of fishing, fishermen 
are required to present their quotas at the docks when they bring in 
their hauls. Inspectors must be present to identify the species, weigh 
them, and check that the fishermen have sufficient quotas. If they do 
not, this must be met with stiff penalties to deter breaking the rules. 
Fisheries with a small number of docks where fishermen can bring 
their catches to shore make the system much more manageable.

While the general distrust of government among fishermen is 
even greater than in the general population, there is a grudging 
acceptance that IFQs may be one of the best ways to ensure the long-
term sustainability of fisheries, which is certainly in the long-term 
interests of the fishing industry. The major complaints against IFQs 
are that they generally raise the cost of fishing and that more often 
than not they lead to a decrease in current fishing employment (even 
if they ensure long-term survivability of the fishing industry).

This simply reflects the reality that currently there is too much 
fishing in most parts of the world, and that the fisheries cannot sup-
port the current levels of employment. This, of course, raises equity 
concerns since some people must lose their jobs. Quotas are typically 
allotted to those who have historically been active in the fishery, and 
the greater degree of overfishing the lower the total amount of allow-
able quotas to get the fishery back on a sustainable path.

Compensating those who are unable to continue fishing can 
come in the form of “buyouts” from the government; some govern-
ments have chosen to auction a limited number of the fishing quotas 
and use this revenue to pay the fishermen who exit the industry. The 
bottom line is that the pressure on most fisheries is excessive and 
there needs to be some pullback if the fisheries are going to survive.

An added benefit of IFQs is that they allow fishermen to spread 
their work out over the entire year or fishing season. In many fisher-
ies, instead of quantity limits on fish extraction, fishing is limited to 
short windows of operation, sometimes as little as a few days. The 
resulting rush to get as much fish as quickly as possible is referred to 
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as a fish “derby” or “rodeo.” These affairs are often extremely danger-
ous since, in the crowded frenzy to catch as much fish as they can, 
injuries are commonplace. In addition, fish buyers have dispropor-
tionate power in these arrangements, knowing that the fishermen 
must unload all of their fish very quickly. Since much of the excessive 
fish must be frozen, this further decreases the price. In an IFQ system 
fishermen can sell at the higher fresh-fish prices all year long and can 
bring fish to market when prices are most favorable.

IFQ systems may still entail significant negative externalities to 
marine resources. Millions of animals, including seals, otters, sea 
lions, turtles, dolphins, whales, and sharks, are caught (as bycatch) 
in fishermen’s nets every year, and most die horrible deaths.5 In addi-
tion, practices such as “bottom trawling,” in which large nets literally 
scrape the ocean floor in search of fish, often destroy everything in 
their wake, including slow-growing coral. This practice is banned in 
parts of the world, but it is still widely practiced; efforts are currently 
underway for a global ban.6

Commercial fishing, even if technically “sustainable,” entails 
 serious damage to marine life; there is no way around it. Regulations 
can (and should) be enacted to mandate modifications to nets 
or improved monitoring so that fewer animals are inadvertently 
killed, but the numbers will always be high in large-scale fishing 
operations.

It is important to emphasize that IFQ systems can only work in 
areas where nations have legal jurisdiction over the territory. In the 
international waters of the open ocean entirely new legal regimes and 
agreements have to be developed that can create mutually agreed 
upon and enforceable rules and norms over fisheries that multiple 
countries currently access.

Such an agreement is in the works between eight of the Pacific 
Island nations that fish for lucrative tuna in the nearby oceans. The 
agreement calls for the establishment of an “OPEC-style” cartel that 
will help them coordinate to better conserve the tuna and earn a 
greater proportion of the profits from the industry, which is currently 
dominated by larger players.7
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In addition, as promising as the IFQ systems are, many scientists 
think that they are not sufficient to the task given the catastrophic 
damage that has already been done to marine ecosystems.

MARINE PROTECTED AREAS

A growing movement supports the creation of Marine Protected Areas 
(MPAs)—the marine equivalent of terrestrial protected areas—in 
which all consumptive activity in a given region of ocean is severely 
restricted or prohibited. Currently, less than 1 percent of the world’s 
ocean resources are under legal protections that would qualify them 
for designation as MPAs.8 MPA systems are currently being developed 
in the United States,9 Kiribati,10 Australia, Canada, Chile, Colombia, 
Easter Island, Fiji, Grenada, Italy, Federated States of Micronesia, New 
Zealand, Samoa, Solomon Islands, South Africa, Spain, Vanuatu, and 
Vietnam, among others. For MPAs to make a significant impact in 
stemming the oceans’ decline, the hope is for upwards of 10 to 20 per-
cent of the world’s marine ecosystems to eventually come under some 
type of MPA protection.

Because MPAs ban virtually all forms of consumptive use, they 
are typically more controversial than IFQ systems and require strong 
political leadership. However, there is already evidence that the fisher-
ies adjacent to MPAs improve over time,11 which bolsters the case for 
MPAs. Organizations like the National Ocean Economics Program 
(NOEP), which have developed detailed accounting systems and data-
bases for the dissemination of the economic impacts of ocean activi-
ties, including recreation, tourism, and wildlife viewing, can also help 
build the economic case for conservation of marine resources.12

But winning the battle for ocean conservation will also rely 
heavi ly on changing public attitudes about the oceans. For most of 
history, the oceans have been considered too massive to be suscep-
tible to large-scale degradation by human activities, and most people 
never get to see ocean resources up close, as they do with natural 
wonders like Yosemite National Park. Raising awareness about the 
plight of the oceans and bringing their beauty to the public through 
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documentaries, web videos,13 and popular culture will go a long way 
toward affording them similar protection as our land resources.

DIRECTLY TARGETING THE CONSUMER

Ecolabels for “sustainably caught” fish are on the rise, with many orga-
nizations touting their particular brand. The Marine Stewardship 
Council (MSC) has a popular international label, while others include 
Friends of the Sea, Fair Fish, Fish 4 Future, Dolphin-Safe, and Fish 
Forever.

The Monterey Bay Aquarium, a global leader in ocean conser-
vation, is very involved in consumer information about sustainable 
fisheries through its Seafood Watch program, which distributes mil-
lions of pocket-size cards that rate commonly bought fish species 
according to a three-tier color-coded rating system: green for “best 
choices,” yellow for “good choices,” and red for “avoid.” Consumers 
can download cards specific to their regions from the website14 and 
find detailed information about the program’s conservation efforts 
worldwide. Much of this information can now be accessed by cell 
phones and other mobile devices.

MSC, Seafood Watch, and other organizations are also trying to 
influence the seafood industry at the supply side by urging large sea-
food buyers to restrict their purchases to seafood caught in sustain-
able fisheries. Walmart has already agreed to buy all of its fish from 
MSC-certified fisheries,15 and other large chain stores are consider-
ing following their lead.

To date, there have been no large-scale systematic efforts to gauge 
the effectiveness of these campaigns, but the sheer scope of the label-
ing programs and the commitments already made by some of the 
world’s largest seafood retailers demonstrate that they are clearly 
having an impact. Many restaurants16 and stores are advertising that 
they serve only sustainable products, and consumers are becoming 
more assertive in their demands for sustainable seafood.

As with all labeling programs, they are ultimately only as good 
as the science behind them and the degree to which they are veri-
fied and enforced. Anytime there is a significant price premium 
between a sustainable and nonsustainable food product (or any type 
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of  product for that matter) there is an incentive for cheating in the 
industry; it is extremely profitable to sell unsustainable products as 
sustainable ones.

Unfortunately, this situation is rampant in the seafood industry. 
An article in the December 2008 issue of Conservation (Fox, 2008)17 
describes how much of the seafood sold in stores and restaurants is 
mislabeled, and often purposefully so.18 Until the situation markedly 
improves consumers cannot be guaranteed that fish identified as sus-
tainably caught truly are.

THE WTO AND FISHERIES SUBSIDIES

A very positive development on the international front is the WTO’s 
increasing recognition that global fisheries’ subsidies, which total 
tens of billions a year, are significant trade distortions that need to 
be eliminated. The WTO is slated to address this issue in the current 
round of Doha negotiations.19

The problem of fisheries subsidies underscores the potentially 
very constructive role that the WTO can play in helping the world 
move away from some of the more egregious forms of “perverse 
subsidies”—paying people for bad behavior—that wreak havoc on 
the environment around the world.20

Environmentalists have often been at odds with the WTO, believ-
ing that it unfairly favors corporate interests over environmental 
concerns,21 but this is one area (in addition to eliminating agricul-
tural subsidies) where they should be in strong agreement.

It will be a great day when environmentalists are touting the 
WTO’s success at eliminating fisheries (and agricultural, energy, for-
estry, and water) subsidies as evidence of a new global consensus on 
the benefits of well-functioning markets. The WTO is one of the only 
international bodies with significant enforcement power that even 
powerful countries heed; it is past time that environmentalists rec-
ognize that the WTO’s mandate to eliminate trade-distorting subsi-
dies would be a huge boon to many dimensions of the environmental 
cause. A stronger and more consistent WTO would be better for the 
global environmental than a world without the WTO.
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SUMMARY

Overfishing and the threats it poses to the health of marine ecosys-
tems is a serious problem that is only getting worse as population 
grows and people become wealthier, increasing the demand for sea-
food. The problems are exacerbated because most of the oceans are 
“open access” resources that face unlimited exploitation from fleets 
of powerful fishing vessels, many of which are subsidized by their 
respective governments.

Creating property rights systems over ocean resources and limit-
ing the total allowable catches is the best way to promote fisheries 
sustainability, and it has a long history in many countries. But these 
efforts must be coupled with additional restrictions on fishing equip-
ment to limit bycatch and protect fragile ocean habitats, as well as 
the development of Marine Protected Areas, which can allow severely 
degraded ocean ecosystems the opportunity to regenerate.

Consumers also have a role to play, and many types of ecolabels 
and product information can help individuals choose sustainably 
caught fish. However, the success of these programs is tempered 
by the fact that a large portion of the fish sold in stores and restau-
rants is mislabeled, and better enforcement mechanisms are urgently 
needed.
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CHAPTER 13

POPULATION GROWTH 
AND TECHNOLOGICAL 

CHANGE

Population growth and its impact on the environment has been 
a hot topic for decades, ever since Paul Ehrlich’s The Population 
Bomb was published in 1968. Extending many of the arguments 

first put forth by Thomas Malthus in the eighteenth century,1 Ehrlich 
predicted an exponential increase in global population coupled with 
massive starvation, given that growth in the food supply wouldn’t be 
able to keep pace.

The world’s population has essentially doubled in the past forty 
years, from 3.3 billion to 6.8 billion,2 but there has not been wide-
spread famine. In fact, where there have been regional food crises 
(e.g., Ethiopia in 1983–1985),3 they have not been caused by a global 
food shortage but by unfavorable changes in local climatic conditions 
coupled with ineffective and unresponsive governments.

Global food production continues to keep pace with population 
growth, and given that vast quantities of food are used inefficiently 
in the production of livestock, there is plenty of food available to 
feed a much greater world population (raising grain crops such as soy 
and corn and feeding them to cows, pigs, and chickens wastes about 
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90 percent of the energy content of the primary food crop).4 As Nobel 
Laureate Amartya Sen has convincingly demonstrated, the issue of 
famine, starvation, and malnutrition is dictated more by economic 
opportunity and the presence of a democratic government account-
able to the people than by natural resource constraints.5

The question arises whether at present a focus on population 
growth, and policies to limit it, should be priorities for  environmentalists. 
There are those who argue that increases in population are the root 
cause of many of our present environmental problems, and that these 
will only be exacerbated by billions more people.

There is no doubt that all else equal, if we were simply to add more 
people to the world, environmental problems would grow worse. But 
population growth rates interact with many important social and eco-
nomic variables and require a more nuanced perspective. It is not 
accurate to claim that population growth is the root cause of envi-
ronmental problems—it is specific types of consumption that drive envi-
ronmental degradation.

SUSTAINABLE CAPITALISM?

Some environmentalists point out that there is a fundamen-
tal flaw in the capitalist model: modern industrial economies 
are dependent upon exponential growth in GDP to keep up 
with population growth and to continually raise living stan-
dards. But with finite natural resources, exponential eco-
nomic growth will eventually confront limits and the system 
will break down. This, the critics argue, points to the need for 
a new economic model not predicated on constant growth 
rates—an alternative to modern capitalism.*

This argument is flawed because economic growth does 
not necessarily mean growth in material throughput. Growth 
is generated through value, and this can come from the devel-
opment of new technologies and ideas that actually decrease 
our ecological footprint. While it is true that much of the  
world’s GDP is composed of products and services that entail
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A U.S. citizen who owns two sports utility vehicles (SUVs) and a 
2,000-square-foot home, both of which are air-conditioned, and eats 
factory-raised meat multiple times a day has an environmental foot-
print hundreds of times larger than a rice farmer in Vietnam. A focus 
exclusively on population is misplaced because it does not account 
for these differences in consumption. Most of the world’s population 
growth is taking place in the developing countries of the world, while 
most of the consumption takes place in the developed world.6

natural resource consumption, this doesn’t have to be the 
case. In fact, it is possible to envision a world of extremely 
high material standards of living but with much lower envi-
ronmental impacts than today.

There is nothing intrinsic in the capitalist system that 
necessitates using more land, water, energy, copper, or steel 
every year. Growth can be in solar panels, or new nanoma-
chines, or in living architecture that recycles materials and 
produces food. Capitalism is in effect only limited by the 
limits of human creativity and ingenuity.**

* Herman Daly is probably the most famous economist to formally 
question the fundamental assumptions of capitalism with respect to 
natural resource limits; many environmentalists have been inspired 
by his work, and he helped to create the field of “ecological eco-
nomics.” While his contributions have been important, many of his 
critiques are more a matter of semantics than a true challenge to the 
foundations of economic theory and market systems. 
** Julian Simon was a business professor who noted that the “ulti-
mate resource” (the title of his most famous book, first published 
in 1981) was the human mind, and that throughout history human 
ingenuity always wins out against natural resource constraints. He 
won a bet against Paul Ehrlich in which he predicted that the price 
of commodities would decrease (in real terms) over the course of the 
next decade, contrary to Ehrlich’s dire warnings that they would dra-
matically increase in price.
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This is starting to change; consumption is rising in the develop-
ing world as income rises, but at the same time population growth 
rates are declining.7 This is because population growth rates are 
highly correlated with income. As people become wealthier, the 
opportunity cost of having an additional child grows (think college 
tuition and less time spent working at a higher salary) and people 
tend to prefer to invest more resources in few number of children 
(conversely, those who are desperately poor have large numbers of 
kids because many of them die prematurely and children act as a 
form of social insurance for their old age).

This presents environmentalists with somewhat of a conundrum: 
the wealthy are driving the high rates of consumption, and yet as 
people become wealthier they have fewer children. If limiting total 
global population were truly the goal, the surest way to achieve this 
would be to help countries develop and become wealthy as quickly 
as possible. However, if we were simply to duplicate current patterns 
of consumption with billions of new people, the results would be 
disastrous.

This is why the population issue is largely a distraction. The key issue 
is how to transition to much more resource efficient modes of pro-
duction that allow for high levels of material well-being, with a pro-
jected stable population of potentially nine billion people later this 
century.8

Efforts to improve women’s health and empowerment, which are 
also highly correlated with decreases in population growth, should 
also be supported. But from a strictly environmental perspective, it 
is the transition to a less resource-intensive economy that should be 
the top priority.

There are some encouraging signs that this is already on the way.
As economies grow they tend to become much more energy effi-

cient and the ratio of additional resource use for every dollar of addi-
tional GDP declines.9 We have yet, however, to reach a point where 
the absolute amount of resource use declines as countries grow; while 
countries do become better at utilizing resources, they still consume 
more in raw quantities.

9780230107298_15_ch13.indd   1569780230107298_15_ch13.indd   156 8/23/2010   3:40:15 PM8/23/2010   3:40:15 PM



POPULATION GROWTH AND TECHNOLOGICAL CHANGE 157

Creating a society where we can become richer while using less 
absolute quantities of natural resources is the great environmental 
challenge that we face. Getting there will require enacting many of 
the policies already outlined in this volume, but it will also necessitate 
major new incentives for technological innovation.

Environmental economists have long argued that if prices 
reflected the “full” costs of production—including all of the external 
costs and free of government subsidies—this would raise the price 
of commodities such as oil, gas, forest products, and minerals suffi-
ciently to create new incentives for the creation of renewable and less 
polluting substitutes.

There is no doubt a large degree of truth to this.
For example, once greenhouse gases are assigned a price, we will 

likely see a move away from coal as a power source and a greater move 
toward alternatives such as wind and solar, which will be able to more 
effectively compete. The same goes for the full range of other prod-
ucts and services that currently enjoy an artificially low price, due to 
either direct government subsidies or the lack of accounting for the 
environmental damage they generate.

But “getting the prices right” alone is unlikely to provide suf-
ficient incentives for the type of major environmental innovations, 
and their quick adoption, that many scientists think is key to avert-
ing environmental crises. Therefore, further government action is 
warranted. Economic analysis can help environmentalists differenti-
ate between the types of interventions that will likely support these 
efforts versus those that will hamper them.

Case in point: Subsidies for corn ethanol production.
Over the past few years, with global warming and energy security 

major topics in the news, the U.S. government dramatically increased 
subsidies for ethanol production to the tune of billions of dollars;10 
this is on top of the already lavish subsidies that corn farmers receive. 
Predictably, this led to a surge in domestic ethanol production. The 
problem is that ethanol is a terrible substitute for oil. Not only does 
corn production result in a host of significant externalities (such as 
the “dead zone” in the Gulf of Mexico), but it also turns out that once 
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we account for all of the energy that goes into ethanol production, 
it represents a net increase in greenhouse gas emissions per unit of 
fuel.11 This means that the end result of this expensive government 
program is more environmental degradation, more greenhouse 
gases, and less incentive for truly “green” energy alternatives, which 
are at an economic disadvantage since they do not receive subsidies.

For the next decade the example of ethanol subsidies should be 
environmentalists’ “Exhibit A” of how not to craft government policy.

Why did this policy fail so miserably—and more important, how 
can this be avoided in the future?

For starters, farm politics in the United States has more to do 
with the electoral map than with sound economics. But more fun-
damentally, this policy was premised on the notion that the govern-
ment should be in the business of picking “winning” technology and 
actively supporting it. This is not something that governments are 
particularly good at it. What governments can and should do is create 
an economic climate where an entire host of technologies can vie and 
compete for dominance on an even playing field.

Renewable portfolio standards, which mandate that a certain 
percentage of energy in a region be produced using renewable tech-
nology, don’t state which technology. They leave the playing field wide 
open and don’t distort the market in favor of one technology over 
the other (as long as the definition of “renewable” is based on sound 
principles and not specific technologies).

Generous research grants for R&D in renewable energy, whose 
findings are subsequently made part of the public domain, would 
also support the entire renewable sector and not privilege one tech-
nology over the other. Grants are particularly good at encouraging 
risk-taking behavior, which is often the key to the development of new 
“breakout” technologies.

The use of economic prizes can also generate innovation without 
distorting incentives against any subset of nascent technologies. For 
example, a prize for the first commercially viable carbon sequestration 
technology would leave the field open to a host of initiatives, including 
clean coal, underwater sequestration, or other forms of geoengineer-
ing. Already, the government, as well as some private foundations, 
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has sponsored (relatively minor) prizes in the areas of fuel efficiency, 
robotics, and medicine, which have been reasonably successful.12 To 
have a major impact and draw significant new talent to environmental 
projects, these prizes would have to be large and prestigious.

There may come a time when specific new technologies have 
proven themselves worthy of significant government support, espe-
cially if major infrastructure changes are required. For example, if 
car battery technology improves dramatically such that it would be 
possible to transition to 100 percent battery-powered vehicles, it may 
be justified for the government to invest in the new types of power 
grids that would be required to support such an effort.

But again, extreme caution would have to be exercised so that we 
don’t repeat the corn ethanol debacle. Switching to an electric trans-
portation sector makes sense only if the new vehicles are extremely 
energy efficient and if we generate electricity from predominantly 
renewable sources. Switching from gasoline-powered vehicles to elec-
tricity generated from coal wouldn’t be an improvement; it might 
actually make matters worse.

This is why all major environmental initiatives must pass a “life 
cycle test”; all of the impacts across the board must be incorporated 
into the final assessment. If this had been done with respect to etha-
nol, the subsidy program would never have been passed. If Congress 
had insisted on finding a way to financially support farmers in the 
pursuit of new energy policy, support for research into better forms 
of cellulosic ethanol or the conversion of agricultural land to wind 
and solar energy could have been explored, both of which would 
have been significantly better policy.

The more a policy allows for a wide range of potential solutions 
and focuses on the root causes of problems, the more efficient it 
will be and the lower probability that it will lead to environmentally 
 harmful unintended consequences.

SUMMARY

Population growth is not the driving force behind the world’s most 
pressing environmental problems; it is the high rates of consumption, 
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particularly those that entail massive inputs of natural resources and 
produce massive quantities of toxic pollution.

A world with nine billion people will only be sustainable if we 
dramatically improve our resource efficiency and dramatically incor-
porate new technology into our economies. The government has a 
role to play to promote this transition, but it must be very careful how 
it does so if it is not to make the problems worse. Policies that focus on 
the root causes of problems and don’t privilege particular technolo-
gies over others—thus keeping our options as wide as possible—offer 
our best hope.
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CHAPTER 14

DEMAND-SIDE 
INTERVENTIONS

The majority of this book has focused on supply-side solutions—
policies that influence the behavior of farmers, landowners, 
timber companies, fisherman, and corporations. Many of these 

policies, by influencing the prices and quantities of goods produced, 
end up influencing demand. But there are many interesting and 
effective policy interventions that directly address the demand side 
of the equation.

The following are descriptions of some of the latest and poten-
tially most effective demand-side interventions for improving envi-
ronmental quality (in no particular order):

REAL-TIME ELECTRICITY PRICING

Virtually everywhere the price of electricity is constant throughout 
both the months of the year and the hours of the day; for example, 
electricity always costs $.115 per kilowatt hour where I live, whether 
at noon in the middle of the summer or at night in the dead of 
winter. This is extremely inefficient because the cost of producing 
energy, as well as the associated pollution, varies greatly at different 
times.
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During peak energy demand times, which are typically during 
the day in the hot summer months (mainly due to air-conditioning 
demand), energy can be up to 300 percent more costly to produce.1 
Since so many power plants need to be on line to meet demand, the 
pollution created is also worse (due to the warm weather and the dirt-
iest plants coming on line).

Economists have long recommended charging customers dif-
ferent electricity prices at different times to match the true cost of 
producing electricity. If both consumers and businesses had to pay a 
premium for electricity in the hot daytime hours, this would help shift 
production toward less intensive periods and decrease pollution.

Setting up such a system requires special metering and billing 
and making sure that customers understand the differential pricing 
system. Real-time pricing experiments are already underway in Italy, 
Canada, the United States (especially California), Turkey, Australia, 
New Zealand, the Netherlands, and the Nordic countries, with pos-
itive results (“Smart Meter,” 2008). This policy is consistent with the 
economic maxim that prices should reflect the true costs of produc-
tion as accurately as possible.

BLOCK WATER PRICING

Water prices for piped water throughout much of the world are rela-
tively minor with respect to personal income. The result is that very 
few people pay much attention to the amount of water they use unless 
there is a serious drought situation. While businesses pay more for 
water, the same basic scenario applies in most cases: the price of water 
often isn’t high enough to lead to major changes in usage.

But water is a precious commodity that is becoming increasingly 
scarce and is required for many environmental uses, such as rivers, 
wetlands, and lakes. Reducing water demand is a priority in areas 
with rapid population growth and limited rainfall, particularly with 
climate change threatening future supplies.

One way to reduce water demand is to employ block pricing, 
which is essentially a tiered pricing schedule. For residential use, 
prices remain low for an amount of water that covers average usage 
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(with a little leeway built in for larger families), and then prices rise 
sharply for usage that exceeds this monthly amount. This has the 
desired effect of creating a significant disincentive to use more water 
than is needed for essential uses such as washing, bathing, and cook-
ing, such as for watering lawns or washing cars.

The same system can be put in place for industry, with rates held 
constant for normal use patterns and then sharp increases levied 
for producers that use water inefficiently. Block water pricing is in 
use in Albuquerque, New Mexico; Goleta and Irvine Ranch Water 
District, California; Massachusetts; Phoenix, Arizona; and Seattle, 
Washington.2

SOUTH KOREA’S “LAW OF ONE USE” FOR 
DISPOSAL ITEMS

In 2005, South Korea passed a groundbreaking law requiring all 
retailers to charge customers for “one-use” disposable items, such as 
paper cups and plastic bags. The result has been a sea change in 
behavior in South Korea; for example, the use of paper bags has de-
creased by 24 percent.3

Predictably, many Koreans now bring their own cups to cafes and 
their own shopping bags to stores to avoid the charges, which can 
add up quickly. By putting a price on waste, the South Korean gov-
ernment was able to create incentives for environmentally friendly 
behavior.

CONGESTION PRICING FOR AUTOMOBILES

Similar to real-time pricing for electricity, congestion pricing refers 
to a system where automobiles are charged a premium for driving 
during peak hours (usually within crowded city limits) to decrease 
rush-hour traffic and the associated pollution.

London was the first major city to institute congestion pricing 
and the results so far indicate that congestion pricing is working.4 
New York City has floated an idea similar to London’s, but it has yet 
to be enacted.
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One of the concerns is that these programs hurt small busi-
nesses, especially those dependent on ground transportation. Since 
individual commuters have many public transportation options, this 
isn’t a major problem.

STATUS QUO BIAS AND DEFAULT OPTIONS: 
GREEN POWER AND BEYOND

As discussed in Chapter 6, one of the most fascinating findings within 
the field of behavioral economics is what is called “status quo bias,” 
which refers to the tendency for people to stick with default options 
even if they are not economically optimal.

There has been surprisingly little investigation into how default 
options influence decisions in the environmental realm, but it is 
likely a major factor in some very important areas; it is hoped that 
it will eventually garner the attention it deserves within the environ-
mental community.

Besides the example of “green power,” just imagine how con-
sumer choice would change if the default position for produce in the 
supermarket was pesticide-free—that is, fruits and vegetables without 
pesticides would remain unlabeled—while what is now considered 
“conventional” and devoid of labels was instead labeled “grown with 
pesticides.” It is likely that the demand for the produce grown with 
pesticides would decrease significantly even though nothing at all 
had changed besides the labeling. The way products are presented 
to the public, especially when contrasted with similar products pro-
duced in a different way, is instrumental in framing how they are 
perceived.

HARNESSING INSTITUTIONAL AND GOVERNMENT 
PURCHASING POWER

This policy prescription is straightforward: pressuring major institu-
tions, including the government, to procure products from green 
sources. For example, the U.S. government is the biggest purchaser 
of paper in the world, so if it chooses to buy recycled paper or paper 
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without bleach, this has both a dramatic impact on pollution from 
paper products and on the composition of the entire industry.5 In 
fact, some institutions are so large that they can create new markets 
almost overnight.

Amazing environmental benefits could be reaped if institutions 
decided to use nontoxic products or to buy power from renewable 
sources. These institutions can include nonprofits, foundations, ed-
ucational establishments, and well as businesses. For example, when 
Walmart decides to significantly reduce packaging, this has dramatic 
implications for entire upstream industries;6 when the City of San 
Francisco decides to replace bottled water with water filters at sinks, 
this can lead to major reductions in energy use and garbage;7 when 
Home Depot decides to carry Forest Stewardship Council (FSC) cer-
tified wood products, this can create huge new markets for sustain-
able wood that didn’t yet exist.8

Even small institutions can have relatively large impacts. Where 
I work we have begun a policy where 50 percent of the food served 
at campus-wide events must be plant-based, all new appliances must 
be Energy Star certified, all campus landscaping plants should be 
drought-resistant native varieties, and all cleaning products should 
be nontoxic.

SUMMARY

Changing behavior and consumption patterns of the end user is cru-
cial for influencing the industrial composition of our economies in 
a more sustainable direction. The cumulative effects of billions of 
people bringing their own bags to the grocery store, turning off the 
lights when they leave a room, or buying fruits and vegetables without 
toxic chemicals has a tremendous impact.

But environmentalists must remember that some of the biggest 
challenges we face require government action, such as putting a 
price on greenhouse gases or figuring out how to manage the open 
oceans.
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FINAL THOUGHTS 
AND ADDITIONAL 

RESOURCES

Because environmental problems are immensely complex, solv-
ing them requires creative thinking and the ability to juggle 
and digest huge quantities of information. I hope this book has 

demonstrated how economic thinking and analysis can help better 
understand the root causes of environmental problems and the types 
of policies that can ameliorate them.

But these pages represent only a small taste of what economics 
has to offer the environmental community. In this increasingly inter-
connected and fast-paced world, new information and insights are 
continually being added to the body of information that we have to 
draw on for policy ideas and inspiration. Economic tools can always 
use refinement, and as our scientific understanding of ecosystems 
grows we will always face new surprises.

Due to the dynamic nature of the environmental movement, the 
chapters in this book will be updated periodically. Be sure to check 
the book’s website to receive these updates, as well as links to new 
case studies and additional commentary.

The following is a list of other online resources for those who 
want to stay current:

9780230107298_17_fin.indd   1679780230107298_17_fin.indd   167 8/23/2010   3:41:36 PM8/23/2010   3:41:36 PM



WHAT ENVIRONMENTALISTS NEED TO KNOW ABOUT ECONOMICS 168

BLOGS AND WEBSITES

Grist: http://grist.org/
Environmental Economics: http://www.env-econ.net/
Mongabay: http://www.mongabay.com/
Environmental Defense Fund: http://www.edf.org/page.cfm?tagID=
42078
China Environmental Law: http://www.chinaenvironmentallaw.com/
Climate Progress: http://climateprogress.org/
The Energy Collective: http://theenergycollective.com/TheEnergy
Collective/
REDD-Monitor: http://www.redd-monitor.org/

PERIODICALS

Review of Environmental Economics and Policy (requires subscription for 
e-journal access): http://reep.oxfordjournals.org/
Yale Environment 360: http://e360.yale.edu/
OnEarth: http://www.onearth.org/
World Watch Magazine: http://www.worldwatch.org/taxonomy/term/41
World Conservation Magazine: http://www.iucn.org/knowledge/
publications_doc/world_conservation/
The Economist (always has something interesting on the environment): 
http://www.economist.com/

* * *

Before I sign off, I’d also like to reiterate that economics can go only 
so far in solving environmental problems.

Some extremely important environmental issues will require 
more than good policies and political will. They will require a step 
forward in our moral evolution. Economics alone can’t stop com-
mercial whaling, factory farming, the demand for exotic endangered 
pets, or the massacring of dolphins1—these issues require a universal 
ethic that respects all sentient beings.

In the hopes of a greener and more peaceful world . . . .
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1 THE ROOT CAUSES OF ENVIRONMENTAL PROBLEMS

1. In 1848, John Stuart Mill was the first economist to break from classical 
economics and recognize positive social externalities such as education 
and public utilities. In 1901, Henry Sidgwick further developed the the-
ory of externalities through examples of the overuse of natural resources. 
Sidgwick found that one of the reasons for overusing natural resources 
stems from a failure to take all the positive and negative social costs into 
account (Medema, 2004).

2. For information on mountaintop-removal see: http://www.epa.gov/
region3/mtntop/#what).

3. The original jury found the ship’s master liable for $5,000 in punitive dam-
ages, and the owners (Exxon Shipping Company, owned by Exxon Mobile 
Corporation) liable for $5 billion in punitive damages. These damages 
were reduced to $2.5 billion after three appeals. On June 25, 2008, the 
U.S. Supreme Court ruled that for cases such as this with no “exceptional 
blameworthiness,” under maritime law, the upper limit of appropriate 
punitive damages should be set by a 1:1 ratio with the amount of com-
pensatory damages. The Court accepted the district court’s calculation of 
$507.5 million in total relevant compensatory damages (Exxon v. Baker, 
2008).

4. Hardin, Garrett. (1968). “The Tragedy of the Commons,” Science, 
162(3859):1243–1248.

5. Sixty-four percent of the world’s oceans are international waters and not 
under the jurisdiction of a sovereign state (IUCN, 2007).

6. There are a few large national and international emissions trading 
schemes, as well as several statewide and regional schemes that attempt 
to control the atmosphere. The United States as a nation controls SOx 
emissions (Schmalensee et al., 1998), while several individual states, such 
as California with Assembly Bill 32 (AB32), have plans for significantly 
limiting carbon emissions (Royden-Bloom, 2007). The European Union 
Emissions Trading Scheme (EU ETS) was created to meet the goals of the 
Kyoto Protocol and controls carbon emissions through mandatory inter-
national carbon emissions trading. In Australia, the New South Wales state

NOTES
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NOTES170

 government has implemented mandatory reductions in carbon emissions 
for the electricity sector (“Greenhouse Gas Reduction Scheme,” n.d.).

 7. Forty years ago, Garret Hardin referred to what are now called open access 
resources as the “commons,” but as several prominent anthropologists, 
such as Elinor Ostrom (who won the 2009 Nobel Prize in Economics) 
have shown, many natural resources that were once thought to be open 
access rely on high levels of management, and the number of people 
who can use them, as well as the ways they can be used, are restricted. 
Therefore, the term “commons” now refers to natural resources that 
are held and managed by communal organizations, distinguishing them 
from pure open access resources, which anyone can exploit.

 8. A recent study concluded that as of 2003, 29 percent of international-
water fisheries had reached the level of collapse, and that by 2050, 100 
percent of international-water fisheries will reach this level. The study 
defined “level of collapse” as less than 10 percent of the original popula-
tion remaining (Worm et al., 2006).

 9. In 2002, Tuvalu, Kiribati, and the Maldives threatened to sue major pol-
luting nations and corporations for damages in an international court. 
In 2005, the Inuit Circumpolar Conference published a petition to the 
Inter-American Human Rights Commission arguing that the United 
States is infringing on their livelihood by failing to regulate greenhouse 
gas emissions (Hsu, forthcoming).

10. Economist Frank Ackerman and law professor Lisa Heinzerling makes 
this case in Priceless: On Knowing the Price of Everything and the Value of 
Nothing (2004).

11. Property rights in Brazil are written such that landowners maintain owner-
ship of their land as long as a certain percentage of land is in production, 
with production referring to farming or ranching. In order for landown-
ers to avoid having their land seized and redistributed, they must clear 
the forest in preparation for crops or cattle (Alston et al., 1999). By 2004, 
around 590,000 square kilometers (more than 14 percent) of closed for-
est in the Brazilian Amazon basin had been removed, and continues to 
be removed at rates of 10,000 square kilometers to 20,000 square kilome-
ters per year (Walker, 2004). An empirical study on land use and prop-
erty rights in Panama found that less deforestation occurs when effective 
property rights are in place than in locations without those rights (Nelson 
et al., 2001).

  Worldwide increase in demand for soybean meal (used as animal 
feed in industrial farming) has presented Brazil with the opportunity to 
export soybeans (Ortega et al., 2005). However, the level of production 
of soybeans in Brazil does not take into account many of the externali-
ties associated with production. The Brazilian savanna is not well suited 
to growing only soybeans, causing the farmers to clear more and more 
forest in order to find suitable farmland. If the long-term results of such 
deforestation and industrial farming, including soil and nutrient ero-
sion, carbon dioxide, methane, and nitrous oxide emissions, health
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  risks from pesticide use, effluent treatment, and savanna destruction, 
were factored in, the price of Brazilian soybeans would increase, and 
demand decrease (Lopez and Galinato, 2005).

2 DETERMINING THE “OPTIMUM” 
AMOUNT OF POLLUTION

1. In economic terms, this is the point at which the marginal cost of abating 
pollution is equal to the marginal benefit of pollution abatement.

2. The United Nations Universal Declaration of Human Rights named clean 
air as a fundamental human right in 1948 (UN General Assembly, 1948), 
and the Committee on Economic, Social, and Cultural Rights added clean 
water to the list in 2002 (UN Committee on Economic, Social, and Cultural 
Rights, 2002).

3. In economic terms, this translates to a situation where some costs are 
deemed appropriate to derive benefits that are not as great (construed in 
pure economic terms), leading to a net economic loss.

4. I use the term benefit-cost instead of the more common term cost-benefit 
based on the rationale provided by Arrow et al. (1996).

5. A report published by the Organization for Economic Co-operation and 
Development (OECD) in 2006 discussing recent developments in benefit-
cost analysis theory suggests that environmental benefits (goods and ser-
vices) generally have no market, and therefore are given a value of $0. 
While conducting research for this book, the author surveyed European 
Union benefit-cost analyses and found that health benefits account for 
one-third to 100 percent of the benefits used to create a positive CBA out-
come. This trend is also seen in the United States (Pearce et al., 2006). For 
example, the Clean Air Interstate Rule (CAIR) CBA mentions air quality 
and environmental benefits along with the health benefits, but is only able 
to monetize the health benefits, effectively discrediting the environmental 
benefits (U.S.-China Joint Economic Research Group, 2007).

6. Consistent with the report mentioned in the previous note, an earlier 
OECD report found that environmental benefits are underestimated 
when monetary values are applied (Barde and Pearce, 1991). In 2005, in 
response to a draft report to Congress on “Costs and Benefits of Federal 
Regulations,” a coalition of health and environmental groups commented 
that the CBA guidelines in the draft report failed to correct for the fact 
that environmental benefits tend to be underestimated due to the difficult 
nature of applying monetary values to these benefits (Warren, 2005).

7. A 2000 review of regulatory cost estimates compared ex ante cost estimates of 
twenty-eight regulations with their respective ex post estimates (Harrington 
et al., 2000). These regulations were chosen based on the existence of both 
an ex ante cost estimate prepared by a regulatory agency experienced in 
cost analysis and a detailed ex post estimate; twenty-one of the regulations 
are federal, four are from California, and three are international. Overall, 
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ex ante estimates overestimated the total costs of regulation in fifteen cases, 
and only underestimated the costs in three relatively small regulations. Per-
unit costs were overestimated slightly less frequently, with fourteen cases 
overestimated and six underestimated. The quantity of pollution reduced 
was overestimated in nine cases and underestimated in four cases. Some of 
the overestimations, such as regulating the pesticide Mancozeb and phase 
I of SO2 regulation, were due to failing to recognize the presence of a sub-
stitute. Other overestimations, such as OSHA regulations of asbestos and 
cotton dust, were related to inaccurate baseline estimates. Other causes 
of cost overestimation include a less than predicted level of compliance 
(EPA’s regulated gas regulation) and overestimated direct costs (OSHA’s 
vinyl chloride regulation), to name a few.

8. In general the EPA determines the safety of a pesticide or other toxic 
chemical based on tests of individual chemicals. In reality, we are exposed 
to many of these chemicals at the same time, and even when the physical 
exposure occurs at different times, many of these chemicals remain in the 
body for long periods. We have no knowledge of the synergistic effects of 
these chemicals in any combinations, but researchers are beginning to 
see indications that these effects are harmful to our health even in small 
doses (Washington Toxics Coalition, 2004). In 1996, after many studies 
(the first in 1957) suggested the existence of synergistic effects, the EPA 
was required to include cumulative effects of pesticides when setting toler-
ance levels for pesticides that have the same mechanism of toxicity (i.e., 
cause liver cancer after being ingested) (Kepner, 2004).

9. One opinion is that we should worry less about further reductions from 
current levels in dietary exposure of pesticides and more about workplace 
exposures, persistent environmental chemical contaminants, and synthetic 
hormones and hormone-mimicking chemicals in food and other consumer 
products. (Hoffmann, Sandy, personal communication, May 2, 2008.)

3 VALUING ECOSYSTEMS

1. In his 1864 book Man in Nature, George Marsh first brought up the idea 
that ecosystems perform services beneficial to humans. Marsh described 
the elements—water, soil, animals, and plants—as gifts from God, and 
refuted the idea that natural resources are infinite. However, in the con-
text of the high levels of industrial production taking place at the time, 
Marsh’s ideas received little following. In the 1970s, ecologists and econo-
mists began studying ecosystems from various perspectives, and ecosystem 
services became an important concept (Bao et al., 2007).

2. In 1999, the 3.5 million acres of wetlands along the Louisiana coast were esti-
mated to have the capacity to prevent $728 million to $3.1 billion worth of 
storm damage (LaCoast, 1999). A study on restoring the one hundred–year 
flood zone associated with the Upper Mississippi Watershed indicates that res-
toration to this level will save more than $16 billion in projected flood costs. 
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The Charles River in Massachusetts is estimated to protect the area from an 
average $17 million of property damage annually (U.S. EPA, 2006).

3. For excellent overview of the methodologies involved in valuing ecosys-
tems, see the report, “How Much Is an Ecosystem Worth: Assessing the 
Economic Value of Conservation” (World Bank, 2004), which in my view 
is the gold standard for thinking about ecosystem valuation. Other work 
by the World Resources Institute, the United Nations Environmental 
Program (UNEP), the United Nations Development Program (UNDP) 
(World Resources Institute, 1998), and the Global Environment Facility 
(GEF) (UNEP 2006) are worth looking at as well. Also see the Natural 
Capital Project at http://www.naturalcapital.org.

4. Contingent valuation is sometimes referred to by the letters CV or CVM 
(contingent valuation method). While the exact number of CV studies is 
difficult to quantify due to the high volume of papers published by non-
economic journals in recent years, more than six thousand contingent val-
uation studies have been published since the early 1960s. The number of 
studies published annually grew exponentially throughout the late 1970s, 
1980s, and early 1990s. Since then, the number has remained steady at 
about four hundred to five hundred studies per year. Studies have been 
produced in all thirty-two OECD countries and more than ninety devel-
oping countries. As of November 19, 2007, the Environmental Valuation 
Resource Inventory, an international online project spearheaded by 
Environment Canada, lists 1,178 studies conducted in North America, 
849 in Europe, 306 in Asia, 75 in Africa, and 43 in South America. (This 
website is not complete and is continuously updated.) Studies are most 
commonly conducted to value air and water safety standards, as well as 
to protect natural and cultural resources, improve public utilities and 
schools, and study transportation issues (Carson, in press). An online data-
base has been designed to allow policymakers, scientists, and economists 
to match CV study sites with current policy sites to estimate the value of 
policy changes under consideration (Environmental Valuation Reference 
Inventory, 2007).

5. If a CV survey persuades the interviewee that their decision is consequen-
tial, this is referred to as “incentive compatible.”

6. The use of contingent valuation to estimate the lost passive-use values from 
the spill was a major source of controversy, especially given the huge stakes 
involved. The arguments pitted top economists against each other, some 
arguing that contingent valuation does not measure what it purports to 
and is an unreliable tool, and others arguing that the estimates derived 
are defensible. One of the offshoots of these arguments was the conven-
ing of a prestigious panel to review the contingent valuation method and 
make recommendations to the government as to whether it is admissible 
in courts and under what criteria. The panel found that under strict condi-
tions, contingent valuation can provide reasonable estimates of passive-use 
values, although these conditions have been rarely met in practice, and 
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the controversy continues. For a description of the panel’s recommenda-
tions, see the paper by Arrow et al. (1993).

7. For more information on how CV was used in the Exxon Valdez case, see the 
paper by Carson et al. (2003).

4 PUTTING MONETARY VALUES ON THE 
ENVIRONMENT AND LIVING THINGS

1. Peter Singer, the Princeton philosophy professor, has written extensively 
about the demands on individual behavior and lifestyle if one takes 
extremely seriously the needs of others, including nonhuman beings.

2. According to the Insurance Safety Institute, the higher speed limit led to 
an approximately 15 percent increase in deaths between 1995 and 1999 
(“Insurance Safety Institute Finds,” 1999).

3. Based on studying the results of negligence trials where the defendant is 
accused of driving under the influence, juries value the loss of life at $2.3 
million to $4.9 million (net value after subtracting punitive, property, and 
medical damages). Most states do not allow the value of life to be recov-
ered when the injured party has died; however, since most states allow 
“loss of enjoyment of life” awards, this study modeled awards based on a 
percentage of permanent disability and estimated the value of life as the 
value for 100 percent permanent disability (Smith, 2000).

4. In 1988, a survey of jury awards found that pain and suffering payments 
are dependent on the total economic loss, and have average awards (in 
1988 dollars) of $9,000 to $270,000 (Rodgers, 2003). In more recent cases, 
a New York trial lawyer has published damages in the range of $0 to $2 mil-
lion for injury to appendages, and up to $10 million for head, neck, and 
back injuries (Hochfelder, 2006).

5. Starting out with a target and figuring out the cheapest way to achieve it is 
referred to as “cost-effectiveness analysis.”

6. Sulfur dioxide is to be reduced to 50 percent of 1980 levels (Schmalensee 
et al., 1998); the Kyoto Protocol mandates a 5 percent reduction from 
1990 levels (“The Kyoto Protocol,” 2007); California is planning to reduce 
greenhouse gas emissions to 80 percent of 1990 levels by 2050, and the 
states involved in the Regional Greenhouse Gas Initiative (RGGI) will 
reach their first goal by reducing greenhouse gas emissions by 10 percent 
of 1990 levels by 2010 (Royden-Bloom, 2007); twenty-eight eastern states 
are reducing SO2 by 70 percent and NOx by 50 percent, according to the 
Clean Air Interstate Rule (“Clean Air Interstate Rule” 2007); the 33/50 
program in the United States met and exceeded its goals to reduce sev-
enteen chemicals by 33 percent by 1992, and by 50 percent by 1995 (U.S. 
EPA, 1999).

7. Although in fairness the program did call for continual cuts. In the 
first phase, the original 1995 allocation of 8.7 million tons of emissions 
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allowances were gradually reduced to approximately 7.4 million tons in 
1999. During this time, companies banked their unused allowances, creat-
ing the overall effect of 16.6 million tons of usable allowances in 1999. In 
the second phase, the annual allocation jumped to around 10 million tons 
in 2000 and then remained steady. However, as companies used up their 
banked allowances, the total allowances available decreased from 21.6 mil-
lion tons in 2000 to 16.4 million tons in 2005 (U.S. EPA, 2006). Overall, 
the effect of these emissions allocations is that the level of SO2 emissions 
in 2005 was 57.9 percent of the 1980 level (15 million tons emitted in 
2005, compared with 25.9 million tons emitted in 1980) (“Air Emissions 
Summary Through 2005,” 2007).

8. Recently, the U.S. Supreme Court agreed to hear arguments in a case 
(Entergy Corporation v. Environmental Protection Agency (EPA), No. 07-588) 
regarding proposed guidelines (published in 2004) to regulate under the 
Clean Water Act “cooling water” intake and outflow mechanisms according 
to best available technology. The issue in question is that the EPA regula-
tions offer individual operators the ability to request a waiver if costs would 
be significantly higher than the environmental benefits. The U.S. Court of 
Appeals for the Second Circuit ruled in 2007 that the EPA did not have the 
right to participate in the type of benefit-cost analysis proposed. Since cost 
considerations in the proposed guidelines were unclear, the regulation 
was sent back to the EPA for reconsideration. Entergy Corporation is now 
challenging this ruling (Greenhouse, 2008). In 2001, the U.S. Supreme 
Court upheld prior precedent that the EPA was not to consider cost to 
industry when setting national ambient and air quality standards. The con-
stitutional mandate of the Clean Air Act is that the EPA is to consider 
human health risks and factor in a margin of safety when setting the stan-
dards (EPA v. American Trucking, 2001).

9. Ecosystem services are increasingly recognized as essential to human 
health and well being; these services are divided into four categories by 
the 2005 Millennium Ecosystem Assessment report: provisioning (food, 
fresh water, wood and fiber, fuel); regulating (climate regulation, flood 
regulation, water purification, disease regulation); cultural (spiritual, aes-
thetic, recreation, education); and supporting (primary production, soil 
formation, nutrient cycling) (Millennium Ecosystem Assessment, 2005).

  With respect to the effects of industrial pollutants, one study found that 
on average adults in the industrialized nations carry a toxic load of ninety-
one chemicals each, representing 167 different chemicals (Environmental 
Working Group, 2003).

5 VALUING FUTURE GENERATIONS

1. If worst-case scenarios come to pass, our generation may be dooming 
future generations to a much lower overall standard of living, including 
the decimation of many ecosystems and species (Parry et al., 2007).
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2. And certainly we would want to strongly implore the early settlers against 
massacring the Native Americans and practicing slavery.

3. In 2004, 980 million people worldwide lived on less than $1 per day 
(Millennium Development Goals 2007 Report, 2007).

4. The Stern Review estimates the costs of sufficiently reducing the risks of 
climate change at 1 percent of annual global GDP by 2050 (Stern, 2006). 
The World Bank estimates global GDP in 2050 at $135 trillion (World 
Bank, 2006), 1 percent of which is $1.35 trillion.

5. See Dasgupta (2006) and Nordhaus (2007) for critiques on the discount 
rate used in the Stern Review.

6. Based on S&P 500 raw data (adjusted for inflation), the arithmetic aver-
age rates of return for stocks and ten-year bonds are as follows (geometric 
means in parentheses) (Damodaran 2008):
 1928–2007: stocks = 11.69 percent (9.81 percent), bonds = 5.26  

 percent (5.01 percent)
 1967–2007: stocks = 11.98 percent (10.77 percent), bonds = 7.66 

 percent (8.81 percent)
 1997–2007: stocks = 9.39 percent (8.81 percent), bonds = 6.71 

 percent (6.47 percent)
7. According to the UN, the risk-free rate of return from 1997 to 2006 

ranged from 4 percent to 6.35 percent, averaging 5.02 percent (UN 
Statistics, n.d.).

6 TOOLS TO ADDRESS ENVIRONMENTAL PROBLEMS: 
TAXES, PROPERTY RIGHTS, INFORMATION, 

PSYCHOLOGICAL INSIGHTS, AND COMMAND AND 
CONTROL REGULATION

1. Pigou discovered that by implementing a per-unit tax equal to the external 
costs on the source of an environmental problem, the level of supply will 
shift upward, bringing the equilibrium point to the socially optimum point 
(Pigou, 1932).

2. Elasticity is the absolute value of the percent change in quantity divided 
by the percent change in price: %

% .Q
PE �

�
=  For a good with inelastic 

demand, such as gasoline, food, water, or medicine—things with few substi-
tutes—E < 1; the demand for the good is not very sensitive to price, mean-
ing that consumers will purchase the good largely regardless of the price. 
Elastic goods typically have lots of substitutes (such as magazines, sodas, 
clothes), and therefore the demand will be relatively sensitive to price—if 
the price goes up significantly, then demand will drop off as a result.

3. Approximately 61 percent of transportation greenhouse gas emissions 
in the United States are from passenger cars and light-duty trucks. The 
transportation sector as a whole is responsible for about a third of all U.S. 
greenhouse gas emissions (U.S. EPA, 2007).
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4. “Global warming potentials” are standardized comparisons of greenhouse 
gasses to carbon dioxide, based on the ability of the gas to absorb heat and the 
rate of decay of the gas. According to the IPCC’s third assessment report, car-
bon dioxide is the least damaging greenhouse gas; for example, methane is 
twenty-three times worse than carbon dioxide, and nitrous oxide is 296 times 
worse (U.S. Energy Information Administration, 2002).

5. As of 2001, eight European nations—Denmark, Finland, Germany, Italy, 
the Netherlands, Norway, Sweden, and the United Kingdom—have imple-
mented environmental tax reform (ETR), and two others—Austria and 
Belgium—have implemented elements of ETR. These countries are taxing 
environmentally damaging activities and explicitly folding the revenues 
back into society through reductions in other taxes such as labor taxes and 
nontax labor costs such as social security.

  Through ETR, European countries are successfully internalizing the 
negative externalities by charging the full cost for environmental resources, 
as well as encouraging economic growth by reducing taxes on useful activi-
ties such as employment and investment (Hoerner and Bosquet, 2001).

  The blog http://gregmankiw.blogspot.com, by Gregory Mankiw, Harvard 
economist and former chair of the President’s Council of Economic Advisors, 
includes many posts about the benefits of Pigouvian taxes (ETR is an example 
of a Pigouvian tax). In one post, he points out that no taxation is favorable, 
but if the government has to implement them, it is best to select the taxes that 
do the least harm or the most good. Pigouvian taxes are good because they 
correct the market failures associated with the negative externalities of envi-
ronmental resources (Mankiw, 2006).

6. Chart of Taxes on Income, Profits, and Capital Gains as a Percentage of 
Revenue (International Monetary Fund, 2006): General Government.

Country Data 
year

Income 
tax as 
% of 

Revenue

Country Data 
year

Income 
tax as 
% of 

Revenue

Denmark* 2004 52.28 Korea*† 2005 28.87

New Zealand* 2005 50.71 Germany 2005 25.86

Australia 2005 48.54 Austria* 2005 25.23

Canada* 2005 39.08 Czech 
Republic

2005 24.47

PR China: 
Hong Kong

2004 38.76 Russian 
Federation*

2005 23.86

United States* 2005 38.41 Japan 2004 23.81

Continued
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7. Some environmentalists compare pollution permits to the indulgences 
offered by the Catholic Church in the Middle Ages. The Church allowed 
believers to purchase indulgences in exchange for reduced penance for 
their sins (“Indulgence,” 2008). Transnational Institute’s report “The 
Carbon Neutral Myth” (Smith, 2007), and George Monbiot’s article in 
the Guardian are two examples of environmentalists comparing offsets to 
indulgences (2006). Similarly, Michael Sandel (1997) of Harvard argues 
that tradable permits are immoral because they remove the negative 
stigma associated with pollution.

8. Most of the initial sulfur dioxide permits were distributed to firms based 
on historical data. Every year, a small percentage of permits are auctioned 
to new entrants and anybody needing extra permits (Joint Economic 
Committee Study, 1997). In the European Union Emissions Trading 
System (EU ETS), each country was allowed to auction up to 5 percent of 
all permits in phase one and up to 10 percent in phase two; the rest were 
given away without charge. The European Commission has proposed that

Continued

Country Data 
year

Income 
tax as 
% of 

Revenue

Country Data 
year

Income 
tax as 
% of 

Revenue

Norway* 2005 37.90 Netherlands* 2005 22.30

Iceland 2002 36.96 Greece* 2005 21.09

Mexico† 2000 34.15 Brazil† 1998 20.79

United
Kingdom

2005 34.10 Hungary* 2005 20.58

Ireland* 2005 34.01 France 2005 20.57

Switzerland 2002 33.87 Poland 2005 15.89

Sweden* 2005 32.97 Slovak 
Republic*

2005 14.71

Belgium* 2005 32.74 General Government is the average of 
local, state, and central governments
* Data are preliminary or provisional
† Data are for Central Government 
only

Finland* 2005 32.03

India*† 2003 31.06

Luxembourg 2005 30.59

Italy* 2005 29.37
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  in phase three, beginning in 2014, 100 percent power-sector allocations 
will be auctioned (Point Carbon, 2008).

  Absent federal carbon dioxide legislation in the United States, several 
northeastern states joined together to develop a trading system known as 
the Regional Greenhouse Gas Initiative (RGGI); each state determines 
the percentage of their permits to auction, and most have committed to

  eventual 100 percent auction systems (Regional Greenhouse Gas 
Initiative, 2007). The first auction took place on September 25, 2008, 
where 100 percent of the 12,565,387 permits offered were sold for $3.07 
each (Regional Greenhouse Gas Initiative, n.d.).

 9. 226,384 allowances were sold on the private market between April 1993 
and March 1994. A single market value of these trades is difficult to quan-
tify due to companies not sharing the price of the transaction and due 
to reported prices varying widely. The Emission Exchange Corporation 
began reporting sale values in July 1993, and the trade price remained 
at approximately $170 until May 1994; this number is a conservative esti-
mate of the private trading value. At least one sale of unknown size took 
place in November 1993 for $205 per ton (Joskow et al., 1998).

10. A few examples of this are an environmental group in Canada buying out 
a whole outfitting company in 2005 (“Environmentalists Buy Out Bella,” 
2005), and supporters of Friends of the McNeil River (Alaska) won and 
purchased six of the eight brown bear permits offered in 1995 (About 
Friends of McNeil River, n.d.).

11. Any interested party can register with EU ETS and participate in the 
carbon exchange market (Szabo 2006). A British company, Carbon 
Retirement, sells EU permits to private individuals wishing to offset their

 carbon emissions. Each permit sold reduces the amount of industry-al-
lowed carbon dioxide emissions by one ton (Szabo, 2008).

12. The expected penalty for noncompliance of a regulatory statue is the 
probability of being caught multiplied by the penalty. This means that the 
government has two ways to maximize compliance—either by increasing 
the likelihood of being caught or the size of the fine. High probabilities 
and high penalties are obviously the most effective. However, since moni-
toring is very expensive and time consuming, a relatively low chance of 
being caught can be compensated for by a very high penalty.

13. The Clean Air Act and the Clean Water Act are examples of environ-
mental legislation that include the possibility of serving time in prison 
for noncompliance. For example, a U.S. District Court sentenced Derrik 
Hagerman to sixty months in jail for altering documents required by 
the Clean Water Act (United States v. Derrik Hagerman, 2007), and Sheon 
DiMaio was sentenced to forty-two months in jail for acts violating the 
Clean Air Act (United States v. Sheon DiMaio, 2007).

14. For more information on this act, see this page on the EPA’s website, 
http://www.epa.gov/lawsregs/laws/epcra.html.

15. Noted environmental economist Tom Titenberg (1998) has called 
the establishment of right-to-know programs the “third wave of 
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environmentalism”; command and control policies and market-based 
instruments are considered waves one and two.

16. In 2000, the European Pollutant Emission Register (EPER) was the first 
to report CO2 emissions at the facility level; more information about the 
program can be found at http://www.eper.cec.eu.int/.

17. More information about these and other right-to-know programs:
 Global Right-to-Know Resource: http://www.mapcruzin.com/

 globalchem.htm
 Canada: National Pollutant Release Inventory (1999), http://www.

 ec.gc.ca/pdb/npri/
 Chile: Registro de Emisiones y Transferencia de Contaminantes 

 (RETC) (2002), http://www.conama.cl/especiales/1305/ 
 propertyvalue-14774.html

 Mexico: Registro de Emisiones y Transferencia de Contaminantes 
 (2004), http://www.semarnat.gob.mx/gestionambiental/cali
 daddelaire/Pages/retc.aspx

 Australia: National Pollutant Inventory (1998), http://www.npi.
 gov.au/ index.html

 China: Emergency Response Law (2007), http://www.china-em
 bassy.org/eng/xw/t357027.htm

 India: Freedom of Information Bill (2002), http://
 timesofindia.indiatimes.com/cms.dll/html/uncomp/
 articleshow?artid=31500188ands Type=1

18. http://scorecard.org/
19. Important Eco-labeling programs include:

 Forest Stewardship Council: http://www.fsc.org
 Marine Stewardship Council: http://www.msc.org
 Dolphin Safe Tuna: http://www.earthisland.org/dolphinSafeTuna/

 consumer/
 Green Seal: http://www.greenseal.org/index.cfm
 EU Flower: http://ec.europa.eu/environment/ecolabel/

index_en.htm
 United States: Energy Star, http://www.energystar.gov/
 Germany: Blue Angel, http://www.blauer-engel.de/index.php 

(English site under construction)
 The Nordic Swan: http://www.svanen.nu/Default.aspx?tabName=

StartPage
 Japan’s Eco Mark: http://www.ecomark.jp/english/

20. In 2005, organic and Alaskan wild salmon labels were found to be false 
in surveys of New York City fish markets (Burros, 2005; Consumer Reports, 
2006).

21. Examples of government oversight include the USDA over-
seeing the organic label (http://www.sciencedaily.com/
releases/2005/06/050607005738.htm), and the U.S. EPA overseeing the 
Energy Star label (http://www.epa.gov/oig/reports/2007/20070801-
2007-P-00028_glance.pdf).
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http://www.conama.cl/especiales/1305/propertyvalue-14774.html
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22. In 2007, the Forest Stewardship Council (FSC) partnered with the 
European Space Agency to study the applicability of using remote sens-
ing technology to monitor forest management (“Satellite Imagery to Be 
Used,” 2006). The Nature Conservancy and Surnalindo Lestari Jaya, an 
Indonesian corporation, have been experimenting with using barcodes 
to track wood from forests to U.S. customers in order to meet the qualifi-
cations for FSC certification (Colchester, 2006).

23. GoodGuide is led by a group of academics and technology experts; 
http://GoodGuide.com.

24. Over the years, there have been several attempts at quantifying the level 
of information that triggers overload reactions in the consumer. A recent 
study of online product information found that the overload threshold is 
dependent on the number of alternatives, number of attributes for each 
alternative, and the distribution of attribute levels (Lee and Lee, 2004).

25. The first U.S. governmental effort to monitor and control the chemicals 
being introduced to the marketplace was the Toxic Substances Control 
Act (TSCA), which was passed by Congress in 1976. The TSCA, however, 
exempted all 62,000 chemicals already on the market from toxicity review. 
In 2006, the equivalent of about 623,000 tanker truckloads of chemicals 
entered the American market daily. Of these chemicals, fewer than two 
hundred have undergone testing by the EPA (Schapiro, 2007).

26. Venture capital is going to clean technology at a very high rate—the 
Cleantech Venture Network invested 52.9 percent more in clean tech-
nology in 2006 than in 2005. Cleantech Capital Group invested approxi-
mately $8.8 billion between 1999 and 2006, and expects to invest another 
$8.7 billion between 2006 and 2009 (Worrell, 2006). Kleiner Perkins (of 
which Al Gore is a partner) recently announced a $700 million fund to 
invest in green-tech start-up companies over the next three years, and 
a $500 million Green Growth fund to invest in later-stage companies 
(Gage, 2008). Overall, venture capital investments in clean-tech firms 
quadrupled between 2000 and 2007; during the same time frame, clean-
tech investments increased from 0.6 percent of all venture capital invest-
ments in 2000 to 9.1 percent in 2007 (Gage, 2008).

27. The field of behavioral economics has entered the mainstream with pop-
ular books such as Freakonomics. For more serious treatments, see work by 
Matthew Rabin, Richard Thaler, Cass Sunstein, and Daniel Kahneman, 
among others.

28. In California, 1.9 percent of eligible residential customers had switched 
providers by April 2000, and mostly to green providers. Through March 
2000, approximately 1.6 percent of eligible customers in Pennsylvania 
had chosen a new green provider. Massachusetts and Rhode Island 
report negligible customer switching to green power, and Maine and 
New Jersey had not been open to retail competition very long. Overall, 
by 2000, approximately 1.2 percent of eligible customers nationwide had 
switched to green power (Wiser et al., 2000). By 2005, the U.S. average 
had improved to 1.5 percent participation, with 4.6 percent to 13.6 per-
cent participation in the top ten programs (Bird and Swezey, 2006).
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29. Throughout the 1990s, professors Stephen DeCanio and Richard B. 
Howarth each published several papers on barriers to energy efficiency 
in corporations. Citations for these papers can be found on their respec-
tive websites: http://www.stephendecanio.com/Stephen_DeCanio_Site/
published_works.html and http://www.dartmouth.edu/~rhowarth/
files/Howarth-CV.pdf.

30. In 2009, the California state legislature passed a law mandating energy-
efficiency standards for the large-screen televisions that are becoming 
increasingly popular; it goes into effect at the end of 2010. See http://
articles.latimes.com/2009/nov/19/business/fi-big-screen-tvs19.

31. For a discussion of this result and a summary of other recent develop-
ments in this field, see the working paper “Behavioral Science and 
Energy Policy” by Alcott and Mullainathan (2010), which is an extended 
version of their March 5, 2010, article in Science and can be accessed at 
http://web.mit.edu/allcott/www/Allcott%20and%20Mullainathan%20
2010%20-%20Behavioral%20Science%20and%20Energy%20Policy.pdf.

32. For EPA’s analysis of the costs and benefits of the Clean Air Act, see 
http://www.epa.gov/air/sect812/; for analysis of the economics of the 
Clean Water Act, see http://www.epa.gov/waterscience/economics/.

33. When examining any type of government intervention in the market, it 
is useful to look at whether the policy is aimed at correcting a market fail-
ure. If it is not, many times it will make matters worse. Take the housing 
market: here we have close-to-perfect information (prospective buyers 
can get detailed evaluations of the property they want to buy, as well as 
detailed information about the neighborhoods), there is close-to-perfect 
competition (there are hundreds of real estate agents for consumers to 
choose from), the transaction costs are relatively low (closing costs are 
a few percentage points), and when buying a property there is no sig-
nificant externality on anyone else (my choosing to buy a house versus 
renting one doesn’t fundamentally affect my neighbors). And yet, the 
U.S. government (and other governments around the world) greatly sub-
sidizes housing by giving huge tax breaks to homeowners and providing 
lower interest rates to low- and middle-income buyers. This distortion in 
the market has existed for decades simply because politicians believe that 
home ownership is a key component of the “American Dream.” The gov-
ernment should not be in the business of favoring home ownership over 
renting since all this does is create situations where people buy homes 
that they ultimately can’t afford, and tens of billions of tax revenues are 
forfeited to distort a market that would work just fine without any govern-
ment intervention. These policies are one of the reasons we experienced 
the huge housing bubble of the mid-2000s. One can make the case, how-
ever, that once foreclosures reach very high levels, the government has 
a role to play in minimizing the negative externalities these foreclosures 
have on the surrounding neighborhoods. But even here the solution is 
tricky, because if all the government does is once again prop up an artifi-
cially inflated housing market, the problem will resurface in the future.
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34. The U.S. Minerals Management Service, which oversees offshore oil dril-
ling, and gave an exemption from environmental review to BP’s Deepwater 
Horizon oil rig, is a classic example of regulatory capture with disastrous 
consequences (For details see http://www.nytimes.com/2008/09/11/
washington/11royalty.html?_r=3 and http://www.rollingstone.com/poli-
tics/news/17390/111965?RS_show_page=0#). Regulatory capture is also 
prevalent in many of the governmental bodies that oversee fishing quo-
tas, regulate forestry companies, energy firms, and agribusiness (author-
ity for banning pesticides was given to the U.S. EPA instead of the U.S. 
Department of Agriculture (USDA) because the USDA is known to be 
friendly to agribusiness). Regulatory capture goes well beyond the envi-
ronmental realm; the worst forms are probably linked to the financial 
industry, which uses its tremendous might to block oversight and pre-
serve its huge profits.

35. For much of its history the discipline of economics has been referred to 
as “political economy.”

7 ENVIRONMENT VS. ECONOMY: GROWTH RATES,
JOBS, AND INTERNATIONAL TRADE

 1. For U.S. Industrial Production Index data, see http://www.federalre-
serve.gov/releases/g17/Current/default.htm. For an excellent blog post 
on the subject, see http://www.fivethirtyeight.com/2010/02/us-manu-
facturing-is-not-dead.html.

 2. For data on global agricultural production, see http://www.pecad.fas.
usda.gov/ and http://faostat.fao.org/.

 3. Harvard business professor Michael Porter developed a theory (referred 
to as the “Porter Hypothesis”) that posits that environmental regulation 
can spur innovation and therefore offset any additional regulatory costs. 
See Porter and van der Linde (1995).

 4. For a good discussion on the limitations and flaws in the GDP, see Cobb 
et al. (1995).

 5. For an alternative to the GDP that tries to capture a wider range of 
societal values, see the Genuine Progress Indicator (GPI) at http://www.
rprogress.org/sustainability_indicators/genuine_progress_indicator.htm.

 6. Measurements of so-called “green GDP” try to capture the values of these 
types of ecosystem services and also to subtract environmental degradation 
from traditional GDP figures. Despite its appeal, there is no firmly estab-
lished methodology for calculating green GDP, and no consistent annual 
accounting is done to estimate it for the major economies of the world.

 7. For a discussion of Simon Kuznets’ views, see Rowe (2008).
 8. A relationship referred to as the “Environmental Kuznets Curve (EKC)” 

posits an inverted U-shaped relationship between environmental quality 
and wealth. As countries develop, they start polluting more up until a 
point where various factors lead to a gradual diminishment in pollution. 
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For more information on the EKC, see http://www.eoearth.org/article/
Environmental_kuznets_curve.

 9. According to the CIA World Factbook, the GDP for the EU was $16.01 
trillion in 2009, ranking it number one (https://www.cia.gov/library/
publications/the-world-factbook/geos/ee.html), whereas the U.S. 2009 
GDP was $14.27 trillion (https://www.cia.gov/library/publications/the-
world-factbook/geos/us.html), ranking it number two.

10. Another intriguing metric is the Environmental Sustainability Index 
(ESI) (http://www.yale.edu/esi/). The Human Development Index 
(HDI) also has its strong points (http://hdr.undp.org/en/statistics/).

8 CLIMATE CHANGE

 1. For an outstanding paper on the economics and politics of the Montreal 
Protocol, see DeCanio (2003).

 2. According to the Fourth IPCC report, if all greenhouse gas and aerosol emis-
sions had remained at their 2000 levels, the best estimate for average global 
temperature change is a rise of 0.1o C per decade until 2030, and a total 
increase of 0.6o C by the end of the twenty-first century (IPCC, 2007).

 3. A USA Today/Gallup poll from February 8–10, 2008, found that while the 
environment, including global warming, ranks as extremely or very impor-
tant for 62 percent of Americans, it falls at the bottom of a long list of 
priorities including the economy, Iraq, education, health care, energy and 
gas prices, terrorism, social security, etc. An NBC News/Wall Street Journal 
poll conducted January 20–22, 2008, found that when asked to identify 
(from a list) the top governmental priority, only 6 percent of respondents 
chose the environment and global warming. A CNN/Opinion Research 
Corporation poll from mid-January 2008 found that respondents consid-
ered global warming extremely or very important in the 2008 presidential 
election only 48 percent of the time, compared to over 75 percent for the 
economy, Iraq, terrorism, and health care (Polling Report, 2008b). These 
already low numbers went down further as economic conditions deterio-
rated in 2009.

  A 2006 report surveyed residents of Australia, South Korea, India, 
China, and the United States about critical threats facing their country. 
Global warming ranked third out of twelve in Australia, first out of sixteen 
in South Korea, sixth out of thirteen in India, third out of eleven in China, 
and sixth out of thirteen in the United States (Bouton et al., 2006).

 4. Hansen suggests that since significant changes are occurring at the cur-
rent atmospheric CO2 level of 383, we have already overshot a safe pol-
lution level and should aim to reduce concentrations to 350 parts per 
million (McKibben, 2007).

 5. The OECD Environmental Outlook Baseline projects global annual GDP 
growth at 3.4 percent for 2005–10; 2.7 percent for 2010–20; 2.5 percent 
for 2020–30; and 2.8 percent overall for 2005–30 (2008). Cisco’s Foresight 
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2020 (2006) projects annual global GDP growth for the period 2006–20 
at 3.5 percent, and Global Insight (2005) projects global annual GDP 
growth of 3.1 percent between 2005 and 2025.

 6. The IPCC SRES scenario, with peak global population of nine billion 
around midcentury, and with continuing fossil-heavy energy sources esti-
mates approximately 125 Gt (billion tons) CO2-equivalent emissions in 
2050. This represents an approximate increase of 400 percent from 1990 
levels (Barker et al., 2007).

 7. For details on how Exxon continues to fund groups that deny the science 
of climate change, see http://www.guardian.co.uk/environment/2009/

 jul/01/exxon-mobil-climate-change-sceptics-funding. Meanwhile, the 
U.S. coal industry lobby, the American Coalition for Clean Coal Electricity 
(ACCE), has spent tens of millions to lobby members of the U.S. Congress 
against climate change legislation.

 8. The Carbon Tax Center recommends beginning with a $37 per ton car-
bon ($0.10 per gallon gasoline) tax and increasing the tax annually at 
a rate equal to 5 to 10 percent of the baseline cost of fossil fuels. They 
assume that these increases will decrease CO2 emissions by 4 percent 
each year (Carbon Tax Center, 2008).

 9. A paper analyzing the set of carbon tax bills under consideration by the 
U.S. Congress in spring 2008 concludes that the regressive nature of a car-
bon tax can be offset with carefully structured rebate programs (Metcalf 
et al., 2008). Economist William Nordhaus (2001), in a paper comparing 
alternative methods for controlling greenhouse gas emissions, concludes 
that a pricing method such as taxation is preferred to cap and trade. One 
reason for this preference is because of the ability to rebate the taxed 
funds to the consumer and avoid any changes in the efficiency losses 
from taxation.

10. A CNN/USA Today poll in September 2003 found that 51 percent of 
respondents felt that China was an unfair trade partner because of “unfair 
tactics, such as the Chinese government’s manipulation of its currency.” A 
Chicago Council on Foreign Relations (CCFR) poll in 2004 found that 51 
percent of respondents felt that China trades unfairly; only 36 percent felt 
that China trades fairly (Americans and the World, n.d.). In February 2004, 
a Newsweek poll found that respondents believe that other countries’ lower 
environmental and worker health standards are a reason Americans lose 
jobs to foreign countries 81 percent of the time, compared to 11 percent 
who disagree (Polling Report, 2008a). The 2006 CCFR poll found that 
49 percent, 47 percent, and 58 percent of Americans think that Mexico, 
India, and China, respectively, trade unfairly (Bouton et al., 2006).

11. Through its oil imports, the United States (both directly and indirectly) 
sends hundreds of billions of dollars each year to Iran, Saudi Arabia, 
Venezuela, and Russia. These regimes are not only opposed to many U.S. 
interests, but also actively support policies that weaken American security.

12. The conventional wisdom is that in order for this to happen, the United 
States has to first sign into law its own national cap and trade system to 
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show that it is serious about making significant greenhouse gas reduc-
tions, after which it is likely that India and China will also agree to reduc-
tion targets, and combined with the signatories to the Kyoto Protocol a 
multilateral cap and trade system can be established. Without the United 
States, China, and India, which are the world’s largest emitters, taking 
part, any international cap and trade system would fail to reduce emis-
sions by the amount needed to mitigate catastrophic climate change.

13. In 2004, industrialized countries produced 40 percent of the global green-
house gas emissions and accounted for only 20 percent of the population; 
they produced sixteen tons CO2-equivalent per person compared to the 
four tons CO2-equivalent per person produced by developing countries 
(Union of Concerned Scientists, 2007).

14. For more information on issues relating to climate change equity, see 
http://www.ecoequity.org/.

15. The Environmental Defense Fund, Nature Conservancy, National 
Wildlife Federation, Natural Resources Defense Council, Pew Center on 
Global Climate Change, and World Resources Institute are members of 
the United States Climate Action Partnership, which promotes cap and 
trade policies as essential to mitigating global climate change (United 
States Climate Action Partnership, 2007).

16. In an international cap and trade system that included all the countries of 
the world, the act of paying people to reduce their own emissions would 
be subsumed within the permitting system since all nations would face 
greenhouse gas caps; i.e., there would be no entities outside of the permit 
system that companies could contract with to offset emissions.

17. There is no reason that carbon offsets couldn’t be built into tax systems 
as well; faced with a tax on its greenhouse gas emissions, a firm would be 
allowed to instead purchase offsets of an equivalent amount (and would 
do so if it were cheaper than the tax). While theoretically equivalent in 
a tax or cap and trade system, offsets have only been discussed in policy 
circles in the context of cap and trade legislation.

18. For the regional distribution of CDM projects, see http://cdm.unfccc.
int/Statistics/Registration/RegisteredProjByRegionPieChart.html.

19. See http://articles.sfgate.com/2009–09-18/news/17205678_1_carbon-
flight-purchase.

20. For more information on additionality, see the Clean Development 
Mechanism Rulebook at http://cdmrulebook.org/pageid/84.

21. For more on critiques of the CDM, see papers by Stanford law professor 
Michael Wara at http://www.law.stanford.edu/directory/profile/308/
Michael%20Wara/#publications_cases.

22. Carbon offsets in forestry (under the proposed Reduced Emissions from 
Deforestation and Degradation-REDD system) have their own unique set 
of potential challenges and benefits that are discussed in Chapter 8.

23. In the European Union Emissions Trading System (EU ETS), each 
country was allowed to auction up to 5 percent of all permits in phase 
one and up to 10 percent in phase two, while the rest were given away 
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without charge; the European Commission has proposed that in phase 
three, beginning in 2014, 100 percent power sector allocations will be 
auctioned (Point Carbon, 2008).

24. For details of the bill, see http://cantwell.senate.gov/issues/CLEARAct.
cfm.

25. For a discussion among prominent environmentalists and economists on 
what is better, a tax or cap and trade, see http://e360.yale.edu/content/
feature.msp?id=2148.

26. See these two articles that are only months apart: http://www.cnn.
com/2008/US/05/26/gas.driving/index.html and http://www.nytimes.
com/2008/10/30/business/30gasoline.html.

27. For an overview of the CAFE program, see http://www.nhtsa.dot.gov/
portal/site/nhtsa/menuitem.43ac99aefa80569eea57529cdba046a0/.

28. For details on the Energy Star program, see http://www.energystar.gov/.
29. For an assessment of the EU’s feed-in tariffs (and other policies to 

support renewable energy), see the Commission of the European 
Communities report, “The Support of Electricity from Renewable Energy 
Sources,” which can be downloaded at http://ec.europa.eu/energy/
climate_actions/doc/2008_res_working_document_en.pdf.

30. In addition, if not applied properly, feed-in tariffs can lead to exces-
sive capacity in uneconomic types of renewable power, as the follow-
ing case with solar power in Spain exemplifies: http://www.nytimes.
com/2010/03/09/business/energy-environment/09solar.html?hp.

9 FOREST AND BIODIVERSITY CONSERVATION

 1. For background information on the utilitarian doctrine, read the origi-
nal thesis by John Stuart Mill (1879), and visit the Encyclopedia Britannica 
online (West, 2008).

 2. Conservation International identifies twenty-five hot spots utilizing the 
definition put forth by Myers et al. (2000). A hot spot must contain at 
least 1,500 endemic species of vascular plants (greater than 0.5 percent of 
the world’s total), and have lost at least 70 percent of the original habitat 
(Conservation International, 2008).

   World Wildlife Fund (2006) has identified 238 ecoregions in order to 
conserve the most comprehensive selection of the world’s flora and fauna. 
These regions were selected to represent the twenty-six habitat types and 
seven biogeographic realms, and where further selections were necessary 
ecoregions were compared and selected based on species richness, ende-
mism, higher taxonomic uniqueness, extraordinary ecological or evolu-
tionary phenomena, and global rarity of the dominant habitat type.

  BirdLife International (2008) targets areas termed Endemic Bird Areas. 
These areas are identified as the locations where the restricted habitats 
(larger than 50,000 square kilometers) of two or more endemic species 
overlap.
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 3. Even though their share of global land area has decreased by half 
(from about half of global land cover to about a quarter), forests con-
tinue to provide habitat to more than 50 percent of the world’s species 
(Groombridge and Jenkins, 2000). Forests are found on all six inhabited 
continents, especially in the tropical and temperate zones. Good maps of 
global forest cover and overall terrestrial ecological zones can be found at 
http://www.fao.org/DOCREP/004/Y1997E/y1997e1g.htm, figures 47-1 
and 47-2, respectively.

 4. Illegal logging constitutes 90 percent of all logging activity in Cambodia, 
80 percent in Bolivia and Peru, 70 to 80 percent in Indonesia, and 70 per-
cent in Ecuador, Gabon, and Papua New Guinea (World Bank, 2006).

 5. For example, the U.S. Forest Service loses around $40 million annually 
in subsidizing the logging industry in the Tongass National Forest, and 
inexpensive logging fees for Canadian timber companies are disputed 
as unfair subsidies by the U.S. logging industry (Taxpayers for Common 
Sense, n.d.; Cushman, 2006).

 6. See http://www.un-redd.org/ for details of the proposed program, and 
http://www.redd-monitor.org/about/ for a collection of commentary 
on REDD.

 7. David Fogarty (2007) provides background information about the 
debate in his article published by Reuters. Delegates at the Bali conven-
tion agreed to include the Reducing Emissions from Deforestation and 
Degradation (REDD) program in future talks on the post-Kyoto global 
warming treaty. By the end of the Bali talks, they had agreed that the 
REDD program is important and should be strengthened, but left it at vol-
untary action (“Bali Delegates,” 2007). At about the same time, the World 
Bank announced the formation of the Forest Carbon Partnership Facility 
as a fund to pay countries to not cut down their forests as proposed in 
the REDD program. As of December 11, 2007, developed countries (not 
including the United States) and one NGO had already pledged US$160 
million (“World Bank Fund,” 2007).

 8. For free REDD modeling software and discussions of different REDD 
 scenarios, explore this site: http://www.conservation.org/osiris/Pages/
overview.aspx.

 9. For a great overview of efforts around the world to link biodiver-
sity preservation to incentive programs, see the report by Ecosystem 
Marketplace, “State of Biodiversity Markets: Offset and Compensation 
Programs Worldwide,” which can be downloaded at http://www.ecosys-
temmarketplace.com/documents/acrobat/sbdmr.pdf.

  The Natural Capital Project is a joint effort of the Woods Institute for 
the Environment at Stanford University, the Nature Conservancy, and the 
World Wildlife Fund to define the economic value of ecosystem services 
at locations around the world; http://www.naturalcapitalproject.org/
about.html.

10. A review of the program by Sierra and Russman (2006) suggests that pay-
ments are not directly contributing to forest conservation and that the 
funds would be better spent in restoration activities. A study by Brian 
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Steed (2007) concludes that while the program is theoretically good, 
areas of caution/concern include ensuring that incentives are adequate 
for the targeted participants, and that sound payment mechanisms are 
established to ensure continuity of the program over time.

11. The Terra Nova Rainforest reserve, which was deeded to the Belize 
Association of Traditional Healers in 1993, was designed for three pur-
poses: use by traditional healers and their students, use by U.S. scientists 
for ethnobotanical and ecological research, and ecotourism (Balick et al., 
1994). Bioprospecting may, however, have limited viability as a force for 
forest preservation (Simpson et al., 1996).

12. Using 145 Willingness to Pay (WTP) estimates from forty-six contingent 
valuation studies on six continents, Jacobsen and Hanley (2008) found 
that demand for biodiversity conservation increases with rising income.

13. Debt-for-nature swaps generally fall in two major categories: bilateral 
debt-for-environment swaps by a creditor (one country buys back the debt 
of a lesser-developed country), and commercial debt-for-nature swaps 
(a private organization buys the debt of a lesser-developed country). In 
both cases, the debt is purchased at a discount and then converted to 
the local currency and used to fund environmental programs or to set 
aside protected areas (World Wildlife Fund, 2008). Between 1998 and 
2002, more than $1.1 billion had been generated in conservation funds 
in more than thirteen countries (WWF Center for Conservation Finance 
2003b; 2003a). A large swap occurred in 2007 when the U.S. government, 
the Nature Conservancy, and Conservation International came together 
to purchase $26 million of Costa Rica’s foreign debt at a discounted price 
of $12.6 million (“Costa Rica,” 2007).

14. The first recorded swap took place in 1987 between Bolivia and 
Conservation International (Resor, 1997).

15. Conservation International and The Nature Conservancy, in conjunc-
tion with the United States and Guatemalan governments, worked out 
a debt for nature swap in 2006 to provide Guatemala with more than 
$24 million for forest protection (“Historic Debt-for-Nature Swap,” 
2006).

16. Conservation International (n.d.) estimates the human population within 
biodiversity hot spots at approximately two billion.

17. There has been much criticism of the environmental movement by 
those who believe that local people and indigenous groups have been 
treated unfairly. For examples, see Mathews (2005) and Melosi (2000).

18. Initial responses to Chapin’s article were published in the January/
February 2005 World Watch magazine and are available for download 
at http://www.worldwatch.org/system/files/EP181C.pdf. Additional 
responses that were not published in print are available at http://www.
worldwatch.org/node/1832.

19. Mr. Hotelling (1947) found that by dividing the area around a park into 
concentric zones and then comparing the cost of traveling from a par-
ticular zone to the percentage of inhabitants of a particular zone who 
actually travel to the park, the park officials could plot a point for each 
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zone on a demand curve for the service of the park, and thus determine 
the economic value of a visit to the national park.

20. For more information on Lancaster’s bundles of attributes  theories, 
see  http://www.blackwellreference.com/public/tocnode?id=
g9780631233176_chunk_g978140510066319_ss1-13.

21. Two examples of highly valued natural resources are Polish forests and 
the Hawaiian coral reefs. Using the travel cost methodology, the annual 
recreational value of Polish forests in 2005 was approximately 5 billion to 
8.5 billion euros, or 570 to 970 euros per hectare (Bartczak et al., 2008). 
Hawaii’s coral reefs are estimated to contribute $360 million annually to 
the Hawaiian economy and have an overall asset value of approximately 
$10 billion (Cesar and van Beukering, 2004).

22. For a description of the differences between nature-based and ecotour-
ism, see http://www.gdrc.org/uem/eco-tour/eco-sust.html.

23. This area is famous for close encounters with whales. For photos, see 
http://www.nrdc.org/wildlife/marine/baja/bajainx.asp.

24. In the 1990s, Merck entered into an agreement with Costa Rica’s National 
Biodiversity Institute (INBio) to pay $1.1 million up front for the right 
to sample plant, animal, and insect species from within protected areas 
of Costa Rica. The Costa Rican government agreed to invest 10 percent 
of the upfront fee and 50 percent of the royalties back into conserva-
tion and biodiversity protection. (“Agreement Between Merck and Costa 
Rica,” n.d.).

  Initial funding for the 2,400-hectare Terra Nova Rainforest Reserve in 
Belize came from Shaman Pharmaceuticals (Spiro, 1998). The park was 
deeded to the Belize Association of Traditional Healers in June 1993 for 
four purposes: extraction of traditional medicinal plants, a location for 
traditional healing education and apprenticeship, ethnobotanical and 
ecological research, and ecological tourism (Balick et al., 1994). Shaman 
Pharmaceuticals formed and funded the Healing Forest Conservancy as 
a nonprofit organization through which they could send product profits 
back to the indigenous communities in the form of specific programs 
(King and Carlson, 1995).

25. Beyond the more than 800,000 metric tons of shark that were harvested 
for meat, up to an additional 260,000 metric tons were slaughtered for 
their fins and thrown back into the ocean. Many shark populations are 
currently at around 80 percent of their preindustrial fishing population 
levels. Without the top predator, many ecosystems become unbalanced 
and cannot survive (WildAid, 2007).

  In addition to the large quantities of African bush meat hunted for 
subsistence, 13,000 pounds of bush meat are exported to Western coun-
tries annually (Newsweek, 2007). Surveys conducted between 1998 and 
2000 found that due to hunting and disease, ape populations had been 
reduced by more than half since 1983 (Weiss, 2003).

26. More than eighty celebrities have filmed public service announcements 
that have reached more than one billion viewers globally per week. These 
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PSAs can be viewed on the WildAid website: http://www.wildaid.org/
index.asp?CID=7andPID=507.

27. For an excellent paper on this topic, see Metrick and Weitzman (1998).

10 AGRICULTURE

 1. While ubiquitous in discussions about agriculture, the term “family farm” 
doesn’t have a precise meaning, and family owned operations can include 
gigantic agricultural empires.

 2. For a contrarian view, see Jared Diamond’s “The Invention of Agriculture: 
The Worst Mistake in the History of the Human Race” (1987).

 3. Through selective breeding of mutant wheat strains in Mexico, 
Dr. Borlaug developed strains of wheat with yields three times as large 
as previous strains. Exporting these strains to India in the late 1960s 
increased India’s food production such that the country shifted from 
the brink of starvation to food self-sufficiency (“Ears of Plenty,” 2005). 
In 2005, Dr. Borlaug and former president Jimmy Carter defended the 
use of genetically modified crops to improve crop yields and allevi-
ate hunger in areas where the farmers must cultivate marginal lands 
(Borlaug and Carter, 2005).

 4. Countries with agriculture production subsidies: producer support esti-
mate per cent of gross farm receipts.

2003–
2005** 

| 2004–
2006*

2003–
2005**

2004–2006*

Iceland 66% Russia 17%

Norway 66% United 
States

14%

Switzerland 66% Mexico 14%

Korea 63% Bulgaria 8%

Japan 55% China 8%

EU 34% South Africa 8%

OECD 29% Australia 5%

Romania 27% Brazil 5%

Turkey 24% Ukraine 3%

Canada 22% 22% New 
Zealand

1%

Notes: * Organization for Economic Co-operation and Development, 2007b.
** Organization for Economic Co-operation and Development, 2007a. 
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 5. Globally, the top ten subsidized crops (by percentage of total value), from 
most to least heavily subsidized, are: milk, beef and veal, rice, wheat, pig 
meat, maize, other grains, oilseeds, poultry, and sugar (Organization for 
Economic Co-operation and Development, 2004a).

 6. The persistent strength of the U.S. agricultural lobby is a classic case of 
political economy in which the potential losses from a change in the sta-
tus quo are highly concentrated among a relatively small group, and the 
revenue that would be saved would be dispersed over the entire popula-
tion or absorbed into the general budget. Those who stand to lose are 
very vocal and invest significant sums in lobbying, while the general pub-
lic remains relatively apathetic and business as usual continues.

 7. Each state is allowed two senators; however, on a per capita basis, the 
main agricultural-state senators (except California) represent fewer peo-
ple than many nonagricultural-state senators.

 8. For information on the Environmental Working Group’s (EWG) farm sub-
sidy database and related news, see http://www.ewg.org/farmsubsidies.

 9. Agricultural subsidies overall have gone down in OECD countries, but 
they persist at extremely high levels.

10. Even the developed countries suffer from artificially depressed food 
prices. In 1991, it was estimated that the developed market economies 
would gain $35 billion annually by the removal of agricultural subsidies 
(above and beyond the savings in government revenue) (Council of 
Economic Advisers, 1991).

11. For example, see the U.S.–Florida Excise Tax case and the U.S.–Upland 
Cotton case (World Trade Organization, 2008a and 2008b).

12. In May 2008, Congress finally passed the 2007 Farm Bill legislation, which 
was immediately vetoed by President George W. Bush. Both houses then 
voted to override the veto and enact the Farm Bill (Walsh and Barrett, 
2008). The USDA page with information about the bill is at http://
www.usda.gov/wps/portal/usdafarmbill?navtype=SUandnavid=FAR
M_BILL_FORUMS.

13. Like the Europeans, the proposed U.S. Farm Bill includes provisions 
such as the Conservation Reserve Program (CRP) and the Environmental 
Quality Improvement Program (EQIP) that pay farmers for environmen-
tal measures, but the overwhelming bulk of U.S. farm payments remain 
in the form of direct production subsidy payments. Approximately 14 
percent of the $290 billion Farm Bill is marked for crop subsidies; more 
than 65 percent of the bill goes toward food stamps and emergency food 
aid programs, and 1 percent is for foreign food aid (Woodruff, 2008).

14. For more information about the program, read articles published by the 
Frontier Center for Public Policy (Federated Farmers of New Zealand, 
2002) and the UN Environmental Programme (1999).

15. A reference to the dominant role that oil plays in the world economy, 
along with the strife that accompanies it.

16. According to the most recent Food and Agriculture Organization of 
the United Nations data (2000–2006, depending on the country), 
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approximately 70 percent of global water use is by the agricultural sector 
(Food and Agriculture Organization, 2008).

17. The history of how California farmers were able to establish rights to 
such vast quantities of water at such highly subsidized rates is extremely 
complicated and the subject of many articles and books. The legendary 
battles over California water rights have been popularized in such movies 
as Chinatown and Marc Reisner’s highly entertaining book Cadillac Desert.

18. Australia has been grappling with a terrible drought and has enacted 
many new policies to try to create a more efficient and just water system. 
For information on these efforts, see http://www.environment.gov.au/
water/.

19. In 2003, the UNEP identified 146 dead zones. Major dead zones include 
the Gulf of Mexico, the Baltic Sea, the Northern Adriatic Sea, the Gulf of 
Thailand, the Yellow Sea, and Chesapeake Bay. A map of all dead zones 
and more information can be found in the UNEP Global Environment 
Outlook Yearbook 2003 (United Nations Environment Program, 2003).

20. A nitrogen credit exchange was developed in Connecticut in 2002 to 
reduce the state’s total maximum daily emissions of nitrogen into Long 
Island Sound (Connecticut Department of Environmental Protection, 
2007).

21. The U.S. Department of Agriculture does not publish the size of individ-
ual farms, but they do publish the number of farms over a certain size and 
the total number of animals on those farms. The data below is taken from 
the 2002 Census of Agriculture (National Agricultural Statistics Service, 
2004).

Animal Farm size # Farms # Head Average 
head/
farm

cattle and calves >=5,000 905 12,936,108 14,294

hogs and pigs >=5,000 2206 31,715,604 14,377

poultry-layers >=100,000 498 252,712,220 507,454

chickens-meat n/a 37,937 1,389,279,047 36,621

22. Based on information from a 1997 report compiled by the minority staff 
of the U.S. Senate Committee on Agriculture, Nutrition, and Forestry for 
Senator Tom Harkin of Iowa (Dem.), the U.S. meat industry generates 
1.4 billion tons of animal waste annually, 130 times as much as annual 
human waste production (Silverstein, 1999).

23. According to the Natural Resources Defense Council (NRDC), an eight-
acre hog-waste lagoon burst in North Carolina in 1995, spilling 25 million 
gallons of manure into the New River and killing about 10 million fish. 
Between 1995 and 1998, 13 million fish died due to 200 manure-related 
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incidents and 1,000 spills occurred at livestock feedlots in ten states. At 
least five manure lagoons burst in North Carolina in 1995 due to damage 
from Hurricane Floyd. Outbreaks of Pfiesteria piscicida in Maryland and 
North Carolina have been linked to chicken and hog-waste runoff, killing 
millions of fish and causing health problems for the local human popula-
tions (Natural Resources Defense Council, 2005).

24. The counterargument that because of its price organic is by definition 
elitist is becoming less of an issue as the price premium declines, espe-
cially in developed countries where even many low-income people pur-
chase luxury items such as big-screen televisions, cell phones, and cars.

25. For a list of EPA- and UN-banned or severely restricted pesticides, visit 
http://www.epa.gov/oppfead1/international/piclist.htm.

  Critical-use exemptions exist for those situations where the applicant 
can show that significant market disruption will happen without an exemp-
tion and that no technically or economically feasible alternatives exist. 
For methyl bromide, independent advisory panels to the Parties of the 
Montreal Protocol review each country’s exemption applications and deter-
mine the final allocation of exemptions (U.S. Environmental Protection 
Agency, 2007). The U.S. 2008 exemptions are published for public record 
at http://www.epa.gov/ozone/mbr/2008CUEFinalRule12-19-07.pdf.

26. Examples of relatively benign pesticides include sulfur, petroleum oil, 
mineral oil, copper sulfate, and copper hydroxide. In California, these 
pesticides make up 50 percent of total use (Gan, 2001).

27. Even organic foods might be contaminated with GMOs because drifting 
pollen from GMO crop fields can contaminate organic fields (Gillam, 
2008).

28. The Dispute Settlement Board found that by implementing a morato-
rium on genetically modified products, the European Commission was 
in violation of trade agreements. One of the reasons the EU lost this case 
is that its own scientists admitted that there was no proof that importing 
GMO food posed a significant risk to the EU environment. The WTO 
court ruled that the GMO ban was a form of protectionism.

29. GMO crops can sometimes include the transfer of genes across species, 
which makes these GMO crops qualitatively different from the products 
of regular plant breeding. Proponents of GMOs have sometimes been 
disingenuous when they have claimed that GMO technology is simply an 
acceleration of natural plant breeding techniques; taking a fish gene and 
injecting it into a plant is something that could never be accomplished 
naturally.

30. According to a report by Friends of the Earth, no crops with enhanced 
nutrition have been introduced commercially (Villar and Freese, 2008). 
Experimentally, bananas are being engineered to carry vaccines for hepa-
titis B, cholera, jaundice, polio, measles, and diarrhea, as well as resistant 
to fungus. “Golden rice” was developed at Texas A&M with excess beta-
carotene. Potatoes with the hepatitis B vaccine and high-protein sweet 
potatoes are also being developed (Baden-Wurttemberg, n.d.).
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31. The GM Science Review Panel, commissioned as part of the United 
Kingdom’s investigation into the safety of genetically modified crops, 
concluded that the currently available GM crops are unlikely to cause 
additional threats to UK ecosystems (GM Science Review Panel, 2003).

32. The UN reports that large-scale growth of genetically modified crops first 
began in the United States around 1996 (Dargie, 2001).

33. Organizations and groups backing this approach include a grassroots 
campaign promoting GMO labeling with the support of several politicians 
and food companies (http://www.thecampaign.org/), Friends of the Earth 
(http://www.foe.org/), Recipe for America (http://www.recipeforamerica.
org/), Greenpeace Canada (http://www.greenpeace.org/canada/en/), 
and Consumers International (http://www.consumersinternational.org/).

11 CHEMICAL POLLUTION

 1. After World War II, DDT was used extensively to control mosquitoes 
and agricultural pests. Due to runoff, the chemical made its way into the 
coastal ecosystems and into the fish that were subsequently eaten by the 
eagles and other raptors. The bird populations quickly declined because 
they were unable to reproduce. DDE, the primary component of DDT, 
builds up in the fatty tissue and inhibits female birds from producing the 
calcium necessary to create strong eggshells. When nobody else would 
expose the situation, Rachel Carson published her book Silent Spring, 
leading to congressional hearings about DDT and the eventual banning 
of DDT by the Environmental Protection Agency on December 31, 1972 
(U.S. Fish and Wildlife Service, 2007).

 2. Malaria killed 65,510 people around the world in 2003: total confirmed 
malarial deaths equaled 5,308 and total probable or clinically diagnosed 
malarial deaths equaled 60,202 (World Health Organization, 2007). 
Some argue that small-scale and largely indoor spraying of DDT against 
malaria provides benefits to human health that outweigh any potential 
environmental or other human health risks.

 3. The published EPA review process does not include testing synergistic 
effects of chemicals (U.S. Environmental Protection Agency, 2007).

 4. For information on DDT’s effects in the Arctic, see http://www.arctic.
noaa.gov/essay_calder.html.

 5. For articles on the science and developments in nanotechnology, see 
http://www.scientificamerican.com/topic.cfm?id=nanotechnology; for 
information on some of the recently discovered risks of nanotechnology, 
see http://www.sciencedaily.com/releases/2009/06/090610192431.htm 
and http://www.sciencedaily.com/releases/2009/09/090913134026.htm.

 6. A study by the Environmental Working Group (EWG), in conjunction 
with the Mount Sinai School of Medicine, found an average of ninety-
one chemicals in nine participants. In total, they found 167 different 
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 chemicals in the participants; seventy-six of the found chemicals are car-
cinogens, seventy-nine cause birth defects or affect development, and 
ninety-four are neurotoxins (Environmental Working Group, 2003).

 7. Rogers (2003) and Schapiro (2007) discuss the EU’s use of the precau-
tionary principle in chemical regulation.

 8. The U.S. Centers for Disease Control and Prevention (CDC) reports that 
the effect of phthalates on humans is not entirely known, but some stud-
ies suggest that it affects semen quality and genital development in boys, 
and shortens pregnancies and leads to premature breast development in 
adolescent girls (Center for Disease Control, 2007). Phthalates have been 
banned in the European Union and California (“California Bans Plastic 
Toy Chemical,” 2007).

 9. The decision not to ban BPA is probably due in part to strong industry 
pressure and the pervasiveness of the chemical in plastic bottles and con-
tainers; however, it is difficult to know whether continuing to allow BPA 
is primarily because of industry pressure or primarily due to lingering 
questions about the scientific evidence of health effects (Schapiro, Mark, 
personal communication, December 9, 2008).

10. The Environmentally Responsible Solvents and Processes Program of the 
National Science Foundation Science and Technology Center publishes 
a list of related research groups at http://www.nsfstc.unc.edu/research.
htm. Other U.S. schools involved in “green” chemical research include 
the University of Tennessee (http://eerc.ra.utk.edu/ccpct/index.html) 
and Yale University (http://www.greenchemistry.yale.edu/).

11. In 2001, the European Commission published a white paper entitled 
“Strategy for a Future Chemical Policy,” in which it described a single sys-
tem to record the names, properties, and risks of all chemicals produced 
or imported at a rate greater than one metric ton per year (Ahrens, 
2002). The Registration, Evaluation, Authorization, and Restriction of 
Chemical substances (REACH) program entered into law on June 1, 
2007, and shifts the burden of proof from the countries’ authorities to 
the chemical producers and includes existing chemicals in the regula-
tory scheme. The central database will be run by a new organization, the 
European Chemicals Agency (ECHA), in Helsinki; REACH provisions will 
be phased in over the next eleven years (European Commission, 2008).

12. Polychlorinated biphenyl (PCB) is a family of compounds previously used 
commonly as a lubricant, heat-transfer fluid, and plasticizer. PCBs are 
known to be a skin irritant and suspected to cause birth defects and can-
cer. They are especially deadly to fish and invertebrates, and stay within 
the food chain for several years.

13. Chemistry Daily publishes information about the campaign to ban Alar 
at http://www.chemistrydaily.com/chemistry/Alar. The Fluoride Action 
Network’s campaign against fluoride is at http://www.fluoridealert.org/.

14. Economist Rick Nevin’s research shows a direct relationship between 
lead exposure levels in children and the violent crime rate two decades 
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later. This relationship is consistent across nine countries and a cen-
tury of data (Vedantam, 2007). Another recently published study pro-
vides a biological explanation of the variation of crime rates with lead 
exposure. Using MRI scans, scientists found that adolescents who were 
exposed to lead as children have less brain matter in the parts of the 
prefrontal cortex associated with judgment and reasoning (Marshall, 
2008).

15. This occurred in the cap and trade program for sulfur dioxide in the 
United States; while nationally acid rain decreased substantially, because 
of a shift to greater coal use in the upper midwestern states, the state of 
New York experienced increased levels of sulfur pollution and acid rain. 
This could have been prevented by creating regional caps instead of one 
national cap. This way no one region could become too concentrated 
with polluting sources. This is a classic example of the trade-off between 
efficiency and equity: the most efficient system is a national cap, but to 
deal with distributional concerns some efficiency would have to be traded 
for greater equity.

16. On March 15, 2005, the EPA issued a rule to permanently cap and control 
mercury emissions from coal-fired power plants. The Clean Air Mercury 
Rule (CARM) extends the Clean Air Interstate Rule (CAIR) to address 
SO2, NOx, and mercury simultaneously (U.S. Environmental Protection 
Agency, 2008). However, a ruling by the D.C. Circuit Court of Appeals 
vacated the CARM rule (State of New Jersey, 2008) and there are cur-
rently no plans for a cap and trade in the United States for mercury 
emissions.

17. For an overview of the agreement, see http://www.basel.int/.
18. For a fascinating news clip on ship-breaking in Bangladesh see http://

www.cbsnews.com/video/watch/?id=3228443nandtag=related;
photovideo.

12 FISHERIES AND THE MARINE ENVIRONMENT

 1. After studying four continental shelf systems and nine oceanic systems, 
Myers and Worm (2003) found that 90 percent of predatory fish stocks 
have been depleted since the start of industrialized fishing in the 1950s. 
A later study found that the loss of ocean biodiversity results in increasing 
rates of fishery collapse and exponential decrease in recovery potential, 
stability, and water quality, meaning that as we remove key pieces of oce-
anic systems, the ocean becomes increasingly unable to provide us with 
food or maintain quality water, and the chance for recovery decreases 
(Worm et al., 2006).

 2. World demand for seafood increased from around 20 million tons in 
1950 to around 140 million tons in 2004, and is expected to grow to 
about 179 million tons by 2015 (Food and Agriculture Organization, 
2006).
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 3. New Zealand, Iceland, Canada, United States, Australia, Greenland, 
Norway, Portugal, the Netherlands, United Kingdom, and South Africa 
all utilize IFQ systems (Florida Fish and Wildlife, 2005).

 4. The United Nations Convention on the Law of the Sea (UNCLOS) came 
into force on November 16, 1994. It addresses topics such as territorial 
sea limits and areas of economic jurisdiction, legal status of resources on 
the sea floor beyond national jurisdiction, navigational rights, conserva-
tion and management of marine resources, and marine research regimes. 
UNCLOS grants coastal countries with a twelve-mile territorial sea limit, 
within which a country can enforce any law and regulate and exploit any 
resources. The countries are also granted a contiguous zone extending 
twenty-four nautical miles from shore, within which they can implement 
certain rights to pursue drug smugglers, illegal immigrants, and tax evad-
ers. Beyond the contiguous zone, coastal countries have the right and 
obligation to exploit, develop, manage, and conserve all resources within 
a two hundred–mile radius of shore. Globally, these exclusive economic 
zones ensure that 99 percent of all fisheries fall within at least one coun-
try’s jurisdiction (United Nations Division for Ocean Affairs, 1998).

 5. Forty-four billion pounds of bycatch are recorded annually (Dobrzynski 
et al., 2002).

 6. In 2006, Iceland and Russia led other fishing nations to block UN nego-
tiators from gaining unanimous support for a global ban on bottom 
trawling (Heilprin, 2006). Since then, annual UN Generally Assembly 
resolutions have called on fishing nations to protect bottom fisheries on 
the high seas and other vulnerable marine ecosystems. The UN Food and 
Agriculture Organization (FAO) helps fisheries management organiza-
tions develop guidelines to protect these ecosystems.

 7. For information on this new agreement, see http://www.businessweek.
com/ap/financialnews/D9E356H00.htm.

 8. For this and other statistics about Marine Protected Areas, see http://
www.wdpa-marine.org/#/countries/about.

 9. Marine Protected Areas of the United States: http://www.mpa.gov.
10. The world’s largest Marine Protected Area was created in the Phoenix 

Islands of Kiribati (Conservation International, 2008).
11. Gell and Roberts (2003) compiled many studies showing the improve-

ment of fisheries inside Marine Protected Areas. For example, inside the 
Tsitsikamma National Park in South Africa (one of the oldest Marine 
Protected Areas), fish species are found in numbers five to forty-two times 
greater than outside the protected area boundaries. In reserves around 
New Zealand, snapper are fourteen times more likely to be larger than 
the legal catch size in Marine Protected Areas than in unprotected areas. 
Lingcod in protected areas off the Washington coast produce twenty 
times more eggs than those outside the protected areas.

12. Access NOEP’s databases at http://www.oceaneconomics.org/.
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13. View an excellent short video on ocean acidification sponsored by 
the Natural Resources Defense Council at http://www.youtube.com/
watch?v=5cqCvcX7buo.

14. The Monterey Bay Aquarium Seafood Watch Program: http://www.
montereybayaquarium.org/cr/cr_seafoodwatch/sfw_recommendations.
aspx.

15. For information about Walmart’s MSC-only policy, see http://walmart-
stores.com/pressroom/news/5638.aspx.

16. The first sustainable sushi restaurant in the world was started by one of my 
students in San Francisco: http://www.tatakisushibar.com/. Check it out.

17. The article can be accessed at http://www.conservationmagazine.org/
articles/v9n4/impostor-fish/.

18. This type of mislabeling also occurs in the organic food industry.
19. At the ministerial meetings in Doha in 2001 World Trade Organization 

(WTO) member nations agreed to address the issue of fisheries subsidies 
in the next round of talks, with the goal of helping developing countries 
capitalize on their own small-scale fishing economies (Capella, 2004). 
In December 2005, the United States, EU, Brazil, Chile, New Zealand, 
Senegal, and the Philippines called on the WTO to ban the subsidies 
contributing to overfishing. Iceland and Norway agreed to limit subsi-
dies, and Japan, South Korea, and Taiwan have agreed to support bans 
on the subsidies that lead to harmful overfishing as long as there is not 
a blanket ban on all fisheries subsidies. Unfortunately, any agreement 
on fisheries subsidies will not come into effect until all other issues are 
resolved and a final document is agreed upon by all parties to the WTO 
talks (Bradsher, 2005).

20. Norman Myers has written extensively on the underreported subject of 
perverse subsidies. See his article in Nature (1998), and his book cowrit-
ten with Jennifer Kent (2001).

21. Two high-profile WTO cases involving the protection of dolphins and sea 
turtles soured many environmental groups to the WTO because its judi-
cial body ruled against enforcement of trade restrictions enacted by the 
United States that would have protected these species. But a close read-
ing of these cases demonstrates that there is ample room within the WTO 
framework for countries to exercise environmental protection as long 
as it is not done in a discriminatory manner. For an excellent overview 
of these two cases, see http://www1.american.edu/TED/tuna3.htm and 
http://gurukul.ucc.american.edu/ted/SHRIMP2.HTM.

13 POPULATION GROWTH AND 
TECHNOLOGICAL CHANGE

 1. Copies of Malthus’s writings can be found at http://www.faculty.rsu.
edu/~felwell/Theorists/Malthus/Index.htm.
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2. For current U.S. and global population estimates, see http://www.census.
gov/main/www/popclock.html.

3. Ethiopia has suffered multiple famines, the most severe of which lasted 
from 1983 to 1985 (“1984–1985 Famine in Ethiopia,” 2008).

4. Animals convert 5 to 15 percent of the energy content embodied in plants 
into cellular material (Decrausaz, 2005).

5. For more information, see Amartya Sen’s work on this subject (Dr’eze and 
Sen, 1987).

6. Consumer Spending and Population by Region, 2000 (Worldwatch 
Institute, 2004):

Region Share of  world private 
consumption 

expenditures (%)

Share of world 
population 

(%)

United States and Canada 31.5 5.2

Western Europe 28.7 6.4

East Asia and Pacific 2221.4 32.9

Latin America and the Caribbean 6.7 8.5

Eastern Europe and Central Asia 3.3 7.9

South Asia 2 22.4

Australia and New Zealand 1.5 0.4

Middle East and North Africa 1.4 4.1

Sub-Saharan Africa 1.2 10.9

7. Due in large part to economic growth, birth rates (and consequently pop-
ulation growth rates) have been declining in developing countries (except 
for parts of Sub-Saharan Africa and the Middle East) since the mid-1960s 
(Soubbotina, 2004).

8. The medium projection is for the population to rise to 9.2 billion people 
by 2075, declining to 8.3 billion by 2175, and then increasing back up to 
9 billion by 2300 (United Nations, 2003).

9. For an excellent overview of efforts around the world to link biodiver-
sity preservation to incentive programs, see the report by Ecosystem

  Marketplace, “State of Biodiversity Markets: Offset and Compensation 
Programs Worldwide,” which can be downloaded at http://www.ecosys-
temmarketplace.com/documents/acrobat/sbdmr.pdf.

  The Natural Capital Project is a joint effort of the Woods Institute 
for the Environment at Stanford University, the Nature Conservancy, 
and the World Wildlife Fund to define the economic value of ecosystem  
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 services at locations around the world; http://www.naturalcapitalproj-
ect.org/about.html.

25
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Sources: History derived from Energy Information Administration (EIA), International 
Energy Annual 2003 (May–June 2005), Web site www.eia.doe.gov/iea/. Projections: 
EIA, System for the Analysis of Global Energy Markets (2006).  

Chart 1  Energy Intensity by Religion, 1980–2030

10. Between 1979 and 1986, total subsidies for ethanol jumped from $86 mil-
lion to $2 billion (in 2006 dollars). U.S. government support of ethanol 
grew to $5.8 billion to $7 billion in 2006 and is expected to continue ris-
ing (Koplow, 2007).

11. The production of ethanol results in a net 25 percent increase in energy; 
however, most of that energy is embodied in the animal feed by-product 
(Hill et al., 2006).

12. The X Prize Foundation’s first award, the Ansari X Prize, went to Burt 
Rotan in October 2004 for completing the first private flight to space. 
Other X Prizes include the Progressive Automotive X Prize to develop a 
production-capable 100 mpg vehicle, the Archon X Prize for Genomics 
to develop a breakthrough in genome sequencing, the Google Lunar X 
Prize to send a robot to the moon. Soon to come are several energy X 
Prizes. While a private company sponsors each X Prize, the Progressive 
Automotive X Prize, for example, is offered in partnership with the U.S. 
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 Department of Energy. For more information, visit http://www.xprize.
org/.

14 DEMAND-SIDE INTERVENTIONS

1. From a study to estimate costs in New South Wales, total peak-time electric-
ity load costs $89.59 per megawatt hour, while total off-peak electricity load 
costs $22.66 per megawatt hour (Intelligent Energy Systems, 2004).

2. A demand-reducing strategy that includes block pricing (among other 
incentives) produced the following water savings (U.S. Environmental 
Protection Agency, 2002):

1. Albuquerque, New Mexico: reduction of 45 gallons per capita 
per day from 1995 to 2001, and 14 percent reduction in peak 
demand from 1990 to 2001.

2. Goleta, California: 50 percent decrease in per capita usage from 
1989 to 1991.

3. Irvine Ranch Water District, California: water savings of 19 
percent from 1990 to 1992.

4. Massachusetts Water Resources Authority: water savings of 24 
percent from 1987 to 1988.

5. Phoenix, Arizona: per capita water savings of 6 percent from 
1982 to 1987, and 14 percent total decrease in water usage from 
1990 to 1995.

6. Seattle, Washington: 2.3 percent water-usage reduction from 
1990 to 1998 contributed to pricing structure alone.

3. The Resource Conservation and Recycling Facilitation Act, originally 
signed in 1992 and amended in 2002, requires stores to charge 100 won 
for paper bags and 50 won for plastic bags regardless of the value of the 
purchase. Fast food establishments and restaurants are required to recycle 
at least 90 percent of their used paper containers, and a voluntary pro-
gram has to-go establishments charging a deposit on their paper contain-
ers, refundable when the item is returned for recycling (Sang, 2003). The 
purchase of paper bags has decreased from 48.6 percent in 2001 to 24.0 
percent in 2004, and 30 percent of disposable cups were returned for recy-
cling (Ministry of Environment, 2005).

4. In 2003, London became the first city to charge private vehicles (with 
some exceptions) a fee to enter the city center on weekdays between 7 a.m. 
and 6 p.m. to reduce congestion and pollution. Video cameras around the 
city record license plates, which are then matched to a list of all vehicles 
that have paid for the right to drive in the city. By 2006, average traffic 
speed within the fee zone had increased 37 percent, peak-period conges-
tion delays decreased by approximately 30 percent, bus congestion delays 
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decreased 50 percent, bus ridership increased 14 percent, and subway rid-
ership increased by approximately 1 percent (Litman, 2006).

5. The U.S. government purchases more than 20 billion sheets of copier 
paper each year. Due to President Clinton’s recycled-paper mandates in 
1993 and 1998, 98 percent of all paper purchases are compliant with the 30 
percent recycled content requirement, saving 400,000 trees annually, and 
spending over $350 million on recycled products every year (Government 
Purchasing Project, n.d.).

6. In September 2006, Walmart announced that beginning in 2008 it would 
make purchasing decisions based on suppliers’ ability to cut down on pack-
aging. Walmart is expected to save $3.4 billion annually from this policy, 
and the entire supply chain is expected to save around $11 billion annually 
(“Walmart Goes Green,” 2005). Packaging should be reduced by 5 percent 
and 667,000 metric tons of carbon dioxide should be kept from entering 
the atmosphere (“Walmart Packaging,” 2006).

7. By July 1, 2007, all city offices were prohibited from buying single-serv-
ing water bottles, and by December 1, 2007, all city offices were to have 
switched from bottled dispensers to dispensers of Hetch Hetchy water. The 
new dispensers will cost about $400 each, but this cost is minimal in com-
parison to the $500,000 the city of San Francisco used to spend each year 
on bottled water (Vega, 2007). Forty-seven million gallons of oil are used 
and one billion pounds of carbon dioxide are released to produce the 
bottles consumed annually by Americans (Newsom, 2007).

8. In 1999, Home Depot announced a new policy of preferential treatment 
for FSC-certified wood (Home Depot, 2003). Between 1999 and 2003, sales 
of FSC certified wood at Home Depot increased from $15 million to $350 
million (Standley, 2005).

FINAL THOUGHTS AND ADDITIONAL RESOURCES

1. The Academy Award–winning documentary The Cove has brought atten-
tion to the incredible annual dolphin slaughter in Japan, but an even 
more gruesome tradition takes place in Denmark every year: http://www.
examiner.com/x-37619-Environmental-Policy-Examiner~y2010m2d12-
Denmark-teen-passage-to-manhood-kill-innocent-dolphins-for-sport.
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