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1Beginning in 1974, the U.S. Environmental Protection Agency (EPA) experimented with emissions trading as part of
the Clean Air Act’s  program for improving local air quality through the control of volatile organic compounds (VOCs),
carbon monoxide (CO), sulfur dioxide (SO2), particulates, and nitrogen oxides (NOx).  EPA later codified this diverse
set of initiatives (bubbles, netting, offsets, and banking) in its Emissions Trading Program in 1986.  See:  Tietenberg
1985; Hahn 1989; Foster and Hahn 1995.

2Among other developments during the late 1980s, U.S. Senators Timothy Wirth and John Heinz launched what they
called, “Project 88:  Harnessing Market Forces to Protect our Environment — Initiatives for the New President.”  In
a series of reports, conferences, and briefings of White House officials and Congressional members and staff, Project
88 put forward a diverse set of market-based policy instruments for environmental protection and resource management
(Stavins 1988, 1991).  Of equal importance, the Environmental Defense Fund split from the rest of the environmental
advocacy community and lent its enthusiastic support to the Bush White House’s development of what subsequently
became the SO2 allowance trading program in the Clean Air Act amendments of 1990.  See:  Hahn 2000.

3See:  Organization for Economic Cooperation and Development (1989, 1991, 1998); and U.S. Environmental
Protection Agency (1991, 1992, 2001).  Another strain of literature — known as “free market environmentalism” —
focuses on the role of private property rights in achieving environmental protection (Anderson and Leal 1991).
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MARKET-BASED ENVIRONMENTAL POLICIES:
WHAT CAN WE LEARN FROM U.S. EXPERIENCE

(AND RELATED RESEARCH)?
Robert Stavins*

This conference is premised on the notion that market-based instruments have been part of
the environmental policy landscape in the United States for twenty years.  Although such
instruments were first introduced early in the 1970s1 and the surge of high-level, national interest
in this set of policy tools did not commence until late in the 1980s,2 twenty years is a reasonable
reference point to use to reflect on our experiences, and search for lessons from this set of
experiments with economic-incentive approaches to public policy.  In the intervening years, the
concept of harnessing market forces to protect the environment seems to have evolved from being
almost politically anathema to being close to politically correct.

For purposes of this paper, I define market-based instruments to be aspects of laws or
regulations that encourage behavior through market signals, rather than through explicit directives
regarding pollution control levels or methods.  These policy instruments, such as tradable permits
or pollution charges, can reasonably be described as “harnessing market forces,”3 because if they
are well designed and properly implemented, they encourage firms or individuals to undertake
pollution control efforts that are in their own interests and that collectively meet policy goals.



4This paper focuses on policy instruments in the environmental realm, chiefly those instruments that reduce emissions
or concentrations of pollution, as opposed to those that operate in the natural resources realm.  This means, for example,
that tradeable development rights, wetlands mitigation banking, and tradeable permit systems used to govern the
allocation of fishing rights are not discussed.  The distinction between environmental and natural resource policies is
somewhat arbitrary, and some policy instruments that bridge the environmental and natural resource realms, such as
removing barriers to water markets, are considered.
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By way of contrast, what may be thought of as conventional approaches to regulating the
environment — frequently characterized as “command-and-control” approaches — allow relatively
little flexibility in the means of achieving goals.  Such policy instruments tend to force firms to take
on similar shares of the pollution-control burden, regardless of the cost, sometimes by setting
uniform standards for firms, the most prevalent of which are technology- and performance-based
standards.

It is well known that holding all firms to the same target can be expensive and, in some
circumstances, counterproductive.  While standards may effectively limit emissions of pollutants,
they typically exact relatively high costs in the process, by forcing some firms to resort to unduly
expensive means of controlling pollution. Because the costs of controlling emissions may vary
greatly among firms, and even among sources within firms, the appropriate technology in one
situation may not be appropriate (cost-effective) in another.

Control costs can vary enormously due to a firm’s production design, physical configuration,
age of assets, or other factors.  One frequently-cited survey of eight empirical studies of air pollution
control found that the ratio of actual, aggregate costs of the conventional (command-and-control)
approach to the aggregate costs of least-cost benchmarks ranged from 1.07 for sulfate emissions in
the Los Angeles area to 22.0 for hydrocarbon emissions at all domestic DuPont plants (Tietenberg
1985).  It is important not to misinterpret these numbers, however, since actual, command-and-
control instruments were essentially contrasted with theoretical benchmarks of cost-effectiveness,
that is, what a perfectly functioning market-based instrument would achieve in theory.  A more
interesting comparison among policy instruments might involve either idealized versions of both
market-based systems and alternatives, or — better yet — realistic versions of both (Hahn and
Stavins 1992).

In theory, if properly designed and implemented, market-based instruments allow any desired
level of pollution cleanup to be realized at the lowest overall cost to society, by providing incentives
for the greatest reductions in pollution by those firms that can achieve the reductions most cheaply.4
Rather than equalizing pollution levels among firms (as with uniform emission standards), market-
based instruments equalize the incremental amount that firms spend to reduce pollution — their
marginal abatement cost (Montgomery 1972; Baumol and Oates 1988; Tietenberg 1995).
Command-and-control approaches could — in theory — achieve this cost-effective solution, but this
would require that different standards be set for each pollution source, and, consequently, that policy
makers obtain detailed information about the compliance costs each firm faces.  Such information
is simply not available to government.  By contrast, market-based instruments provide for a cost-
effective allocation of the pollution control burden among sources without requiring the government
to have this information.



5For a detailed review of both U.S. and international experiences, see Stavins (2003).
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In addition, market-based instruments have the potential to bring down abatement costs over
time (that is, to be dynamically cost effective) by providing incentives for companies to adopt
cheaper and better pollution-control technologies.  This is because with market-based instruments,
most obviously with emission taxes, it pays firms to clean up a bit more if a sufficiently low-cost
method (technology or process) of doing so can be identified and adopted (Downing and White
1986; Malueg 1989; Milliman and Prince 1989; and Jaffe and Stavins 1995).

In the next section of the paper, I briefly summarize a few highlights of the American
experience with market-based instruments for environmental protection.  Following that, I examine
normative lessons that can be learned from these experiences, and then focus on positive political
economy lessons.  A final section offers some conclusions.

1.  Highlights of Experience

Experiences in the United States with market-based environmental policy instruments have
been both numerous and diverse.5  It is convenient to consider them within four major categories:
pollution charges; tradable permits; market friction reductions; and government subsidy reductions.

1.1  Charge Systems

Pollution charge systems assess a fee or tax on the amount of pollution that a firm or source
generates (Pigou 1920).  Consequently, it is worthwhile for the firm to reduce emissions to the point
where its marginal abatement cost is equal to the tax rate.  A challenge with charge systems is
identifying the appropriate tax rate.  For social efficiency, it should be set equal to the marginal
benefits of cleanup at the efficient level of cleanup, but policy makers are more likely to think in
terms of a desired level of cleanup, and they do not know beforehand how firms will respond to a
given level of taxation.

An additional problem posed by pollution taxes is associated with their distributional
consequences for regulated sources.  Despite the fact that such systems minimize aggregate social
costs, these systems may be more costly than comparable command-and-control instruments for
regulated firms.  This is because with the tax approach, firms pay both their abatement costs plus
taxes on their residual emissions, whereas for the calculation of aggregate costs in a social benefit-
cost or cost-effectiveness analysis, tax payments are simply transfers, and so are excluded from the
calculations.

The conventional wisdom is that this approach to environmental protection has been ignored
in the United States, but this is not really correct.  If one defines charge systems broadly, a significant
number of applications can be identified.  The closest that any U.S. charge system comes to operating
as a true Pigovian tax may be the unit-charge systems for financing municipal solid waste collection,
where households and businesses are charged the incremental costs of collection and disposal.  So-
called “pay-as-you-throw” policies, where users pay in proportion to the volume of their waste, are



6See:   McFarland 1972; Wertz 1976; Stevens 1978; Efaw and Lanen 1979; Skumatz 1990; Lave and Gruenspecht 1991;
Repetto, Dower, Jenkins, and Geoghegan 1992; Miranda, Everett, Blume, and Roy 1994; and Fullerton and Kinnaman
1996.

7The taxes that previously supported the Superfund trust fund — primarily excise taxes on petroleum and specified
chemical feedstocks and a corporate environmental income tax — expired in 1995, and have not been reinstated.

8Thirty years ago, Crocker (1966) and Dales (1968) independently developed the idea of using transferable discharge
permits to allocate the pollution-control burden among sources.  Montgomery (1972) provided the first rigorous proof
that such a system could provide a cost-effective policy instrument.  A sizeable literature has followed, much of it
stemming from Hahn and Noll (1982).  Early surveys were provided by Tietenberg (1980, 1985).  Much of the literature
may be traced to Coase’s (1960) treatment of negotiated solutions to externality problems.

9This assumes that the allocation is made without charge, but it could also be through sale or auction, in which case the
distributional implications of a comparable tradeable permit program are similar to the emission tax previously
described.  Likewise, a revenue-neutral emissions tax, in which revenues are refunded to regulated firms (but not in
proportion to their emissions levels), can resemble — in distributional terms — a comparable tradeable permit program
in which the permits are allocated without charge.  The simple tradeable permit program described above is a“cap-and-
trade” system, but some systems operate as “credit programs,” where permits or credits are assigned only when a source
reduces emissions below what is required by source-specific limits.
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now used in well over one thousand jurisdictions.  The collective experience provides evidence that
unit charges have been successful in reducing the volume of household waste generated.6

Another important set of charge systems implemented in the United States has been deposit
refund systems, whereby consumers pay a surcharge when purchasing potentially polluting products,
and receive a refund when returning the product to an approved center for recycling or proper
disposal.  A number of states have implemented this approach through “bottle bills” to control litter
from beverage containers and to reduce the flow of solid waste to landfills, and the concept has also
been applied to lead-acid batteries (Bohm 1981; Menell 1990).

In addition, there has been considerable use of environmental user charges in the United
States, through which specific environmentally related services are funded.  Examples include
insurance premium taxes, such as those formerly used to fund partially the clean-up of hazardous
waste sites through the Superfund program (Barthold 1994).7  Another set of environmental charges
are sales taxes on motor fuels, ozone-depleting chemicals, agricultural inputs, and low-mileage motor
vehicles.  Finally, tax differentiation has become part of a considerable number of Federal and state
attempts to encourage the use of renewable energy sources.

1.2  Tradeable Permits

Tradable permits — in theory — can achieve the same cost-minimizing allocation of the
control burden as a charge system,8 while avoiding the problems of uncertain responses by firms and
the distributional consequences of taxes.9  Under a tradable permit system, an allowable overall level
of pollution is established and allocated among firms in the form of permits.  Firms that keep their



10Furthermore, if command-and-control instruments take the form of technology standards or emission rate standards,
they are likely to provide less certainly regarding the achievement of an aggregate emissions (or ambient concentration)
target than a cap-and-trade program, because the former do not control for product output.

11In addition, the Energy Policy and Conservation Act of 1975 established Corporate Average Fuel Economy (CAFE)
standards for automobiles and light trucks, requiring manufacturers to meet minimum sales-weighted average fuel
efficiency for their fleets sold in the United States.  A penalty is charged per car sold per unit of average fuel efficiency
below the standard.  The program operates like an intra-firm tradeable permit system, since manufacturers can undertake
efficiency improvements wherever they are cheapest within their fleets.  For reviews of the program’s costs relative to
“equivalent” gasoline taxes, see:  Crandall, Gruenspecht, Keeler, and Lave 1986; Goldberg 1997; and National Research
Council 2002.  Light trucks, which are defined by the Federal government to include “sport utility vehicles,” face
weaker CAFE standards.
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emission levels below their allotted level may sell their surplus permits to other firms or use them to
offset excess emissions in other parts of their operations.10

Applications have included:  EPA’s emissions trading program (Tietenberg 1985; Hahn
1989); the leaded gasoline phasedown;  water quality permit trading (Hahn 1989; Stephenson, Norris,
and Shabman 1998); CFC trading (Hahn and McGartland 1989); the sulfur dioxide (SO2) allowance
trading system for acid rain control; the RECLAIM program in the Los Angeles metropolitan region
(Harrison 1999); and tradeable development rights for land use.11  At least two of these programs —
lead trading and the SO2 allowance system — merit further comment.

The purpose of the lead trading program, developed in the 1980s, was to allow gasoline
refiners greater flexibility in meeting emission standards at a time when the lead-content of gasoline
was reduced to 10 percent of its previous level.  In 1982, EPA authorized inter-refinery trading of
lead credits, a major purpose of which was to lessen the financial burden on smaller refineries, which
were believed to have significantly higher compliance costs.  If refiners produced gasoline with a
lower lead content than was required, they earned lead credits.  In 1985, EPA initiated a program
allowing refineries to bank lead credits, and subsequently firms made extensive use of this option.
In each year of the program, more than 60 percent of the lead added to gasoline was associated with
traded lead credits (Hahn and Hester 1989a), until the program was terminated at the end of 1987,
when the lead phasedown was completed.

The lead program was successful in meeting its environmental targets, although it may have
produced some (temporary) geographic shifts in use patterns (Anderson, Hofmann and Rusin 1990).
Although the benefits of the trading scheme are more difficult to assess, the level of trading activity
and the rate at which refiners reduced their production of leaded gasoline suggest that the program
was relatively cost-effective (Kerr and Maré 1997; Nichols 1997).  The high level of trading among
firms far surpassed levels observed in earlier environmental markets.  EPA estimated savings from
the lead trading program of approximately 20 percent below alternative programs that did not provide
for lead banking, a cost savings of about $250 million per year (U.S. Environmental Protection
Agency, Office of Policy Analysis 1985).  Furthermore, the program appears to have provided greater
incentives for cost-effective technology diffusion than did a comparable non-tradeable performance
standard (Kerr and Newell 2001).

The most important application made of a market-based instrument for environmental
protection has arguably been the SO2 allowance trading program for acid rain control, established



12Retroactive liability provisions can of course provide incentive effects only for future actions which might be subject
to liability rules.  For economic analyses of the Superfund program, see, for example:  Hamilton 1993; Gupta,Van
Houtven, and Cropper 1996; and Hamilton and Viscusi 1999.

13For a comprehensive review of information programs and their apparent efficacy, see:  Tietenberg 1997.  The
International Standards Organization’s (ISO) benchmark, ISO 14001, provides standards for environmental management
systems.  To obtain certification, firms must commit to environmental performance targets.  More than 8,000 plants
worldwide obtained certification through 1999 (Wheeler 2000).
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under the Clean Air Act Amendments of 1990, and intended to reduce SO2 emissions by 10 million
tons below 1980 levels (Ferrall 1991).  A robust market of bilateral SO2 permit trading gradually
emerged, resulting in cost savings on the order of $1 billion annually, compared with costs under
likely command-and-control regulatory alternatives.  Although the program had low levels of trading
in its early years (Burtraw 1996), trading increased significantly over time (Schmalensee et al. 1998;
Stavins 1998; Burtraw and Mansur 1999; Ellerman et al. 2000).

Concerns were expressed early on that state regulatory authorities would hamper trading in
order to protect their domestic coal industries, and some research indicates that state public utility
commission cost-recovery rules provided poor guidance for compliance activities (Rose 1997; Bohi
1994).  Other analysis suggests that this was not a major problem (Bailey 1996).  Similarly, in
contrast to early assertions that the structure of EPA’s small permit auction market would cause
problems (Cason 1995), the evidence now indicates that this had little or no effect on the vastly more
important bilateral trading market (Joskow, Schmalensee, and Bailey 1998).

The allowance trading program apparently has had exceptionally positive welfare effects, with
benefits being as much as six times greater than costs (Burtraw, Krupnick, Mansur, Austin, and
Farrell 1998).  The large benefits of the program are due mainly to the positive human health impacts
of decreased local SO2 and particulate concentrations, not the ecological impacts of reduced long-
distance transport of acid deposition.  This contrasts with what was understood and assumed at the
time of the program’s enactment in 1990.  It appears that the Congress did the right thing for the
wrong reason.

1.3  Market Friction Reduction

Market friction reduction can also serve as a policy instrument for environmental protection.
Three types of policies stand out.  First, in a number of cases, markets have been created for inputs
or outputs associated with environmental quality.  Examples include measures implemented over the
past twenty years that facilitate the voluntary exchange of water rights and thus promote more
efficient allocation and use of scarce supplies (Stavins 1983; Howe 1997).  Second, liability rules
have frequently been designed to encourage firms to consider the potential environmental damages
of their decisions (Revesz 1997).  One important example is the Comprehensive Environmental
Response, Compensation, and Liability Act, which established liability for companies that are found
responsible for the existence of sites contaminated with hazardous wastes.12

Third, since well-functioning markets depend, in part, on the existence of well-informed
producers and consumers, information programs can help foster market-oriented solutions to
environmental problems.13  These programs have been of two types.  Product labeling requirements



14Although subsidies can advance environmental quality (see, for example, Jaffe and Stavins 1995), it is also true that
subsidies, in general, have important and well-known disadvantages relatives to taxes (Baumol and Oates 1988); hence,
I do not consider them as a distinct category of market-based instruments in this paper.
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have been implemented to improve the information set available to consumers.  There has been
relatively little analysis of the efficacy of such programs, but limited empirical (econometric)
evidence suggests that energy-efficiency product labeling has had significant impacts on efficiency
improvements, essentially by making consumers and therefore producers more sensitive to energy
price changes (Newell, Jaffe, and Stavins 1999).

Another set of information programs has involved reporting requirements.  A prominent
example is the U.S. Toxics Release Inventory (TRI), which was expanded significantly during the
past decade, and which requires firms to make available to the public information on use, storage,
and release of specific hazardous chemicals.  Such information reporting may increase public
awareness of firms’ actions, and consequent public scrutiny may encourage firms to alter their
behavior, although the evidence is mixed (U.S. General Accounting Office 1992; Hamilton 1995; Bui
and Mayer 1997; Konar and Cohen 1997; Ananathanarayanan 1998; and Hamilton and Viscusi 1999).

1.4  Government Subsidy Reduction

Government subsidy reduction is the fourth and final category of market-based instruments.
Subsidies are the mirror image of taxes and, in theory, can provide incentives to address
environmental problems.14  In practice, however, many subsidies promote economically inefficient
and environmentally unsound practices.  Unfortunately, assessing the magnitude, let alone the effects,
of these subsidies is difficult.  For example, because of concerns about global climate change,
increased attention has been given to Federal subsidies that promote the use of fossil fuels (U.S.
Energy Information Administration 1999, 2000).  One EPA study indicated that eliminating these
subsidies would have significant effects on reducing carbon dioxide (CO2) emissions (Shelby et al.
1997), but a substantial share of these subsidies were enacted during previous “oil crises” to
encourage the development of domestic energy sources and reduce reliance on imported petroleum.

2.  Normative Lessons

Although there has been considerable experience in the United States with market-based
instruments for environmental protection, this relatively new set of policy approaches has not
replaced nor come anywhere close to replacing conventional, command-and-control policies.  When
and where these approaches have been used in their purest form and with some success, they have
not always performed as anticipated.  Therefore, I ask what lessons can be learned from our
experiences.  I consider normative lessons for design and implementation of market-based
instruments, analysis of prospective and adopted systems, and identification of new applications.

2.1  Normative Lessons for Design and Implementation

The performance to date of market-based instruments for environmental protection provides
compelling evidence that these approaches can achieve major cost savings while accomplishing their
environmental objectives.  The performance of these systems also offers lessons about the importance
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of flexibility, simplicity, the role of monitoring and enforcement, and the capabilities of the private
sector to make markets of this sort work. 

In regard to flexibility, it is important that market-based instruments should be designed to
allow for a broad set of compliance alternatives, in terms of both timing and technological options.
For example, allowing flexible timing and intertemporal trading of permits — that is, banking
allowances for future use —  played a very important role in the SO2 allowance trading  program's
performance (Ellerman et al. 1997), much as it did in the U.S. lead rights trading program a decade
earlier (Kerr and Maré 1997).  One of the most significant benefits of using market-based instruments
may simply be that technology standards are thereby avoided.  Less flexible systems would not have
led to the technological change that may have been induced by market-based instruments (Burtraw
1996; Ellerman and Montero 1998; Bohi and Burtraw 1997; Keohane 2001), nor the induced process
innovations that have resulted (Doucet and Strauss 1994).

In regard to simplicity, transparent formulae — whether for permit allocation or tax
computation — are difficult to contest or manipulate.  Rules should be clearly defined up front,
without ambiguity.  For example, requiring prior government approval of individual trades may
increase uncertainty and transaction costs, thereby discouraging trading; these negative effects should
be balanced against any anticipated benefits due to requiring prior government approval.  Such
requirements hampered EPA's Emissions Trading Program in the 1970s, while the lack of such
requirements was an important factor in the success of lead trading (Hahn and Hester 1989).  In the
case of SO2 trading, the absence of requirements for prior approval reduced uncertainty for utilities
and administrative costs for government, and contributed to low transactions costs (Rico 1995).

While some problematic program design elements reflect miscalculations of market reactions,
others were known to be problematic at the time the programs were enacted, but nevertheless were
incorporated into programs to ensure adoption by the political process.  One striking example is the
“20% rule” under EPA’s Emission Trading Program.  This rule, adopted at the insistence of the
environmental advocacy community, stipulates that each time a permit is traded, the amount of
pollution authorized thereunder must be reduced by 20%. Since permits that are not traded retain their
full quantity value, this regulation discourages permit trading and thereby increases regulatory costs
(Hahn 1990).

Experience also argues for using absolute baselines, not relative ones, as the point of
departure for credit programs.  The problem is that without a specified baseline, reductions must be
credited relative to an unobservable hypothetical — what the source would have emitted in the
absence of the regulation.  A combined system — where a cap-and-trade program is combined with
voluntary “opt-in provisions” — creates the possibility for “paper trades,” where a regulated source
is credited for an emissions reduction (by an unregulated source) that would have taken place in any
event (Montero 1999).  The result is a decrease in aggregate costs among regulated sources, but this
is partly due to an unintentional increase in the total emissions cap.  As was experienced with EPA's
Emissions Trading Program, relative baselines create significant transaction costs by essentially
requiring prior approval of trades as the authority investigates the claimed counterfactual from which
reductions are calculated and credits generated (Nichols, Farr, and Hester 1996).

Experiences with market-based instruments also provide powerful reminders of the
importance of monitoring and enforcement.  These instruments, whether price or quantity based, do



15Also, for these same two reasons, auctioning of permits — rather than allocation without charge — is desirable on
economic grounds in some situations.

16There are, of course, exceptions.  See:  Hockenstein, Stavins, and Whitehead 1997.
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not eliminate the need for such activities, although they may change their character.  In the programs
where monitoring and/or enforcement have been deficient, the results have been ineffective policies.
One counter-example is provided by the U.S. SO2 allowance trading program, which includes (costly)
continuous emissions monitoring of all sources.  On the enforcement side, the Act’s stiff penalties
(much greater than the marginal cost of abatement) have provided sufficient incentives for the very
high degree of compliance that has been achieved (Stavins 1998).

In nearly every case of implemented cap-and-trade programs, permits have been allocated
without charge to participants.  The same characteristic that makes such allocation attractive in
positive political economy terms — the conveyance of scarcity rents to the private sector — makes
allocation without charge problematic in normative, efficiency terms (Fullerton and Metcalf 1997).
It has been estimated that the costs of SO2 allowance trading would be 25 percent less if permits were
auctioned rather than allocated without charge, because revenues can be used to finance reductions
in pre-existing distortionary taxes (Goulder, Parry, and Burtraw 1997).  Furthermore, in the presence
of some forms of transaction costs, the post-trading equilibrium — and hence aggregate abatement
costs — are sensitive to the initial permit allocation (Stavins 1995).  For both reasons, a successful
attempt to establish a politically viable program through a specific initial permit allocation can result
in a program that is significantly more costly than anticipated.15

Improvements in instrument design will not solve all problems.  One potentially important
cause of the mixed performance of implemented market-based instruments is that many firms are
simply not well equipped to make the decisions necessary to fully utilize these instruments.  Since
market-based instruments have been used on a limited basis only, and firms are not certain that these
instruments will be a lasting component on the regulatory landscape, it is not surprising that most
companies have not reorganized their internal structure to fully exploit the cost savings these
instruments offer (Reinhardt 2000).  Rather, most firms continue to have organizations that are
experienced in minimizing the costs of complying with command-and-control regulations, not in
making the strategic decisions allowed by market-based instruments.16

The focus of environmental, health, and safety departments in private firms has been primarily
on problem avoidance and risk management, rather than on the creation of opportunities made
possible by market-based instruments.  This focus has developed because of the strict rules
companies have faced under command-and-control regulation, in response to which companies have
built skills and developed processes that comply with regulations, but may not help them benefit
competitively from environmental decisions (Reinhardt 2000).  Absent significant changes in
structure and personnel, the full potential of market-based instruments will probably not be realized.



17See, for example, Goldstein 1991 and Bean 1997 on species protection; and Fisher et al. 1996,  Hahn and Stavins
1995,  Schmalensee 1996, and Stavins 1997 on applications to global climate change.  More broadly, see:  Ayres 2000.
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2.2  Normative Lessons for Analysis

When assessing market-based environmental programs, economists need to employ some
measure by which the gains of moving from conventional standards to an economic-incentive scheme
can be estimated.  When comparing policies with the same anticipated environmental outcomes,
aggregate cost savings may be the best yardstick for measuring success of individual instruments.
The challenge for analysts is to make fair comparisons among policy instruments:  either idealized
versions of both market-based systems and likely alternatives; or realistic versions of both (Hahn and
Stavins 1992).

It is not enough to analyze static cost savings.  For example, the savings due to banking
allowances should also be modeled (unless this is not permitted in practice).  It can likewise be
important to allow for the effects of alternative instruments on technology innovation and diffusion
(Milliman and Prince 1989; Jaffe and Stavins 1995; Doucet and Strauss 1994), especially when
programs impose significant costs over long time horizons (Newell, Jaffe, and Stavins 1999).  More
generally, it is important to consider the effects of the pre-existing regulatory environment.  For
example, the level of pre-existing factor taxes can affect the total costs of regulation (Goulder, Parry,
and Burtraw 1997), as indicated above.  Most broadly, changes in relative prices — whether
exogenous or policy induced — can drive technological change and thereby differentially affect the
performance of alternative policy instruments (Snyder, Miller, and Stavins 2003).

2.3  Normative Lessons for Identifying New Applications

Market-based policy instruments are considered today for nearly every environmental
problem that is raised, ranging from endangered species preservation to what may be the greatest of
environmental problems, global climate change.17  Experiences with market-based instruments offer
some guidance to the conditions under which such approaches are likely to work well, and when they
may face greater difficulties. 

First, where the cost of abating pollution differs widely among sources, a market-based
system is likely to have greater gains, relative to conventional, command-and-control regulations
(Newell and Stavins 2003).  For example, it was clear early on that SO2 abatement cost heterogeneity
was great, because of differences in ages of plants and their proximity to sources of low-sulfur coal.
But where abatement costs are more uniform across sources, the political costs of enacting an
allowance trading approach are less likely to be justifiable. 

Second, the greater is the degree of mixing of pollutants in the receiving airshed or watershed,
the more attractive will a market-based system be, relative to a conventional uniform standard.  This
is because taxes or tradeable permits, for example, can lead to localized "hot spots" with relatively
high levels of ambient pollution.  This is a significant distributional issue, and it can also become an
efficiency issue if damages are non-linearly related to pollutant concentrations.  In cases where this
is a reasonable concern, the problem can be addressed, in theory, through the use of “ambient
permits” or through charge systems that are keyed to changes in ambient conditions at specified



18In addition to the efficiency advantages of non-linear taxes, they also have the attribute of reducing the total (although
not the marginal) tax burden of the regulated sector, relative to an ordinary linear tax, which is potentially important
in a political economy context.

19Although my focus is on U.S. experience, it is worth noting that such self-reporting incentives were empirically
validated in a market-based program for particulate control in Santiago, Chile (Montero and Sanchez 2002).
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locations (Revesz 1996).  But despite the extensive theoretical literature on such ambient systems
going back to Montgomery (1972), they have never been implemented, with the partial exception of
a two-zone trading system under Los Angeles’ RECLAIM program.

Third, the efficiency of price-based (tax) systems compared with quantity-based (tradeable
permit) systems depends on the pattern of costs and benefits.  If uncertainty about marginal
abatement costs is significant, and if marginal abatement costs are quite flat and marginal benefits
of abatement fall relatively quickly, then a quantity instrument will be more efficient than a price
instrument (Weitzman 1974).  Furthermore, when there is also uncertainty about marginal benefits,
and marginal benefits are positively correlated with marginal costs (which, it turns out, is not
uncommon), then there is an additional argument in favor of the relative efficiency of quantity
instruments (Stavins 1996).  Likewise, when incomplete enforcement occurs in the presence of
benefit and cost uncertainty, quantity instruments are anticipated to perform relatively better than
equivalent price instruments (Montero 2002).  On the other hand, the regulation of stock pollutants
will often favor price instruments when the optimal stock level rises over time (Newell and Pizer
2003).  It should also be recognized that despite the theoretical efficiency advantages of hybrid
systems — non-linear taxes, or quotas combined with taxes — in the presence of uncertainty (Roberts
and Spence 1976; Kaplow and Shavell 1997),18 no hybrid systems have yet been adopted.

Fourth, the long-term cost-effectiveness of taxes versus tradeable permit systems is affected
by their relative responsiveness to change.  This arises in at least three dimensions.  In the presence
of rapid rates of economic growth, a fixed tax leads to an increase in aggregate emissions, whereas
with a fixed supply of permits there is no change in aggregate emissions (but an increase in permit
prices).  In the context of general price inflation, a unit (but not an ad valorem) tax decreases in real
terms, and so emissions levels increase; whereas with a permit system, there is no change in
aggregate emissions.  In the presence of exogenous technological change in pollution abatement, a
tax system leads to an increase in control levels, that is, a decrease in aggregate emissions, while a
permit system maintains emissions, with a fall in permit prices (Stavins and Whitehead 1992).

Fifth, tradeable permits will work best when transaction costs are low, and experience
demonstrates that if properly designed, private markets will tend to render transaction costs minimal.
Sixth, a potential advantage of tradeable permit systems in which allocation is without charge,
relative to other policy instruments, is associated with the incentive thereby provided for pollution
sources to identify themselves and report their emissions (in order to claim their permits).19

Seventh, it is important to keep in mind that in the absence of decreasing marginal
transactions costs (essentially volume discounts), the equilibrium allocation and hence aggregate
abatement costs of a tradeable permit system are independent of initial allocations (Stavins 1995).
Hence, an important attribute of a tradeable permit system is that the allocation decision can be left
to politicians, with limited normative concerns about the potential effects of the chosen allocation on



20See, for example, the proposal for “growth targets” by Frankel (1999).

21This “political market” framework was developed by Keohane, Revesz, and Stavins (1998), and these sections of the
paper draw upon that work, and upon Hahn and Stavins 1991, and Stavins 1998.

12

overall cost-effectiveness.  In other words, cost-effectiveness or efficiency can be achieved, while
distributional equity is simultaneously addressed with the same policy instrument.  This is one of the
reasons why an international tradeable permit mechanism is particularly attractive in the context of
concerns about global climate change.  Allocation mechanisms can be developed that address
legitimate equity concerns of developing countries, and thus increase the political base for support,
without jeopardizing the overall cost-effectiveness of the system.20

Eighth and finally, considerations of political feasibility point to the wisdom (more likely
success) of proposing market-based instruments when they can be used to facilitate cost-effective,
aggregate emissions reductions (as in the case of the SO2 allowance trading program in 1990), as
opposed to cost-effective reallocations of the status quo burden.

3.  Positive Political Economy Lessons

I now turn to a set of positive political economy questions that are raised by the increasing
use of market-based instruments for environmental protection.  First, why was there so little use of
market-based instruments in the United States, relative to command-and-control instruments, over
the 30-year period of major environmental regulation that began in 1970, despite the apparent
advantages these instruments offer?  Second, when market-based instruments have been adopted, why
has there been such great reliance on tradeable permits allocated without charge, despite the
availability of a much broader set of incentive-based instruments?  Third, why has the political
attention given to market-based environmental policy instruments increased dramatically in recent
years?  To address these questions, it is useful to consider the demand for environmental policy
instruments by individuals, firms, and interest groups, and their supply by the legislature and
regulatory agencies.21

3.1  Why Have Command-and-Control Instruments Dominated?

The short answer is that command-and-control instruments have predominated because all
of the main parties involved had reasons to favor them:  affected firms, environmental advocacy
groups, organized labor, legislators, and bureaucrats. 

On the regulatory demand side, affected firms and their trade associations have tended to
prefer command-and-control instruments because standards can improve a firm's competitive
position, while often costing a firm less than pollution taxes or (auctioned) tradeable permits.
Command-and-control standards are inevitably set up with extensive input from existing industry and
trade associations, which frequently obtain more stringent requirements for new sources and other
advantages for existing firms.  In contrast, auctioned permits and pollution taxes require firms to pay
not only abatement costs to reduce pollution to some level, but also regulatory costs associated with
emissions beyond that level, in the form either of permit purchases or tax payments.  Because market-



22This concern was alleviated in the SO2 provisions of the Clean Air Act Amendments of 1990 by an explicit statutory
provision that permits do not represent property rights.

23These strategic arguments refer, for the most part, to pollution taxes, not to market-based instruments in general.
Indeed, as I discuss later, one reason some environmental groups have come to endorse the tradeable permits approach
is that it promises the cost savings of taxes, without the drawbacks that environmentalists associate with tax instruments.
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based instruments focus on the quantity of pollution, not who generates it or the methods used to
reduce it, these instruments can make the lobbying role of trade associations less important. 

For a long time, most environmental advocacy groups were actively hostile towards market-
based instruments.  One reason was philosophical:  environmentalists frequently perceived pollution
taxes and tradeable permits as “licenses to pollute.”  Although such ethical objections to the use of
market-based environmental strategies have greatly diminished, they have not disappeared
completely (Sandel 1997).  A second concern was that damages from pollution — to human health
and ecological well-being — were difficult or impossible to quantify and monetize, and thus could
not be summed up in a marginal damage function or captured by a Pigovian tax rate (Kelman 1981).
Third, environmental organizations have opposed market-based schemes out of a fear that permit
levels and tax rates — once implemented — would be more difficult to tighten over time than
command-and-control standards.  If permits are given the status of “property rights,” then any
subsequent attempt by government to reduce pollution levels further could meet with demands for
compensation.22  Similarly, increasing pollution tax rates may be unlikely because raising tax rates
is always politically difficult.  A related strategic issue is that moving to tax-based environmental
regulation would shift authority from environment committees in the Congress, frequently dominated
by pro-environment legislators, to tax-writing committees, which are generally more conservative
(Kelman 1981).23  Finally, environmental organizations have objected to decentralized instruments
on the grounds that even if emission taxes or tradeable permits reduce overall levels of emissions,
they can — in theory — lead to localized "hot spots" with relatively high levels of ambient pollution.

Organized labor has also been active in some environmental policy debates.  In the case of
restrictions on clean air, organized labor has taken the side of the United Mine Workers, whose
members are heavily concentrated in eastern mines that produce higher-sulfur coal, and had therefore
opposed pollution-control measures that would increase incentives for using low-sulfur coal from the
largely non-unionized (and less labor-intensive) mines in Wyoming's and Montana’s Powder River
Basin.  Thus, in the 1977 debates over amendments to the Clean Air Act, organized labor fought to
include a command-and-control standard that effectively required scrubbing, thereby seeking to
discourage switching to cleaner western coal (Ackerman and Hassler 1981).  Likewise, the United
Mine Workers opposed the SO2 allowance trading system in 1990, because of a fear that it would
encourage a shift to western low-sulfur coal from non-unionized mines.  

Turning to the supply side of environmental regulation, legislators have had a number of
reasons to find command-and-control standards attractive.  First, many legislators and their staffs are
trained in law, which may predispose them to favor legalistic regulatory approaches. Second,
standards tend to help hide the costs of pollution control (McCubbins and Sullivan 1984), while
market-based instruments generally impose those costs more directly, and deliberately make them
explicit. Compare, for example, the nature and tone of public debates associated with proposed



24Legislators tend to behave as if they are risk averse if their constituents punish unpredictable policy choices or their
reelection probability is very high (McCubbins, Noll, and Weingast, 1989, p. 22).

25Subsequently, this same incentive led EPA staff involved in the acid rain program to become strong proponents of
trading for a variety of other pollution problems.
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increases in gasoline taxes with those regarding commensurate increases in the stringency of the
Corporate Average Fuel Economy (CAFE) standards for motor vehicles.

Third, standards offer greater opportunities for symbolic politics, because strict standards —
strong statements of support for environmental protection — can readily be combined with less
visible exemptions or with lax enforcement measures.  Congress has frequently prescribed
administrative rules and procedures to protect intended beneficiaries of legislation by constraining
the scope of executive intervention (McCubbins, Noll, and Weingast, 1987).  Such stacking of the
deck is more likely to be successful in the context of command-and-control legislation, since market-
based instruments leave the allocation of costs and benefits up to the market.  Of course, the
underlying reason why symbolic politics works is that voters have limited information, and so
respond to gestures, while remaining relatively unaware of details. 

Fourth, if politicians are risk averse, they will prefer instruments that involve more certain
effects.24  The flexibility inherent in market-based instruments creates uncertainty about distributional
impacts and local levels of environmental quality. Typically, legislators in a representative
democracy are more concerned with the geographic distribution of costs and benefits than with
comparisons of total benefits and costs.  Hence, aggregate cost-effectiveness — the major advantage
of market-based instruments — is likely to play a less significant role in the legislative calculus than
whether a politician is getting a good deal for his or her constituents (Shepsle and Weingast 1984).

Finally, legislators are wary of enacting programs that are likely to be undermined by
bureaucrats in their implementation.  And bureaucrats are less likely to undermine legislative
decisions if their own preferences over policy instruments are accommodated.  Bureaucratic
preferences — at least in the past — were not supportive of market-based instruments, on several
grounds:  bureaucrats were familiar with command-and-control approaches; market-based
instruments do not require the same kinds of technical expertise that agencies have developed under
command-and-control regulation; and market-based instruments can imply a scaled-down role for
the agency by shifting decision making from the bureaucracy to the private sector.  In other words,
government bureaucrats — like their counterparts in environmental advocacy groups and trade
associations — might be expected to oppose market-based instruments to prevent their expertise from
becoming obsolete, that is, to preserve their human capital.25

3.2  Why Has There Been So Much Focus on Tradeable Permits Allocated Without Charge?

Economic theory suggests that the choice between tradeable permits and pollution taxes
should be based upon case-specific factors, but when significant market-based instruments have been
adopted in the United States, they have nearly always taken the form of tradeable permits rather than
emission taxes.  Moreover, the initial allocation of such permits has always been through initial



26The EPA does have an annual auction of SO2 allowances, but this represents less than 2 percent of the total allocation
(Bailey 1996). While the EPA auctions may have helped in establishing the market for SO2 allowances, they are a trivial
part of the overall program (Joskow, Schmalensee, and Bailey 1998).

27Given the strong (positive) political preference for tradeable permits relative to pollution taxes combined with the
significant normative advantages of tax instruments, researchers have begun to ask whether flexible quantity-based
instruments can be designed to mimic some of the more desirable features of price-based policies but without the
financial transfers that such policies normally entail (Newell, Pizer, and Zhang 2003).
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distribution without charge, rather than through auctions,26 despite the apparent economic superiority
of the latter mechanism in terms of economic efficiency (Spulber 1985; Stavins 1995; Goulder, Parry,
and Burtraw 1997; Fullerton and Metcalf 1997).

Again, many actors in the system have reasons to favor tradeable permits allocated without
charge over other market-based instruments.  On the regulatory demand side, existing firms favor
tradeable permits allocated without charge because they convey rents to them.  Moreover, like
stringent command-and-control standards for new sources, but unlike auctioned permits or taxes,
permits allocated without charge give rise to entry barriers, since new entrants must purchase permits
from existing holders.  Thus, the rents conveyed to the private sector by tradeable permits allocated
without charge are, in effect, sustainable. 

Environmental advocacy groups have generally supported command-and-control approaches,
but given the choice between tradeable permits and emission taxes, these groups strongly prefer the
former.  Environmental advocates have a strong incentive to avoid policy instruments that make the
costs of environmental protection highly visible to consumers and voters; and taxes make those costs
more explicit than permits.  Also, environmental advocates prefer permit schemes because they
specify the quantity of pollution reduction that will be achieved, in contrast with the indirect effect
of pollution taxes. Overall, some environmental groups have come to endorse the tradeable permits
approach because it promises the cost savings of pollution taxes, but without the drawbacks that
environmentalists associate with tax instruments.

Tradeable permits allocated without charge are easier for legislators to supply than taxes or
auctioned permits, again because the costs imposed on industry are less visible and less burdensome,
since no money is exchanged at the time of the initial permit allocation.  Also, permits allocated
without charge offer a much greater degree of political control over the distributional effects of
regulation, facilitating the formation of majority coalitions.  Joskow and Schmalensee (1998)
examined the political process of allocating SO2 allowances in the 1990 amendments, and found that
allocating permits on the basis of prior emissions can produce fairly clear winners and losers among
firms and states. An auction allows no such political maneuvering.27

3.3  Why Has the Attention Given to Market-Based Instruments Increased?

Given the historical lack of receptiveness by the political process to market-based approaches
to environmental protection, why has there been a recent rise in the use of these approaches?  It
would be gratifying to believe that increased understanding of market-based instruments had played
a large part in fostering their increased political acceptance, but how important has this really been?
In 1981, Steven Kelman surveyed Congressional staff members, and found that support and



28But there has been some increased understanding of market-based approaches among policy makers.  This has partly
been due to increased understanding by their staffs, a function — to some degree — of the economics training that is
now common in law schools, and the proliferation of schools of public policy (Hahn and Stavins 1991).

29But the environmental advocacy community is by no means unanimous in its support for market-based instruments.
See, for example, Seligman 1994.

30When the memberships (and financial resources) of other environmental advocacy groups subsequently declined with
the election of the environmentally-friendly Clinton-Gore Administration, EDF continued to prosper and grow (Lowry
1993).  In 2003, the World Resources Institute was alone among environmental advocacy groups to support the George
W. Bush administration’s water quality trading policy.
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opposition to market-based environmental policy instruments was based largely on ideological
grounds: Republicans, who supported the concept of economic-incentive approaches, offered as a
reason the assertion that “the free market works,” or “less government intervention” is desirable,
without any real awareness or understanding of the economic arguments for market-based programs.
Likewise, Democratic opposition was based largely upon ideological factors, with little or no
apparent understanding of the real advantages or disadvantages of the various instruments (Kelman
1981).  What would happen if we were to replicate Kelman’s survey today?  My refutable hypothesis
is that we would find increased support from Republicans, greatly increased support from Democrats,
but insufficient improvements in understanding to explain these changes.28  So what else has
mattered?

First, one factor has surely been increased pollution control costs, which have led to greater
demand for cost-effective instruments.  By the late 1980’s, even political liberals and
environmentalists were beginning to question whether conventional regulations could produce further
gains in environmental quality.  During the previous twenty years, pollution abatement costs had
continually increased, as stricter standards moved the private sector up the marginal abatement-cost
function.  By 1990, U.S. pollution control costs had reached $125 billion annually, nearly a 300%
increase in real terms from 1972 levels (U.S. Environmental Protection Agency 1990; Jaffe, Peterson,
Portney, and Stavins 1995).

Second, a factor that became important in the late 1980’s was strong and vocal support from
some segments of the environmental community.29  By supporting tradeable permits for acid rain
control, the Environmental Defense Fund (EDF) seized a market niche in the environmental
movement, and successfully distinguished itself from other groups.30  Related to this, a third factor
was that the SO2 allowance trading program, the leaded gasoline phasedown, and the CFC phaseout
were all designed to reduce emissions, not simply to reallocate them cost-effectively among sources.
Market-based instruments are most likely to be politically acceptable when proposed to achieve
environmental improvements that would not otherwise be feasible (politically or economically).

Fourth, deliberations regarding the SO2 allowance system, the lead system, and CFC trading
differed from previous attempts by economists to influence environmental policy in an important
way:  the separation of ends from means, that is, the separation of consideration of goals and targets
from the policy instruments used to achieve those targets.  By accepting — implicitly or otherwise
— the politically identified (and potentially inefficient) goal, the ten-million ton reduction of SO2
emissions, for example, economists were able to focus successfully on the importance of adopting



31The Reagan Administration enthusiastically embraced a market-oriented ideology, but demonstrated little interest in
employing actual market-based policies in the environmental area.  From the Bush Administration through the Clinton
Administration, interest and activity regarding market-based instruments — particularly tradeable permit systems —
continued to increase, although the pace of activity in terms of newly implemented programs declined during the Clinton
years, when a considerable part of the related focus was on global climate policy (Hahn, Olmstead, and Stavins 2003).

32Within the White House, among the most active and influential enthusiasts of market-based environmental instruments
were:  Counsel Boyden Gray and his Deputy John Schmitz, Domestic Policy Adviser Roger Porter, Council of
Economic Advisers (CEA) Member Richard Schmalensee, CEA Senior Staff Economist Robert Hahn, and Office of
Management and Budget Associate Director Robert Grady.  At EPA, Administrator William Reilly — a “card-carrying
environmentalist” — enjoyed valuable credibility with environmental advocacy groups; and Deputy Administrator
Henry Habicht and Assistant Administrator for Air and Radiation William Rosenberg were key, early supporters of
market-based instruments.  In the Congress, Senators Timothy Wirth and John Heinz provided high-profile, bi-partisan
support for the SO2 allowance trading system and, more broadly, for a wide variety of market-based instruments for
environmental problems through their “Project 88” (Stavins 1988).  And, finally, in the environmental community, EDF
Executive Director Fred Krupp, Senior Economist Daniel Dudek, and Staff Attorney Joseph Goffman worked closely
with the White House to develop the initial allowance trading proposal.
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a cost-effective means of achieving that goal.  The risk, of course, was “designing a fast train to the
wrong station.”

Fifth, acid rain was an unregulated problem until the SO2 allowance trading program of 1990;
and the same can be said for leaded gasoline and CFC’s.  Hence, there were no existing
constituencies — in the private sector, the environmental advocacy community, or government —
for the status quo approach, because there was no status quo approach.  We should be more
optimistic about introducing market-based instruments for “new” problems, such as global climate
change, than for existing, highly regulated problems, such as abandoned hazardous waste sites.

Sixth, by the late 1980’s, there had already been a perceptible shift of the political center
toward a more favorable view of using markets to solve social problems.  The George H. W. Bush
Administration, which proposed the SO2 allowance trading program and then championed it through
an initially resistant Democratic Congress, was (at least in its first two years) “moderate Republican;”
and phrases such as “fiscally responsible environmental protection” and “harnessing market forces
to protect the environment” do have the sound of quintessential moderate Republican issues.31  But,
beyond this, support for market-oriented solutions to various social problems had been increasing
across the political spectrum for the previous fifteen years, as was evidenced by deliberations on
deregulation of the airline, telecommunications, trucking, railroad, and banking industries. Indeed,
by the mid-1990s, the concept (or at least the phrase), “market-based environmental policy,” had
evolved from being politically problematic to politically attractive.

Seventh and finally, the adoption of the SO2 allowance trading program for acid rain control
— like any major innovation in public policy — can partly be attributed to a healthy dose of chance
that placed specific persons in key positions, in this case at the White House, EPA, the Congress, and
environmental organizations.32
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4.  Conclusions

Some eighty years ago, economists first proposed the use of corrective taxes to internalize
environmental (and other) externalities.  But it was a little more than a decade ago that the portfolio
of potential economic-incentive instruments was expanded to include quantity-based mechanisms —
tradeable permits — and these incentive-based approaches to environmental protection began to
emerge as prominent features of the policy landscape.

Given that most experience with market-based instruments has been generated quite recently,
one should be cautious about drawing conclusions from these experiences.  Important questions
remain.  For example, relatively little is known empirically about the impact of these instruments on
technological change.  Also, much more empirical research is needed on how the pre-existing
regulatory environment affects performance, including costs.  Moreover, the great successes with
tradeable permits have involved air pollution:  acid rain, leaded gasoline, and chloroflourocarbons.
Experience (and success) with water pollution is much more limited, and in other areas, there has
been no experience at all.  Even for air pollution problems, the differences between SO2 and acid rain,
on the one hand, and the combustion of fossil fuels and global climate change, on the other, suggest
that a rush to judgement regarding global climate policy instruments is unwarranted.

There are sound reasons why the political world has been slow to embrace the use of market-
based instruments for environmental protection, including the ways economists have packaged and
promoted their ideas in the past:  failing to separate means (cost-effective instruments) from ends
(efficiency); and treating environmental problems as little more than “externalities calling for
corrective taxes.”  Much of the resistance has also been due, of course, to the very nature of the
political process and the incentives it provides to both politicians and interest groups to favor
command-and-control methods instead of market-based approaches.

But, despite this history, market-based instruments have moved center stage, and policy
debates today look very different from those twenty years ago, when these ideas were characterized
as “licenses to pollute” or dismissed as completely impractical.  Market-based instruments are
considered seriously for each and every environmental problem that is tackled, ranging from
endangered species preservation to regional smog to global climate change.  It is reasonable to
anticipate that market-based instruments will enjoy increasing acceptance in the years ahead.  But
no particular form of government intervention, no individual policy instrument — whether market-
based or conventional — is appropriate for all environmental problems.  Which instrument is best
in any given situation depends upon characteristics of the environmental problem, and the social,
political, and economic context in which it is being regulated.



19

REFERENCES

Ackerman, B.A., and W.T. Hassler (1981), Clean Coal/Dirty Air (Yale University Press,  New Haven).

Ananathanarayanan, A. (1998), “Is There a Green Link?  A Panel Data Value Event Study of the Relationship Between
Capital Markets and Toxic Releases”, Rutgers University Working Paper.

Anderson, G. and B. Fiedor (1997), “Environmental Charges in Poland”, in: R. Bluffstone and B.A. Larson, eds.,
Controlling Pollution in Transition Economies (Edward Elgar, Cheltenham, UK) 187-208.

Anderson, R.C., L.A. Hofmann, and M. Rusin (1990), The Use of Economic Incentive Mechanisms in Environmental
Management, Research Paper 51 (American Petroleum Institute, Washington, D.C.)

Ayres R.E. (2000), “Expanding the Use of Environmental Trading Programs Into New Areas of Environmental
Regulation”, Pace Environmental Law Review 18(1): 87-118.

Bailey, E.M. (1996), “Allowance Trading Activity and State Regulatory Rulings: Evidence from the U.S. Acid Rain
Program”, MIT-CEEPR 96-002 WP, Center for Energy and Environmental Policy Research, Massachusetts
Institute of Technology.

Barthold, T.A. (1994), “Issues in the Design of Environmental Excise Taxes”,  Journal of Economic Perspectives
8(1):133-151.

Baumol, W.J. and W.E. Oates (1988), The Theory of Environmental Policy, second edition (Cambridge University Press,
New York).  

Bean, M.J. (1997), “Shelter from the Storm:  Endangered Species and Landowners Alike Deserve a Safe Harbor”,  The
New Democrat (March/April):20-21.

Bohi, D. (1994), “Utilities and State Regulators Are Failing to Take Advantage of Emissions Allowance Trading”, The
Electricity Journal 7:20-27.

Bohi, D. and D. Burtraw (1997), “SO2 Allowance Trading:  How Do Expectations and Experience Measure Up?”  The
Electricity Journal:  67-75.

Bohm, P. (1981), Deposit-Refund Systems: Theory and Applications to Environmental, Conservation, and Consumer
Policy (Resources for the Future, Johns Hopkins University Press, Baltimore, MD).

Bui, LT.M. and C.J. Mayer (1997), “Public Disclosure of Private Information as a Means of Regulation: Evidence from
the Toxic Release Inventory in Massachusetts”, Mimeo.

Burtraw, D. (1996), “The SO2 Emissions Trading Program:  Cost Savings Without Allowance Trades”, Contemporary
Economic Policy 14:79-94.

Burtraw, D., A.J. Krupnick, E. Mansur, D. Austin and D. Farrell (1998), “The Costs and Benefits of Reducing Air
Pollution Related to Acid Rain”, Contemporary Economic Policy 16:379-400.

Burtraw, D. and E. Mansur (1999), “The Environmental Effects of SO2 Trading and Banking”, Environmental Science
and Technology 33(20):3489-3494.

Cason, T.N. (1995), “An Experimental Investigation of the Seller Incentives in EPA’s Emission Trading Auction”,
American Economic Review 85:905-922.

Coase, R. (1960), “The Problem of Social Cost”, Journal of Law and Economics 3:1-44.



20

Crandall, R.W., H.K. Gruenspecht, T.E. Keeler and L.B. Lave (1986), Regulating the Automobile  (The Brookings
Institute, Washington, D.C.).

Crocker, T.D. (1966), “The Structuring of Atmospheric Pollution Control Systems”, in: H. Wolozin, ed., The Economics
of Air Pollution (W. W. Norton & Company, Inc., New York)

Dales, J. (1968), Pollution, Property and Prices (University Press, Toronto).

Doucet, J. and T. Strauss (1994), “On the Bundling of Coal and Sulphur Dioxide Emissions Allowances”, Energy Policy,
22:9:764-770.

Downing, P.B. and L.J. White (1986),  “Innovation in Pollution Control”, Journal of Environmental Economics and
Management 13:18-27.

Efaw, F. and W.N. Lanen (1979), “Impact of User Charges on Management of Household Solid Waste”, Report prepared
for the U.S. Environmental Protection Agency under Contract No. 68-3-2634 (Mathtech, Inc., Princeton, NJ).

Ellerman, D., P. Joskow, R. Schmalensee, J. Montero and E. Bailey (2000), Markets for Clean Air:  The U.S. Acid Rain
Program (Cambridge University Press, New York).

Ellerman, D. and J. Montero (1998), “The Declining Trend in Sulfur Dioxide Emissions:  Implications for Allowance
Prices”, Journal of Environmental Economics and Management 36:26-45.

Ellerman, D., R. Schmalensee, P. Joskow, J. Montero and E. Bailey (1997), Emissions Trading Under the U.S. Acid Rain
Program:  Evaluation of Compliance Costs and Allowance Market Performance (MIT Center for Energy and
Environmental Policy Research, Cambridge).

Ferrall, B.L. (1991), “The Clean Air Act Amendments of 1990 and the use of Market Forces to Control Sulfur Dioxide
Emissions”, Harvard Journal on Legislation 28:235-252.

Fisher, B., S. Barrett, P. Bohm, M. Kuroda, J. Mubazi, A. Shah and R. Stavins (1996),  “Policy Instruments to Combat
Climate Change”, in: J.P. Bruce, H. Lee and E.F. Haites, eds.,  Climate Change 1995: Economic and Social
Dimensions of Climate Change (Cambridge University Press, New York):397-439.

Foster, V. and R.W. Hahn (1995), “Designing More Efficient Markets:  Lessons from Los Angeles Smog Control”,
Journal of Law and Economics 38:19-48.

Frankel, J.A. (1999), Greenhouse Gas Emissions.  Policy Brief #52, June (The Brookings Institution, Washington, D.C.).

Fullerton, D. and T.C. Kinnaman (1996), “Household Responses to Pricing Garbage by the Bag”,  American Economic
Review 86:971-984.

Fullerton, D. and G. Metcalf (1997), “Environmental Controls, Scarcity Rents, and Pre-Existing Distortions”, NBER
Working Paper 6091.

Goldberg, P.K. (1997), “The Effects of the Corporate Average Fuel Efficiency Standards”,  Working Paper, Department
of Economics, Princeton University.

Goldstein, J.B. (1991), “The Prospects for Using Market Incentives to Conserve Biological Diversity”,  Environmental
Law 21.

Goulder, L., I. Parry and D. Burtraw (1997), “Revenue-Raising vs. Other Approaches to Environmental Protection: The
Critical Significance of Pre-Existing Tax Distortions”, RAND Journal of Economics.

Gupta, S., G. Van Houtven and M. Cropper (1996), "Paying for permanence:  an economic analysis of EPA's cleanup
decisions at Superfund sites", RAND Journal of Economics 27(3):563-582.



21

Hahn, R.W. (1989), “Economic Prescriptions for Environmental Problems: How the Patient Followed the Doctor’s
Orders”, Journal of Economic Perspectives 3:95-114.

Hahn, R.W. (1990), “Regulatory Constraints on Environmental Markets”,  Journal of Public Economics 42:149-175.

Hahn, R.W. (2000), “The Impact of Economics on Environmental Policy”, Journal of Environmental Economics and
Management 39:375-399.

.Hahn, R.W. and G.L. Hester (1989), “Marketable Permits: Lessons for Theory and Practice”, Ecology Law Quarterly
16:361-406.

Hahn, R.W. and G.L. Hester (1989b) “Where Did All the Markets Go? An Analysis of EPA’s Emissions Trading
Program”, Yale Journal of Regulation 6:109-153.

Hahn, R.W. and A.M. McGartland (1989), “Political Economy of Instrumental Choice: An Examination of the U.S.  Role
in Implementing the Montreal Protocol”,  Northwestern University Law Review 83:592-611.

Hahn, R. and R. Noll (1982), “Designing a Market for Tradeable Permits”, in: W. Magat, ed., Reform of Environmental
Regulation (Ballinger Publishing Co., Cambridge, MA).

Hahn, R.W. S.M. Olmstead, and R.N. Stavins (2003), “Environmental Regulation During the 1990s:  A Retrospective
Analysis.”  Harvard Environmental Law Review, volume 27, number 1.

Hahn, R.W. and R.N. Stavins (1991), “Incentive-based Environmental Regulation: a New Era from an Old Idea?”
Ecology Law Quarterly 18:1-42.

Hahn, R.W. and R.N. Stavins (1992), “Economic Incentives for Environmental Protection: Integrating Theory and
Practice”, American Economic Review 82(May):464-468.

Hahn, R.W. and R.N. Stavins (1995), “Trading in Greenhouse Permits:  A Critical Examination of Design and
Implementation Issues”, in: H. Lee, ed., Shaping National Responses to Climate Change:  A Post-Rio Policy
Guide (Island Press, Cambridge, MA):177-217.

Hamilton, J.T. (1993), “Politics and Social Costs: Estimating the Impact of Collective Action on Hazardous Waste
Facilities”, RAND Journal of Economics 24:101-125.

Hamilton, J. (1995), “Pollution as News: Media and Stock Market Reactions to the Toxics Release Inventory Data”,
Journal of Environmental Economics and Management 28:98-113.

Hamilton, J. and K. Viscusi (1999), Calculating Risks? The Spatial and Political Dimensions of Hazardous Waste Policy
(MIT Press, Cambridge, MA).

Harrison, D., Jr. (1999), “Turning Theory into Practice for Emissions Trading in the Los Angeles Air Basin”, in: S.
Sorrell and J. Skea, eds., Pollution for Sale: Emissions Trading and Joint Implementation (Edward Elgar,
London).

Hockenstein, J.B., R.N. Stavins and B.W. Whitehead (1997), “Creating the Next Generation of Market-Based
Environmental Tools”,  Environment 39(4):12-20, 30-33.

Howe, C.W. (1997), “Increasing Efficiency in Water Markets: Examples from the Western United States,” in Terry L.
Anderson and Peter J. Hill, eds., Water Marketing – The Next Generation (Rowman & Littlefield Publishers,
Inc., Lanham, MD, pp. 79-99).

Jaffe, A.B., S.R. Peterson, P.R. Portney and R.N. Stavins (1995), “Environmental Regulation and the Competitiveness
of U.S. Manufacturing:  What Does the Evidence Tells Us?”  Journal of Economic Literature 33:132-163.



22

Jaffe, A.B. and R.N. Stavins (1995), “Dynamic Incentives of Environmental Regulation:  The Effects of Alternative
Policy Instruments on Technology Diffusion”,  Journal of Environmental Economics and Management 29:S43-
S63.

Joskow, P.L. and R. Schmalensee (1998), “The  Political Economy of Market-based Environmental Policy:  The U.S.
Acid Rain Program”,  Journal of Law and Economics 41:81-135.

Joskow, P.L., R. Schmalensee and E.M. Bailey (1998), “Auction Design and the Market for Sulfur Dioxide Emissions”,
American Economic Review.

Kaplow, L. and S. Shavell (1997), “On the Superiority of Corrective Taxes to Quantity Regulation”, NBER Working
Paper 6251 (National Bureau of Economic Research, Cambridge, Massachusetts).

Kelman, S. (1981), What Price Incentives?:  Economists and the Environment (Auburn House, Boston).

Keohane, N.O. (2001), “Essays in the Economics of Environmental Policy”, unpublished Ph.D. thesis, Harvard
University.

Keohane, N.O., R.L. Revesz and R.N. Stavins (1998), “The Choice of Regulatory Instruments in Environmental Policy”,
Harvard Environmental Law Review 22:313-367.

Kerr, S. and D. Maré (1997), “Efficient Regulation Through Tradeable Permit Markets:  The United States Lead
Phasedown”,  Department of Agricultural and Resource Economics, University of Maryland, College Park,
Working Paper 96-06 (January).

Kerr, S. and R.G. Newell (2003), “Policy-Induced Technology Adoption:  Evidence from the U.S. Lead Phasedown”,
forthcoming, Journal of Industrial Economics.

Konar, S. and M.A. Cohen (1997), “Information as Regulation: The Effect of Community Right to Know Laws on Toxic
Emissions”, Journal of Environmental Economics and Management 32:109-24.

Lave, L. and H. Gruenspecht (1991), “Increasing the Efficiency and Effectiveness of Environmental Decisions: Benefit-
Cost Analysis and Effluent Fees”, Journal of Air and Waste Management 41:680-690.

Lowry, R.C. (1993), “The Political Economy of Environmental Citizen Groups”, Unpublished Ph.D. thesis, Harvard
University.

Malueg, D.A. (1989), “Emission Credit Trading and the Incentive to Adopt New Pollution Abatement Technology”,
Journal of Environmental Economics and Management 16:52-57.

McCubbins, M.D., R.G. Noll, and B.R. Weingast (1987), “Administrative Procedures as Instruments of Political
Control”, Journal of Law, Economics and Organization 3:243-277.

McCubbins, M.D., R.G. Noll, and B.R. Weingast (1989), “Structure and Process, Politics and Policy:  Administrative
Arrangements and the Political Control of Agencies”, Virginia Law Review 75:431-482.

McCubbins, M.D., T. Sullivan (1984), “Constituency Influences on Legislative Policy Choice”, Quality and Quantity
18:299-319.

McFarland, J.M. (1972), “Economics of Solid Waste Management”, in: Sanitary Engineering Research Laboratory,
College of Engineering and School of Public Health, University of California, Berkeley, Comprehensive Studies
of Solid Waste Management, Final Report, Report no. 72-3:41-106.

Menell, P. (1990), “Beyond the Throwaway Society: An Incentive Approach to Regulating Municipal Solid Waste”,
Ecology Law Quarterly 17:655-739.



23

Milliman, S.R. and R. Prince (1989), “Firm Incentives to Promote Technological Change in Pollution Control”, Journal
of Environmental Economics and Management 17:247-265.

Miranda, M.L., J.W. Everett, D. Blume and B.A. Roy, Jr. (1994), “Market-Based Incentives and Residential Municipal
Solid Waste”,  Journal of Policy Analysis and Management 13:681-698.

Montero, J.P. (1999), “Voluntary Compliance with Market-Based Environmental Policy:  Evidence from the U.S. Acid
Rain Program”, Journal of Political Economy, 107:998-1033.

Montero, J.P. (2002), “Prices versus Quantities with Incomplete Enforcement”, Journal of Public Economics 85:435-454.

Montero, J.P. and J.M. Sanchez (2002), “A Market-Based Environmental Policy Experiment in Chile”, Journal of Law
and Economics 45:267-287.

Montgomery, D. (1972), “Markets in Licenses and Efficient Pollution Control Programs”,  Journal of Economic Theory
5:395-418.

National Research Council (2002), Effectiveness and Impact of Corporate Average Fuel Economy (CAFE) Standards.
Committee on the Effectiveness and Impact of Corporate Average Fuel Economy (CAFE) Standards, Board on
Energy and Environmental Systems, Transportation Research Board.  (The National Academies Press,
Washington, D.C.).

Newell, R.G., A.B. Jaffe and R.N. Stavins (1999), “The Induced Innovation Hypothesis and Energy-Saving
Technological Change”, Quarterly Journal of Economics 114(3):941-975.

Newell, R.G. and W. Pizer (2003), “Regulating Stock Externalities Under Uncertainty”, Journal of Environmental
Economics and Management 45:416-432.

Newell, R.G., W.A. Pizer, and J. Zhang (2003), “Managing Permit Markets to Stabilize Prices”, Resources for the Future
Discussion Paper 03-34, Washington, D.C.

Newell, R. and R.N. Stavins (2003), “Cost Heterogeneity and the Potential Savings from Market-Based Policies.”
Journal of Regulatory Economics 23(1):43-59.

Nichols, A.L (1997), “Lead in Gasoline”, in: R.D. Morgenstern, ed., Economic Analyses at EPA:  Assessing Regulatory
Impact (Resources for the Future, Washington, D.C.):49-86.

Nichols, A., J. Farr and G. Hester (1996), “Trading and the Timing of Emissions: Evidence from the Ozone Transport
Region”, National Economic Research Associates, Cambridge, Massachusetts.

Organization for Economic Cooperation and Development (1989), Economic Instruments for Environmental Protection
(OECD, Paris).

Organization for Economic Cooperation and Development (1991), Environmental Policy:  How to Apply Economic
Instruments (OECD, Paris).

Organization for Economic Cooperation and Development (1998), Applying Market-Based Instruments to Environmental
Policies in China and OECD Countries  (OECD, Paris). 

Pigou, A.C. (1920), The Economics of Welfare (Macmillan, London).

Reinhardt, F.L. (2000), Down to Earth:  Applying Business Principles to Environmental Management (Harvard Business
School Press, Boston).

Repetto, R., R. Dower, R. Jenkins and J. Geoghegan (1992), Green Fees: How a Tax Shift Can Work for the Environment
and the Economy (World Resources Institute, Washington, D.C.).



24

Revesz, R.L. (1996), “Federalism and Interstate Environmental Externalities”, University of Pennsylvania Law Review
144:2341.

Revesz, R.L. (1997), Foundations in Environmental Law and Policy (Oxford University Press, New York).

Rico, R. (1995), “The U.S. Allowance Trading System for Sulfur Dioxide: An Update of Market Experience”,
Environmental and Resource Economics, 5(2):115-129.

Roberts, M.J. and M. Spence (1976), "Effluent Charges and Licenses under Uncertainty". Journal of Public Economics,
5(3-4), 193-208.

Rose, K. (1997), “Implementing an Emissions Trading Program in an Economically Regulated Industry:  Lessons from
the SO2 Trading Program”,  in: R.F. Kosobud and J.M. Zimmerman, eds., Market Based Approaches to
Environmental Policy:  Regulatory Innovations to the Fore (Van Nostrand Reinhold, New York).

Sandel, M.J. (1997), “It’s Immoral to Buy the Right to Pollute”, New York Times, December 15, p. A29.

Schmalensee, R. (1996), Greenhouse Policy Architecture and Institutions, Paper prepared for National Bureau of
Economic Research conference, “Economics and Policy Issues in Global Warming: An Assessment of the
Intergovernmental Panel Report”, Snowmass, Colorado (July 23-24).

Schmalensee, R., P.L. Joskow, A.D. Ellerman, J.P. Montero and E.M. Bailey (1998), “An Interim Evaluation of Sulfur
Dioxide Emissions Trading”, Journal of Economic Perspectives 12, no. 3:53-68.

Seligman, D.A. (1994),  Air Pollution Emissions Trading:  Opportunity or Scam?  A Guide for Activists  (Sierra Club,
San Francisco).

Shelby, M., R. Shackleton, M. Shealy and A. Cristofaro (1997), The Climate Change Implications of Eliminating U.S.
Energy (and Related) Subsidies (U.S. Environmental Protection Agency, Washington, D.C.).

Shepsle, K.A., and B.R. Weingast (1984), “Political Solutions to Market Problems”, American Political Science Review
78:417-434.

Skumatz, L.A. (1990), “Volume-Based Rates in Solid Waste: Seattle’s Experience”, Report for the Seattle Solid Waste
Utility (Seattle Solid Waste Utility, Seattle, WA).

Snyder, L.H., N.D. Miller, and R.N. Stavins.  “The Effects of Environmental Regulation on Technology Diffusion: The
Case of Chlorine Manufacturing.”  American Economic Review 93(2003):431-435.

Spulber, D.F. (1985), “Effluent Regulation and Long Run Optimality”, Journal of Environmental Economics and
Management 12:103-116.

Stavins, R.N. (1983), Trading Conservation Investments for Water (Environmental Defense Fund, Berkeley, CA).

Stavins, R.N., ed. (1988), Project 88: Harnessing Market Forces to Protect Our Environment,  sponsored by Senator
Timothy E. Wirth, Colorado, and Senator John Heinz, Pennsylvania,  Washington, D.C.

Stavins, R.N., ed. (1991),  Project 88 - Round II Incentives for Action: Designing Market-Based Environmental
Strategies, sponsored by Senator Timothy E. Wirth, Colorado, and Senator John Heinz, Pennsylvania,
Washington, D.C. 

Stavins, R.N. (1995),“Transaction Costs and Tradable Permits”, Journal of Environmental Economics and Management
29:133-148.

Stavins, R.N. (1996), “Correlated Uncertainty and Policy Instrument Choice”,  Journal of Environmental Economics and
Management 30:218-232.



25

Stavins, R.N. (1997),  “Policy Instruments for Climate Change:  How Can National Governments Address a Global
Problem?” The University of Chicago Legal Forum:293-329.

Stavins, R.N. (1998), “What Have We Learned from the Grand Policy Experiment:  Lessons from SO2 Allowance
Trading”, Journal of Economic Perspectives 12(3):69-88.

Stavins, R.N. (2000), “Market-Based Environmental Policies”, in: P.R. Portney and R.N. Stavins, eds., Public Policies
for Environmental Protection (Resources for the Future, Washington, D.C.).

Stavins, R.N. (2002), “Lessons from the American Experiment with Market-Based Environmental Policies.”  Market-
Based Governance:  Supply Side, Demand Side, Upside, and Downside, eds. John D. Donahue and Joseph S.
Nye, Jr.  Washington:  The Brookings Institution, 2002.

Stavins, R.N. (2003), “Experience with Market-Based Environmental Policy Instruments.”  Handbook of Environmental
Economics, Volume I, eds. Karl-Göran Mäler and Jeffrey Vincent, pp. 355-435.  Amsterdam:  Elsevier Science.

Stavins, R.N. and B.W. Whitehead (1992), "Pollution Charges for Environmental Protection:  A Policy Link Between
Energy and Environment", Annual Review of Energy and the Environment 17:187-210.

Stephenson, K., P. Norris, and L. Shabman (1998), “Watershed-based Effluent Trading: The Nonpoint Source
Challenge,” Contemporary Economic Policy 16:412-421.

Stevens, B.J. (1978), “Scale, Market Structure, and the Cost of Refuse Collection”,  The Review of Economics and
Statistics 40:438-448.

Tietenberg, T. (1980), “Transferable Discharge Permits and the Control of Stationary Source Air Pollution:  A Survey
and Synthesis”, Land Economics 56:391-416.

Tietenberg, T. (1985), Emissions Trading: An Exercise in Reforming Pollution Policy (Resources for the Future,
Washington, D.C.).

Tietenberg, T. (1995), “Tradeable Permits for Pollution Control When Emission Location Matters:  What Have We
Learned?” Environmental and Resource Economics 5:95-113.

Tietenberg, T. (1997), “Information Strategies for Pollution Control”,  Paper presented at the Eighth Annual Conference,
European Association of Environmental and Resource Economists, Tilburg, The Netherlands (June 26-28).

U.S. Energy Information Administration (1999), Federal Financial Interventions and Subsidies in Energy Markets:
Primary Energy (U.S. Department of Energy, Washington, D.C.)

U.S. Energy Information Administration (2000), Federal Financial Interventions and Subsidies in Energy Markets:
Energy Transformation and End Use (U.S. Department of Energy, Washington, D.C.)

U.S. Environmental Protection Agency (1990), Environmental Investments: The Cost of a Clean Environment, report
of the administrator to Congress (U.S. EPA, Washington, D.C.).

U.S. Environmental Protection Agency (1991), Economic Incentives, Options for Environmental Protection, Document
P-2001 (EPA, Washington, D.C.).

U.S. Environmental Protection Agency (1992), The United States Experience with Economic Incentives to Control
Environmental Pollution, EPA-230-R-92-001 (Washington, D.C.).

U.S. Environmental Protection Agency (2001), The United States Experience with Economic Incentives for Protecting
the Environment, EPA-240-R-01-001 (Washington, D.C.).



26

U.S. Environmental Protection Agency, Office of Policy Analysis (1985), Costs and Benefits of Reducing Lead in
Gasoline, Final Regulatory Impact Analysis (Washington, D.C.).

U.S. General Accounting Office (1992), Toxic Chemicals:  EPA’s Toxics Release Inventory Is Useful But Could be
Improved,(U.S. GAO, Washington, D.C.).

Weitzman, M. (1974),“Prices vs. Quantities”,  Review of Economic Studies 41:477-491.

Wertz, K.L. (1976), “Economic Factors Influencing Households’ Production of Refuse”, Journal of Environmental
Economics and Management 2:263-72.

Wheeler, D. et al. (2000), Greening Industry: New Roles for Communities, Markets and Governments (Oxford University
Press for the World Bank, New York).




