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Abstract

Economists argue that policymakers should take advantage of market
principles in designing environmental regulations. Such market-based
approaches use economic incentives to achieve environmental goals at
lower costs including taxes and “cap-and-trade”. While these economic
approaches to environmental problems have existed for many years,
they have been slow to be adopted as actual regulations. Market-
based approaches have now become more common due to advocacy by
economists and early positive policy experiences. Despite this accep-
tance, a gap remains between real-world market-based policies and the
ideas propounded by academic economists. Policymakers have often
merged market-based incentives onto existing non-market approaches
resulting in a set of mixed policies whose economic properties are
often difficult to unravel. The economics of such mixed approaches
remains under-explored. A similar sort of gap exists between the prob-
lems that market-based regulations should tackle and the problems
that they actually address. The authors review the economics litera-
ture of market-based environmental regulations and design issues for
environmental taxes and cap-and-trade systems.
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1

Introduction

For nearly a century, economists have argued that policymakers should
take advantage of market principles in designing environmental regula-
tions. Such market-based approaches would use economic incentives to
achieve environmental goals at lower costs. Pigou (1920) suggested levy-
ing a tax on production activities that generate environmental exter-
nalities and showed that this would achieve the same desirable effects
as the free market does for ordinary goods. Much later, Dales (1968)
suggested that the same advantages could be gained if polluters were
assigned transferable rights to their pollution, with the total number
of such rights set equal to the overall emissions goal. This approach to
environmental regulation was originally known as tradable permits and
is now known simply as cap-and-trade. These two mechanisms — taxes
and cap-and-trade — together constitute the set of market mechanisms.

While these economic approaches to environmental problems have
existed for many years in the minds of economists, they have been slow
to be adopted as actual regulations. The Clean Air Act Amendments of
1970 and the Clean Water Act of 1972 — the cornerstones of U.S. pol-
lution policy — are devoid of regulations based on economic incentives
as recommended by the economics literature. Shortly after their pas-
sage, however, policymakers began to experiment with market-oriented
solutions.



2 Introduction

Market-based approaches have now become more common, due
in large part to the long-standing and unanimous advocacy of such
approaches by economists and some early positive policy experiences.
Market-based approaches have become more widely accepted among
policymakers as reasonable ways to tackle U.S. environmental concerns.
Even among environmentalists, support for market-based approaches
has increased, although many critics still exist in this community.

Despite this apparent acceptance, a gap remains between the real-
world market-based policies that have made it into law and the ideas
that have been propounded by academic economists over the course of
eighty-plus years. In short, policymakers have often grafted or merged
market-based incentives onto existing non-market approaches. The
result is a set of mixed policies whose economic properties are often
difficult to unravel. Economists have almost uniformly conceived of
market approaches as the sole regulatory instruments to be used for a
given problem, but this has rarely been the case in practice. Careful
examination of any environmental regulation, even ones considered by
most people as market-based, will reveal that they in fact consist of
a complicated mix of market and non-market mechanisms. The eco-
nomics of such mixed approaches remains under-explored.

A similar sort of gap exists between the problems that market-
based regulations should tackle and the problems that they actually
tackle. Since the most common market instrument is cap-and-trade,
we call this the “misplaced cap” problem. Fuel standards are a perfect
example; they cap miles per gallon of new cars, not gallons of gasoline
or miles driven, which are closer to true externality causes. As with
the mixed approach, the economics of this misplaced cap problem have
received rather little attention.

In Section 2, we review the economics literature on the theory of
market-based environmental regulations. Section 3 covers design issues
for environmental taxes and cap-and-trade systems. In Section 4, we
discuss the U.S. experience with a number of regulatory approaches
that are commonly characterized as market-based. We describe the mix
of market and non-market instruments that characterize these policies.
Section 5 draws our main conclusions.
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Environmental Regulation and the Case for
Market Mechanisms

2.1 The neoclassical argument for taxes and
cap-and-trade

Before we discuss the economics of regulation, we reiterate why any
such government intervention is necessary in the first place. In a market
system, prices are used to coordinate the activities of buyers and sellers
and to convey information about the strength of consumer demand
for a good and the costs of supplying it. Because trade is voluntary,
buyers and sellers only make exchanges when both parties benefit, so
government intervention in such an economy is not needed to increase
these parties’ welfare.

A problem — known as an externality — arises, however, when a
voluntary transaction between parties affects a third party, whether
positively or negatively. For example, a firm might produce and sell a
good to a consumer to both the firm’s and the consumer’s advantage,
but the production may result in air pollution that reduces the health of
other people living near the firm. When externalities exist, the market
system will typically lead to an inefficient outcome because the impact
on any third parties is not considered by the parties participating in
the trade. The market failure of pollution and other environmental

3



4 Environmental Regulation and the Case for Market Mechanisms

externalities therefore stems from the freedom of firms, consumers, and
other agents to “use” the environment without restraint, in the absence
of regulation.

The root of this market failure is that there is no clear property
right for the environmental good (Coase, 1960). If society could create
a property right for, say, “clean air,” to be held by individual citizens,
then any action that involved polluting the air would require the con-
sent of the right’s owner and therefore would necessarily compensate
her for any disutility. Similarly, if the polluter owned the right to pol-
lute the air, then individuals would need to pay the firm to reduce its
pollution. That is, depending on who owned the property right, either
polluters would need to purchase the use of the air or the victims of
the pollution would need to pay polluters to reduce pollution.

However, because of its public good nature, the normal channels by
which society creates and enforces property rights are largely absent for
the environment. One person cannot sell her clean air rights without
simultaneously affecting the air quality experienced by everyone else
in the vicinity. This means that any transaction regarding clean air
rights would affect the air quality experienced by third-parties not par-
ticipating in the transaction. Those third party’s interests should be
brought into consideration. Their inclusion can occur either through
multi-party bargaining or through the government stepping in to rep-
resent their interests. Multi-party bargaining is particularly difficult
when the externality affects a large number of people, leaving govern-
ment action as the principal remedy. These multi-party issues do not
generally arise for private goods because their production and trading
only affect the parties directly involved.

The work of Coase thus provides a key to the protection of environ-
mental quality. The government should try to make the environment
“look like” a private good to its users. Since the lack of a price for the
environment leads to its inefficient overuse or over-consumption, the
heart of efficient regulation is the creation of a “price” for pollution.!

I Throughout this article, we use pollution or emissions to stand for any activity that reduces
environmental quality, including deforestation or over-fishing, for example. Likewise, we
use firm or polluter to stand for any agent who undertakes an environment-affecting activ-
ity. Our arguments are general and should not be construed to apply only to pollution or
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This price-creating property is the essential characteristic of a market
instrument. Furthermore, the ideal price should represent the interests
of all parties who are affected by environmental quality.

The generation of a market price for pollution is achieved by one of
two means: Either the price is set directly through a pollution tax or
indirectly through establishment of a cap-and-trade system. As Pigou
(1920) first argued, a tax on pollution provides an incentive for a pol-
luting source to reduce its pollution and thereby economize on its use of
the environment.? For each unit of pollution, the polluter must choose
either to pay the tax or reduce that pollution through any means at
its disposal. Each source will reduce its emissions, relative to the “free”
pollution case, until it costs more (in terms of lost profits or higher
abatement costs) to reduce a unit of emissions than to pay the emis-
sions tax. This results in marginal abatement costs that are equal to
the tax and therefore equal across all regulated sources. The tax should
be set at a level that achieves the desired level of emissions. Environ-
mental taxes are also known as environmental fees or charges or, more
euphoniously, green taxes.

The second approach, suggested by Dales (1968), requires each reg-
ulated source to submit a permit (also known as a quota, credit, or
allowance) for each unit of pollution emitted. These permits are trans-
ferable, thus allowing different pollution levels across the regulated enti-
ties. By allocating fewer permits than the “free” pollution level, the
regulatory agency creates a shortage of permits which then leads to a
positive price for permits. This establishes a price for pollution, just as
in the tax case.

Similarly to the pollution tax case, each source will reduce its emis-
sions until it costs more for the source to reduce one more unit of
emissions than to buy (or not sell) a permit. If the permit market
is perfectly competitive, then marginal abatement costs will be equal
to the permit price and therefore equal across all regulated sources.
The equality of marginal abatement costs is a necessary condition for

only to environmental damages caused by production. For a discussion of the definition of
a (negative) externality, which is the essence of our discussion, see Baumol (1972).

2Pigou wrote in terms of a tax on output, but his assumptions made this identical to a tax
on pollution.
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any given level of environmental quality to be achieved at the lowest
overall cost, a condition known as cost-effectiveness. This is, in turn, a
necessary condition for Pareto efficiency. The number of permits that
the regulatory agency issues should be the desired level of emissions.
To see that taxes are cost-effective, let r; represent a vector of inputs
used by producer k=1,...,K; w, the price vector of inputs; s, the
pollution generated by plant k; and f*(rj,s;) the plant’s output. Let
p represent the price of this output. Then the cost-effective choice of

inputs r = {ry,...,rg } to generate overall pollution no greater than S
satisfies:
k .
m&prf (rg,sk) — wrg  subject tOZsk <S (2.1)
k k
For a well-behaved problem, this yields first order conditions:
afk: afk:
—w=0,p=——XA=0 2.2
87"ik v p ask ( )

where A is the Lagrange multiplier pertaining to the aggregate pollution
equation.

Next consider the case of a pollution tax. The model’s key element is
the production decisions of the individual polluters who face pollution
tax 7. Each firm’s objective function is to maximize pf*(ry,s) — wry —
75k. This yields first order conditions:

—w=0, p=——-7=0 (2.3)

and these are equivalent whenever 7 = A. Alternatively, for any given T,
there exists an S* such that A(S*) = 7. Thus, a pollution tax is always
cost-effective; whatever pollution amount it yields will have been gener-
ated at the lowest cost (measured in foregone profits) to the economy.
Pollution tax revenues do not appear in the model because they are
assumed to be recycled in the economy in a neutral way.

For the case of tradable permits, let S* be the aggregate number of
permits issued and let S* be k’s permit endowment, with 3;,5% = §*.
This endowment is assumed to be exogenous to the firm. The price
of permits, p, is endogenous to the market but assumed exogenous to
any individual polluter. For a given p, the firm’s objective function
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is to maximize pf*(rg,sx) — wry — p(sp — S*¥). The first order condi-
tions are:

afk B afk B

paTik
Note that K versions of equation (2.4) hold, where K is the number
of polluters. These K equations plus ¥;S* = §* yield K + 1 equations
in K 4+ 1 unknowns, s1,...,sx and p, thus yielding the market-clearing
permit price. From (2.2) and (2.4) it is then clear that p = .

The equivalence of equations (2.2), (2.3), and (2.4) is the essence of
the neoclassical argument for taxes and cap-and-trade. Of course, the
theoretical results are conditional on numerous assumptions, many of
which are covered in a qualitative sense in Section 3. The failure of any
such assumption does not, however, obscure the basic message of (2.2),
(2.3), and (2.4). For further demonstration and discussion of these and
related claims, see Baumol (1972); Cornes and Sandler (1986); Baumol
and Oates (1988); and Cropper and Oates (1992). Baumol and Oates
(1988) in particular provides a thorough discussion of circumstances
where equations (2.2) or (2.3) are solutions to local rather than global
maxima.

This model does not explicitly incorporate the fact that regulators
will almost always be less knowledgeable about pollution control costs
and the desirability of various pollution control strategies than the indi-
vidual firms will be, the so-called agency problem. The recognition of
this problem underlies this literature, however. Although a regulator
could conceivably directly specify the pollution levels of each firm or
even the individual input and output bundles, the early developers of
environmental policy models recognized that this approach was unreal-
istic and unadvisable, even if the models did not explicitly capture this
sentiment. The agency problem was incorporated implicitly through the
accompanying discussion and interpretation of the models and results.

Models explicitly incorporating asymmetric information and a
principal-agent framework for environmental policy began in the late
1970s and early 1980s; Dasgupta et al. (1979) appears to be the first of
these. These models focused on the more difficult problem of achieving
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the socially optimal level of pollution, which includes the external dam-
ages from pollution.

The next step beyond cost-effectiveness is that the level of pollution
itself, S, should be Pareto-efficient. An efficient tax or cap-and-trade
system should yield a price for pollution equal to its marginal external
cost. To demonstrate this in the context of the above model, we adopt
a more modern approach in which pollution damages are monetized
and then expressed as D(S). D(S) represents, roughly speaking, the
external costs imposed on the economy as a whole when the pollution
level is S. The efficient level of pollution thus solves:

mrgXprk(Tk,Sk) —wry, — D (Z Sk) (2.5)
!

This set-up assumes a constant price for the produced goods, so there
is no consumer surplus (or change in consumer surplus). For a more
general and more rigorous treatment, see Baumol and Oates (1988).
The first order conditions are now given by:

afAk —w=0, pa—fk .y (Zsk) ) (2.6)

A comparison of (2.6) with (2.3) or (2.4) now shows the optimal
tax or permit level. Let S* solve (2.6). In the case of taxes, the optimal
tax is equal to the marginal pollution damage, 7= D'(S*).> In the
case of cap-and-trade, the optimal permit level is S* and the permit
price will be p = D’(S*), which is equal to the optimal tax rate. (For a
more thorough treatment of the set of necessary conditions for Pareto

efficiency without the monetization of pollution damages, see Baumol
and Oates, 1988).

Setting the tax or permit cap to satisfy (2.6) requires knowledge of
the marginal damages caused by emissions. However, even when this
knowledge is absent, taxes and cap-and-trade are still able to achieve
the resulting environmental outcome at the lowest overall cost. Indeed,

3 Technically, this result depends on perfect efficiency in how tax revenue is disposed of,
including tax revenue from other sources (which could be offset by pollution tax revenue).
Under the perfect-efficiency assumption, the marginal benefit or cost of additional govern-
ment tax revenue is zero, so tax revenue disappears from the model, leaving just profits
minus damages. See Section 3.5.
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the argument for market mechanisms is that they are uniquely able to
achieve this “lowest overall cost” criterion.*

The agency problem is more acute when S is required to be Pareto-
efficient. The problems can be demonstrated even in the context of
models as restrictive as (2.5), since the optimal tax or cap-and-trade
now generally requires knowledge of s;, which in turn requires knowl-
edge of individual firm costs. Only when D(S) is linear, so that D’(.S)
is constant, does the agency problem disappear.

There is one additional point discussed extensively in Baumol and
Oates (1988). Pollution damages depend in part on individuals’ defen-
sive measures taken against the pollution exposure. The above equa-
tion for optimality is contingent on each consumer choosing an optimal
level of protection. Note that if the regulatory authority uses the rev-
enue gained from the pollution tax to compensate the victims of the
pollution, then this would distort the optimal expenditure on defensive
actions, resulting in inefficiency. In other words, compensating the vic-
tims of externalities will result in a moral hazard problem where the
victims do not engage in appropriate levels of defensive actions.

2.2 The cost-savings argument for taxes and
cap-and-trade

This section presents the non-technical, policymakers’ argument for
why the two market mechanisms are considered superior to alternative
regulatory approaches to environmental problems. Their superiority
stems from the flexibility they bestow on sources over how to control
pollution or other environmentally-damaging actions. Market mecha-
nisms provide both within-firm and across-firm flexibility, flexibilities
that are missing from non-market regulations. Such flexibility ensures
that the lowest-cost pollution control actions are taken. We reiterate
our admonition that pollution is used by us to refer to environmentally
damaging activities of any sort.

4If the regulator had perfect information about abatement costs and perfect ability to
specify abatement actions, then a third approach — direct specification of pollution con-
trol actions — would also achieve lowest-cost control. We consider these conditions to be
essentially impossible.
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Consider first the role of within-firm flexibility. Since the costs of
controlling pollution will be borne entirely by the polluter, the polluter
has every incentive to take any action whose cost is less than the tax
or permit price. The greater the within-firm flexibility the source has,
the wider the range of options it can consider. The wider the range
of options considered, the lower will be the costs of pollution control.
“Cost” is used here in a very general sense; it refers not only to out-of-
pocket costs but also to time, disutility, and agency costs. So long as
these costs are borne entirely by the polluter then within-firm flexibility
will lead to the lowest-cost actions being taken by each polluter.

Consider next the role of across-firm flexibility. Across-firm flexi-
bility allows different levels of pollution among the different regulated
sources. With across-firm flexibility, a source may choose not only from
among its own possible actions to reduce emissions but also, implic-
itly, from other sources’ possible actions. Costs are lower than under
within-firm flexibility alone because sources will search for the lowest
cost actions across the entire regulated sector.

Market instruments exhibit a powerful form of across-firm flexibil-
ity. With a single “price” for environmental damage, as provided by
taxes or cap-and-trade, the marginal cost of the last unit of pollu-
tion reduction will be equal across sources, thus minimizing the total
cost of the regulation (see Dales, 1968; Montgomery, 1972; Baumol
and Oates, 1988). In less technical terms, market regulations provide
complete across-firm flexibility. Any pollution control opportunity any-
where (that is covered by the regulation) will be exploited by taxes or
cap-and-trade.

An essential element of this demonstration of cost-effectiveness is
that the tax or permit requirement is assumed to be the sole legal
restriction on emissions. Under a true market mechanism, other restric-
tions — whether on pollution control technology, emissions rates, energy
efficiency, or any of a host of restrictions that have been adopted or pro-
posed over the years — are both unnecessary and unwarranted. They are
unnecessary because under a market mechanism the incentive not to
incur the tax or not to have to purchase more permits will already have
led polluters to find and adopt all appropriate actions. They are unwar-
ranted because those restrictions may not be the lowest cost strategy
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for the source to reduce its emissions. If those restrictions were part of
the lowest cost strategy, then there would be no need to impose them,;
market forces would lead polluters to find and adopt them. If they were
not part of the lowest cost strategy, then they should not be imposed.

Flexibility, of both varieties, may be especially valuable over time.
Flexibility allows sources to search not only among currently available
control options but among to-be-discovered control options; that is, to
undertake research and development to find new technologies.

The policymakers’ case for taxes or cap-and-trade is completed by
examining the weaknesses of alternative approaches, which are, by defi-
nition, non-market. Non-market mechanisms, often lumped together as
command-and-control, have been the traditional approach for address-
ing environmental problems. While the general idea behind command-
and-control is that the regulated entities are given little discretion in
their pollution control efforts, the rubric of command-and-control cov-
ers a wide range of regulations with varying degrees of flexibility and
cost savings.

Non-market regulations can be roughly categorized as technology
or performance regulations.> A technology standard is one that pre-
scribes particular actions with little or no flexibility to choose other
actions that might lead to the same environmental result. In the case
of air pollution, technology standards require the installation of cer-
tain control technologies such as scrubbers, with no flexibility for the
source to reduce emissions through other means such as switching to a
cleaner-burning fuel, reducing production, or devising other innovative
pollution-reduction strategies.

In the case of non-point water pollution, a different sort of tech-
nology standard applies. To improve water quality, various state and
federal programs pay landowners to create stream buffers or to fence
streams to keep livestock out. These payments are accompanied by con-
tracts with the landowners; those contracts specify, in the latter case,
the number of strands of barbwire, the distance between strands, and
the distance between fence posts, among other things. Again, these

5 Technology-based standards are a form of performance standard, although in practice
they often take the form of a technology standard. Note that the economic terms for these
regulations do not always correspond with the legal ones or the vernacular.



12 Environmental Regulation and the Case for Market Mechanisms

specifications, even if warranted, do not allow flexibility in meeting
a particular water quality goal. This focus on process or technology
rather than the environmental outcome is what characterizes a tech-
nology standard.

There may be reasons, of course, why a technology standard rather
than an alternative approach has been adopted in a particular situa-
tion. It seems clear in the non-point pollution case that fence-building
rules can be relatively easily monitored but stream pollution or ero-
sion cannot, so such rules may indeed be desirable. However, when
the environmental outcome can be measured, either in terms of pol-
lution loadings or stream quality, a regulation that addressed loadings
or stream quality directly would almost surely be superior because of
the flexibility it would implicitly allow. Even when the environmental
outcome cannot be perfectly measured, a regulation that addresses the
actual environmental quality may often be superior to a technology
standard.

In contrast, performance standards focus on pollution or environ-
mental quality and therefore allow regulated sources some degree of
flexibility in meeting those goals. Examples of performance standards
include plant-level caps (tons of biochemical oxygen demand (BOD), a
conventional water pollutant, released per month by sewage treatment
plants), emissions per unit of heat input (pounds of sulfur-dioxide per
million BTUs) or per unit of output (pounds of mercury per mWh),
effluent concentrations (average BOD concentration in effluent), and
energy-efficiency standards. These standards exhibit within-firm flexi-
bility because the source is free to choose the best method for achiev-
ing the rate or cap. In each case, the regulation focuses on an outcome
rather than a set of actions.

Performance standards are cheaper than technology standards but
more expensive than market instruments because they lack across-
firm flexibility. Energy-efficiency standards on new air conditioners,
for example, do not allow some users to buy inefficient air conditioners
(presumably because those models have other desirable features), and
other users to buy ones that are super-efficient. (The pollution in this
case can be thought of either as air pollution or carbon emissions from
electricity generation.)
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Performance standards in the form of rates (pollution per unit of
output or energy efficiency are two common examples) are far more
common than performance standards in the form of plant-level pol-
lution caps but are also less efficient because they do not provide an
incentive to reduce emissions through reductions in output.® In the
case of air conditioners, energy-efficiency standards do not give pur-
chasers any incentive to reduce the number or size of air conditioners
that might be purchased or how much each of them will be run; only
the energy-efficiency of a particular-sized model is regulated. Similarly,
a limit on nitrogen oxides emissions per mile for new automobiles does
not given any incentive to reduce overall air pollution by reducing the
number of cars or the number of miles driven.”

Performance standards that take the form of plant-level caps are
more efficient than rate performance standards but are rarely used.
Some point-source air and water regulations come close to the cap
format by limiting the tons of BOD or other pollutants discharged
per month or year. In practice, however, a larger limit is assigned to
a larger plant, so the performance standard in effect is levied on the
rate, i.e., tons per unit of plant capacity. New discharge limits based
on total maximum daily loads (see Section 4.5) may be closer to a true
plant-level cap.

Non-economists often fail to appreciate the value of the flexibility
provided by market instruments and, equivalently, the costs — often
hidden — of the constraints imposed by non-market regulations.® A large
body of literature has attempted to estimate the cost-savings of using
a market instrument for the regulation of a specific pollutant. These
estimates have added empirical weight to the qualitative arguments
of this section. The 2003 Economic Report of the President reprints
a figure from Field (1997) showing ratios of costs of command-and-
control (i.e., non-market) to least-cost (market-based) regulation that

6This argument relies on the quantity of pollution rather than its rate or concentration
being the source of the environmental externality. In some cases, both quantities and
concentrations cause negative externalities.

7 This discussion does not address the further issue of emissions from new versus old cars.

8 On the other hand, economists often fail to recognize the difficulty in monitoring emissions
or other environmentally damaging behavior accurately and precisely, a feature that is
necessary for market regulations to work effectively.
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range from 1.07 (for sulfates) to 22 (particulates). Prominent studies
of these cost savings include Atkinson and Lewis (1974); Atkinson and
Tietenberg (1982); Seskin et al. (1983); and O’Ryan (1996).

The general lesson from the empirical literature is that the cost
savings from market instruments can be dramatic. Studies typically
estimate that control costs will be four times higher under the relevant
non-market alternative than under cap-and-trade; in many instances,
the ratio is even higher. Market mechanisms, where they can be
used, always result in lower aggregate control costs than a compara-
ble non-market one. The cost-savings that might be realized in any
particular instance, however, are highly dependent on the nature of
the non-market alternative, since “non-market” covers a wide range of
alternatives with a wide range of efficiencies.

If anything, the savings from market approaches are apt to be under-
estimated for two reasons: (i) Savings estimates are based on currently
available control strategies and usually do not take account of new
strategies that are likely to be discovered; (ii) Market approaches are
almost always less costly to administer. These costs savings are difficult
to value but they reinforce the static cost-savings modeled above.

Taxes and cap-and-trade have further advantages beyond the
cost-savings they provide. Tax rates and caps can be imposed with
less technical knowledge about the regulated sector than required for
technology or performance standards. Other regulations, which require
greater technical knowledge of the regulated sector, must first be autho-
rized by legislation and then the rules themselves issued subsequently
by government agencies. The rulemaking process is subject to lawsuits
and attendant uncertainty and delay in a way that legislation is not.
This advantage of simplicity and transparency for market instruments
often goes unappreciated.

The arguments of Sections 2.1 and 2.2 rely on two further condi-
tions. First, the pollution or other environmentally-damaging behavior
must be measurable. The item to be taxed, or for which permits are
to be required, must be able to be observed by regulators with relative
ease and substantial accuracy. The importance of this feature is clear
but often unacknowledged. When the pollution (or its analog) cannot
be measured, policymakers must choose between a market instrument
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tailored to the “imperfect” item — that is, some action that is cor-
related with emissions or their analog — and a non-market approach,
which lacks the advantages that this section has laid out.

Second, the action being targeted must be the source of the nega-
tive externality. The model of Section 2.1 shows the assumption clearly
(that is, the regulation action, s, is the argument of the damage func-
tion), but many regulations do not target the true source of an external-
ity. Again, it goes without saying that a regulation that is cost-effective
but targeted at the wrong action is not necessarily cost-effective in cur-
tailing the true source of the externality.

2.3 Other market-like mechanisms

2.3.1 Subsidies

Because a subsidy is a “negative tax,” it may, in some circumstances,
lead to the same efficient outcome as a pollution tax. Those circum-
stances are almost never observed.

Subsidy can refer to many different types of policies, such as a
subsidy to homeowners for installing insulation in their homes, a sub-
sidy to the production of ethanol, or a subsidy to polluters directly on
emissions reductions. The first type of subsidy is unlikely to be cost-
effective because it exhibits very little within-source flexibility; only
certain kinds of energy-efficiency investments are eligible for the sub-
sidy. If these are not the lowest-cost activities then the subsidy has
failed the basic criterion of cost-effectiveness. The second type of sub-
sidy exhibits within-source flexibility, but ethanol is only one of many
actions to reduce the perceived externality, so this subsidy may also
fail to encourage lowest-cost actions.

The third type of subsidy, on emissions reductions, is formally equiv-
alent to a negative pollution tax and therefore shares important effi-
ciency properties with a tax. For early discussions on the symmetry
of taxes and subsidies, see Kneese (1964); Bramhall and Mills (1966);
and Kneese and Bower (1968). Emission subsidies could in principle be
paid per unit of pollution reduction relative to some baseline amount
of pollution. This set-up is equivalent to giving the firm a lump-sum
payment and then taxing emissions. Subsidies of this sort have been
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considered by economists but real-world applications have differed in
key ways, so that they can rarely be considered a form of negative tax.

The formal symmetry between such a subsidy and a tax holds only
if the baseline level of pollution is exogenous to the firm. If the baseline
is not exogenous, then the firm has an incentive to undertake actions
that increase its assigned baseline; these actions are inefficient Kamien
et al. (1996).

When the baseline is exogenous to the firm and there is no dead-
weight loss to taxation, a subsidy achieves the cost-effective pollution
outcomes for a given set of firms. But we must also be concerned with
the number of firms in the polluting industry. The long-run equilibrium
will differ between a pollution tax and subsidy, since the latter involves
a lump-sum payment which increases the incentive for the firm to stay
in the industry (unless the payment is made even if the firm exits) or
for other firms to enter the industry relative to a tax. Indeed, while
the subsidy would lead to pollution reduction for each existing firm, it
could lead to greater total pollution due to an increase in the number of
firms in the industry (Baumol and Oates, 1988).% To put this another
way, the only truly exogenous baseline for plants that are not currently
operating is zero.

In order to achieve long-term efficiency, the regulatory system would
require that firms pay the total cost of their pollution (see Schulze and
d’Arge, 1974; and Collinge and Oates, 1982). For example, a tax equal
to marginal pollution damages but that varied the tax as marginal
damage changed (due to changes in total pollution) would result in an
efficient short-run and long-run outcome. The long-run efficiency would
be achieved because each firm would end up paying the total external
cost of its pollution. In this case, firms that contribute net benefits to
society will remain in the industry, whereas those with negative net
benefits will exit.

However, a system of varying taxes is difficult if not impossible
to implement. If we instead consider a constant emissions tax and if
marginal damages increase with emissions, then the constant emissions

9 Suppose a firm would earn negative profits under a pollution tax. It therefore would choose
not to operate. Under a subsidy, the firm could earn positive profits, due to the lump-sum
payment analogy.
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tax will charge firms more than the total damages they cause. This
would lead to an inefficiently high number of exiting from the indus-
try.10 However, if we assume that marginal damages are relatively con-
stant, at least over the range at which pollution is likely to vary due to
entry and exit, then a constant emissions tax will result in firms paying
both the marginal cost of damage at equilibrium and the total cost of
the damage, resulting in an efficient short and long term outcome (see

Schulze and d’Arge, 1974; and Spulber, 1985).

2.3.2 Other regulatory mechanisms

A few other regulatory approaches are sometimes labeled market-based.
(Stavins, 2000, 2003) includes “market friction reductions” and “gov-
ernment subsidy reductions” as categories of market-based instruments.
Market friction reductions include: (i) actions that create or enhance
markets for inputs and outputs associated with environmental quality,
such as recent laws that seek to increase competition in the electric-
ity markets or laws that require that the government purchase recycled
paper, thus enhancing the market for recyclables; (ii) liability rules that
encourage firms to consider the costs of the environmental damages
they produce; and (iii) information programs that aid market decision-
making. Government subsidy reductions include reducing subsidies that
promote environmentally harmful activities, such as subsidies that pro-
mote the use of fossil fuels (see, for example, Shelby et al., 1997).

EPA (2001) classifies regulatory approaches slightly differently and
considers, in the context of “economic incentives,” additional policies
(beyond taxes and cap-and-trade) that include: (iv) deposit-refund
schemes; (v) liability; (vi) information disclosure; and (vii) voluntary
programs.

Of these approaches, only deposit-refund and liability potentially
satisfy the cost-effectiveness or efficiency criteria laid out by Baumol
and Oates. Deposit-refund programs are economically equivalent to a
tax or, more precisely, a tax-subsidy combination. They are suitable
for such a small proportion of environmental problems (namely, those

101 jkewise, if marginal damages decrease with emissions, a constant emissions fee will lead
to too much entry into the industry.
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with an identifiable good that can be “returned” and that produces
environmental damage only if it is not returned) that we do not cover
them here. Liability is also economically equivalent to a tax, but its
ability to achieve cost effectiveness or efficiency depends on the specific
externality at stake and the workings of the court system.

2.4 Dissenting voices

There have been two prominent types of responses to these arguments
of the superiority of market mechanisms. Some authors accept the gen-
eral cost-effectiveness premise but argue that market power, localized
concentrations of pollution (known as hot spots), or other conditions
will lead market mechanisms not to reach their full potential in the
majority of situations, and that these conditions do not afflict perfor-
mance standards or other non-market regulations to the same degree.
Sagoff (1997), for example, argues, in the context of an international
cap-and-trade for greenhouse gases, that the initial assignment of per-
mit rights is intractable; therefore, cap-and-trade for this problem is a
“non-starter.”

A second, more prevalent argument departs from the economics
paradigm to claim that cap-and-trade or taxes have other undesirable
properties unrelated to specific market conditions. These claims ques-
tion whether it is moral to allow the purchasing of the right to pollute.
For example, Sandel (1997) writes, “Turning pollution into a commod-
ity to be bought and sold removes the moral stigma that is properly
assigned with it” and claims that trading may undermine “a sense of
shared responsibility” in taking on environmental problems. Similarly,
Goodin (1994) draws an analogy between environmental taxes and the
selling of religious indulgences. He suggests that labeling environmental
taxes as fines would be preferable, since fines provide exactly the same
“balance sheet” disincentive but also bear a more explicit opprobrium.

Economists have been fairly dismissive of these anti-market claims.
Moral stigma or a sense of shared responsibility is woefully inade-
quate to control environmental damage. Furthermore, whatever moral
stigma may be lost from a market approach — and it is not at
all clear that moral stigma or its effects are diminished by taxes
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or cap-and-trade — must be balanced against the cost-savings, trans-
parency, and reduced administrative costs that market approaches pro-
vide. Furthermore, lower-cost pollution control should allow society to
be more vigorous in reducing environmental damage, not less.

Some claims against market approaches rely on the starker (and
often unstated) belief that pollution control strategies should not
depend on the costs. There is little that economists can say to counter
such arguments except to show the consequences of ignoring costs.

There are also arguments against the use of market instruments
as the sole regulatory approach. These are based on non-neoclassical
behavior by consumers or firms. For example, if individuals are not
forward-looking when they buy cars then mileage standards may be
warranted in addition to a market mechanism that raises gas or elec-
tricity prices.






3

Issues in the Design of Market Instruments

The previous section presented the case for market mechanisms. This
section examines the issues in policy design.

3.1 Cap-and-trade with banking and borrowing

Cap-and-trade reduces control costs by allowing both within-firm and
across-firm flexibility in meeting the overall cap. Another potential
source of cost reduction stems from allowing flexibility in emissions con-
trol across time. This intertemporal flexibility is achieved by allowing
firms to bank unused permits for future use and to borrow future per-
mits for use in the current period. These operations mean that annual
aggregate emissions may deviate from the established annual cap in
any particular year, although the multi-year sum of emissions will still
equal the multi-year sum of the caps.

In order to prevent indefinite borrowing of future permits, which
would effectively lead to a loosening of the cap for any fixed period
of time, the regulatory authority could require that the cumulative
deficit of permits be repaid by the end of a given planning horizon.
An alternative method would be for the regulatory authority to levy a
“tax” on any borrowed permits.

21
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The ability to bank and borrow permits allows firms to shift their
emissions across time. If the annual cap is becoming more restrictive
over time and control costs are relatively constant, then firms will bank
permits in the early years to be used later when the cap tightens, thus
shifting their emissions later in time (Rubin, 1996). Emission shifting
across time could also occur due to anticipated changes in the costs of
abatement.

Under certainty, the market equilibrium price of a permit will rise
at the rate of interest (Tietenberg, 1985; Kling and Rubin, 1997). This
outcome makes intuitive sense, because if the price of permits increased
faster than the rate of interest there would be an arbitrage opportunity
to buy more permits earlier, bank them, and sell them later at a profit.
If the price of permits rose at less than the rate of interest then a
similar opportunity would present itself through borrowing. Cronshaw
and Kruse (1996) show that permit prices should rise at the interest
rate even if some (but not all) firms are subject to profit regulation. An
implication of this result is that the spot price of allowances that cannot
be used until a specified future year should be equal to the spot price of
allowances that are eligible for current emissions, provided uncertainty
is small (Bailey, 1998). Bailey (1998) shows that this property holds for
sulfur dioxide permits issued under the Acid Rain Trading Program.

Other authors have focused on the welfare effects of banking and
borrowing, which are affected by the control costs and by the intertem-
poral pattern of pollution. Kling and Rubin (1996) argue that banking
and borrowing will almost surely be welfare-reducing because firms
want to push control costs (and therefore pollution reduction) into the
future, but society will want pollution to be roughly constant over time.
Schennach (1998) presents a model in which plants want to bank per-
mits but does not examine the social welfare implications of banking.

In general, banking and borrowing help reduce the overall costs of
compliance, so the overall social welfare effects depend on the benefits
of pollution reduction over time. For a flow pollutant, if marginal dam-
ages are constant or increasing in pollution, control costs are constant
over time, and the cap is becoming more restrictive over time, then
allowing banking would be welfare enhancing. These are roughly the
conditions that characterize the Acid Rain Trading Program, which
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did exhibit permit banking in the early years. Note, however, that this
social welfare claim is due to the inefficiency (under these assumptions)
of having the cap become tighter over time.

Because of uncertainty in real-world contexts, at least some bank-
ing or borrowing should be allowed in order for the market to clear
efficiently at the end of the accounting period.

3.2 Prices versus quantities: The choice between
taxes and cap-and-trade

Economists and practitioners who desire the merits of a market mech-
anism must choose between taxes and cap-and-trade. This section
reviews the theory on that choice, often called “prices versus quan-

2

tities.” Later sections examine this question from an applied point
of view.

For any cap in a cap-and-trade program, there is a corresponding tax
that yields the identical efficiency results (Baumol and Oates, 1988).
The conditions that govern this correspondence can change, however.
For example, if a given tax and cap would lead to the same amount of
carbon emissions, a reduction in the costs of carbon abatement, such
as an improvement in energy efficiency technology, would cause carbon
emissions to decrease under the tax but not under the cap-and-trade.
Since changes in costs, technologies, and other factors are inevitable,
it is desirable to examine the two policies under different conditions of
uncertainty about those future economic conditions.

3.2.1 Uncertainty and linearity

The question of taxes versus cap-and-trade was first addressed by
Weitzman (1974). Weitzman showed that when the benefits of improved
environmental quality are unknown but there is no uncertainty over pol-
lution control costs, then taxes and cap-and-trade are equally efficient
(see also Adar and Griffin, 1976). When the benefits of environmental
quality are known but there is uncertainty about the costs of pollu-
tion control, then the two mechanisms diverge.! Weitzman derived the

I Stavins (1996) notes several papers preceding Weitzman that also tackled this issue.
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following expression for the relative advantage of taxes over cap-and-
trade when the benefits of pollution reduction are known:
2 2

A~ ;—C]‘j + ;71 (3.1)
where B is the slope of the (linear) marginal benefit curve, C'is the slope
of the (linear) marginal cost curve, and o2 is the variance of the vertical
shifts in the marginal cost curve. When A > 0, taxes are superior to
cap-and-trade; when A < 0, cap-and-trade is superior. If the benefits
of pollution reduction are strictly concave, as typically assumed, then
B < 0, so A may take on either sign under normal assumptions.

This expression suggests that if the marginal benefits of pollution
reduction are known to be relatively inelastic, then a quantity instru-
ment (cap-and-trade) will have greater expected net benefits than a
price instrument (tax). With a relatively steep marginal benefit curve,
fixing the level of pollution reduction leads to levels of control that
are closer to the optimal than a price control once the uncertainty is
resolved. In contrast, if the marginal benefits of pollution reduction
are known to be relatively elastic, then a price instrument will have
greater expected net benefits than a quantity instrument because fix-
ing the price leads to levels of control that are closer to the optimal
than quantity control once the uncertainty is resolved.

The reason for the divergence of the implications of quantity and
price instruments is that a static price instrument fixes the marginal
cost of abatement across firms, so as the marginal abatement cost
curves shift over time the level of pollution reduction varies. In con-
trast, a static quantity instrument fixes the level of pollution, yet as
the marginal abatement cost curves shift over time, the level of marginal
costs varies over time. For example, technological improvements that
reduce control costs will lead to a decrease in total emissions under a
price control, but will leave total emissions unchanged under a quantity
control. Similarly, a pollution tax not tied to inflation will lead to an
increase in emissions as overall prices rise, but such price increases will
have no effect on total emissions under a quantity constraint. With-
out information about the benefit structure of pollution reduction over
time, the choice of a quantity versus a price instrument does not have
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any a priori effect on efficiency. Nonetheless, policymakers may place
different emphasis on the desire to fix marginal costs with certainty
versus the desire to fix emissions with certainty.

Weitzman’s results apply only to the case where taxes are linear,
an insight implied by Dasgupta et al. (1979). If taxes can be nonlinear
and can depend on the aggregate environmental damage, then taxes are
always superior to cap-and-trade. The reason is that the optimal tax
is equal to the marginal social damage and is independent of control
costs.? Thus, even if damages are uncertain, if the uncertainty can be
reflected in a possibly nonlinear tax, taxes are always preferable to cap-
and-trade. The optimal cap, in contrast, depends on both control costs
and environmental damages. This additional dependence on control
costs makes cap-and-trade inferior to fully general environmental taxes.
A corollary is that when environmental damages are linear (B = 0),
taxes are always superior to cap-and-trade.

Nonlinear taxes, whether environmental or non-environmental, are
an interesting theoretical construct and have received a tremendous
amount of attention from economists since the pioneering work of
Mirrlees (1971), but nonlinear environmental taxes are difficult to imag-
ine in practice. The tax modeled in Dasgupta et al. (1979) is a func-
tion of all sources’ emissions; in practice, this makes it a function of
aggregate environmental damage. Such a set-up means that a source
would not know the exact tax it will pay until all emissions have been
measured.

Note that if taxes can be nonlinear in a source’s emissions but can-
not depend on other sources’ emissions or on aggregate environmental
damages, then taxes lose their uniform superiority over cap-and-trade,
but they remain superior over a wider range of parameters than implied
by Equation (3.1).

In summary, environmental economists are not sacrificing much by
focusing on linear taxes, so Weitzman’s results remain instructive.

Subsequent authors have examined the Weitzman result under fur-
ther uncertainty assumptions, though maintaining the assumption of
linear taxes. Stavins (1996) conjectured that uncertain benefit and cost

2 This result fails if there is a deadweight loss to taxation. See, for example, Spulber (1985).
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parameters may be correlated and argued that a positive correlation
tends to favor cap-and-trade. Karp and Hoel (2002) has examined the
question when the pollutant is a stock pollutant. Numerous articles,
including Weitzman (2002), have tackled the question for fisheries.

This literature remains somewhat unsatisfying, however, because it
highlights the dependence of the optimal tax or cap-and-trade on the
estimate of environmental damages, including its shape. In the 1970’s,
when Montgomery (1972); Baumol and Oates (1975); Weitzman (1974)
and others were exploring cap-and-trade and environmental taxes, the
science of environmental valuation was in its infancy. It was easier to
imagine then that environmental damages would be able to be mea-
sured concretely. Indeed, the papers added to the rising support for
environmental valuation since they showed the important role played
by damage estimates in the question of optimal regulation. The Clean
Air Act itself embodies this viewpoint that damages would be straight-
forward to assess since it places a great deal of weight on the ability of
scientists to find a safe pollution level.

Subsequent events have shown us that damages are not easy to
estimate and that those estimates that have been undertaken may be
subject to skepticism. Therefore, it seems problematic to base envi-
ronmental policy choices on very specific information as the level and
shape of aggregate damages.? This dilemma leaves us without an oper-
ational but still economics-based approach to the choice between taxes
and cap-and-trade.

3.2.2 Incentives for investment and innovation

A second criterion used to inform the choice between taxes and cap-and-
trade is their roles in fostering innovation in new control technologies
or investment in (or adoption of) existing technologies. This litera-
ture lacks the unifying insight that Weitzman provided for the case of

3Baumol and Oates (1988), wise as usual, anticipated this course of events: “There is a
promising body of work applying a variety of techniques to the valuation of the damages
from a polluted environment. However, it is hard to be sanguine about the availability, in
the foreseeable future, of a comprehensive body of statistics reporting the marginal net
damage of the various externality-generating activities in the economy” (p. 160).
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uncertainty (see, for example, Requate and Unold, 2003), but there are
two broad conclusions.

First, taxes and cap-and-trade in general have similar effects on
innovation and adoption of control technologies, and will often provide
socially optimal levels of these activities (Downing and White, 1986;
Carraro and Siniscalco, 1994). The key reason is both the within-firm
and across-firm flexibility that foster such activities and the continuous
incentives that market mechanisms provide for pollution reduction.

The continuous-incentive advantage of market mechanisms has not
received as wide recognition as flexibility, although the intuition is
straightforward. Under taxes and cap-and-trade, polluters always face
an incentive to reduce their pollution, even as technologies evolve.
There is no “cut-off” at which the incentive stops or lessens.* Such
a cut-off exists under most non-market regulations, leading to a reduc-
tion in incentives for pollution control once the cut-off is reached. It
should be obvious that the continuous-incentive property matters in a
dynamic sense, not a static sense, which is why we include it in this
section.

Second, most of the predicted differences in the effects of taxes
and cap-and-trade are due to assumptions about the ability of the
regulator to observe and react to these activities by changing the tax
or cap, rather than to inherent properties of taxes or cap-and-trade.
The regulator’s ability to adjust the regulation is a key element of
Downing and White (1986); Milliman and Prince (1989); Jung et al.
(1996); and Requate and Unold (2003), among others.

As with the uncertainty case, a linear damage function is an impor-
tant benchmark. Because the optimal tax depends only on the social
damage and is independent of control costs, the regulator would not
need to update the tax as new technologies lower the cost of pollution
control. He would, however, want to update a cap. The necessity of
adjusting the optimal cap may be disadvantageous either if the regu-
lator is assumed not to be able to update or if the regulated sources
can influence the cap through strategic investment that changes the

4The incentive for pollution reduction under cap-and-trade can stop if the cap is reached
at no cost in a given period and there is no banking, or if the cap is reached at no cost
permanently. However, most cap-and-trade proposals assume that the cap will be binding.
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cost of pollution control, thus changing the optimal cap. Thus, the tax
is again superior to cap-and-trade. This intuition underlies Biglaiser
et al. (1995). This superiority result further depends on there being
no opportunity cost to public funds, a case considered by Laffont and
Tirole (1996). When damages are not linear but the tax is, the tax must
be updated as costs change, just like the cap. Keohane (2003) suggests
a two-part tariff in such a situation.

A substantial literature focuses not only on prices versus quantities
but on broader questions, such as market versus non-market mecha-
nisms. Maleug (1989) noted that pollution standards (that is, perfor-
mance standards) may be superior to market mechanisms. Other parts
of the literature have looked at the properties of the optimal tax, where
optimality includes the costs of innovation or investment. Biglaiser et al.
(1995) note that innovation is different from adoption (or investment)
because of the public good properties of innovation.

3.3 Hybrid instruments: Cap-and-trade with a
safety-valve price

The choice of a regulatory instrument is not restricted to either a price
or a quantity control. As first demonstrated by Roberts and Spence
(1976), it is possible to devise a mixed, or hybrid, instrument that sets
a cap on emissions but allows a loosening of the cap at a fixed trigger
price or “safety-valve.”

Under this system, the regulator commits to making as many per-
mits available as demanded at an announced safety-valve price. This
effectively sets an upper limit on the price of a permit, at the tradeoff
of allowing the quantity cap to be violated if this price limit is reached;
the safety-valve price then operates as a pollution tax. The purpose
is to hedge the possibility of unexpectedly large control costs. Roberts
and Spence (1976) demonstrate that, when the regulatory agency is
uncertain about abatement costs, a hybrid approach can have lower
expected costs than either a strict price or quantity instrument.

The reasoning is straightforward. For a given benefits schedule, if
abatement costs turn out to be higher than expected, then a tax will
bring about too little pollution abatement and a cap will bring about
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too much pollution abatement. Conversely, if abatement costs turn
out to be lower than expected, than a tax will bring about too much
pollution abatement and a cap will bring about too little pollution
abatement. By using a hybrid approach, the regulatory authority can
establish a cap that applies only when control costs are low and a tax
that only applies when control costs are high.’

In the case of climate change, Pizer (1998) estimated that the opti-
mal hybrid approach leads to slightly higher net benefits than the
optimal (linear) tax, and much larger welfare gains than the optimal
cap-and-trade policy. Because climate models suggest relatively flat
marginal benefits of regulating greenhouse gases, the result of the rel-
ative merit of a hybrid or tax approach over a cap stems directly from
Equation (3.1).

Some of the U.S. policies that contain a safety valve also require
that the stock of future permits be reduced one-for-one for any current
permits sold at the safety valve price. The theoretical implications of
this provision have not been examined in the literature.

3.4 Market imperfections

In discussing both the efficiency and the cost-effectiveness goals, we
have thus far assumed competitive markets for output and for the pol-
lution permits in the regulated markets. We next examine the impact
of market power in the output and permit markets.

As shown by Buchanan (1967) a per unit tax set at the marginal
external cost will not necessarily improve social welfare in a non-
competitive market. This finding is straightforward: given that a
monopoly produces less than a competitive market, it is possible that
an unregulated monopoly already produces at or below the efficient
amount even after accounting for externalities. Thus, a tax on such a
firm would restrict production by even more and result in a welfare loss
relative to not levying a tax. Lee (1975) shows that if different sources

5 Conversely, as described by Roberts and Spence (1976), the regulatory authority could
also set a per unit subsidy for over-compliance. This way, after establishing the quantity
cap, if costs are lower than expected, there is some incentive for firms to reduce pollution
by more than is necessary by the cap.
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of an externality have different levels of market power, than a uniform
per unit tax on emissions will not be efficient.

The problem with regulating an externality-producing non-
competitive firm is complicated because there are two sources of ineffi-
ciency: one is the distortion caused by the externality, the other is the
distortion caused by the imperfectly competitive market. A tax on emis-
sions will reduce the distortion caused by the externality but increase
the distortion associated with the inefficiently low output production
of a non-competitive firm. Optimal policy would require a Pigouvian
tax to be coupled with a per unit output subsidy (Barnett, 1980; Oates
and Strassmann, 1984). More generally, the government may wish to
address directly the source of non-competitive behavior in the prod-
uct market and then deal with the environmental problem using the
principles in Section 2. However, given that it is unlikely that govern-
ments can squelch all non-competitive behavior, a second-best alterna-
tive would be an emissions tax that optimizes across the two distortions.

Lee (1975) and Barnett (1980) both derive this second-best
emissions tax, which equals the efficient Pigouvian tax on a competitive
firm minus the ratio of marginal abatement cost for the firm divided by
price elasticity of demand for the firm’s output. The information con-
straints on deriving this second-best emissions fee are quite burdensome
since they require the regulatory agency to know the price elasticity of
demand and the marginal abatement cost for each firm. Nonetheless,
Oates and Strassmann (1984) demonstrate that under certain condi-
tions a uniform emissions fee that ignores the market imperfections
results in welfare gains from pollution reduction that outweigh the wel-
fare losses caused by exacerbating the low production due to market
power.

Even when output markets are perfectly competitive, the permit
market under cap-and-trade may not be. A firm with market power in
the permit market can influence the permit price such that all firms
do not face the same permit price and therefore do not have equal
marginal abatement costs, a requirement for cost-effectiveness. Hahn
(1984) shows that the distribution of permits in a competitive market
does not affect aggregate abatement costs, but may affect aggregate
costs in a non-competitive market. For example, when one firm has
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permit-market power, the initial permit distribution is predicted to
lead to a cost-effective outcome only if the firm with market power is
allocated its equilibrium number of permits. When the permit market
is likely to be non-competitive, an environmental tax may be superior
to cap-and-trade. For recent work on market power in a permit market
that allows banking, see (Liski and Montero, 2005a,b).

A related literature examines the choice of taxes versus cap-and-
trade when there is incomplete enforcement. Viscusi and Zeckhauser
(1979) assessed the impact of enforcement on taxes versus standards.
Malik (1990) looked at the role of incomplete enforcement in the con-
text of cap-and-trade. In a recent study, Montero (2002) finds that a
second-best outcome can be achieved equally well with either the tax or
cap-and-trade instrument, so long as the benefits and costs are known
with certainty. In the uncertain case, the quantity instrument performs
better.

3.5 Permit allocation, revenue recycling, and the
tax-interaction effect

Another distinction between an environmental tax and cap-and-trade is
that the tax always generates public revenue. A cap-and-trade system
generates public revenue only when at least some of the permits are
auctioned off by the government. In practice, cap-and-trade systems
have almost always distributed permits to existing regulated entities
without charge, a procedure known as grandfathering, which generates
no revenue for the public coffers.

Grandfathering rules should be based on polluter characteristics
that preceded the announcement of the cap-and-trade. Otherwise, reg-
ulated sources will have incentives to undertake actions to increase their
share of the permits, which is inefficient. Grandfathering rules, even
those that are contemporaneously exogenous, may also lead to rent-
seeking over the design of the rule, a further source of efficiency loss.

The decision between permit auctioning (or a tax) and permit
grandfathering is believed to have efficiency consequences even when
the permit market is competitive and the grandfathering rule does not
affect firm behavior. Because environmental regulation, by whatever
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means, raises output prices (through increases in the price of electricity
or transportation, for example), it can magnify distortions from other
taxes such as income or sales taxes (Sandmo, 1975; Parry, 1995, 1997;
Bovenberg and Goulder, 1996; and Goulder, 1998.)% This tar inter-
action effect reduces the efficiency of the regulation. Goulder (1998)
showed that it is possible that the tax-interaction effect will actually
lead to negative net benefits for environmental policies; this could occur
if those policies had relatively small marginal benefits.

A pollution tax or cap-and-trade with auctioned permits generates
government revenue that can be used to offset some of the distor-
tionary taxes. This revenue can be used to reduce those distortionary
taxes, thus reducing public finance inefficiency (Terkla, 1984; Lee and
Misiolek, 1986; Goulder, 1998); this is the so-called double dividend
effect of environmental taxes. The ability to use environmental tax or
permit revenue to reduce other taxes is known as the revenue-recycling
effect. A cap-and-trade system that grandfathers the permits fails to
take advantage of the double dividend effect.

A further problem in the initial allocation of permits is the decision
over which polluters will be covered by the cap-and-trade system. Under
taxes or auctioned permits, this decision is straightforward: the policy
should cover as many polluters as possible, except when the costs of
pollution monitoring are high or, in the extreme, pollution monitoring
is impossible for a class of firms.

3.6 Opt-in

In the case of cap-and-trade, a regulator may allow sources not origi-
nally covered by the regulation to (voluntarily) opt in to the system.
Sources would do this if they expect to receive an allocation of permits
that exceeds their expected emissions, thus making them net sellers of
permits.” Sources might also opt in if doing so allowed them to bypass

6 Roughly speaking, the tax distortion is magnified if the rise in commodity prices due to
environmental regulation leads to a reduction in the supply of labor. This effect would
occur if those goods are substitutes for leisure.

7More precisely, a profit maximizing firm will opt in if the expected present value benefit of
their permit allocation exceeds the expected present value cost of any subsequent emission
reductions.
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other regulations. The opt-in issue currently arises for non-point water
pollution, greenhouse gas emissions (both point and non-point sources),
and some air pollution point sources. The perceived advantage of opt-
ins is that additional sources bring additional abatement options, which
lower total pollution control costs by increasing across-firm flexibility.

The welfare implications of an opt-in provision depend critically
on the rules for permit allocation for sources that choose to opt-in. As
discussed in the previous sub-section, absent an auction system, permit
allocation should be based on polluter characteristics that precede the
announcement of the cap-and-trade. Otherwise, the opt-in sources will
have incentives to game the system, thus reducing social welfare. Social
welfare will also be reduced if the opt-in provision restricts the number
of permits a source can sell for a given control action. For example, a
greenhouse gas cap-and-trade system that only gives partial credit for
sequestration is not efficient.

The welfare implications of an opt-in provision also depend on the
number of permits allocated to the sources. If the allocation is below
the source’s projected emissions, typically referred to as its business-
as-usual baseline, then the source lacks incentive to opt in even if it
has socially valuable control options. Note that the source might still
opt in if the cost of reducing emissions below the permit level is offset
by the revenue gained from selling the surplus permits. If the source
does not opt in, then social welfare is unchanged. If the source does
opt in, then social welfare is increased because the reduction in the
aggregate emissions cap is achieved at a lower total cost. On the other
hand, if the allocation is above the source’s projected emissions, then
the source has incentive to opt in but doing so raises the effective cap
on emissions. Welfare may or may not be increased in such a situation.

These problems are exacerbated because the voluntary nature of the
opt-in provision presents a selection problem: Sources that receive an
allocation below expected emissions (in which case the welfare impli-
cations are non-negative) have less incentive to opt in than sources
that receive an allocation above expected emissions (in which case
there are ambiguous welfare implications). Thus, the key to the opt-in
problem is determining the baselines of interested unregulated sources.
This problem is made even more complicated by the possibility that
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(i) the business-as-usual emissions path for the unregulated source is
not constant but varies from year to year, and (ii) the business-as-usual
emissions will be affected by the policy or by other sources’ opt-in
decisions.

In all cases, once a source has opted in, it should be treated as fully
regulated source for all future years. Any subsequent increase in its
emissions, regardless of its ex ante baseline, must be covered by the
tax or cap-and-trade. The welfare gains from temporary opt-ins are
likely to be quite small or even negative.

One final point is worth reiterating. Opt-in is fully efficient only
in rare circumstances, namely the case in which the permit alloca-
tion is exactly equal to business-as-usual. To the extent possible, all
sources should be covered from the start by the tax or cap-and-trade,
rather than mandating regulation of some sources while allowing others
to opt in.

3.7 Spatial dimensions

As discussed in Section 2, efficient policy results from setting the price
of pollution at the level of marginal external damages. For most pol-
lutants, this goal is difficult to achieve because the effects of emissions
depend on where the emissions occur. Pollution that primarily affects
human health will be more damaging if it is upwind of a large city
than if it is upwind of a small city. Water pollution in the vicinity of
a bountiful fishery will have greater effects than water pollution of a
less productive water body. Some forms of water pollution degrade over
distance; others have their primary negative effects when they reach a
stagnant body of water. Indeed, in very few cases will damages truly
be independent of where the pollution is emitted. The only example we
can think of is greenhouse gases, whose contribution to climate change
is independent of where the gas is emitted.

A market-based policy that sets a uniform price for pollution and
thus ignores the differential spatial impacts could be inefficient if
it leads to high concentrations of the pollutant in a localized area.
These occurrences, known as “hot spots,” could result in a substantial
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increase in damages if the marginal damages of the pollutant increase
dramatically with concentration and if the hot spot occurs in a large
and highly-exposed population. In general, the policy design solution is
for the cap-and-trade system to include equivalence ratios — essentially
exchange rates — that reflect the relative externality due to the location
of the source of the emissions. The tax system should vary the tax in a
similar way (Baumol and Oates, 1988). Nonetheless, equivalence ratios
and varying taxes have rarely been included in actual cap-and-trade
and tax designs.

3.8 Non-point sources

Taxes and cap-and-trade both assume that the pollutant of concern can
be measured and monitored. Many environmental externalities, such as
agricultural runoff of chemicals, sediment, and nutrients, are known
as non-point externalities, since they cannot be measured through
direct monitoring of sources. Without direct monitoring, emission fees
and cap-and-trade cannot be assessed or enforced. Any attempt to
adapt effectively these regulatory instruments to non-point externali-
ties requires information on the relationship between production inputs
and the environmental externality (Meade, 1952; Griffin and Bromley,
1982). With direct understanding of this relationship, the least-cost
option would be to create implicit prices on the inputs or management
activities that lead to the agricultural spill-off (Griffin and Bromley,
1982; Shortle and Dunn, 1986).

If the pollution function varies across sources, then cost-effective
achievement of the emission goal would entail non-uniform instru-
ments. Given that it is unlikely that a regulatory agency can charge
each input source a different price, Helfand and House (1995) estimate
whether uniform input taxes offer a second-best instrument. They find
that the uniform instruments may not be costly relative to a first-best
instrument.

Where the pollution function is unknown (or can only be known at
great costs), Segerson (1988) suggests an incentive instrument based
on ambient concentrations of the pollutant. Each source is subject to
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a tax (subsidy) payment for each unit of total ambient levels above
(below) the pre-determined goal. There is also a penalty imposed on
each firm if ambient levels exceed the pre-determined goal. While this
incentive system can be cost-effective, it requires setting different tax
and subsidy levels across firms, which is difficult to implement.
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Policies in Practice

In 1989, Robert Hahn published the influential article, “Economic
Prescriptions for Environmental Problems: How the Patient Followed
the Doctor’s Orders,” which examined early experiences, in the U.S.
and elsewhere, with both cap-and-trade and environmental taxes.! In
the years since, market-based policies have flourished. They have gone
from a half-dozen limited applications in air and water pollution to hun-
dreds, enacted or proposed, targeted at nearly every form of environ-
mental problem. The most noteworthy U.S. market-based policy, the
Acid Rain Trading Program, was only in the blueprint stage at the time
of Hahn'’s article, and this influential policy now serves as the model for
yet grander legislative cap-and-trade proposals such as the Clear Skies
Act and the Climate Stewardship Act. Given the dramatic increase
in the number of market-based environmental policies, economists can
evaluate market-based approaches with a depth that was unavailable
to Hahn in 1989.

The U.S. experience in the intervening years allows us to say
much more about the performance of market mechanisms, in a much
wider variety of situations. This expanded application continues to be

LFor a more recent treatment of the political economy of this issue, see Keohane et al.
(1998). Berthold (1994) also provides useful insights on this question.

37
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accompanied by many non-market elements. Even in the best of the
cap-and-trade applications, non-market elements have been appended
to the basic cap-and-trade format. This section highlights these mixed
approaches.

At least two additional issues have come to light as the use of
market-based mechanisms has expanded, namely the misplaced cap
problem, which occurs when the market instrument does not directly
address the externality that it appears to be aimed at, and the opt-in
problem, which arises when unregulated sources are brought into an
existing cap-and-trade system.

Hahn (1989) suggested that environmental taxes were more preva-
lent than marketable permits. In part, this conclusion was the result of
his including European policies in his assessment, which appeared at
that time to rely more often on taxes. Our appraisal shows a greater
reliance on marketable permits, which have clearly overtaken taxes as
the regulatory instrument of choice. Indeed, cap-and-trade’s prevalence
appears to be increasingly true even in Europe, as demonstrated by the
E.U.’s adoption of a cap-and-trade system rather than carbon taxes to
regulate greenhouse gas emissions. In the few instances where the U.S.
has adopted environmental taxes, they are primarily used as public
finance tools rather than regulatory instruments. The consequence of
this public-finance motivation is that tax rates tend to be small and
to be accompanied by rather heavy-handed non-market regulations.
As a result, we know much less about the real-world performance of
environmental taxes.

In what follows, we describe in detail fourteen U.S. examples of
market-based approaches. Each of these presents a different manifesta-
tion of market rules and exploitation of market principles. In each case,
we examine the economics of the regulations with particular attention
to the interaction of their market- and non-market-based provisions.

4.1 Emissions trading under the Clean Air Act

4.1.1 Clean Air Act overview

The Clean Air Act (CAA) arguably has the largest regulatory scope
of any environmental statute. It also offers examples of the mixed
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approach to pollution regulation since it includes both market and
non-market instruments. This mixture has changed over time as the
statute as been re-authorized and the regulatory framework developed.

At the core of the Clean Air Act are the National Ambient Air
Quality Standards (NAAQSs), which are nationwide standards for six
common pollutants that apply to all air quality regions within the U.S.
The Act requires that the primary standards be set to protect the public
health with an “adequate margin of safety,” without any consideration
of cost. Regions that do not meet all of the standards are designated
as nonattainment areas. A state with a nonattainment region must
develop a state implementation plan (SIP), which is subject to EPA
approval and which describes the mechanisms the state will use to
address the nonattainment designations.

While the primary responsibility for meeting the air quality stan-
dards falls on the states, the Act does set out some nationwide require-
ments for new or modified sources rather than existing sources. All
new or modified stationary sources must meet new source performance
standards (NSPSs), which are command-and-control, technology-based
standards set on the basis of the “best technological system of contin-
uous emission reduction.”

More stringent regulatory constraints are placed on “major” new or
modified stationary sources in nonattainment areas. In order to obtain
a preconstruction permit, these sources must meet a uniform emission
rate known as the lowest achievable emission rate (LAER). This stan-
dard is defined as the lowest emission rate for a class or category of a
source in any state’s implementation plan, whether or not any source
is currently achieving that emission rate. In order to obtain a per-
mit, these newly constructed or modified sources must also offset their
projected emissions by obtaining reductions from other sources in the
nonattainment area.

State implementation plans must also contain measures necessary to
prevent the degradation of air quality in areas that are in attainment
of the standards, including a requirement that major new or modi-
fied sources use best available control technology (BACT), which are
determined by states on a case-by-case basis. In principle, the NSPSs
are supposed to serve as a minimal standard, with BACT and LAER
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offering stricter controls. In practice, the NSPS is often considered sat-
isfactory to meet the BACT or LAER standards (Portney, 2000).

4.1.2 Emissions trading

LAER, BACT, and NSPS standards are highly prescriptive and are
often treated as archetypal examples of command-and-control regula-
tions. Although the standards take the form of performance standards,
which allow plants flexibility in meeting emission rate goals, in practice
they require the use of specific control practices. However, some minor
market approaches were introduced in the mid-1970s in an attempt to
reduce the cost of meeting the CAA goals. One example is the offset
program, which was mentioned earlier. This is the requirement that, in
addition to meeting LAER, new or modified major sources must also
offset their emissions with cutbacks in emissions from existing sources
in the nonattainment area.? These new and modified sources effectively
buy reductions from other sources in order to prevent a net addition in
emissions in the nonattainment area.

In addition, a source can reduce its emissions beyond what is
required by its legal obligations and then apply to the state for an
emissions reduction credit. These credits can be used by the firm to
offset an emissions increase in a nonattainment area, or they can be
sold to another new or modifying firm in need of an offset in order to
build in a nonattainment area, or they can be banked for later use.
They can also be used in the bubble or netting programs introduced
by the EPA.

The bubble program allows multiple emission sources in either
attainment or nonattainment areas to be treated as one regulated
source. This allows some within-plant flexibility in meeting emissions
limits. One source within a bubble can under-comply with an emissions
limit, given that another over-complies with to make up the difference.
Similarly, a source within the bubble can under-comply and make up
the difference by using an emissions reduction credit.

2 Sources must offset more than their emissions. The exact offset ratio is determined by the
state. Under some circumstances, sources can also offset their emissions from a source in
another nonattainment area.
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The netting program is similar to the bubble program except it
specifically applies to the determination of whether a new or modifying
source is even subject to the LAER, offsetting, and BACT require-
ments. Only “major” sources (those that emit more than 100 tons per
year of a pollutant) are subject to these requirements. Before construc-
tion of a new or modified plant begins, netting allows sources to use
emission reduction credits to offset the expected increase in emissions
and thus not be characterized as a “major” source. That is, if a new
or modifying plant’s expected emissions less the credits are less than
100 tons per year, then the plant is not considered a “major” source
and thus is not subject to LAER or BACT standards (although they
still must meet the NSPS requirement).

The commonly accepted verdict on banking, netting, bubbles, and
offsets is that they added flexibility that reduced the cost of air quality
regulation but have fallen far short of their potential (Tietenberg, 1985;
Hahn, 1989; Hahn and Hester, 1989). For example, Hahn and Hester
(1989) estimate that the emissions trading program has saved billions
of dollars and has not inhibited the pollution reduction effectiveness of
the Clean Air Act. However, they find that most of the cost savings
have occurred due to within-firm flexibility. Very little cost-reducing
trades have occurred across firms. They also find that banking is almost
nonexistent.

The reason that cost savings have fallen short of the cost-effective
outcome is largely because of the complex design of the trading pro-
gram. Rather than assign sources pollution allowances which can be
banked or traded, the emissions trading program assigns credits for
reductions. In order to measure reductions accurately, the regulatory
authority needs to know what emissions would be with business as
usual. This is difficult to know, so the regulatory authority typically
indirectly calculates the business-as-usual emission level by making
inferences based on the control technology used by the source. Given the
imprecision of this process, firms face great uncertainty about the num-
ber of credits they can expect given a certain pollution reduction plan.

The result is a complicated, uncertain, and costly process of
achieving approval for credits (especially for credits traded across
firms) from the regulatory authority. Thus, while the grafting of some
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market-based flexible approaches onto the command-and-control struc-
ture of the Clean Air Act has reduced costs, the limitations of this
approach relative to a pure cap-and-trade approach have restricted its
potential effectiveness.

4.2 The Acid Rain trading program
4.2.1 Description

Perhaps the most notable example of a cap-and-trade system is the
Acid Rain Trading Program, which was created as part of the Clean Air
Act Amendments of 1990. The 1990 Amendments created a separate
regulatory instrument for sulfur dioxide emissions from electric utility
power plants without substantially altering the command-and-control
requirements and rudimentary emissions trading discussed previously.

The statute established caps on these emissions that would reduce
emissions by 10 million tons from the 1990 level by 2010, to be achieved
in two phases. The first phase, which began in 1995, capped emissions at
the largest emitting 263 units that were owned by 110 electric utility
power plants located in 21 Eastern and Midwestern states. Another
182 units voluntarily opted into the first phase between 1995 and 2000.
The cap was set based on an average emission rate of 2.5 pounds of
sulfur dioxide per million BTU of heat input. The second phase, which
began in 2000, further decreased the annual emissions of sulfur dioxide
by establishing a cap based on an average emission rate of 1.2 pounds
of sulfur dioxide per million BTU of heat input. This second phase cap
was equivalent to 8.95 million tons and required all large fossil fuel-fired
power plants (not just the initial 263) in the contiguous 48 states and
the District of Columbia to hold allowances to cover their emissions.

This cap-and-trade program incorporates many features of a pure
market-based approach. It allows within-plant flexibility, since the only
effective obligation for the sources is that they submit allowances suf-
ficient to cover their sulfur dioxide emissions. If a plant’s emissions
exceed its allowances, the firm is fined USD2,000 per ton of emissions
that exceed the allowances and required to offset the excess amount
the following year.



4.2. The Acid Rain trading program 43

The Acid Rain Trading Program also allows across-plant flexibility.
This flexibility is valuable because sources have multiple options for
controlling emissions and these options differ across sources in their
cost and suitability. Aside from reducing power generation, the two
ways to reduce sulfur dioxide emissions are by switching to a fuel with
lower sulfur content or by installing scrubber technology to reduce
the sulfur dioxide exiting a stack. The cost of switching fuel ver-
sus installing scrubbers to achieve a given emissions reduction varies
depending on specific market conditions and on characteristics of the
source. By allowing sources flexibility in choosing their compliance
strategies rather than establishing new emission rate limits or tech-
nology standards, the trading program reduces the overall compliance
cost of the program. Ellerman et al., (1997) found that in the first
year of the program, the reduction in emissions was achieved about
equally by installing scrubbers and by switching to low-sulfur coal. By
2001, about 37 percent of reductions were due to scrubbers (Ellerman,
2003a).

Carlson et al. (2000) and Burtraw (1996) claim that the beginning of
the cap-and-trade program saw cost reductions almost exclusively due
to within-firm compliance flexibility. There were few trades conducted
across firms, a finding that was likely due to the initial uncertainty
of whether the allowance market would be well functioning. Thus, the
cost savings from trading were initially relatively small. Carlson et al.
(2000) estimate that this reluctance to trade led to control costs that
were USD280 million and USD339 million (1995 dollars) higher than
the least-cost solution in 1995 and 1996, respectively.

Other studies claimed that cost reductions from trading were further
limited because public utility commissions established policies that gave
utilities incentives to install scrubbers rather than purchase allowances
(Rose, 2000). Other studies also suggested that trading in the early
years did result in cost savings but the full cost-saving potential was
not realized (Joskow et al., 1998; and Schmalensee et al., 1998).

It is also clear that the market has become more robust over time.
Ellerman (2003b) finds that allowance prices available through various
brokers and through EPA’s auction (discussed later) seem to follow the
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law of one price and that by 2001 about 12 million allowances had been
transferred between economically distinct organizations. Additionally,
there is a large amount of heterogeneity of emission rates across sources,
with some above and some below the emission rate that would need to
be achieved to meet the overall cap in the absence of trading. This rate
heterogeneity is indirect evidence that trading is valuable (Ellerman
et al., 1997; Ellerman, 2003b).

The Program also allows sources to bank unused allowances for
future use. During the first phase of the program, regulated sources
took advantage of this feature by banking allowances to use during the
more restrictive second phase (Ellerman et al., 1997; Ellerman, 2003a).
By the end of the first phase, sources had banked 11.65 million tons
(Ellerman, 2003a). This banking of allowances in the first phase to
be used in the more-restrictive second stage is consistent with optimal
behavior suggested by theoretical models in Rubin (1996) and Ellerman
and Montero (2002). The program does not, however, allow firms to
borrow future allowances for current use.

Starting in 2000, the program set aside a very small number of
allowances (50,000), which were available to be purchased at USD1,500
each, adjusted annually for inflation. This acts as a limited “safety
valve” feature, although it has not yet been operable because the safety
valve price is higher than observed allowance prices have been on the
open market.

Another feature of the program is that it sets aside 2.8 percent of
allowances each year that are then auctioned off in March. There are
actually auctions for two types of allowances: one for allowances that
can be used immediately and another for allowances that can only be
used no earlier than the seventh year after they are offered for sale.
In both cases, the auction revenue is transferred back pro rata to the
sources from whom the auction pool was created.

The program allocates allowances each year to plants for free based
on the plant’s baseline heat input characteristics, which were deter-
mined from historic production data. New sources are not allocated
any allowances and must therefore purchase all their allowances on the
open market or from the EPA’s auction.
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4.2.2 Assessment

The Acid Rain Trading Program comes remarkably close to the pure
cap-and-trade program that economists have long advocated. It does,
however, contain some non-market elements.

First, the statute allocated “bonus” allowances to firms that
installed scrubbers instead of achieving the reductions through other
means. Second, new and modifying sources must still go through New
Source Review, in which they demonstrate to regulators that their emis-
sions and control strategies for sulfur dioxide and other regulated pol-
lutants will satisfy the NSPS standards and will not increase emissions
in nonattainment areas. NSR has been a source of considerable dissatis-
faction by regulated plants and by economists who feel that new-source
standards are costly and inefficient. It is unclear, however, how large a
burden is imposed by NSR requirements for sulfur dioxide for utilities
regulated under Title IV. It is widely believed that NSPS — which are
clearly inefficient in the context of the cap-and-trade program — are
not binding for sources covered by the Acid Rain Trading program; if
so, they would not actually detract from the program’s true market
character and resultant efficiency. Nevertheless, there is some evidence
that the NSPS are at times binding and potentially costly. It is likewise
unclear how large a burden is imposed by the performance standards
component of New Source Review. This issue has not received as much
attention from economists as it appears to deserve, given the promi-
nence of the example set by the Acid Rain Trading program.

Another non-market feature is due not to the federal statute but to
state level public utility commissions, many of which have adopted pric-
ing rules that give utilities an incentive to install control technologies
rather than, for example, switch coal types, reduce output, or purchase
allowances.

The Acid Rain Trading Program exhibits at least one feature whose
role was possibly unanticipated, namely the ability and willingness of
citizens to purchase allowances and then retire them. Many of these pur-
chases are by school groups, from elementary school to law school, and
many are made at the yearly auction. The number of such allowances
retired in this way has so far been small.
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The Acid Rain Trading Program has a few failings not related to
its non-market components but to broader design issues in the mar-
ket mechanism itself. First, the program allows emissions to be freely
traded across regions. This is inefficient because the environmental
impacts of sulfur dioxide emissions vary by location. An efficient trading
program would include a transfer coefficient that requires high impact
polluters to hold relatively more allowances per unit of emissions. This
inefficiency is not unique to the trading program, as the foundation
of the Clean Air Act itself is a set of uniform, nationwide ambient
standards, even though costs and benefits vary geographically. As we
will discuss later, the recent Clean Air Interstate Rule does establish a
transfer coefficient for trading across regions.

Second, because most allowances are distributed for free, and even
those that are auctioned yield revenue that is redistributed in lump
sum back to the regulated firms, the trading program fails to exploit
the revenue-recycling effect. Goulder et al. (1997) estimate that the
annual total cost of achieving a 10 million ton reduction in sulfur
dioxide is 32 percent higher when the allowances are given away rather
than auctioned off and the resulting revenue used to offset distortionary
taxes.

A third question that must be asked of all cap-and-trade systems is
whether the cap is set at the “right” level. Burtraw et al. (1997) argue
that the prospective benefits of the sulfur dioxide cap exceeded the
prospective costs, but this is not as strong as a claim about whether
those net benefits were as large as possible, roughly speaking. Note that
if the cap were set according to a Samuelsonian public good rule then
the observed retirement of allowances would indicate that the cap was
set too high.

4.3 The Clean Air Interstate Rule

Since the inception of the Clean Air Act in 1970, much of the reg-
ulatory focus has been on having states achieve attainment within
all their regions. However, a provision within the Clean Air Act
requires that state implementation plans “contain adequate provi-
sions prohibiting ... emissions activity within the state from emitting



4.3. The Clean Air Interstate Rule 47

any air pollutant in amounts which will contribute significantly to
nonattainment ... in any other state ...” (section 110(a)(2)(D)). In
2005, the EPA found that 23 eastern states and the District of Columbia
“contribute significantly” to nonattainment of the fine particle standard
in other states, and that 25 eastern states and the District of Columbia
contribute to nonattainment of the ozone standard in other states.

The EPA thus has statutory authority to require emission reduc-
tions of sulfur dioxide and nitrogen oxides in the violating states.
Rather than require each state to arrive at its own individual plan to
reduce emissions, the EPA offered the Clean Air Interstate Rule, which
establishes regional cap-and-trade programs for both sulfur dioxide and
nitrogen oxides for the regulated states. States are effectively assigned
a budget of allowable emissions and then have the option of devising
within their implementation plans means of reaching these budgets or of
taking the expedited route of agreeing to participate in EPA’s regional
trading programs. A state that must control both sulfur dioxide and
nitrogen oxides can opt to participate in one of the trading programs
and address the other pollutant through other means within its imple-
mentation plan.

The sulfur dioxide trading rule relies heavily on the existing Acid
Rain Trading Program. The allocation of allowances to utilities remains
unchanged from the original program. The goal of the new rule is to
reduce sulfur dioxide emissions through two phases, the first start-
ing in 2010 and the second reducing the cap further in 2015. Rather
than reduce the allowance allocations, the more restrictive caps of the
new trading program are met by changing the trade-in value of the
allowances over time for sources within the regulated states. Whereas
allowances issued under the Acid Rain Trading Program today can
each offset 1 ton of sulfur dioxide emissions by a source, under the
new rule any allowances issues between 2010 and 2014 will only offset
0.5 ton of emissions for a source located within a state regulated under
this rule. Allowances issued on or after 2015 will only offset 0.35 ton
of emissions for a source located within a state regulated under this
rule. Aside from the change in the offset value of each allowance, the
program retains all of the features of the existing Acid Rain Trading
Program.
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Grafting the new sulfur dioxide trading program onto the exist-
ing trading program does create some peculiarities. For example, the
new program allows the banking of allowances, yet the value of the
banked allowance is determined by the year it was issued, not the year
it is expired. So a source can bank a vintage 2009 allowance and then
use it to offset one ton of emissions in 2015; whereas a vintage 2015
allowance will only offset 0.35 ton of emissions in 2015. This creates an
incentive for firms to bank allowances early on, before the change in
the offset rate.

The program also creates a transfer coefficient for the value of
allowances across states. For example, a vintage 2015 allowance will
offset 0.35 ton of emissions for a source located in a state that is part
of the regional trading program, but it will offset one ton of emissions
for a source located in a state that is not part of the regional trad-
ing rule. This effect will likely be limited because most of the larger
utilities are located within the eastern states that fall within the trad-
ing rule.

The new rule also establishes a nitrogen oxides trading program. In
this program, the EPA determines the states’ allowable emission levels
for utilities, and then allocates the associated number of allowances
to the states. States then have discretion to allocate the allowances to
sources as they please. States can therefore opt for an auction approach
should they desire. The nitrogen oxides reductions also occur in two
phases. The first phase starts in 2009 and caps emissions at 1.5 mil-
lion tons. The second phase starts in 2015 and caps emissions at 1.3
million tons. Utilities are allowed to bank any unused allowances for
later use.

The main complication with the nitrogen oxides trading rule is that
there was a pre-existing trading program for summertime emissions of
nitrogen oxides (known as the NOx SIP Call) for a subset of the states
that are subject to the Clean Air Interstate Rule. As part of the Clean
Air Interstate Rule, the EPA therefore designed two separate nitro-
gen oxides trading rules. States that were found to significantly con-
tribute to nonattainment of fine particle standards in other states are
subject to an annual cap. States that were found to significantly con-
tribute to nonattainment of ozone standards in other states are subject
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to an ozone season cap. Some states are subject to both caps. The
ozone-season nitrogen oxides rule effectively replaces the pre-existing
NOx SIP Call. The new ozone-season program will be the only ozone-
season NOx program that EPA will administer; however, pre-2009 NOx
SIP Call allowances can be banked for later use in the ozone-season
rule.?

The Clean Air Interstate Rule is clearly a result of the success of
the original acid rain program. The real creativity behind the rule (first
used in the NOx SIP Call and upheld in the courts), is the way it
crafts a market-based regulation onto the command-and-control laden
Clean Air Act. Recall that the Clean Air Act requires that each state
devise its own implementation plans for achieving attainment (subject
to approval by the EPA). This makes it difficult to design a robust
allowance market. By law, the Clean Air Interstate Rule must still
allow states to devise their own regulatory plans, but it also offers
an option for states to meet their implementation plan requirements
by participating in the regional trading programs. The structure of
these programs closely parallels the existing structure for the Acid Rain
Trading Program, allowing within- and across-firm flexibility in meeting
the new cap standards.

4.4 The Clean Air Mercury Rule

The NOx SIP Call and the Clean Air Interstate Rule established the
precedent of trying to fit cap-and-trade programs for electric utilities
in the mold of the Acid Rain Trading Program within the existing
command-and-control oriented Clean Air Act. Both of these programs
fall within the Act’s requirement for states to devise implementa-
tion plans to achieve attainment and to not significantly contribute to

3 An additional complication is that the pre-existing NOx SIP Call regulated utilities and
industrial boilers, whereas the Clean Air Interstate rule assigns emission budgets to states
based only on utilities. Because the new ozone-season NOx program will effectively replace
the old NOx SIP Call, this would leave the non-utilities with a limited number of trading
partners. To address this concern, EPA allowed states to include the non-utility sources in
the new ozone-season program. Yet another complication is that Rhode Island was subject
to the NOx SIP Call, but not the new trading rule. EPA allowed Rhode Island to meet its
NOx SIP Call obligation by participating in the new ozone-season program or to develop
an alternative method for obtaining the required reductions.
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nonattainment in other states. Neither of these plans can exempt new
and modifying sources from the LAER, BACT, or NSPS standards
where they apply. Therefore, those rules do not use cap-and-trade as
the sole instrument for pollution regulation. But they both also estab-
lish regional cap-and-trade systems that achieve substantial reductions
in emissions at costs lower than would be achieved through non-market
approaches.

The 1990 Amendments to the Clean Air Act included a section
on the regulation of a number of hazardous air pollutants, which are
more acutely toxic, though typically more localized, than the criteria
pollutants that are the focus of attainment standards. As part of this
section, the EPA was required to specifically study the emissions of
these hazardous air pollutants from electric utilities to determine if
it was “appropriate and necessary” to regulate these sources under a
stringent command-and-control system.

After EPA missed the deadline for this study, a lawsuit ensued
that ultimately led to an “appropriate and necessary” finding on
December 15, 2000 for the regulation of mercury (a hazardous air pol-
lutant) emitted by electric utilities. This finding set the ball rolling for
the establishment of a command-and-control standard known as Max-
imum Achievable Control Technology (MACT). MACT sets an emis-
sion rate standard equal to “the average emission limitation achieved
by the best performing 12 percent of the existing sources ...(CAA,
Section 112(d)(3)(A)).” MACT sets an even more restrictive emis-
sion rate for new sources, which must meet “the emission control
that is achieved in practice by the best controlled [existing] similar
source ... (CAA, Section 112(d)(3)).”

While the language that establishes these emission rates seems to
suggest a precise requirement, there is some uncertainty and variability
in what the MACT standard entails. For example, separate standards
can be established for different categories or subcategories, with EPA
having discretion on how to define these. Also, given the paucity of
emission rate data for mercury from utilities, the EPA can allow for
variability in the emission data, which can thus influence the deter-
mination of the specific emission rate standard. These reasons help
to explain why some advocates of tighter mercury regulation claim
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that the MACT should lead to 90 percent reduction of emissions,
whereas the original MACT proposed (but never finalized) by EPA
in 2004 would have led to approximately a 30 percent reduction in
emissions.

The decision by the outgoing Clinton administration to regulate
mercury from utilities using MACT seemed to have left the incom-
ing Bush administration with the job of proposing and finalizing a
command-and-control rule. However, in order to allow for a cap-and-
trade program, the Bush EPA reversed the “appropriate and neces-
sary” finding and instead decided that mercury from power plants can
be regulated under a different section of the Clean Air Act. The final
rule instead established a NSPS for mercury emissions from new util-
ity sources, and established a requirement that state implementation
plans establish emission rate requirements for existing utility sources.
In addition to these emission rates, the EPA established a cap-and-
trade program in order to reduce the compliance cost of achieving
the mercury reduction (Gayer and Hahn, 2005). Much like they did
with the NOx SIP Call and the Clean Air Interstate Rule, the EPA
assigned mercury budgets to the states and allowed them the option to
fulfill their implementation plan requirements by participating in the
national trading program or by devising their own methods in their
implementation plans. As with the nitrogen oxides trading rule, states
have discretion on how to allocate the allowances to firms, including
the option to sell them through an auction.

The mercury cap-and-trade program was designed in part to work
parallel with the new sulfur dioxide and nitrogen oxides trading rules
for utilities. Because the control technologies to reduce the latter two
pollutants yield co-benefit mercury reductions, having the rules follow
similar timelines would help firms better coordinate their control plan-
ning activities. The mercury trading rule establishes a first phase cap of
38 tons starting in 2010, which according to EPA is achievable strictly
through reductions in sulfur dioxide and nitrogen oxides imposed by
the other trading rules. Thus, the real costs of the mercury trading
rule stem from the lowering of the annual cap to 15 tons in 2018.
(Utility mercury emissions were 48 tons in 1999 and thought to be ris-
ing without any regulatory intervention). Like the other cap-and-trade
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programs, the new rule allows banking but does not allow borrowing
of future allowances.*

Perhaps the biggest efficiency concern with using a cap-and-trade
approach to regulate mercury is that it will result in hot spots, which
are localized concentrations of emissions stemming from plants within
a small geographic area. Because the rule’s cap-and-trade system only
restricts the overall emissions level, it is possible that high localized
concentrations will result in some areas. Localized concentrations would
be a concern because mercury is a known neurotoxin.

Because mercury emissions from utilities present a health risk
only through consumption of contaminated fish (NRC, 2000), how-
ever, hot spots would only be an issue if they occurred near a water
body that contains fish that are later eaten. Because only 34 per-
cent of domestic mercury emissions deposit locally (EPA, 1997), and
because much of the fish Americans consume come from sources weakly
connected to domestic utility emissions (Gayer and Hahn, 2005), the
hot-spot concern is not likely to pose a significant problem. Nonethe-
less, there remains a great deal of uncertainty about the distribution
of mercury deposition, which leaves many citizens concerned about
the localized concentrations that might result from a cap-and-trade
approach.®

The mercury rule offers yet another recent example of how the
EPA grafts market-based regulations onto the existing Clean Air Act’s
framework. This case presented a greater challenge (one which is cur-
rently being legally contested), because it entailed regulating mercury
under a different section of the statute than was originally advocated
by the EPA. There has also been a controversy over the decision to use
a cap-and-trade approach (even if such an approach were considered
consistent with the Clean Air Act), the appropriate level of the cap, and

4The proposed rule allowed for a “safety valve” in which allowances could be bought at
USD2,187.50 each from the government, with the pool of future allowances deducted
one-for-one for any safety valve allowances purchased. Because the proposed rule did not
explicitly prevent indefinite borrowing at the safety valve price, there is a chance that
this provision would have amounted to a de facto emissions tax. However, the final rule
eliminated this option.

5Studies by the (Electric Power Research Institute, 2004, 2005) suggest that neither the
cap-and-trade approach nor the MACT approach will lead to hot spots.
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the timing of the reductions.® Nonetheless, the cap-and-trade approach
that achieves the 70 percent annual reduction by 2018 is expected to
save USD15 billion over fifteen years relative to the MACT approach
set to obtain a 30 percent annual reduction by 2008 (Gayer and Hahn,
2005).” The cost savings lesson of the Acid Rain Trading Program
was a clear motivation for EPA to adopt this approach for mercury
regulation.

4.5 Water quality trading
4.5.1 Overview

The effectiveness of cap-and-trade is reduced when there are few traders
in the market or pollution is difficult to measure. Both of these problems
arise under water quality trading. Nonetheless, there has been a strong
and long-standing drive to implement cap-and-trade systems for water
quality.

The first major use of an explicit cap-and-trade system in the U.S.,
for any pollutant, was for pollution of Wisconsin’s Fox River. The
program covered discharges from sewage treatment plants and pulp
and paper mills beginning in 1981. It was not particularly success-
ful, however, due to restrictions on trades and concerns about legal
challenges (Hahn, 1989; Hahn and Hester, 1989; EPA, 2001).% Shortly
thereafter, water quality trading was also instituted for individual iron
and steel plants with multiple outfall pipes, in the form of effluent

6See the interview with Carol Browner in Center for American Progress (2003) for her
criticism of the mercury cap and the opinion that the Clean Air Act does not provide
authority for a cap-and-trade approach for mercury. See Gayer and Hahn (2005) for a
cost-benefit analysis of mercury reduction that suggests a tighter cap would likely not be
worth the cost.

7The MACT would result in earlier reductions than the cap-and-trade rule, absent any legal
challenges, a difference which suggests that the relative benefits and costs of the two rules
will vary by the choice of discount rate. Gayer and Hahn (2005), however, find no change
in the relative efficiency of the two rules under discount rates of 3, 5, and 7 percent.

8EPA (2001) also reports that plants developed “compliance alternatives” that were not
contemplated when the policy was developed and that potentially contributed to dis-
charges being below the cap. It is not clear whether these alternatives were made possible
by the cap-and-trade approach, although the small scale and restrictive nature of the Fox
River cap-and-trade suggests that the development of these alternatives was the result of
factors outside this regulation.
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“bubbles.” These bubbles appear to have been successful in reducing
costs (EPA, 2001; Kashmanian et al., 1995) but their applicability to
other dischargers was limited. Subsequent trading proposals were ini-
tiated by individual states and focused on trading between point and
non-point sources, such as for the Dillon Reservoir in Colorado in 1984
and the Tar-Pamlico Basin in 1991. Only recently has a national policy
emerged.

The drive for national guidance on water quality trading grew as
regulations issued under the Clean Water Act began to take shape.
The Clean Water Act of 1972 requires that when watersheds are not
meeting their “designated use,” regulators must specify the total max-
imum daily load (TMDL) that the watershed can handle of each of the
offending pollutants. TMDLs are watershed-specific goals that are to
be used by regulators to set discharge limits for individual dischargers.
Because the determination of a watershed’s TMDLs involves a substan-
tial body of scientific research, and because the analysis needs to be
conducted on a watershed-by-watershed basis, it has taken many years
for TMDLs to be finalized.

As TMDLs were established, it became clear that meeting them
would often require substantial cuts in discharges. Costs were projected
to be steep. The idea that these costs might be lowered by allowing
trades kindled the drive to develop workable water quality trading
systems. In 2001, EPA estimated that such “flexible” approaches to
improving water quality could save USD900 million annually compared
to the least flexible approach (EPA, 2001).

EPA began seriously considering in 1996 how water quality trading
might be allowed under the Clean Water Act, and in the intervening
years it has worked on requirements for such programs to operate well.
The final rule governing water quality trading policy was issued on
January 13, 2003.

Water quality trading as a regulatory approach has been enthusias-
tically embraced. Breetz et al. (2004) list more than 80 current trading
initiatives, in operation or proposed, at all levels of government. Many
state-level programs pre-date the EPA rule (Environomics, 1999). Most
of the programs that are in operation or have been proposed cover
the nutrients phosphorus and nitrogen, but trading schemes have also
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been developed for sediment, dissolved oxygen, temperature, stormwa-
ter runoff, and heavy metals.

4.5.2 Two examples

Because water quality trading may be less familiar to readers than air
trading, we begin this section with two examples.

Trading among point sources. The Long Island Sound nitrogen trad-
ing program was devised by the State of Connecticut to control nitrogen
discharges from sewage treatment plants.9 The system was set up to
reduce the costs of meeting TMDL goals for nitrogen flowing into Long
Island Sound.

The trading scheme covers 79 publicly owned treatment works
(POTW). The set of plants is covered by a general permit that allowed
for 16,955 equalized pounds of nitrogen per day in 2003, to be decreased
each year, with plant-specific equalization based on the distance of the
POTW from the Sound.'® Each individual POTW was also assigned a
share of this total in the form an individual limit which then operates
as its initial allocation of nitrogen credits.

The Nitrogen Credit Advisory Board sets the price of nitrogen cred-
its at the beginning of each year based on the observed cost of nitrogen
removal projects. At the end of the year, plants that discharged less
nitrogen than their individual limit receive a payment for their unused
credits from the Board based on the pre-set price. Plants that dis-
charged more nitrogen than their limit allows must pay the Board for
the required credits.

There were 40 municipalities that purchased nearly one million
pounds of credits in 2003 and 37 municipalities that sold credits. More
credits were sold than purchased. The state, through the Nitrogen
Credit Advisory Board, purchased the excess credits. Note that the
Nitrogen Credit Advisory Board must be prepared to purchase excess
credits because the state rather than the market sets the price. So far,

9 This discussion is based on Connecticut Department of Environmental Protection (2003,
2004, 2005); Kieser and Fang (2005); and personal communication with Gary Johnson,
CDEP.

10 All numbers in this paragraph refer to equalized pounds of nitrogen. See next section for

discussion of the use of equivalency factors to achieve equalization.
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the state has not had to deal with the problem of excess demand for
credits at the given price.

Trading between point and non-point sources. The Tualatin River
watershed, around Portland Oregon, does not currently meet its
TMDLs for dissolved oxygen, phosphorus, bacteria, or temperature.'!
The only point source discharger in the watershed is Clean Water Ser-
vices, a wastewater and surface water management utility that operates
four plants plus a storm sewer system. Clean Water Services has applied
for a permit that would allow it to trade among plants and also with
unregulated non-point sources to meet its TMDL allocations.

To meet its TMDL allocation for temperature, Clean Water Services
has claimed that it would need to refrigerate its discharges, which would
require a USD35 million capital investment and USD1 million annually
in operating costs. A proposed trade, which must be federally approved,
would allow Clean Water Services to meet its temperature obligations
by: (i) paying farmers and other landowners to plant shade trees along
25 miles of the river; (ii) “persuading” irrigation users to irrigate with
warm effluent rather than cold water from a nearby lake, allowing the
utility to release less warm water into the river; and (iii) augmenting
the river’s flow in the summer with cold water from the lake.

The tree-planting is expected to cost the utility roughly USD6
million. Those farmers would also receive money from other federal
conservation programs (thus, the USD6 million is not the full cost of
the action; on the other hand, tree-planting also provides non-water-
temperature benefits.) There are no cost figures available for the other
actions.

To meet its TMDL allocation for dissolved oxygen, the four treat-
ment plants operated by Clean Water Services would be treated as
a “bubble,” with a limit falling only on total dissolved oxygen load-
ings. Thus, the utility would trade pollution implicitly among its own
plants.

The proposed trade does not cover Clean Water Services’ discharges
of the other pollutants.

1 This discussion is based on Environment Reporter (2003).
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4.5.3 Water quality trading rules

Water quality trading is made complicated by the large number of
water pollutants that are regulated, difficulties in assessing pollution
from nonpoint sources, and the small number of traders present in
most watersheds. The EPA has issued guidelines that attempt to work
around these problems. Much of the discussion around water quality
trading presumes that the trades will take place between point and
non-point sources (see Section 4.5.5.2), but the EPA’s rules apply to
both point-point and point-non-point trading.

EPA regulates over 700 forms of water pollution. To be eligible for
trading, EPA rules specify that sources be discharging the same type
and form of pollutant. In some cases, trading is permitted between two
different forms of a pollutant if there is sufficient information to estab-
lish translation ratios that describe how those pollutants interrelate.?

If the pollutant is discharged at different points along a waterway,
then EPA also specifies that equivalence ratios be established to reflect
the distance and hydrology between sources. Equivalence ratios help
ensure that each source’s ultimate effect on the watershed receives the
appropriate weight.

Several trading requirements stem from the way EPA regulates
point sources that discharge directly into water bodies. Major point
source dischargers are required to have a permit, called the National
Permit Discharge and Elimination System (NPDES) permit, which
specifies the source’s allowable discharges, including the type, form, and
timing. Such discharge permits may specify limits on daily, monthly,
or yearly loads. Limits on both daily and monthly loads are common
for some pollutants. This temporal dimension to pollution control is
needed both because of how water pollution affects the ecosystem and
because of temporal variability in discharges. Both peak and average
loads may affect water quality. See Tietenberg (1985) or Baumol and
Oates (1988) for discussion of design of a cap-and-trade system under
these circumstances.

12This discussion is based on the EPA’s Water Quality Trading Assessment Handbook
(2004), hereafter called the EPA Handbook.
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EPA requires that trades be between sources that have similar dis-
charge timing. A point source facing a monthly li