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I. Introduction

The fundamental questions in environmental law and policy
are: what role should the government play in environmental
control; what is the target level of environmental quality and
how is it determined; and, if the government is to act as regu-
lator, what policy instrument should be used.1 Answers to
these questions are extremely varied.

At one end of the ideological spectrum, many free-market
environmentalists would restrict government involvement
to, at most, that of property rights protector within a frame-
work of property rules and liability laws.2 Activists and
scholars at the other end of the spectrum advocate full gov-
ernment control in which policymakers and regulators
would explicitly determine environmental targets and pro-
duction decisions (such as technology and output) through
command-and-control tools.3

Most policies lay somewhere between these extremes,
specifying market-based tools in some arenas and full com-
mand-and-control regulation in others. In this middle-
ground, a debate rages over the effects and the desired char-
acteristics of environmental policy tools.4 Without taking a
stand on the larger debate about the role of markets in envi-

ronmental control, this Article addresses policy instrument
choice at that margin.

Broadly specified, available policy instruments include
property rules, liability laws, tradeable allowance markets,
emissions taxes, abatement subsidies, information pro-
grams, emissions standards (quotas), and technology stan-
dards.5 These instruments have been evaluated according to
their performances under a wide variety of criteria includ-
ing: minimization of the costs of achieving a given target
(cost-effectiveness)6; incentives to innovate (dynamic effi-
ciency)7; feasibility and efficacy concerns such as adminis-
trative burden, monitoring costs, transactions costs, infor-
mation requirements, legal feasibility, and public accept-
ance8; and equity9 and ideological considerations such as
environmental justice10 and the “polluter-pays principle.”11

The theoretical performance of environmental policy in-
struments under these criteria has been well-catalogued.12

And, as a result, support is growing in favor of the more
market-based tools over command-and-control.13 For ex-
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ample, environmentalist Dave Forman, co-founder of Earth
First!, has stated that “we should try free market and volun-
tary solutions first, and federal government solutions only
later.”14 The trend toward support of market-based solutions
is reinforced by emerging empirical evidence of success in
experimental allowance markets implemented as part of the
1990 Clean Air Act (CAA) Amendments15 and Los An-
geles’ Regional Clean Air Management (RECLAIM) pro-
gram.16 But a core of skepticism persists regarding the wis-
dom of widespread and deepening use of market-based tools
in environmental policy.17

One prominent manifestation of the debate between mar-
ket-based and command-and-control instruments is the
question of whether quantity-based tools such as emissions
standards and traditional allowance markets are more desir-
able for air quality issues such as sulfur dioxide (SO2) con-
trol than price-based tools such as emissions taxes. Relying
heavily on seminal theoretical contributions in environmen-
tal economics,18 legal scholars have made policy recom-
mendations based on the conclusion that, in the presence of
uncertainty about marginal abatement costs, no unequivocal
argument can be made for either price-based or quantity-
based controls.19

But recent contributions in environmental economics ex-
pand upon the traditional approach to emissions allowance
markets to consider how pollutees’ purchase of emissions
allowances affect market performance.20 Traditional allow-

ance markets are said to be one-sided in that only polluters
participate in the market. In contrast, two-sided emissions
allowance markets are markets in which both polluters and
pollutees participate. One implication of the exploration of
two-sided markets is that the analysis of traditional one-
sided allowance markets understates the social welfare ben-
efits of emissions allowance markets. Second, the economic
analysis of pollutees’ participation in the allowance market
provides new support for allowance markets purely on eq-
uity grounds. Finally, considering recent pollutee participa-
tion in allowance markets,21 environmental policy recom-
mendations need to incorporate this fuller understanding of
allowance market benefits.

In Parts II and III, I review the evaluative criteria that di-
rectly pertain to the relative merits of price- and quantity-
based control instruments. In Part IV, I present two-sided
emissions allowance markets, markets that specifically al-
low market participation by pollutees, and then evaluate
those markets relative to traditional price-based (taxes and
fees) and quantity-based (standards and one-sided allow-
ance markets) instruments.

The analysis of two-sided allowance markets also brings
to light a new and important criterion for evaluating envi-
ronmental policy tools. In Part V, I articulate the self-correc-
tion criterion, the principle of assessing a policy according
to its ability to naturally adjust for errors in emissions target
selection.22 Policymakers using this criterion will favor
two-sided allowance markets, markets in which pollutees
and polluters both directly participate, over traditional
quantity-based and price-based controls in the presence of
uncertainty about environmental costs and benefits. And fa-
voring two-sided allowance markets will not only promote
efficiency but will directly improve the welfare of pollutees.

II. Existing Evaluative Criteria

The list of evaluative criteria for environmental policy in-
struments includes efficiency, cost-effectiveness, informa-
tion requirements and costs, monitoring and compliance
costs, regulatory costs, adaptability and flexibility, efficacy,
political constraints, transparency, various equity consider-
ations, and size of government.23 In this section, only those
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criteria that directly bear on the evaluation of price-based
and quantity-based policies and in the evaluation of two-
sided allowance markets are presented.

A. Efficiency

Efficiency is the maximization of net social benefits, that is
total social benefits less total social costs.24 For example, the
efficient level of SO2 is the emissions level that maximizes
polluters’ emissions benefits (saved costs of abating indus-
trial emissions or automobile emissions) minus the social
damages from emissions (aesthetic losses from smog,
health care costs due to respiratory damage, etc.).25

Efficiency is achieved when the marginal social benefit26

from emissions is equal to the marginal social cost27 of emis-
sions.28 To see this, refer to Figure 1 and consider starting
from the e* level of emissions. From there, a decrease in
emissions will benefit society by the amount b in the form of
less smog, less respiratory damage, etc. But that benefit will
be smaller than a + b, the additional cost society must bear to
achieve the pollution reduction (abatement). Similarly, an
increase in emissions will reduce abatement costs by d, but
that reduction will be smaller than the increase in pollution
damages to society given by c + d. Therefore, any departure
from the equimarginal emissions level e* necessarily de-
creases net social welfare.

The efficiency criterion is the principle of preferring poli-
cies that yield efficient outcomes to those that do not.29 In
the framework of the debate between price- and quantity-
based instruments for pollution control, the efficiency crite-
rion is actually a meta-criterion in that it involves an evalua-
tion of the environmental target itself. In contrast, choosing
between price- and quantity-based controls based on criteria
such as cost-effectiveness or equity involves the evaluation
of the means of achieving a particular target while not di-
rectly evaluating the target.30

It should be noted that the efficient outcome is an abstrac-
tion that may not be operationally identifiable.31 Identifying
an efficient outcome in practice requires a full accounting of
all social benefits and costs, a difficult and costly undertak-
ing.32 For example, the social cost of reducing emissions is

not simply the current firms’ costs using their existing tech-
nology.33 Rather, the social cost of abatement is the opportu-
nity cost—what the value of resources used in abatement
would be if they were employed in their next best alterna-
tive.34 The costs used to identify an efficient outcome are
those of the theoretical least cost method of reduction.35

For this reason, applied cost-benefit analysis, an attempt
to actually measure social benefits and social costs, should
not be taken to be equivalent to efficiency. In practice, cost-
benefit analysis is subject to mis-measurement and non-
measurement of some benefits and costs.36 Furthermore, as
both sides of the environmental politics debate have occa-
sionally argued, applied cost-benefit analysis is also subject
to manipulation by policymakers and regulators.37

A critical issue regarding the abstract nature of the effi-
ciency criterion is revealed when considering uncertain
benefits and uncertain costs of emissions reduction. True
social benefits and true social costs do exist. But those true
costs and benefits may be necessarily unidentifiable or un-
certain at the time of policymaking.38 As a result, any policy
tool that requires resolution of the uncertainty regarding
benefits and costs in order to achieve the efficient outcome
will necessarily fare poorly under the efficiency criterion.
Conversely, those policy tools that do not depend on prior
knowledge of the efficient outcome in order to approach the
efficient outcome in practice will fare better under the effi-
ciency criterion.

B. Cost-Effectiveness

A method of emissions reduction is cost effective when a
given emissions target is achieved in the manner that is
least costly to society.39 It should be clear that because
cost-effectiveness does not address what the emissions tar-
get is, cost-effectiveness does not imply efficiency. That is,
an inefficient target may be reached in a cost-effective
manner.40 Conversely, if a policy is efficient, it also must
be cost effective—if the right level of emissions has been
achieved but not in the least cost manner, then net social
benefits could have been higher because the same social
gains from pollution reduction could have been achieved
using fewer of society’s resources. As a result, “for a policy
to be efficient it must be cost-effective, but not necessarily
vice versa.”41
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Cost-effectiveness is achieved when polluters’ marginal
abatement costs are all equal.42 If one polluter’s marginal
abatement cost is higher than another polluter’s, then total
abatement costs can be reduced by allowing the high cost
abater to abate a little less and allowing the low cost abater to
abate a little more.

Cost-effectiveness is a less controversial criterion than
efficiency43 because cost-effectiveness has nothing to say
about the environmental target itself.44 In the 1990s, the effi-
ciency criterion was controversial within the Clinton Ad-
ministration but embraced by the U.S. Congress.45 But:

[C]ost-effectiveness as a criterion for adopting specific
policy instruments was embraced by both the Adminis-
tration and Congress in the 1990s. Most interest groups
in the environmental community and the regulated com-
munity could support cost-effectiveness because it re-
duced the burden of compliance on industry and made
stringent environmental targets more affordable.46

C. Equity

Several equity considerations are gaining momentum in the
environmental literature. For example, “environmental jus-
tice” involves questions regarding the social desirability of
the distribution of benefits and costs of abatement across so-
cioeconomic groups within an economy.47 And environ-
mental ethics arguments advocating ideologies such as the
polluter-pays principle48 are typically ground in equity
claims. In Part V of this Article, equity considerations arise
in connection with two-sided allowance markets—markets
in which those who are negatively affected by pollution can
explicitly engage in market activity that influences environ-
mental outcomes. This possibility of participation is argued
to be more equitable than environmental control instru-
ments that remove pollutees from the process of determin-
ing environmental outcomes.

III. Performance of Policy Tools

In order to better inform the evaluation of two-sided allow-
ance markets introduced in Part IV, here I provide a brief
summary of traditional price- and quantity-based tools and
their performance records.

A. Quantity-Based Tools

Quantity-based instruments control emissions by directly
controlling the level of emissions. For example, emissions
standards (quotas) and one-sided allowances require a
policymaker or regulator to identify an overall target level

of emissions and then assign caps to individual polluters as a
means to achieve the overall target.49 In some emissions
standards programs, leniency provisions such as bubbles,
netting, and offsets are introduced to allow firms to more in-
expensively achieve the overall target.50 In tradeable allow-
ance programs, an overall target level of emissions is first
determined, emissions allowances are then assigned to indi-
vidual polluters, and allowances may eventually be traded
across polluters.51

The efficiency properties of quantity-based tools depend
critically on how well the emissions target is chosen52 be-
cause, in effect, these methods mandate the aggregate emis-
sions level. Although standards and allowances are techni-
cally only a cap on emissions, they provide no incentive to
firms to reduce emissions below their allowed level (after all
“trades” have occurred).53 As a result, the observed level of
emissions is expected to be the aggregate target level, sub-
ject to costly monitoring and enforcement, regardless of
whether the target is efficient.54

In order to choose the initial target, policymakers and reg-
ulators must resort to applied cost-benefit analysis or some
designation of the “right” level of emissions as dictated by
some other consideration such as equity or legislative man-
date.55 In either case, it should not be surprising that quan-
tity-based tools do not generally achieve efficiency. I ad-
dress the efficiency properties of quantity-based tools in the
presence of uncertainty about abatement costs or pollution
damages in Part V.

If emissions standards and tradeable allowances are fully
transferable56 (they can freely flow across all current and
potential polluters), then both tools are cost effective.57 In
practice, however, emissions standards are not perfectly
transferable (standards programs typically only allow flexi-
bility within one polluter’s decisions, not across polluters)58

and so they will not be cost effective unless every polluter is
assigned an individualized (and perfectly selected) cap
properly accounting for differences in marginal abatement
costs.59 Tradeable allowances are transferable by design and
so are expected to be closer to cost effective, limited only by
flexibility of trades and transactions costs.60

But to the extent that emissions standards and allowances
are transferable, equity concerns have arisen. Polluters lo-
cating or intensifying their pollution in poor areas and areas
populated by ethnic minorities implies that the benefits and
costs of emissions are being redistributed by government
policy.61 It should be noted that this is not a problem with

ENVIRONMENTAL LAW REPORTER
Copyright © 2004 Environmental Law Institute®, Washington, DC. reprinted with permission from ELR®, http://www.eli.org, 1-800-433-5120.

34 ELR 10608 7-2004

42. The equimarginal principle states: “If you have multiple sources to
produce a given product or achieve a given goal, and you want to
minimize the total cost of producing a given quantity of that output,
distribute production in such a way as to equalize the marginal costs
between production sources.” Id. at 61.

43. And, in fact, cost-effectiveness has been embraced more widely than
efficiency. See Hahn et al., supra note 17, at 395; Stavins, supra note
32, at 296.

44. Field & Field, supra note 6, at 115.

45. Hahn et al., supra note 17, at 410-11.

46. Id. at 411.

47. Supra note 10.

48. Supra note 11.

49. Field & Field, supra note 6, at 214

50. Hahn et al., supra note 17, at 402.

51. One-sided tradeable allowances policies are also called “cap-and-
trade” programs.

52. Field & Field, supra note 6, at 216.

53. Id. at 224.

54. Of course, if the target is chosen to be exactly the efficient level, then
these quantity-based tools will be efficient. See Weitzman, supra
note 18, at 477, 480.

55. See U.S. EPA, supra note 32, at ES-7.

56. Emissions standards are transferable to the extent that offsets and
bubbles are permitted.

57. Field & Field, supra note 6, at 239.

58. See 42 U.S.C. §404 (2000).

59. Field & Field, supra note 6, at 221.

60. Id. at 249.

61. Supra note 10.

http://www.eli.org


quantity-based tools in theory.62 Rather, the problem arises
in practice when the geographic area over which trades are
permitted is too large, i.e., trades are permitted across re-
gions with differential damages.63

B. Price-Based Instruments

Price-based environmental policy tools are designed to af-
fect polluter behavior by increasing the price of polluting
or by decreasing the price of abatement. Emissions taxes
specify a fee per unit of emissions that must be paid by the
polluter.64 In order to account for differences in damages
related to the location of the emitter, emissions taxes can
vary across zones.65 Abatement subsidies specify a cash
award from the government to the polluter for every unit of
emissions reduction.66 Emissions subsidies are generally
undesirable under most of the evaluative criterion. Al-
though they will be cost effective, they most certainly will
not attain full efficiency due to the perverse incen-
tives—the subsidy will make it profitable for new firms to
enter the polluting industry.67

Emissions taxes, on the other hand, perform better than
abatement subsidies.68 Emissions taxes work by decreasing
a polluter’s marginal abatement cost or, equivalently, in-
creasing the cost of emissions. Although a polluter must still
pay the technical costs of reducing emissions, the polluter
can avoid the tax by reducing its emissions.69 That is, the
marginal cost of abatement is reduced by exactly the amount
of the tax and so polluters, responding to those lower costs,
will abate more.

Just as with quantity-based instruments, the performance
of taxes under the efficiency criterion depends critically
on how well the target is chosen.70 In the case of taxes, the
“target” is the price of pollution. Polluters properly incor-
porating the tax as a cost of emissions will abate as long as
it is profitable to do so, no more and no less. Consequent-
ly, similar to quantity-based instruments, the observed
level of emissions will be inefficient unless the tax is cho-
sen perfectly.71

But, unlike uniform emissions standards (standards that
are equal across all polluters and therefore are not “person-
alized”), uniform emissions taxes will always be cost effec-
tive.72 Without an emissions tax, a polluter will emit as long
as emissions are privately costless.73 With an emissions tax,

a polluter faces a choice on every unit of emissions: emit and
pay the tax, or abate and pay the abatement costs. Facing
that choice, the polluter will emit if the marginal abatement
costs exceeds the tax and will abate if the tax exceeds the
marginal abatement costs.74 Following that calculus, the
polluter will reduce emissions until its marginal abatement
costs are equal to the tax.75 Since the tax was uniform across
all polluters, the process also happens to make all polluters’
abatement costs equal. That is, uniform emissions taxes are
necessarily cost effective.

Some evidence exists for another efficiency effect with
emissions taxes. Taxes generate revenue for the government
that may be used to offset the administrative cost of regula-
tion.76 If the revenues are large enough, emissions taxes
might not even have a net regulatory burden. If the revenues
more than cover regulatory costs, emissions taxes may gen-
erate a “double dividend,” the ability to reduce other dis-
tortionary government taxes.77

IV. Two-Sided Allowance Markets

Two-sided allowance markets broaden traditional quan-
tity-based allowance markets to explicitly allow pollutees
an economic voice.78 In these markets, pollutees can buy
allowances and permanently hold them and thereby re-
duce the economywide allowable level of emissions be-
low the regulatory target.79 Unused allowances are said to
be “retired.”80

The concept of two-sided allowance markets is not new.81

In fact, although the SO2 markets established in relation to
the CAA Amendments were conceived to be traded among
polluters, permit retirement was not prohibited and a small
but increasing number of retirements have occurred.82 But
despite the existence of two-sided allowance markets, the
legal scholarship on allowance markets draws all of its con-
clusions from the economic analysis of one-sided markets.83

And since the analysis of one-sided markets cannot consider
the efficiency gains deriving from the market participation
of pollutees, that analysis necessarily mis-measures the
gains from allowance markets relative to traditional price-
and quantity-based controls.84 In the remainder of this sec-
tion, I provide an exposition of recent contributions85 in en-
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62. If social damages are higher in one geographic region than another,
then for efficiency reasons alone the trading rules across geographic
boundaries should reflect those higher damages. In this sense, this
type of equity consideration is not in tension with efficiency, rather,
it is a reflection of its inefficiency.

63. Andrew J. Yates, Decentralization in Pollution Permit Markets, 4 J.

Pub. Econ. Theory 641-60 (2002) (addresses permit trading
across regions).

64. Field & Field, supra note 6, at 235.

65. Id. at 242-44.

66. Id. at 252.

67. Id.

68. Technically, they both fare identically on cost-effectiveness because
they both equalize marginal abatement costs across all polluters.

69. Field & Field, supra note 6, at 235-37.

70. Id. at 237-39.

71. Id. at 245.

72. Id. at 239-42.

73. Id. at 100.

74. Id. at 235-37.

75. Id.

76. For an introduction to the economic analysis of the “double divi-
dend” hypothesis, see id. at 246.

77. Id.

78. The terms “polluter” and “pollutee” are used instead of “firm” and
“consumer” in recognition of the fact that consumers generate pollu-
tion and some types of firms are damaged by pollution.

79. An introduction to the economics of tradeable allowances is given in
Field & Field, supra note 6, ch. 13.

80. Id. at 263.

81. EPA’s tradeable quotas of chlorofluorocarbons as part of the CAA
(and with respect to the Montreal Protocol) explicitly allowed for
“consumers” to trade. See Hahn & McGartland, supra note 13.

82. Supra note 21.

83. As discussed in Smith & Yates, supra note 20, the environmental
economics literature did not formally address two-sided allowance
markets in the presence of uncertainty about marginal abatement
costs and marginal damages.

84. See id. (discussing of the welfare gains from two-sided trades).

85. Id. (providing the complete economic model).
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vironmental economics that analyze the economic effects of
two-sided allowance markets.

A. Demand for Allowances

In two-sided allowance markets, two different types of eco-
nomic agents potentially want to buy allowances. Polluters
want to buy allowances in order to legally pollute. Pollutees
want to buy and retire allowances and thereby reduce pollu-
tion. In the most simple conception, the regulator is the sole
supplier of allowances and the regulator either auctions the
allowances or endows polluters directly.

To understand how the two different demands for allow-
ances interact, first consider the foundations for each type.
Polluter demand for allowances derives from the polluter’s
benefits from pollution. Pollution reduction is assumed to
be costly; a polluter must use resources to reduce emissions.
Furthermore, the final unit of abatement (the first unit of
emissions) is the most costly. The penultimate unit of
abatement (the second unit of emissions) is less costly, etc.
That is, the marginal cost of abatement is increasing as the
level of abatement increases (decreasing as the level of
emissions increases).

Pollutee demand for allowances derives from the
pollutee’s benefits from reduced pollution. Each unit of
pollution is assumed to damage the pollutee and the second
unit is more damaging than the first, etc. That is, the mar-
ginal damages from emissions increase as the emissions
level increases. The damages from pollution may derive
from pecuniary costs such as doctor bills for the treatment of
respiratory problems or may be a valuation of lost aesthetic
value, etc.

The demands for allowances follow directly from the
benefits and damages from pollution. Polluters will buy an
allowance if the price of the allowance is less than the cost of
abating that unit. Pollutees will retire an allowance if its
price is less than the damages that would result from the use
of that allowance for emissions.

A complication arises from the fact that, from the per-
spective of pollutees, every unit of abatement is a public
good, a good offering a nonrival and nonexcludable benefit
to other economic actors.86 If a particular pollutee buys and
retires one allowance, a free benefit accrues to each of the
other pollutees. This fact encourages free-riding—pollutees
may not truthfully represent (in the form of allowance de-
mand) their benefits from abatement because they can
costlessly benefit from others’ choices. Since this pressure
is present for all pollutees, the demand for allowances is not
expected to fully reflect the true social benefits from abate-
ment. For this reason, demand for allowance by pollutees
will be assumed to derive from revealed damages, those
damages expressed by pollutees in the marketplace, rather
than true damages. The fact that true damages are not fully
expressed in market transactions introduces a source of un-
certainty in predicting market outcomes.

Similarly, the presence of high transactions costs, re-
sources used to identify and interact with potential traders,

may also indicate that the expressed allowance demand may
not fully capture the benefits from abatement. It is conve-
nient here to include both free-riding and transactions costs
as incorporated in the concept of allowance demand. And
then when the efficiency properties of market outcomes is
evaluated, attention will again be focused on actual dam-
ages from pollution rather than expressed damages.

B. The Two-Sided Market Outcome

For purpose of this exposition, consider the case when the
damages from the first unit of emissions is less than the
abatement cost for that unit. (The case when the efficient
level of emissions is positive.) Polluters will outbid pollu-
tees for the first allowances auctioned by the regulator be-
cause marginal abatement costs initially exceed marginal
damages. But since marginal abatement costs are decreas-
ing and marginal damages are increasing, at some point
marginal damages will overtake marginal abatement costs
and then pollutees will outbid polluters for allowances. The
point at which marginal damages equals marginal abate-
ment costs is called the equimarginal point.

It follows that the market outcome, how many allowances
are purchased by polluters, depends on the supply of allow-
ances determined by the regulator. If the supply of allow-
ances is less than the equimarginal level of allowances, then
polluters buy all the allowances and pollutees are com-
pletely priced out of the allowance market. In Figure 2a, e’
represents the allowance endowment. For each allowance
from 0 up to e’, marginal abatement costs exceed marginal
damages and so polluters outbid pollutees. The observed
emissions is e’ and, thus, the two-sided allowance market
effectively reverts to a one-sided market in that only pollut-
ers are observed to participate.

If the supply of allowances is greater than the equimar-
ginal level as in Figure 2b, then polluters buy all the allow-
ances up to the equimarginal level e* and pollutees buy the
remaining allowances, from e* up to e’. In this case, the
availability of allowances provides a cap on emissions simi-
lar to the emissions cap imposed by emissions standards.
But unlike emissions standards, the regulator target does not
predetermine the minimum level of emissions. In fact, the
actual level of emissions is reduced by the amount of allow-
ance retirement. If pollutees were prevented from partici-
pating in this market, firms would buy up all the allow-
ances—without competing demanders for allowances, the
price of allowances will continue to fall until all the allow-
ances are purchased by polluters.

When pollutees participate in the market, every retired al-
lowance reduces pollution and thereby reduces damages
from pollution. Furthermore, every retired allowance repre-
sents a unit of emissions for which the marginal damages ex-
ceed the marginal abatement costs. Therefore, every retired
allowance necessarily represents a step toward the efficient
outcome as well.

It is now important to recall that the demand for allow-
ances represents revealed marginal damages, not true mar-
ginal damages, due to free-riding and transactions costs.
Does this incomplete expression of marginal damages miti-
gate the benefits of the two-sided allowance market? Yes
and no. If the demand for allowances only partially incorpo-
rates true marginal damages and if the regulator errs by set-
ting the allowance endowment inefficiently high, then
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86. A nonrival benefit is one for which one person’s enjoyment of the
benefit in no way precludes the enjoyment of the same benefit by an-
other. For example, consuming an apple is a rival benefit but the en-
joyment of sunshine is not. Nonexcludability means that a person
cannot, technologically, be prevented from enjoying a particular
benefit. For example, broadcast radio is nonexcludable whereas sat-
ellite radio is excludable.
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pollutees will not retire enough allowances to reach the effi-
cient outcome.

In Figure 3, e* represents to efficient outcome and e’ rep-
resents to allowance endowment. Pollutees buy allowances
and reduce to e’’ where revealed marginal damages equal
marginal abatement costs, but not all the way to e*. How-
ever, the two-sided market will decrease damages more (and
come closer to the efficient emissions level) than either
emissions standards and one-sided markets would, given
that the regulator acts on the same information in setting
those targets. That is, if standards were set at e’, pollution
damages would be higher and social welfare would be lower
than if two-sided allowance markets were used.

This emissions reduction and efficiency gain of the
two-sided allowance market occurs when the regulator errs
in selecting an inefficiently high emissions target. Of
course, if the regulator has full information about pollution
benefits and damages, the emissions target will presumably
not be inefficiently large. It is in the presence of uncertainty
about abatement costs and emissions damages that the emis-
sions target can be expected to be inefficient.

C. Uncertainty and Efficiency

1. Price-Based Versus Quantity-Based Instruments

In the presence of uncertainty about marginal damages,
quantity-based instruments and price-based instruments
fare similarly to the efficiency criterion because in both
cases the known marginal abatement costs perfectly indi-
cate the post-regulatory emissions level.87 But in the case of
uncertainty about marginal abatement costs, the efficiency
performance of price-based instruments (emissions taxes)
as compared to quantity-based instruments (emissions stan-
dards or one-sided allowance markets) depends critically on
nature of abatement costs and damages.88

Suppose that marginal damages are fully known but only
the steepness of marginal abatement costs are known—the
steepness of marginal abatement costs tells how much a one
unit change in emissions changes abatement costs. Since
marginal abatement costs are unknown, the regulator can
only estimate the efficient level of emissions. If the regula-
tor uses a quantity-based instrument, the resulting level of
emissions will be precisely the emissions target. And if the
regulator uses a price-based instrument, the resulting level
of emissions will be higher or lower than the target, de-
pending on the actual marginal abatement costs. Which
type of instrument gets closer to efficiency depends on the
relative steepnesses of marginal damages and marginal
abatement costs.

If marginal damages are steeper than marginal abatement
costs, then the efficient level of emissions will be close to the
efficient emissions level. Therefore, price-based instru-
ments that create deviations from the target emissions level
are associated with large social welfare losses. But instru-

ments that target quantity, while they may be inefficient,
have no change in emissions from the target, which is close
to the efficient emissions level. Therefore, when marginal
damages are steeper than unknown marginal abatement
costs, instruments that constrain quantity are generally pref-
erable under the efficiency criterion.

If marginal abatement costs are steeper than marginal
damages, then the efficient level of emissions will be quite
different than the target level of emissions. Therefore, quan-
tity-based instruments will result in a large departure from
the efficient emissions level and will be associated with
large social welfare losses. But price-based instruments that
allow polluters to adjust their emissions levels in response to
their own marginal abatements costs will actually get close
to the efficient outcome and are therefore associated with
smaller social welfare losses. In this case, price-based in-
struments are generally preferable.

Of course these stated preferences for quantity-based and
price-based tools in the presence of uncertainty are primar-
ily theoretical distinctions because they require knowledge
about which is steeper, marginal abatement costs or mar-
ginal damages. It seems unlikely that a regulator would be
certain about the relative steepness of marginal abatement
costs but have no knowledge about marginal abatement
costs. As a result, this theoretical rule-of-thumb about when
to use price- or quantity-based tools is scarcely operational.

2. Two-Sided Permit Markets and Uncertainty

A two-sided allowance market, however, is neither a purely
price-based nor a purely quantity-based instrument and of-
fers an operational advantage over both tools in the presence
of uncertainty.

In contrast to quantity-based targets such as emissions
standards or one-sided allowance markets, the environmen-
tal target in two-sided allowance markets (as represented by
the number of allowances issued) does not dictate the end
level of pollution—the market level of pollution will be less
than the allowance endowment whenever pollutees partici-
pate. In this sense, two-sided markets are not purely quan-
tity-based tools as are one-sided allowance markets. Simi-
larly, since the price of allowances is determined by the al-
lowance market itself, two-sided markets are not purely
price-based tools. In fact, the price of allowances will be
driven higher by pollutee participation in the market,
thereby making emissions more costly to polluters.

As mentioned above, if marginal abatement costs are un-
certain and marginal damages are steeper than marginal
abatement costs, then quantity-based instruments such as
emissions standards or one-sided allowance markets are
generally preferable to price-based instruments. But
two-sided allowance markets offer an advantage over
purely quantity-based instruments. If the emissions target
was inefficiently low, two-sided allowance markets would
revert to a one-sided market because pollutees are priced out
of the market. But if the target was inefficiently high and
pollutees participate in the allowance market, then every re-
tired permit represents an emissions reduction and an in-
crease in social welfare. In this case, allowances are pre-
ferred to quantity-based tools which are preferred to price-
based tools.

If marginal abatement costs are uncertain and marginal
abatement costs are steeper than marginal damages, then
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87. This statement slightly overstates the case for quantity-based instru-
ments. As stated above, uniform emissions taxes and tradeable per-
mits are always cost effective. But uniform emissions standards gen-
erally require personalized standards to achieve cost-effectiveness.

88. For the complete analysis of the relative performances of the tradi-
tional price- and quantity-based tools in the presence of uncertainty,
see Weitzman, supra note 18. The comparative analysis of two-sided
allowance markets derives from results in Smith & Yates, supra note
20. See also Field & Field, supra note 6, at 245-55.
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price-based instruments such as emissions fees are gener-
ally preferable to quantity-based instruments. As above, if
the target was inefficiently low, the two-sided allowance
market reverts to a one-sided market and so offers no advan-
tage over quantity-based tools. But if the target was ineffi-
ciently high, the two-sided allowance markets allow emis-
sions to adjust (downward) in response to the mistake and
hence the market outcome is superior to the quantity-based
tools. It is unknown whether the two-sided allowances fare
better than price-based tools in this case. It is possible that a
price-based tool gives better control and smaller welfare
losses. However, it is also possible that a two-sided allow-
ance market reduces emissions to the point that social wel-
fare losses are smaller than with price-based tools. In total,
two-sided allowance markets are a compromise, a hedge,
between the price-based instruments and the quantity-based
instruments. Given this uncertainty scenario, two-sided al-
lowance markets do not perform as well as emissions fees
but they perform better than emissions standards.

Taken together, over all the possible cases of uncertainty
in marginal abatement costs, a distinct advantage of
two-sided allowances can be articulated. Correctly choos-
ing between price-based and quantity-based instruments re-
quires prior knowledge about the relative steepness of mar-
ginal abatement costs and marginal damages. In comparing
those tools to two-sided allowances, several conclusions
can be made: (1) two-sided allowances never perform worse
than the weakest of price- and quantity-based tools; (2) in
some cases, two-sided allowances offer larger emissions re-
ductions and larger social welfare gains than both price-and
quantity-based tools; and (3) at their worst, two-sided al-
lowance markets offer a hedge between price- and quan-
tity-based tools when it is uncertain which tool is preferred
under the efficiency criterion.

3. Efficiency and Uncertainty in Marginal Damages

If marginal abatement costs are known but marginal dam-
ages are uncertain, the regulator does not generally have a
preference (based on efficiency) between the quantity-
based tools and price-based tools because the regulatory
outcome is certain in both cases. Under price- or quantity-
based tools, marginal damages do not influence the ob-
served emissions levels.

But with two-sided allowance markets, pollutee partici-
pation in the market makes the outcome indeterminate when
marginal damages are uncertain. Although indeterminacy
of emissions is typically a problem for the regulator, in the
case of two-sided allowances, the indeterminacy is asym-
metric—emissions will necessarily be smaller than the
emissions target and those smaller emissions will also trans-
late to welfare gains.

Suppose the regulator sets the allowance endowment
equal to the emissions standard target, where marginal
abatement costs are equal to estimated marginal damages. If
the marginal damages are actually smaller than originally
believed, then pollutees are priced out of the market and the
two-sided allowance market reverts to a one-sided market
and offers no advantage over pure quantity-based or price-
based instruments.

However, if revealed marginal damages are actually
larger than originally believed, then two-sided allowances
are strictly preferable to either purely quantity-based or

price-based instruments. If revealed marginal damages are
larger than originally believed, the regulatory target level of
emissions was too loose. Emissions standards, one-sided al-
lowance markets, and emissions fees offer no recourse to
pollutees. But two-sided allowance markets permit pollu-
tees to retire permits in order to reduce the allowable emis-
sions below the target. Two-sided allowance markets thus
reduce emissions more and provide larger welfare gains
than the other instruments.

In conclusion, two-sided allowance markets at their best
offer greater emissions reductions and efficiency advan-
tages over purely price-based or purely quantity-based in-
struments. At their worst, two-sided allowance markets of-
fer a hedge solution between quantity-based controls and
price-based controls when uncertainty in marginal abate-
ment costs otherwise precludes making a definitive instru-
ment choice.

D. Evaluating Two-Sided Markets Under Other Criteria

1. Cost-Effectiveness of Two-Sided Markets

Two-sided markets are necessarily cost effective for the
same reason that traditional one-sided markets are. A pol-
luter will buy allowances up to the point where its mar-
ginal abatement cost equals the allowance price. Since
polluters all face the same allowance price, all polluters’
marginal abatement costs will be naturally equalized.
Pollutee participation in the market only increases that com-
mon market price.

2. Equity and Two-Sided Markets

From an equity perspective, two-sided allowance markets
provide a unique advantage over each of the traditional con-
trol instruments—after the policymaking process and after
the regulatory target-setting, two-sided allowance markets
offer pollutees and environmental activists an economic
voice in the determination of the aggregate level of emis-
sions. Furthermore, this equity gain is not achieved at the
expense of efficiency considerations. In fact, as noted
above, voluntary pollutee participation always results in an
increase in social welfare.

V. The Self-Correction Criterion

In contrast to pure price-based or quantity-based instru-
ments, two-sided allowance markets possess the distinctive
feature of a natural post-regulatory correction that is always
an efficiency improvement.

89 Purely quantity-based con-
trols such as one-sided allowance markets or emissions
standards effectively dictate the post-regulatory emissions
level. If the regulatory target was inefficiently loose, no in-
centives exist for polluters to further reduce their emissions.
And purely price-based controls such as emissions taxes
provide only loose control over emissions. In response to
emissions taxes, emissions levels may be inefficiently high
or low and pollutees have no mechanism to change the emis-
sions level other than restarting the policymaking process.
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89. Self-correction should not be mistaken with reflexivity, the idea that
the regulatory approach should be responsive to the changing legal,
regulatory, or physical environment. (See Stewart, supra note 1, at
130, for a discussion of reflexive law).
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However, post-regulatory self-correction is a natural fea-
ture of two-sided allowance markets. If the emissions target
is inefficiently loose, pollutees have some post-regulatory
power to lower the emissions level. Furthermore, the fact
that pollutees participate in the allowance market provides
valuable information about the actual sizes of marginal
abatement costs and marginal damages.90

In evaluating purely price-based and quantity-based in-
struments, efficiency is at most a meta-criterion, a consider-
ation in selecting an emissions target but not helpful in
choosing between instruments.91 As a result, the efficiency
criterion is typically operational only through cost-benefit
analysis applied to the target selection.92 To the extent that
cost-benefit analysis is both difficult and manipulable by se-
lective disregard of various difficult-to-measure benefits or
costs, efficiency has been a weak criterion.

But two-sided allowance markets actually serve as an au-
tomatic efficiency correction to the original emissions tar-
get. In this way, the efficiency criterion enters more broadly

and in a less manipulable manner than just through target
choice. Furthermore, through two-sided allowance markets,
the efficiency criterion can be operationalized in a much less
controversial way than that offered by cost-benefit analysis.

From an equity perspective, two-sided allowance mar-
kets also offer a distinctive feature to pollutees: none of the
purely price- or quantity-based instruments offer pollutees a
post-regulatory voice. That is, two-sided allowance markets
provide pollutees a check on the political and regulatory
process that selects the emissions target level.

VI. Conclusion

Recent contributions in the environmental economics litera-
ture analyze pollution allowance markets when pollutees
participate in the market by buying and retiring allowances.
These new contributions indicate that previous legal schol-
arship that compares allowance markets, emissions stan-
dards, and emission taxes greatly underestimate the advan-
tages of using markets. When pollutees participate in allow-
ance markets, overall emissions are necessarily lower (than
would be with equivalent standards), social welfare is nec-
essarily higher, and pollutees are able to express their pref-
erences for environmental quality through the marketplace.
In conclusion, policymakers should reassess the use of stan-
dards or emissions when allowance markets are feasible.
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90. Smith & Yates, supra note 20, discuss the possibility of learning
from the two-sided allowance markets.

91. See supra notes 24-38 and accompanying text (section discuss-
ing efficiency).

92. See supra notes 49-63 and accompanying text (section discussing
quantity-based tools).
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