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ABSTRACT

This dissertation analyzes applicability of marketable permits for managing
natural common-pool resources, especially the atmosphere as a sink for carbon dioxide (a
global common-pool resource). It focuses on factors affecting "performance” of
marketable permits, which is operationalized as: (a) effectiveness to reduce resource
overuse, and (b) market liquidity (number of trades, proportion of resource users who
trade, and price dispersion). Multiple markets for common-pool resources are examined.
These are: sulfur dioxide allowance trading, Wetlands Mitigation Banking, early
emission trading programs, Regional Clean Air Incentives Market, Lead Phasedown
Program, and production permits for ozone-depleting substances.

Drawing on secondary data, this dissertation employs the Institutional Analysis
and Development framework to examine the effects of the following factors on the
performance of marketable permits: (1) resource characteristics affecting resource
“measurability”; (2) users' characteristics; (3) legal and regulatory environments; and (4)
rules regulating users and resource-use.

Three major findings emerge for devising rules to manage the global atmosphere
as a sink for carbon dioxide. First, marketable permits perform better when the resource-
use is severely limited by an authorized agency and the limits are enforceable at low
costs. Given that only countries are parties to the Framework Convention on Climate
Change, marketable permits for global atmosphere will have to rely on national limits
enforced by national governments. Internationally, compliance with national limits will
have to be reviewed periodically and non-compliance at the country level sanctioned.
Second, countries should have autonomy to devise their own monitoring and enforcement
systems. These systems need to be audited regularly by an accredited third party. Third,
within and across countries, differences in the reliability of measuring resource flows
attributable to various users will require non-uniform exchange ratios. These ratios
should be determined by the scientific advisory board to the Convention, not by market
mechanisms. Rather than having as many exchange ratios as resource users, various

resource users will be classified into categories. National regulators should have the
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autonomy to classify projects into various categories. These categorizations will be
reviewed regularly by third-party auditors. Buyer liability will create incentives for

correct categorizations.
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CHAPTER 1

INTRODUCTION

The global atmosphere, the shield that protects the Earth from the negative
impacts from space, has significantly changed over the last centuries, causing negative
effects all over the world. The changes have been linked to overuse of the atmosphere as
a sink for pollution of greenhouse gases (Climate Change, 1995a,b). One of the reasons
for the overuse of the global atmosphere is the nature of this good and its use, Global
atmosphere as a sink for air pollution is an example of a common pool resource (CPR).
Consumption of these goods is not excludable, but it is rival (Weimer and Vining, 1989).
In this case, individuals face incentives to overconsume the resource (Hardin, 1968).

To prevent overconsumption of a CPR, resource users have to craft rules that limit
the access to the resource and its use. These rules can either limit the number of users
who can use the resource by issuing permits, or alternatively, rules can be devised that
prescribe the equipment with which the resource can be used, such as the size of the boat
used in fishing or emission filters on stacks. On the other hand, rules can be devised that
allow for more flexibility in resource consumption. For example, rights to use the
resource can be quantified and allocated among resource users. These rights entitle the
holder to withdraw a given flow from the stocks of the resource. The amount of unused
rights can be transferred to other resource users.

Transferable rights, used for managing many environmental resources, such as air
pollution, water pollution, and fisheries, have also been proposed as a solution to manage
the global atmosphere and prevent its overuse. Countries have negotiated an
international agreement to limit their use of the atmosphere as a sink for greenhouse
gases. In general, all parties agree that a system of marketable permits would allow for
the maximum flexibility in reducing the emissions. There is, however, no agreement on
what system of marketable permits would work.

This dissertation analyzes marketable permit systems that have been used in the

United States for over 20 years to draw lessons for designing a system of marketable




permits to use the global atmosphere. To be able to compare these markets that differ
across multiple dimensions, I first develop an analytical framework that enables a
comparative analysis of various CPR markets. This framework is then used to compare
the following markets: sulfur dioxide emission allowances, CFC production and
consumption permits, local groundwater, lead permits, early EPA emission trading, and
wetlands-mitigation banking. Based on the findings from this comparative analysis, I
then examine potential designs for an international system of marketable permits for
global atmosphere.

In this introductory chapter, I first explain how CPRs differ from other types of
goods and how their characteristics affect potential allocation methods. I then critically
review various options that have been used in the past to prevent overuse of CPRs,
predominantly command-and-control instruments versus market instruments. I then
examine two approaches to privatizing CPRs, a Coasian approach and a marketable
permit approach. I discuss why the Coasian approach would not work in the case of
global atmosphere.

How can we then design a system of marketable permits for using the global
atmosphere? Scholars have approached this puzzle in two different ways. I briefly
present both approaches and discuss why they offer only a partial answer to the above
puzzle. In light of these shortcomings, I then turn to a short discussion of the tasks and
contributions of this dissertation. I conclude this chapter with a brief overview of the

dissertation.

1.1 Types of Goods and Their Allocation Methods

Individuals consume different goods and services. Some of them, such as food,
clothing, and housing are purchased in markets. When a consumer needs a pound of
potatoes, he goes to a store or farmers’ market and purchases the required quality and
quantity. However, when an individual needs a safe environment, she does not go to a
police station to purchase two hours of safety. The reason is that the security is provided

not only to this individual consumer, but also to all other people in the same area. These



two goods, therefore, exhibit two major differences in their consumption, rivalry, and

excludability in consumption. Rivalry in consumption means that if a good is consumed

by one individual it cannot be consumed by anyone else. Excludability means that an

individual can prevent others from consuming this good. By juxtaposing excludability

and rivalry in consumption of a good, we get four types of goods, as presented in Table

1.1. For the purpose of simplification, excludability and rivalry are depicted as a

dichotomous concept. In reality, they occur over a continuum.

Goods that exhibit rivalry and excludability—private goods—are allocated

efficiently in a market. In this case, individual supply/demand is expressed and then

aggregated to form a market supply/demand. The clearing market price ensures a Pareto

optimum—no individual could be made better off without making somebody else worse

off.
Table 1.1: Types of Goods

Rivalrous Consumption Nonrivalrous Consumption

Excludable | Private good: Marketable public goods (club goods):
Allocation by a market is efficient. Price can be charged and therefore markets

can allocate this good efficiently.
Non- Common pool resources and externalities: Pure public good:
excludable Resource users respond to marginal private No private supply is likely to occur,

costs rather than to marginal social costs.
The result is overconsumption,
underinvestment, and rent dissipation.

because no exclusion is possible. Possible
exceptions with privileged and intermediate
groups (Olson, 1965).

Source: Adapted from Ostrom and Ostrom (1977:12).

A good that exhibits excludability, but not rivalry in consumption—marketable

public good (Weimer and Vining, 1989) or club good (Cornes and Sandler, 1996)—can

be provided in a market. As the consumption of the good is excludable, it is possible to

charge a fee for provision of this good. In the case of pure public goods, where

consumption is non-excludable and non-rival, markets cannot result in a Pareto optimum.

Individual consumers have an incentive to misrepresent their willingness to pay and

choose instead to free-ride. The pervasiveness of free riding generally leads to no market




supply at all." To solve this problem, governmental provision has been suggested. It is,
however, not clear how government officials would obtain the relevant information. I
defer discussion of the potential failures until later in this chapter.

Common pool resources (CPRs) are goods whose consumption is not excludable,
but it is rival. A user of a CPR cannot prevent others from appropriating a unit from the
CPR. When a unit is withdrawn, it is used by that user and no one else. In this case,
therefore, individuals face an incentive to withdraw from the CPR because if they don’t,
somebody else will and the unit of the resource will not be available in the future.
Individuals, if their behavior is not restrained, will overconsume the resource.

A CPR can be appropriated not only by withdrawing a valuable unit of a resource
(gallon of water, a fish, and a barrel of oil) but also by discharging a unit of pollution into
a CPR. A discharge of pollution (negative externality) is just a mirror image of the
withdrawal from a CPR. In the former case, the consumption of the good is subtractive;
in the latter case, the consumption of the good is additive, for example, storage of
pollution in a medium. Once a unit of pollution is discharged, a small part of the storage
capacity of the medium is used up and it cannot be used by any other polluter. The only
difference is that the use of the resource in the former case is embodied in a withdrawn
fish, whereas in the latter case, it is embodied in an increased concentration of the
pollutant in the medium.

The question then is how to prevent overconsumption of a CPR due to an
unrestrained behavior of individuals. Three different approaches have been used: change
of appropriation rules by the resource users, governmental intervention, and privatization
of the resource. I now turn to a brief review of these solutions.

First, if the resource users have the authority, knowledge, ability, and motivation
to change the rules, they can craft rules that prevent deterioration of the CPR (see Ostrom,
1990 for a list of successful institutional arrangements crafted by resource users). They

can limit the withdrawn quantity, or, if this is difficult to measure and monitor, they can

1 ; . i 3 ;
In specific circumstances, such as a privileged or intermediate group where one or a few persons
account for a large fraction of demand (Olson, 1965), there may be some, and perhaps even nearly efficient,
market supply.



limit inputs that are used in the withdrawal, that is, the access time or the used equipment.
Rules restraining the access to the resource can also be created by a government. This
distinction 1s important because in the case of a local resource, resource users have better
knowledge and information about the resource itself as well as the behavior of resource
users that needs to be changed and monitored. In the case of a global resource, such as
the atmosphere, individual users may have the best information on the effects that global
warming has on the local environment, but not necessarily on the effects in other local
environments or the behavior of other individual resource users.

Intervention by a government has been suggested as the second solution. One
solution is that a government taxes the activity imposing negative externality in the
amount of marginal social damage (Pigou, 1946). Alternatively, the government may
impose technical standards for the equipment used in the CPR withdrawal. The
government can also own the resource and manage it in the public interest. In these
suggestions, it was implicitly assumed that the government is a benevolent representative
of the social interest, capable of aggregating the individual interests that the market failed
to aggregate and in possession of complete information of individual valuations of the
good. Several scholars have pointed out that governments may not be able to or are not
interested in designing policies in the social interest. I review the potential sources of
failure in the subsequent paragraphs.

Third, the CPR can be privatized and then allocated in a market. When property
rights are well defined, markets efficiently determine what and how much is produced
(based on the market prices), how it is most efficiently produced (based on the
relationships between marginal productivities of inputs and their prices), how it is
distributed (depending on individuals’ income and preferences), and how the
consumption is allocated over time (based on differences in individuals’ discount rates).
Price changes provide information to both supply and demand, and adjustments are

made.> When the rights to exclusive use are incompletely specified or the costs of

3 Even though markets work automatically with the “invisible hand,” one should not forget that
they are social constructs with important social consequences (Burns and Flam, 1987b) and that they are
often highly regulated by modern states.



enforcing the rights are high relative to the benefits, markets do not necessarily lead to a

Pareto optimum. I discuss these problems in greater detail later in this chapter.

1.2. Government Failures

Weimer and Vining (1989) classify government failures into four groups of
problems inherent in general features of a political system: (1) direct democracy, (2)
representative government, (3) bureaucratic supply, (4) and decentralized government. In
direct democracy, social values can be revealed in referenda. The problem is, however,
that no method of voting is both fair and consistent (Arrow, 1963). It is possible that a
winning bundle will not represent the will of majority. Demsetz (1964) further points out
that decisions based on the majoritarian rule may not maximize welfare if Hicks-
Caldorian transfers are not allowed.

Representative government is elected by a constituency. If the representatives
come from subnational, geographically defined districts, they will try to represent the
interests of these districts at the expense of interests of other units. For example, if a
policy has concentrated economic benefits (and diffused economic costs), which often is
the case when governments intervene in markets, the representatives will try to adopt a
policy that will bring the concentrated benefits to their constituencies (Buchanan,
Tollison, and Tullock, 1980). This often leads to policies that do not contribute to
aggregate national welfare (Buchanan and Tullock, 1962).

In addition to the policies that bring benefits to the constituency, representative
governments tend to pay closer attention to policies with benefits concentrated in the near
future and costs dispersed in more distant future (Nordhouse, 1975). Further,
representative government has a limited pool of policy options from which it can choose,
determined by setting of public agendas by an executive or legislative branch.
Sometimes, representatives who prefer a specific policy may need to wait until the
“window of opportunity” opens.

Bureaucratic agencies do not need to pass a market test of efficiency. Their

contributions to aggregate social welfare therefore depend on diligence and motivation of



the representatives who determine their budgets and oversee their operations.
Bureaucratic agencies often do not have to pay for the resources they use and may
therefore waste them. Monitoring is very difficult and therefore inefficiency is likely to
occur. In addition, it is difficult to determine the optimal size of an agency because of the
lack of reliable benefits’ measures. Distributional goals often further complicate the
valuation problem.

Decentralization of government into different branches and different levels of
government is beneficial but it usually comes at a price. Decentralization of government
into different branches enables a system of checks-and-balances. Decentralization at
different levels of government enables that the public policy is closer to the individuals
that require and benefit from the policy, it enables a better expression of the local needs,
etc. However, decentralized government can also have negative aspects. When local
governments provide for local needs, they may impose negative externalities onto other
localities. Also, when government is decentralized, a successful implementation of
policy depends on multiple units. The lower the level at which benefits and costs of a
policy are calculated, the higher the probability that there will be major differences
between costs and benefits of this policy in a given unit. In this case, implementation of

the policy may require costly compensation.

1.3. Privatization and Market Allocation

Arguments that CPRs are best managed by privatization have evolved in two
directions. One direction followed the pioneering work of Coase (1960). According to
this school of thought, secure and enforceable property rights allow for private
transactions to eliminate the economic inefficiency associated with externalities.
Individuals can negotiate among themselves the amount of the activity causing the
negative externality and the outcome does not depend on the initial allocation of property
rights if transaction costs do not exist (Coase, 1960). This solution assumes that the
number of individuals is sufficiently small so that they negotiate a solution. If, however,

the number of individuals exposed to a negative externality is sufficiently large, they first



have to solve the collective action problem and agree on a solution. The negotiating
problems are further complicated if there are multiple sources of an externality (Demsetz,
1967).> Modem followers of the Coasian bargaining approach—ifree market
environmentalism—have been critiqued on the basis of high transaction costs. When
private property-rights holders have to go to court to enforce their rights, the costs of
enforcement can be prohibitively high (Menell, 1991; Blumm, 1992; Brunet, 1992; Funk,
1992; Krier, 1992).

The second school of thought builds on the works of Dales (1968), Crocker
(1966), and Montgomery (1972). Tradeable permits have been suggested as a solution to
overexploitation of CPRs. Crocker (1966) and Dales (1968) first developed the idea of
using transferable discharge permits to allocate pollution-control burdens: “(i)f we can’t
measure water quality we can at least measure the amount of waste that is dumped into
natural waters” (Dales, 1968:78). Montgomery (1972) developed rigorous theoretical
arguments for implementation of tradeable permits. Different types of wastes are made
comparable with the damage ratios and expressed in some common denominator.
Differences in the environmental sensitivity are also taken care of by equivalents of
pollution for different areas. (I defer a discussion of problems of trading permits for non-
uniform pollutants until later.) A market price exceeding the marginal costs of pollution
reduction would induce the polluters to reduce more than required and sell the additional
pollution rights in the market. The polluters with the marginal costs of pollution
reduction exceeding the market price of pollution rights could purchase the pollution
rights and thereby reduce their pollution abatement costs. The aggregate pollution

abatement costs would thereby be minimal.

1.4. Governments or Markets

The policy debate was usually centered on a comparison of market and

governmental performance. The market approach was usually found to be a cheaper
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In the case of intertemporal externalities, however, we cannot count on the actors to negotiate the
optimum solution, as future generations do not exist yet (Bromley, 1989).



solution. As Dales (1968) suggests, pollution rights’ markets

“would automatically set the correct level of the pollution charge (instead of its having to
be set by some committee, after long and learned discussion) and would also
automatically, and continuously, adjust the level of the charge to take account of
economic growth. A simple market that can be operated by three or four people and
small staff of stenographers to register purchases and sales is very much cheaper, and just
as efficient, as a large bureaucracy replete with computers to give answers to complicated
pricing problems. If it is feasible to establish a market to implement a policy, no policy-
maker can afford to do without one. Unless I am very much mistaken, markets can be
used to implement any anti-pollution policy that you or I can dream up.” (Dales,
1968:100, italics 1 onginal)

This discussion has been occurring in fields of economics and political science
since the mid 1970s (Baumol and Oates, 1975; Tullock, 1990; Tietenberg, 1974). Market
instruments, in general, are considered to have some basic advantages, such as (1)
achieving pollution abatement in a cost-efficient way; (2) making the polluters, rather
than a government, decide how to reduce CPR withdrawal and for how much; and (3)
reducing the possibility for political favoritism. In addition to theoretical analyses, a
number of empirical analyses compared potential effectiveness of market incentives with
CAC for given environmental problems (Hahn, 1989; OECD, 1989; Tietenberg, 1986).

Tradeable permits have static and dynamic advantages over CAC instruments.
They are a cost-efficient ways of reducing negative externalities, as those polluters who
can reduce pollution at Jower than market cost will do so, and those with higher than
market costs of pollution reduction would purchase pollution permits (Atkinson and
Tietenberg, 1982). Burtraw (1996) argued that permits bring cost savings over CAC
instruments even without much trading. In terms of environmental effectiveness,
tradeable permits (if enforced) ensure that the environmental target is met.

In addition to static economic cost efficiency, tradeable permits also have dynamic
advantages over CAC instruments. Empirical results presented by Jaffe and Stavins
(1995) confirm that market-based incentives create greater incentives for technology
invention, innovation, and diffusion than CAC instruments. Milliman and Prince (1989)
compare the effects of different market based incentives in environmental policy on
adoption of new technology. They argue that auctioned permits and Pigouvian taxes
provide the highest incentives to firms to adopt new technology, whereas free permits

sometimes provide lower incentives.



Malueg (1989) argues, however, that in comparison to CAC instruments, emission
trading may actually reduce some firms’ incentives to adopt new technology, depending
on whether the firm considering the new technology is a buyer or a seller in the emission
credit market before and after the adoption of the new technology. Also, since demand for
more effective pollution control technologies may decrease with the introduction of
trading, it is possible that investment and research of new pollution abatement
technologies may also fall after trading is introduced. Klaassen (1996) further pointed out
that the effect of tradeable permits on innovation depends on who undertakes the
research. If it is specialized firms, market incentives may create less clear-cut, more
diffuse impacts on innovation.*

Tradeable permits are also easier to adjust when new information becomes
available. They also perform better when there is either inflation or economic growth
(increased demand for pollution). The increased demand simply translates into a higher
price of permit whereas the fees have to be administratively adjusted.

In reality, environmental policy has, however, relied more on CAC instruments
than on market incentives. This can be explained with the shortcomings of market
incentives, such as the following: (1) uniform charges (allowances) may not correspond
to the locally specific pollution situation; and (2) metering of actual pollution may be
problematic, especially for small and mobile sources. On the other hand, the prevalence
of CAC policy instruments can be explained by political preferences of the firms who
would be controlled and by the preference of environmental advocates and bureaucracy.
Buchanan, Tollison, and Tullock (1980) suggest that firms prefer standards to emission
taxes because standards result in higher profits and also raise barriers to new entrants.
Charges, on the other hand, do not preclude new entrants. Standards were also favored by
environmental groups, organized labor, legislators, and bureaucrats (Stavins, 1998).

The policy analyses of market instruments were based on theories of private goods

with well-defined property rights. In the case of private goods, well-defined and secure

4 . . . ;
Innovation does not depend only on the use of market incentives but also on the stringency of
environmental policy; more stringent standards increase demand for pollution abatement technology.
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property rights, and established and cheap markets, enable efficient exchange of property
rights. If markets are competitive, details of market designs bear no importance.
However, in the case of goods with insecurity of property rights and with a lack of
information, the experimental literature and the empirical analyses of environmental
markets indicate that the details are very important. If property rights are subject to
costly case-by-case approval, users may prefer not to exchange the rights (Hahn and
Hester, 1989b; UNCTAD, 1998). If measurement of the commodity characteristics is
costly, special market institutions have to be designed (Barzel, 1991). If the information
on valuation of the negotiated good is not publicly available (Cornes and Sandler, 1996),
the market can have inefficient outcomes (goods are allocated to the individuals with
lower valuation).” Commes and Sandler (1996) review different mechanisms to deal with
the lack of information, such as different bidding schemes that may increase efficiency in
bargaining. What is needed, then, is a framework that allows a comparison of different

markets, their performance, and the factors affecting their performance.

1.5. The Atmosphere as a Global CPR

The Earth’s atmosphere provides a variety of services to living beings such as
maintaining a balance from the incoming solar radiation and the reflection of energy from
the Earth. Some human activities, however, are significantly altering the composition of
the atmosphere, thereby reducing the protection provided to living beings. Specifically,
many scholars believe that increased concentrations of greenhouse gases, such as carbon
dioxide, methane, nitrous oxide, hydro fluorocarbons, and sulfur hexaflouride, are
exacerbating the greenhouse effect of our atmosphere. This may result in increased

average temperatures, altered weather patterns, increased severity of droughts and storms,

¥ Cornes and Sandler (1996) argue, however, that non-existence of property rights may not by
itself lead us to conclude that there is inefficiency. The question, then, is which circumstances would it be
socially advantageous to develop markets where private incentives do not exist? Perhaps the absence of a
market indicates that other institutional arrangements exist that do a good job, considering the costs
associated with a market.

11



and changes in the sea Jevel.® Some attribute this effect largely to human activities such
as fossil fuel combustion, industrial production, agriculture, and deforestation. It is
suggested that the atmospheric concentrations of greenhouse gases (GHGs) can be
reduced in two ways: (1) by reducing emissions of GHG and/or (2) by increasing the
sinks’ of these gases.

Even though there is contestation over whether the global climate is changing,
what is causing the change, and what the consequence of such changes may be (Balling,
1992; Climate Change, 1995a; Global Warming Experiment, 1995; Santer et al., 1996;
Tett et al., 1996), some countries have started addressing the risks associated with the
increased concentrations of GHGs. Most developed countries have committed
themselves, through the Kyoto Protocol to the Framework Convention on Climate
Change, to reducing their net emissions of GHGs. Since fossil-fuel burning is the
primary anthropogenic activity contributing to the problem, most countries have chosen
to enact policies in the energy sector.®

International differences in emission reduction- and sink-enhancement costs have
created incentives for international trading in emission reductions. Emitters from high-
cost countries (such as the Netherlands and the United States) invest in low-cost countries
(Eastern Europe, Indonesia, Russia, etc.) in projects that increase energy efficiency, result
in lower carbon emissions per unit of energy, as well as enhance carbon sinks
(afforestation and forest protection). Further, we have also seen the first international
purchase of carbon storage services. Costa Rica offered the first carbon sequestration
certification. Its national government buys carbon sequestration services domestically

and then sells them abroad. The Kyoto protocol defined different options for

The changes may not necessarily be linear as initial changes may cause increased emissions of
greenhouse gases now stored in natural sinks (carbon in vegetation and ocean, methane in Siberian
permafrost).

7 o N
Carbon dioxide can be removed from the atmosphere through natural processes. A significant
part of carbon is stored in oceans, soils, and growing biomass. Policy options for increasing carbon storage
(increasing sinks) currently focus on growing biomass.

8 g : : :
Importantly, these policies may create benefits such as increased efficiency in energy use and
reduced levels of local pollution irrespective of whether the threat of climate change is real or not.
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international trading of emission reductions (emission allowances as well as emission

reduction credits),’ but has not yet developed clear implementation guidelines.

1.6. Various Institutional Arrangements for Privatizing CPRs

The problem of excess emissions of GHGs can be conceptualized as an overuse of
an open access CPR. Since it is difficult to exclude those who use the atmosphere as a
sink for gaseous emissions, extensive appropriation of atmosphere as a sink leads to
deterioration of the protection that the atmosphere gives. In many other CPRs, however,
the access to the resource and its use have been successfully limited and the deterioration
thereby prevented.

Privatization of a CPR has long been suggested as a solution to curb deterioration
of a CPR. Two different approaches to privatization have been proposed: (1) a Coasian
approach, advocated by free-market environmentalists in which a resource is allocated
among the users through their bargaining and trading; and (2) a tradeable permits
approach, in which a governmental agency allocates the resource initially by issuing
resource use permits to the users who can then trade the permits among themselves
(Krutilla, 1999). The former has been suggested by free-market environmentalists, who
argue that private ownership induces cost-effective behavior and pollution reduction as a
private owner has to pay for the inputs (Anderson and Leal, 1991; Huffman, 1992; Stroup
and Goodwin, 1992). As increased efficiency in use of resource also reduces the costs of
inputs, a private owner is motivated to reduce the inputs and thereby the resulting
pollution.

Unfortunately, the above logic is incomplete as it focuses only on the price of the

input and misses other important variables in the decision model,' such as road

? The Kyoto Protocol defines emission trading among the Annex I parties to the convention. The
Protocol also enables countries and private emitters to invest in emission reduction in non-Annex I
countries (Clean Development Mechanismy), but the issues of defining the commodity and monitoring are
challenging for the institutional design.

10 Were this rationale correct, we would see all private car owners buying the most efficient cars.
As we all know, the private ownership of cars in the U.S. has not resulted in high efficiency; on the
contrary, the share of inefficient vehicles (and thereby polluting) is drastically increasing.
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congestion and air pollution. Free-market environmentalists would probably argue that
this is not a shortcoming of their model but a problem of low energy prices. To address
the problem of low energy prices inducing too much pollution, they may suggest
privatization. Private owners of clean air (or of property destroyed by polluted air) would
protect clean air either in the direct market exchanges (when the victim and the polluter
are in direct market relationship) or in court.

The problem with the above approach, as legal scholars point out, is not only in
the effectiveness of courts, but also in the ability to point out the source of damage
(Menell, 1991; Blumm, 1992; Brunet, 1992; Funk, 1992; Krier, 1992). The problems
become obvious when we consider a real-world example of victims of global climate
change. Think of an Eskimo who claims that his nutritional intake has been reduced due
to the thawing of Arctic ice and whose trading among villages has been significantly
affected because of shortening of the freeze period in which travel can occur. Or,
imagine one of thousands of families who have lost a family member and their entire
property due to increased severity of tropical storms. Now imagine this individual going
to court and enforcing his property rights to the atmosphere with lower concentrations of
greenhouse gases. Which court would the victim go to? How can she prove the causality
of the action of the defendant for the decline of her property (for the doctrines of nuisance
and trespass) or even loss of life of a family member (for the doctrines of negligence and
strict liability). In light of these concerns, can we believe that this low probability of
being sued in court would induce the defendant to reduce the risk of such dire
consequences? How then can a decentralized approach to privatization of a CPR, with
the resource users as primary actors defining the resource management regime, work in
the global warming case?

Another possible privatization arrangement is that a bundle of tradeable rights is
allocated to resource users by some recognized authority. The rights can be allocated by a
regulatory instrument itself, by an existing governmental agency with a clear authority to
manage the resource, or by resource users. If trading is allowed and is not too costly, the
resource rights shift from the users with lower valuation to those with higher valuation of

the resource. Many CPRs have been managed in this way in the U.S. These include
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groundwater (Blomquist, 1992; Ostrom, 1990), oil fields (Libecap, 1990), ocean fisheries
(Pearse, 1992), and the atmosphere (Tietenberg, 1995). Tradeable rights, as other
quantity regulations, allow for controlling the aggregate levels of resource appropriation.
Further, tradeable rights provide dynamic incentives for adopting new technologies.
Unlike some other incentive-based instruments (subsidies or tax refunds), resource rights
do not burden governmental budgets.

Institutional arrangements seeking to prevent deterioration of a resource have to
achieve multiple goals: (1) the mitigation of further deterioration of the resource, (2) the
means to achieve this goal have to be cost effective,!! (3) the arrangement should not
impose significantly higher costs onto one group of users than on others, and (4) it should
be flexible enough to change in light of new information. Compliance with the created
institutional arrangement ensures that the resource deterioration will actually be mitigated
and that mitigation burden will fall onto all resource users and not only on those who
comply.

Measuring the success of an institutional arrangement in the real world is,
however, more difficult, especially due to lack of data. Most analyses of markets for
CPRs are fairly cautious when estimating the environmental impacts, especially for
highly variable resources and highly variable environments. Those who explicitly
measure the environmental effects warn us of leakage potential, that is, a shift of activity
from regulated to non-regulated activities or actors. For example, reduced fishing effort
in the ITQ fishery is accompanied with the increased fishing efforts in the non-regulated
fisheries (McCay et al., 1995).

The real world exhibits successful and failing tradeable private property rights to

flows from CPRs. The question then arises as to (1) which conditions are conducive to a

" Krutilla (1999) argues that we need to include all stages of the policy process (policy formation,
implementation, and monitoring/enforcement) when we assess cost-effectiveness of policy instruments. He
points out that the welfare losses in the process of policy formation may be larger than the benefits in the
other phases of the policy process. In this research, I do not consider the costs that occur to all participants
in all policy process stages. I examine, however, how the processes may be linked and whether the
implementation phase faces less friction if the regulated resource users participated in the policy process
from the beginning, that is, formulated the policy themselves.
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success of a marketable property rights arrangement, (2) which of these conditions result
from the nature of the resource and its use, or, on the other hand, (3) which are a function
of the institutional arrangement and are therefore subject to institutional design.

Many scholars study marketable property rights for a CPR from the first
perspective. They examine theoretical requirements for a well-functioning market.
Economists suggest that marketable rights are cost-efficient solutions to environmental
problems, especially when (1) large numbers of sellers and buyers participate in markets;
(2) there is certainty that government would not significantly alter the emission allocation
and trading rules; and, (3) actors undertake a large number of transactions, thereby
lowering individual transaction costs. Stavins (1995) suggests that the following factors
are required for an effective allowance trading system: (1) differences in the costs of
abating pollution among participants; (2) uniformity and mixing of a pollutant, that is, no
significant local environmental effects that would reduce the spatial exchanges and
segment markets; (3) patterns of costs and benefits, for example, in the case of significant
uncertainty about marginal abatement costs, flat curve of marginal abatement costs, and
relatively quickly falling marginal benefits, quantity instruments (such as tradeable
emission permits) perform better than price instruments; and (4) tradeable permits work
best when transaction costs are low. This approach tells us how the ideal market looks
like and what the institutional design should accomplish. It does not, however, tell us
anything about why some existing, real, and “messy” markets succeeded and others did
not. What is missing is a tool with which we could measure how close markets were to
the “ideal” markets, in which aspects they were closer to the “ideal” and which aspects
actually caused the failure.

Others approach the question of market success by examining how the nature of a
particular resource affects the performance of a market. These analyses usually focus on
one or a few markets and search for the “obvious candidates” among resources (such as
surface water, groundwater, timberland, and grazing land) (Krier, 1992). Hahn (1989)
argues that the difference between the performance of the EPA emission trading and lead
trading can be attributed to two major factors: (1) agreement/disagreement on property

rights and the standards to define them and (2) ease of monitoring and enforcement.
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Differences in these two factors lead to different political concerns and thereby
development of different rules for trading, In the former case, there was no agreement on
how much a firm can pollute, whereas in the latter case, there were regulations on how
much lead can be added to gasoline. In the former case, the existing system for
monitoring was weak, whereas in the latter case, monitoring was easy. Hahn (1989)
therefore argues (even though he does not use this vocabulary) that the existing rules of
resource use and the resource characteristics affect creation of market institutions and
these in turn affect market performance. If taken to the extreme, this approach can result
in a determinism in terms of which resources can be managed in one way and which in
another. I agree that the characteristics of the resource affect the performance of the
institutional arrangement. This link should not be viewed as deterministic, however.
Resource characteristics affect the rules, but the rules are also affected by the existing

legal framework and characteristics of the resource users.

1.7. Tasks and Contributions of This Dissertation

The existing literature examines particular markets in great detail and identifies
some factors affecting success or failure of marketable property rights to manage a CPR.
It is not clear, however, what the effect of these selected factors is when we look at a
larger set of markets that performed with various levels of success. Further, if we want to
draw lessons about potential carbon dioxide markets, which ones should we look at?
Which variables do we consider? The existing literature lacks a theoretical synthesis that
would enable us to place different institutional arrangements for carbon dioxide markets
depending on the most important characteristics. I address these concemns in the
subsequent paragraphs.

First, as Stavins (1998: 84) warns us, “all the successes with tradeable permits
have involved air pollution: acid rain, leaded gasoline, and chlorofluorocarbons. Our
experience (and success rate) with water pollution is much more limited ..., and in other
areas, we have no experience at all.” Iinclude wetlands mitigation banking, because this
market provides important insights for understanding the problems related to carbon

sequestration, such as, evaluation of the baseline (that is, counterfactual emissions),
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termination of the project and how it affects the temporal character of carbon sink
enhancement, and others.

Second, the existing analyses of multiple markets provide general design
principles. The problem is that these design principles may sometimes be in conflict with
each other and the question then arises as to which design principle is more important.
For example, Jones and Corfee-Morlot (1992:21) summarize the lessons that can be
learned from the US experiences in permit trading, such as the U.S. lead phase-out,
California’s Tradeable Emissions Program, and the SO2 allowance trading. They argue
that a government should have a minimum role. On the other hand, Tripp and Dudek
(1989) point out the need for clear legal authority of the administering agency to generate
the rights, to implement, and to enforce the program, as well as the need for required
knowledge and capacity of the administering agency. Even though these design
principles seem to contradict each other, we are not able to examine their effects on the
market performance if we have no common framework with which we could examine
effects of particular factors on market performance.

The third question is which markets provide the most important insights for
understanding a potential carbon market. For example, Stavins (1998) suggests that more
can be learned from the lead phase-out program than from the SO2 program. Nussbaum
(1992:39) examining the lead phase-out program argues, however, that “direct
applications [for the study of global warming trading system] of some of the lessons
learned in lead may not be possible.” I would again argue that we cannot answer this
question unless we have a framework with which we can compare different markets in
terms of the traded commodity and market participants and examine how they affect
market performance.

The major contribution of this dissertation is in its development of a framework
that allows comparison of different markets. Ilook at two dimensions of a market: the
commodity and the market participants. Both variables not only take a single value or
two but exist along a continuum. For example, tradeability of a commodity is a
continuum affected by multiple factors. I will build on the work of Ostrom and Schlager

(1996), Schlager, Blomquist, and Tang (1994), and Eggertsson (1992) to examine what is
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the appropriate domain of a property right that is required for an effective market. Is it
sufficient if resource users have the operational-level property rights (i.e., the right to
access the resource and withdraw from resource or dispose of pollution)? Or, is it
required that resource users also have the collective-choice property rights, for example,
the right to manage the resource or the right to exclude other potential resource users
(Ostrom and Schlager, 1996)? Further, I will build on the work of Barzel (1982) to point
out that measurement costs—an important variable affecting tradeability of a
commodity—depend on the characteristics of the commodity as well as on who measures
them. Different markets can then be placed in the two-dimensional space of these
variables. Based on these two characteristics, we can then examine variables conducive
to the success of marketable property rights.

Trading in GHG emission rights has been proposed as a potential policy solution
to curbing global climate change (Tietenberg, 1995). However, others have also critiqued
it on grounds of high transaction costs (Richards, 1997). The study of the potentials of a
carbon dioxide market could take two routes. First, one could study what the
requirements are for a functioning market and then examine how a carbon dioxide market
would meet these requirements. Second, one could examine the existing markets for
environmental amenities (inputs to the production and sinks of pollution) and compare
the potential carbon dioxide market to these markets.

In this research, I propose to take the second route. I will examine where on the
continuum of commodity tradeability and market participants would different carbon
dioxide market arrangements fall and suggest how the performance may be increased by
changing the aspects of the commodity or market participants. This research will
potentially help answer questions on alternative carbon market designs, such as: (1) can
we have a successful carbon market with a case-by-case definition of commodity and how
can we improve tradeability of this commodity; (2) which actors should be included in
the trading and how will this decision affect market performance; and (3) how are the two
aspects of the market, commodity and the market participants, related and how they
jointly affect market performance?

Another shortcoming of the existing analyses is, however, a lack of focus on
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compliance, its links to liability systems, and the resulting market performance. Resource
management requires monitoring and enforcement, and both activities are costly. Too
rigid monitoring requirements were also indicated as an impediment to trading
(Tietenberg, 1995; Hahn, 1989). No one, however, explicitly measures compliance.
Some have even argued that a market mechanism itself would enforce the quality of a
commodity. Dudek and Tietenberg (1992) argue that the market itself would impose
compliance (similar to the secondary debt market). They suggest that actors would not
purchase emission reductions from those whose emission reductions would have lower
reputation. Scrutiny of domestic regulators in the certification of domestic compliance
would tend to discount credits from lower reputation countries. “The market itself,
reinforced by the decisions of regulators not to accept anything less than full emission
value, would produce the required international enforcement” (Dudek and Tietenberg,
1992: 266). The question, then, is whether the burden of proof lays on the seller or on the
buyer.

1.8. Overview of the Dissertation

In Chapter 2, I review the neoclassical and neoinstitutional theories in the context
of providing solutions to curbing GHG emissions. Economists argue for adopting
market-based instruments, as they exhibit the following characteristics: stimulate
cost-efficient attainment of environmental policy goals; provide dynamic incentives for
individuals to invest in pollution reduction; may result in pollution reduction beyond the
policy goal; and allow for flexibility in goal attainment. However, market performance
may be limited by high transaction costs borne by both individual actors and
governments. Neoinstitutional theories therefore suggest examining multiple
institutions, including markets, to minimize the total cost (including transaction costs) of
reducing GHG emissions.

In Chapter 3, I develop an analytical framework that allows for comparing various
CPR markets, their performance, and the factors affecting it. The framework is employed
in the subsequent four chapters. In Chapter 4, I examine the sulfur dioxide allowance

market, which is the most developed CPR market. Since this market seeks to reduce air
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pollution from electric utilities, it offers important insights for understanding the potential
carbon dioxide market. In Chapter 5, I analyze markets for the rights to use atmosphere
as a sink for pollutants that remain in the local environment. I study the early EPA
trading programs for local air pollutants, the Lead Phasedown program, and the current
RECLAIM market. In Chapter 6, I turn to markets for the rights to use the atmosphere as
a sink for substances that affect us globally. I also examine the markets for rights to
develop wetlands.

In Chapter 7, I discuss the implications of my analysis for potential carbon
dioxide markets. This chapter presents the major policy contribution of my study. In the
concluding chapter, I summarize the main findings of my study, discuss how they
augment the existing literature on CPRs and marketable permits, and present some

potential areas of future research.
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CHAPTER 2

WHAT MARKETS FOR COMMON-POOL RESOURCES
DO NOT HAVE IN COMMON

The previous chapter concluded that degradation of a CPR due to over
exploitation (excess withdrawal or pollution discharge) could be halted if property rights
to the resource are allocated among individual users and trading of these rights is allowed.
This chapter first discusses which property rights can be allocated among users and who
can allocate them. Ireview how the definition and exchangeability of the rights may
differ based on the resource characteristics.

Then, I turn to individual markets for CPRs to point out large variability among
these markets in terms of the allocated rights, the rules that regulated trading among right-
holders, and performance of these markets. As the goal of this research is to examine
potential carbon dioxide markets, I then review the lessons for devising these markets that
scholars drew from the analyses of extant and past markets. Then, I present the existing
institutional arrangements for potential international carbon dioxide markets. I conclude

this chapter with a discussion of questions that existing analyses have not answered.

2.1. Property-Rights Regimes

If ill-defined property rights are an important ingredient of externalities (Cornes
and Sandler, 1996), then defining property rights may be one solution to the problem.
Dales (1968:76) suggested that “(i)t is high time that we began to devise some new forms
of property rights, not to air and water, but to the use of air and water.” As “(a) property
right is enforceable authority to undertake particular actions related to a specific domain”
(Commons, 1968, cited in Ostrom and Schlager, 1996), we would expect property owners
to be able to design institutions to prevent deterioration of their resource and the
imposition of negative externalities by others. The question then arises as to who can
define property rights and what bundle of rights is necessary for the property owners to
prevent a deterioration of the CPR and/or imposition of negative externalities. Let us

briefly review the theoretical debate on these issues.
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The solution to the “tragedy of the commons” (named by Hardin, 1968, but
identified already by Aristotle) was suggested to be the assignment of property rights to
resource users (Gordon, 1954; Hardin, 1968; Dales, 1968). The question, then, is who
can assign the property rights? One suggested solution is that a government assigns
property rights. In this case, the property rights can either be vested in the entire
population or allocated among the existing users. In the former case, the resources are
supposed to be managed by a governmental agency in the interest of the entire population.
This property regime was used for protection of natural areas in the U.S. both at the
national and the state level. This property regime exhibits its own problems, some of
which were discussed in Chapter 1." In the latter case, the rights to using the resource are
allocated to existing users, whereas those who currently do not use the resource face entry
barriers. For example, the Clean Air Act Amendments (CAAA) of 1990 allocated the
right to discharge pollution to the existing electric utilities whereas the new entrants will
have to purchase the rights as they enter the industry.

On the other hand, a small group of resource users, who have authority over the
resource they use, can design rules of appropriating the resource that they jointly own.
Reports of numerous studies indicate that such groups of individuals exercise governance
and management activities to prevent a jointly owned resource from deterioration
(Ostrom, 1990; Schlager, 1994; Tang, 1994; Agrawal, 1994; Blomquist, 1994; Lam,
1998; Ascher, 1995). The success of local management of a CPR depends on many
factors, such as attributes of the resource, the community, as well as the extent of
authority the community has over the use of its resources (Ostrom, 1990). Ostrom and
Schlager (1996) point out that all types of property regimes, whether locally selected or
externally imposed, try to design rules that reduce the social costs of open-access regimes.
These different property-right regimes, however, perform differently depending on the

attributes of the resource, the local community, and the specific rules used. The problem,

! For more detailed discussion of public property problems in environmental management in
general, see Baden and Stroup (1981); for land management, Libecap (1983); forests, O'Toole (1988),
Libecap and Johnson (1979), Nelson (1995); and for differences between public management at the federal
and state level, see Lowry (1996) and Koontz (1998).
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then, is not rivalry and non-excludability in the consumption of a CPR, but a lack of rules
regulating the appropriation of the resource.

Findings in the studies of local CPRs have their parallels in the studies of global
CPRs, for example, global monetary regimes or global environment. The learning from
local CPRs can be translated to global CPRs, even though a global CPR may be used by a
larger number of users who are also more heterogeneous than those at the local level
(Keohane and Ostrom, 1995).

The second issue related to property rights is the question of which bundle of
rights is necessary for owners to prevent deterioration of a CPR and/or imposition of
externalities. Ostrom (1997) points out that economists addressing the questions of
property rights usually equate well-defined property rights with the right to alienate. If
the property-rights holders cannot trade their resource for other resources, and if someone
with a higher valuation and/or more efficient use of the resource cannot purchase the
resource, the resource is not allocated efficiently (Demsetz, 1967, cited in Ostrom, 1997).

Numerous studies of locally managed CPRs again indicate that a CPR resource can be
protected from deterioration even if the resource users only hold a permit that entitles
them to withdraw from the resource, but are not allowed to sell it. The question whether
this is the most efficient use of the CPR remains open. One needs to recognize, however,
that economic efficiency is not the only criterion of successful management of the
resource. Local resource users may find fairness in access to the resource more important
than economic efficiency.

Ostrom and Schlager (1996) discuss the bundles of rights that resource users
potentially have. They differentiate among resource owner, proprietor, claimant,
authorized user, and authorized entrant. The rights that are associated with each position
are presented in Table 2.1. Let me illustrate the importance of the distinction among
different rights on the case of Individual Transferable Fishing Quotas (ITQs). The right to
access a fishery could be given to authorized fishers by an authorized agency, either a
local government that manages the resource or a national agency. The authorized fishers
have the right to access the resource (enter the fishery), to withdraw a flow from the stock

of the resource in the amount of the quotas they hold, and to sell their individual rights
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(ITQs). They cannot decide, however, who is authorized to enter the fishery, neither can
they decide what total allowable catch will be divided among the quota holders. ITQs,
which are frequently referred to as privatization, then, do not involve full ownership. If
ITQs can be transferred at low transaction costs, then this property regime satisfies the
economic efficiency criterion. However, as the total allowable catch is determined by the
authorized agency and not by the resource users, the environmental effectiveness of this
property regime on the regulated fish species is not ensured as it may exhibit some of the

government failures discussed above.’

Table 2.1: Bundles of Rights Associated with Positions
Owner Proprietor Claimant | Authorized Authorized
User Entrant
Access X X X X X
Withdrawal X X X X
Management X X X
Exclusion * X
Alienation X
Source: Ostrom and Schlager, 1996: 133

In sum, it has been argued that the successful management of a CPR requires
well-defined property rights, but not necessarily a full ownership. The bundle of rights
required for successful management will depend on the goals of the management (I defer
a detailed discussion of multiple criteria of successful institutional arrangements until

later in this chapter), on resource characteristics, and on the resource users.

“ This is not to say that the rules governing the use of ITQs do not have an environmental effect.
On the contrary, enforcement rules of the ITQ system can have a strong environmental effect on discard of
by-catch.
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2.2. Tradeable Permits

Environmental theory, simulation models, and empirical analyses of tradeable
permits point out that tradeable permit markets do not necessarily meet the requirements
for an efficient market and that they sometimes have negative environmental effects. In
this section, I review the suggestions of the theory and simulation models. I turn to
empirical analyses in the next section.

The following restrictive conditions must be met for trading of emission permits
to achieve least-cost solutions: (1) certainty about property rights, (2) a competitive
market in permits and product of the externality-causing activity, (3) cost-minimizing
behavior of the CPR appropriators and/or externality generators, (4) low transaction costs,
and (5) perfect enforcement. Empirical analyses of performance of marketable permits
indicate that in the real world, some of these conditions are not easily met. I now turn to
a review of the impacts of the above factors on the performance of tradeable permits.

Certainty about property rights ensures that the right-holders benefit from the
investments in the reduction of externalities (they will be able to sell the access permits in
the market). The levels of certainty depend on policy factors such as the commitment of
the regulatory agency to this policy instrument, and on the physical and technological
characteristics of the environmental problem (McCann, 1996; North, 1990; Dwyer, 1992;
Hahn, 1989). The more variable and unpredictable is the environmental problem, the
more uncertain are the future allocation of permits, trading rules, and qualifications for
participating in the market.

Measurability of the CPR flow (or discharge of pollution) is another important
issue related both to certainty about rights and to successful monitoring. Ostrom and
Ostrom (1977) argue that measurability of a good or service (henceforth products) is key
in decisions about its provision and production. Nelson (cited in Weimer and Vining,
1989) argues that a possibility of establishing the product’s attributes either at the
point-of-purchase (search goods) or through consumption (experience goods) affects
measurement costs, thereby the organization of markets. This raises two questions: (1)

which actor has the produce information about the product; and (2) do the participants
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trust each other about the presented information? Barzel (1982, 1991) argues that the
party with lower costs will do the measurement if the parties trust each other. Different
market practices can be devised to increase trust, such as warranties, professional
certification, and share contracts.

Competition in the permit market as well as in the output market also affects the
performance of the market in terms of efficiency and equity (Hagem and Westkog, 1998;
Malueg, 1990). Market power causes loss in efficiency, but this can be reduced with
appropriate permit allocation. This design may, however, entail intertemporal trade-offs.

Implementation of tradeable permits may result in decline of social welfare even if the
permit market is competitive but the output market is not. In this case, the loss of profits
of some firms may outweigh the gains in consumer surplus resulting from the increased
output. Malueg (1990) shows that social welfare may fall with the introduction of
tradeable emission rights even though the emission rights market is competitive and there
are no transaction costs, if the output market is not competitive.

Tradeable permits may not be cost-efficient if the permit holders do not minimize
their costs. This is not as strange as it sounds. Many externality sources are large utilities
that are regulated for non-environmental purposes. The existing regulation may,
therefore, limit the regulatee’s autonomy to take advantage of opportunities offered by
emission trading (Foster and Hahn, 1995; Burtraw, 1996; Dwyer, 1992; Hahn, 1989).

High transaction costs, that is, costs of finding a trade partner, negotiating a
contract, transferring the title, and enforcing the contract, impede trading, thereby
reducing the number of successful trades (Foster and Hahn, 1995; Richards, 1997; Hahn
and Hester, 1989b; Stavins, 1995; Tripp and Dudek, 1989; Alchian and Demsetz, 1994).
Stavins (1995) further points out that with high transaction costs, the final equilibrium is
also dependent on initial distribution of permits-which previously was thought as having
no efficiency consequences (Montgomery, 1972).

Monitoring and enforcement of both resource rights allocations (prevention of
cheating) as well as of market exchange are necessary for effective market-based
exchanges. Malik (1990) and Keeler (1991) explicitly point out that the major advantage

of tradeable permit systems--the ability of the regulating authority to determine the level
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of pollution--may be in danger with imperfect enforcement. Very simply, it is not only
the price of the allowance and the abatement costs that enter the decision model, but also
the penalty for the marginal unit of pollution. Noncompliance affects market equilibrium
with a lower price than in the case of full compliance. Further, depending on the levels of
penalties, tradeable permits may actually allow more pollution due to noncompliance than
CAC standards (Keeler, 1991).

Property rights can be monitored and enforced by resource users/market
participants themselves, or by an administrative agency. Even in the latter case,
monitoring often relies on self-reporting. This raised concerns about environmental
effectiveness of tradeable permits as it is easier to measure whether the prescribed
pollution control devices are installed (in the case of CAC policy) than to rely on
self-reporting of polluters (Mann, 1994). Further, empirical analyses of individual
transferable fishing quotas indicate that the effectiveness of this instrument can be
substantially different depending on what is monitored and enforced. If resource users’
reports of fish landings are used for monitoring, then a potential for misreporting exists.
Further, if users are not required to report data on the resource that they potentially
destroy in the withdrawal process, then the reported impact on the resource may differ
substantially from the actual damage.

Implementation of tradeable permits has identified some important shortcomings
of this policy instrument. Allocation of quotas to CPRs as well as market rules can have
substantial distributional effects (Libecap, 1990). Environmental effectiveness of
tradeable permits was also shown to be less than expected due to the "leakage problem",
that is, a shift of externality causing activity from the regulated resource to a non-
regulated one. For example, reduced fishing effort in an ITQ fishery is often
accompanied with the increased fishing efforts in non-regulated fisheries. Analyses of
fishing quotas indicate that individual transferable quotas may work for individual species
but do not work from an ecosystem perspective (McCay et al., 1995). In sum,
environmental effects of markets for CPRs will depend on the characteristics of its
resource, predominantly on its variability, existence of substitutes, and overlapping

ecosystems.
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2.2.1 Tvypes of Tradeable Permits

The above-mentioned conditions and their effect on efficiency and environment
differ across tradeable permit markets. One major characteristic is the type of tradeable
permits. Tradeable permits can be of two distinctive types depending on their baseline
and the actors who can participate in their market-based exchange. The first type, that is,
an emission permit system, entitles permit holders to emit up to the maximum levels
allowed by the permit. This system requires that an authorized agency determines the
total flow from the resource for a given period (amount of pollution or total allowable
catch; therefore, this system is also called a closed market) and then allocates this
aggregate among polluters or appropriators of a CPRs. The second type -- emission
reduction credit (ERC) system -- is based on quantifiable emission reductions that an
emitter accomplishes and is awarded a corresponding credit by an authorized agency.
This system requires no knowledge of the aggregate flow from the resource (or discharge)
that is allowable to maintain the stock of the resource. Everyone with a capacity to
reduce emissions can participate in this market (therefore, this system is also called an
open market). This system, however, requires the accreditation of emission reduction
projects. I discuss both systems in greater detail in Chapter 3.

Permit systems can be further examined based on whether or not the emission
permits are differentiated with respect to the location (Tietenberg, 1980). This is of
particular importance for externalities that exhibit geographically non-uniform effects.
The undifferentiated discharge permit (UDP) system gives the same emission entitlement
to any emitter regardless of where it is located. Differentiated systems, on the other hand,
allocate permits (ambient permits) to permit holders based on their location. This system
allows each permit holder to discharge one “standardized” unit of pollution, whereas the
standardization refers to the receptor location. A separate permit system is designed for
each of the key receptor sites. An i-th emitter, therefore, has to hold a portfolio of
ambient permits (Baumol and Oates, 1975) for all receptor points in which it causes
pollution in a period t

AP ;=Y AP ;.. (2.1)
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Ambient permit of the i-th polluter for the r-th receptor point is not equal to an ambient
permit of j-th polluter for the same receptor point, as the dispersion of the emissions of
these two emitters may not be the same. Trading of ambient permits is, therefore, based
on ratios that reflect pollution dispersion from the two sources. This system is quite
demanding for polluters, as they have to hold a portfolio of ambient permits. Trading of
permits for each receptor point is based on pollution dispersion ratios, which in turn
increases transaction costs.

The problem of trading ratios and multiple receptor points can be avoided if the
entire area is divided into zones. An individual polluter then has to hold permits for all
zones, but trading within a zone is on a one-to-one basis. This system still requires that
the authorized agency issuing the permits know beforehand how many permits to issue in
each zone. This requires complicated air quality modeling and emission inventories
(Baumol and Oates, 1975). This system creates, however, potential for deterioration of
environmental quality, as the quality depends not only on the quantity of emissions, but
also on dispersion of particular emissions, on stack height, and other pollution
characteristics. These problems can be addressed in a “pollution-offset system.”

A “pollution-offset system” is based on emission permits allocated to individual
emitters, but requires that each trade does not decrease environmental quality at each
receptor point. If the environmental quality at one receptor point can decrease due to the
transfer of offsets, then the offsets cannot be traded on a one-for-one basis, but at a ratio
that reflects the pollution dispersion ratios. Baumol and Oates (1975) argue that this
system faces lower transaction costs than the ambient permit system because the sources
do not have to trade in multiple markets. It also does not require the receptor points to be
determined beforehand; they can be determined for each trade if the problem of hot spots

occurs.

2.3. Analyses of the Existing and Past Environmental Markets

In this section, I move away from findings of environmental theory and review
empirical analyses of various markets for CPRs. This short review illustrates vast

differences in the institutional arrangements and analytical approaches in measuring their
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performance and the contributing factors. Most of these programs regulate air pollution.

(1) The EPA’s Emission Trading Program began in 1974. The netting program
was designed to solve the dilemma of economic growth versus environmental quality.
The program was targeted to areas that did not meet ambient air quality standards. By
allowing internal trading, it enabled new sources of emissions to be built in the non-
attainment areas. Trades were subject to approval at the state level. The program was
further improved when external trading (offsets’ trading) was allowed. The third step
was achieved in 1979 with bubbles. This arrangement treated a plant as if there were a
bubble over the facility and allowed the firm to focus on their aggregate emissions rather
than each individual emission source (Hahn and Hester, 1989b; Klaassen, 1996). These
initial emission trading programs were in general not considered successful. Klaassen
(1996) found the performance of the offset trading program to be poor, even though the
cost savings were impressive. Atkinson and Tietenberg (1991) suggest that the “bubble”
trading has realized benefits smaller than expected. On the other hand, Hahn (1989)
argues that both netting and bubbles experienced substantial cost savings. He points out,
however, that most of the savings have been realized by internal trading.

Poor performance of these markets has mostly been attributed to non-uniform
effects of pollutants. These pollutants had local air quality effects. Difficulties in
monitoring restricted trades and resulted in different rules for different areas (Klaassen,
1996; Dudek and Palmisano, 1988). The effect of this difference on trading has,
however, not been explored. Difficulties in monitoring and enforcement resulted in few
trade approvals (Hall and Walton, 1996). Search costs were also very high (Hahn and
Hester, 1989b).

(2) The U.S. Lead Phase-Down program was established to phase-out lead, used
by petroleum refineries as a gasoline additive. The program had a clear time limitation. It
was intended to operate for only five years, just enough to enable flexibility in reduction
of lead content in gasoline. The market started in 1982, intertemporal exchange was
allowed in 1985, and the program expired in 1987 (Hahn and Hester, 1989a; Kerr and
Mare, 1997). The Lead Phase-Down was considered to be a major success (Hahn, 1989;
Kerr and Mare, 1997; Hahn and Hester, 1989a). Hahn (1989:102) argues that the
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program had high level of trading activity, “far surpassing levels observed in other
environmental markets.” The data on cost-savings were unfortunately not available. The
success of this program has been attributed to the following characteristics of the
program: (1) it was considered to be the closest of all markets to a theoretical market; it
exhibited low administrative requirements (Hahn and Hester, 1989a); (2) the group of
polluters was homogeneous; and (3) the resource users (gasoline refineries) had traded
with each other extensively in the past (Hahn and Hester, 1989a; Hall and Walton, 1996,
Kerr and Mare, 1997).

(3) Market for allowances for production of different CFCs (substances depleting
the stratospheric ozone) was created in the U.S. in 1988 as a result of international
cooperation. Producers and consumers were allocated baseline production and
consumption allowances. Different ozone depleting potentials were taken into account.
Allowances were grandfathered. The EPA was to be notified by participants about the
intention to transfer allowances and responded within three working days. Allowances
were transferable within producer and consumer categories. Imposing an excise tax on
these substances eliminated the risk of windfall profits. There were thirty-four
participants in the market. By 1991, eighty trades had occurred (Tietenberg, 1995).
Trading of the CFC production and consumption permits faced uncertainty about property
rights, which was reflected in uncertain baselines, frequent policy changes, and
confiscation of banked rights (Klaassen, 1996). On the other hand, Tripp and Dudek
(1989) argue that trading was successful. They do not, however, even mention
enforcement problems.

(4) The sulfur dioxide emission permit trading was enacted by the Clean Air Act
Amendments 1990 to tackle the problems of acid rain. Emission permits in the first
phase of the program were assigned to 111 electric utilities. In the second phase (starting
in the year 2000), almost all electric utilities will be required to limit their sulfur dioxide
and nitrogen oxides emissions. The Chicago Board of Exchange operates regular
auctions for the EPA. Private brokers also entered the market and reduced transaction
costs. Acid rain trading is considered to be a great success (Ellerman et al., 1997a;

Joskow and Schmalensee, 1998). Total abatement costs are significantly less than they
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would be in the absence of trading (Stavins, 1998; Ellerman et al., 1997a), targeted
emission reductions are not only accomplished but exceeded (Stavins, 1998; Ellerman et
al., 1997b), number of trades is increasing through the life of the program (Stavins, 1998).
On the other hand, Klaassen (1996) argues that trading volume is low.

The success of this market arrangement is attributed to the following factors: (1)
reduction of transaction costs by services provided by private brokers (Joskow,
Schmalensee, and Bailey, 1998); (2) no prior requirements for trades; (3) absolute
baselines; and (4) important innovations for monitoring and enforcement (Stavins, 1998).

On the other hand, Klaassen (1996) identifies two potential reasons for lower than
potential trading volume in auctions: the auction design and the uncertainty related to the
forthcoming deregulation of the industry.

(5) The Regional Clean Air Incentives Market (RECLAIM) covers sulfur dioxide
and nitrogen oxides emissions in the Los Angeles region. As opposed to the EPA sulfur
dioxide trading, this program targets smaller emitters of NOx and SO, (stationary sources
that produce more than four tons a day of either pollutant). Allowances were allocated on
the basis of actual historic emissions. As of June 1996, there were 353 participants in the
program and they traded more than 100,000 tons of emissions with value exceeding $10
million. The program currently covers only stationary sources, though mobile sources
can opt-in (Hall and Walton, 1996).

There is no agreement on how successful the RECLAIM is. McCann (1996)
points out that after a year and a half, only about 2 percent of the Reclaim Trading
Credits (RTCs) of those available in the next nine years were traded. On the other hand,
Foster and Hahn (1995) do not address the question of success, but show that firms
employ trading mechanisms that reduce the transaction costs (such as internal trading,
and exchanges in clusters of pollutants). Hall and Walton (1996) attribute the success to
two factors: (1) an agreement that the environmental targets are acceptable and necessary;
and (2) the support of the program by two industries that gained from the program (oil
refineries and electric utility), as the program ensured a moratorium on any changes for

three years prior to the enactment.
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In addition to the above-described national and regional markets for air pollution
permits, markets were also created for water pollution permits, wetlands mitigation
projects, fishing quotas, and groundwater withdrawal rights. Water pollution permit
markets are fairly complicated, as they have to take into account the pollution dispersion
models. Most of them were not considered successful (Tripp and Dudek, 1989).

(6) Wetlands provide environmental services, such as water purification,
groundwater recharge, and control. These services are, however, difficult to monetize
(King, 1998). Section 404 of the Clean Water Act of the U.S. (1993) requires the U.S.
Army Corps of Engineers in cooperation with the EPA to issue permits for activities that
discharge or fill material into waters, including wetlands. The program allows
landowners, which destroy wetlands on their property, to purchase wetlands mitigation
credits. These credits can be created by wetland preservation, restoration and creation,
though they are not considered to be equally effective. The difference in their
performance should be reflected in trading ratios (King, Bohlen, and Adler, 1993). These
activities have been undertaken by private sector, public agencies, and by non-
governmental organizations. The wetlands mitigation banking is being developed without
detailed federal guidelines. Several states currently have mitigation banks, but Florida
has the largest number. In 1992, the Environmental Law Institute studied the existing
wetlands banks. There were 46 banks located in 17 states. Nearly 75 percent were state
highway banks, ports, or local government banks, providing mitigation for public works.
State departments of transportation operated twenty-two of the 46 banks. Private
developers controlled six banks. Only one bank was commercial, offering permits for
commercial sale. However, of the 64 proposed banks in 1992, 15 were private, proposing
to offer credits for commercial sale; 17 were government-owned, but proposing to offer
credits for commercial sale (Environmental Law Institute, 1993).

(7) Institutional arrangements protecting the overuse of ground water were created
in Southern California (Blomquist, 1992). Local users noted the problems of overdraft
and filed suits in courts to adjudicate the water rights. Once the courts adjudicated water
rights (often the solutions were suggested during the negotiation among users), water

markets developed in four out of seven basins. In these four basins, pumping rights were
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quantified, individualized, and made transferable. Water was transferred in four ways: (i)
water exchange, when those who had more than they needed offered water. No rights
were transferred and all transfers were concluded within a year; (ii) transfer of water
rights from one category of owners to another category of owners (e.g., from agricultural
owners to municipal users). These transfers entailed no monetary rewards; (iii) lease
markets that seem to be more active than exchange markets®; and (iv) permanent transfer
of water rights.

(8) Individual tradeable quotas (ITQs) are extensively used in New Zealand, but
are only slowly being developed in the U.S. The first market in ITQs in the U.S. was
developed for surf clams and ocean quahog fishery in the Mid-Atlantic region in 1990.
McCay et al. (1995) point out that the surf clam and ocean quahog fishery in the U.S.
resulted in consolidation of ownership. Efficiency in the surf clam fishery increased
(increase in number of fishing hours per vessel, and productivity per vessel). The number
of fishing trips declined and the pressure to withdraw resource early in a season was

reduced.

2.4. Lessons Learned from Comparisons

Some scholars reviewed multiple markets to understand what affects their
performance and presented suggestions for a well-functioning market. Most of the
suggestions focus on one or more of the following aspects: (1) requirements for the
agency implementing the program, (2) allocation method, (3) definition of the
commodity, (4) security of property rights, (5) flexibility of the program, (6) trading rules,
and (7) reduction of transaction costs.

Regarding the agency creating and implementing a program, there are not many
detailed suggestions. Authors point out that the agency must have the authority to
implement the program and the required knowledge (Tripp and Dudek, 1989). There is
no discussion of how different types of agencies affect the performance.

The allocation method is important as it affects market efficiency (as pointed out

4 Blomquist (1992) identifies two reasons for this: (a) leases can extend for more than a year and
(b) can include the lessor’s carryover right and the decreed pumping right.
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by theoretical analyses) and political acceptability. The problem is, however, that the
most politically acceptable allocation scheme--grandfathering--does not maximize
efficiency (Jones and Corfee-Morlot, 1992; Stavins, 1995). Tripp and Dudek (1989)
further point out that the program, which provides an equitable allocation scheme, may
not be administratively simple.

There is also a broad agreement on the impact of the definition of the traded
commodity. Several authors have pointed out that tradeable permit markets perform
better than emission reduction credit markets (Stavins, 1995; UNCTAD, 1998). Cap-
based allowance trading systems exhibited lower abatement and transaction costs, and
greater environmental gains than emission reduction credit trading systems. The reason
the latter were not successful lies predominantly in the fact that they had higher
transaction costs and greater uncertainty in trading.

Several authors agree that security of property rights is essential for a successful
trading (Klaassen, 1996; Dudek and Tietenberg, 1992; Dudek and Palmisano, 1988).
They point out that the rules should not be changed often or at least not unpredictably.
They also advise against discounting of allowances as they are traded. If necessary for
environmental reasons, the reduction should be achieved by reducing the total cap of
allowed emissions (UNCTAD, 1998). Not many, however, realize that there is a trade-
off between increased security of property rights and flexibility of environmental targets
(UNCTAD, 1998).

Monitoring and enforcement are considered to be one of the most important
factors for successful trading. Some scholars point out the need for an independent
auditing process (Jones and Corfee-Morlot, 1992), while others stress the need for
sufficiently high penalties for non-compliance (Jones and Corfee-Morlot, 1992;
UNCTAD, 1998). Banking is stressed as it increases the temporal flexibility of the
emission control (UNCTAD, 1998), gives polluters more time to find trading partners,
thereby increasing flexibility. It may also lead to earlier resource use reductions
(Klaassen, 1996).

Flexibility is stressed both in terms of the need to change the targets of the

program over time (Jones and Corfee-Morlot, 1992) and the need to allow multiple actors
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to participate in the trading program (UNCTAD, 1998).

As transaction costs are considered to be one of the most important impediments
to trading, it is not a surprise that most scholars stress the need for reducing transaction
costs. They point out that the regulatory agency should reduce barriers to private
brokerage services and barriers to trades. Private brokers cannot only reduce transaction
costs by finding potential partners, but also by assuming risks by buying, holding, and
selling permits. Trade pre-approval should not be required and oversight of trades should
be limited (Stavins, 1995; Klaassen, 1996; Dudek and Tietenberg, 1992). The regulatory
agency should make trading data publicly available to further reduce transaction costs
(Dudek and Tietenberg, 1992; UNCTAD, 1998). Though, on the other hand, it was
argued that availability of data to the public could actually reduce motivations for trading

due to a fear of having business secrets revealed to competitors.

2.5. Existing Institutional Foundations for an International CO, Market

At the Kyoto conference, developed countries agreed to limit their emissions of
greenhouse gases; on average to reduce emissions by 5.8% from the 1990 level by
2008-2012. Major progress was achieved with the protocol allowing for maximum
flexibility in achieving emission reductions. Three articles in particular address the
flexibility issue and possibility of international cooperation: (1) Article 6 that allows Joint
Implementation; (2) Article 12 that defines Clean Development Mechanism (CDM); and
(3) Article 17 that defines emission trading. Though the Protocol does not explicitly say
that countries may authorize legal entities to participate in emission trading, it also does
not preclude that. The articles referring to the irading mechanisms are discussed in
greater detail in the subsequent sections.

(1) The Bubble approach (Article 4 of the Kyoto Protocol) allows for a voluntary
agreement among countries--who have committed to reducing emissions by a given
percent (Annex I countries)--to meet their emission reduction targets jointly as a group.
The Bubble approach, therefore, allows a subset of countries to negotiate their own rules

of trading even though the entire group of parties has not agreed on rules and guidelines.
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(2) Article 17 allows for emission trading: trading in emission allowances
between governments of Annex I countries or alternatively, between private entities in
those countries. The partners have to be in Annex I countries because only these
countries have committed to reducing their emissions and can therefore be allocated
allowances. If a national government allocates national allowances among private
entities, these entities can engage in trading. The authors of the UNCTAD (1998) report
argue that domestic allowance allocation is not a prerequisite for the private entities’
international trading. What is necessary, however, is that national governments develop
schemes for crediting emission reduction credits for private projects that can then be
traded as a part of the national allowances.

(3) Joint implementation (Article 6) enables Annex I countries to engage in
emission reduction projects jointly and divide the resulting emission reductions. The
division scheme has to be negotiated prior to project approval. The bubble concept and
joint implementation are different in that the former is a general emission target
agreement whereas the latter is a project-specific agreement.

(4) Clean Development Mechanism (Article 12) enables joint projects between
Annex I countries and non-Annex I countries (countries without emission reduction
targets, mostly developing countries). A project assists the developing country in finding
a sustainable technology, and in return, provides the private and/or public entity from the
developed country with the certified emission reductions. A CDM project will be subject
to the guidance of the Conference of Parties, that is, it will be certified by operational
entities of the Conference of Parties. The emission reductions have to be real,
measurable, and additional to any that would occur in the absence of the certified project
activity. Any certified emission reductions resulting from clean development projects
between the year 2000 and the beginning of the commitment period can be used for
achieving compliance in the first commitment period (United Nations, 1997: Article 12).

In sum, the four mechanisms differ with respect to (a) the traded commodity--
emission allowances (Article 17), Emission Reduction Units (Article 6), Certified
Emission Reductions (Article 12); and (b) actors involved in these cooperative

mechanisms--national governments of Annex I countries (Article 4), national government
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and/or firms from Annex I countries (Article 17), national governments and firms in
Annex I countries (Article 6), and non-Annex I countries (Article 12).

Several authors have examined potential arrangements to implement these
mechanisms. Though most of them focus on the U. S. (Richards, 1997; Environmental
Law Institute, 1997a; Senator Jeffords initiative S.687:105), some extend the examination
to the international level (Tietenberg, 1997a; UNCTAD, 1994; 1998).

Richards (1997) focuses on the sequestration projects for storing carbon in
growing biomass. He points out that there is a trade-off between production and
measurement costs of carbon sequestration projects. Measurement costs differ across
sink preservation projects and sink enhancement projects. The former can be provided
either by the government (local, state, or federal level) or by the private sector, whereas
the latter faces such high measurement costs that it is better if they are provided by a
government (he does not specify which level of government).

Richards (1997) suggests a four-element hypothetical carbon sequestration
program. As the first step, federal government can engage in production of carbon offsets
at federally owned lands and sell those to private firms. As a result, the government
controls the production. He argues that this option has the following advantages: (1) it is
one of the lowest cost options; (2) this may be the fastest way; (3) this way the
government gains experience (with production, monitoring, and estimation) necessary for
future policy implementation; and (4) by linking the carbon-sink enhancement projects to
other functions of governmentally owned forests (recreation, watershed management,
etc.), the commitment to keeping this timber out of wood markets is stronger than if the
private sector were to provide carbon sequestration (Richards, 1997).

At the second stage, once the government is sufficiently experienced, large parcels
of private land (over 500 acres) may be used to enhance sinks by afforesting marginal
agricultural land. Government would pay a subsidy for carbon capture. In the third step,
government would stimulate afforestation at small privately owned parcels. This policy
of including smaller owners would decrease the production costs, but the transaction
costs would probably rise significantly. This approach would be similar to the U.S.

Department of Agriculture’s Conservation Reserve Program. To keep the monitoring
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costs low, payment would depend on the input, not the output.

The Environmental Law Institute (1997a) report examines only the emission side
of the global climate change policy. It suggests two distinct carbon dioxide market
models, based on whether fossil fuels or economic activities causing the emissions are
regulated. The report also discusses a combination of both models. A "fuel model”
would apply to energy providers (coal and oil companies). This model would capture
98% of all CO2 emissions in regulating only 3,000-6,000 entities. It would provide
allowances to coal, natural gas, and petroleum producers, exporters, and importers.
Alternatively, the distributors of such products could be regulated. This model would
affect a small number of entities but would cover almost all CO2 emissions from energy
sources. An "industrial model” would regulate the major industrial users of energy and
would capture approximately 67-80 percent of domestic CO2 emissions by covering
electric utilities, transportation, and selected major manufacturing industries.

A tradeable credit system regulating emission from the electricity sector was
proposed for the United States by Senator Jeffords. He introduced a bill with a tradeable
credit scheme that would cover sulfur dioxide, nitrogen oxides, carbon dioxide, and
mercury emissions from electricity sector (only units with generating capacity equal or
exceeding 15 MW) (S.687:105) The proposed system is a tradeable credit system, based
on general performance standards that are reevaluated every year on projected electricity
generation for the next year. This approach does not bias against new sources. The EPA
would change the emission cap, as new information becomes available. The system
would begin in the year 2000 and would be completely implemented in the year 2005. In
April of each year, the EPA would examine compliance for the previous year. It would
compare actual emissions of a generating unit with the allowed emissions (calculated by
multiplying the General Performance Standard for the previous year and the unit’s
electricity generation in the previous year). The units that emitted less than the amount of
emission-right they were allocated, would be issued emission credits that could be sold
and banked. The units exceeding the allowed emissions would have until July 1 to
submit additional credits to cover their emissions. The penalty for the emissions

exceeding the allowed emissions plus the obtained credits would be $100 per ton. Even
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though the proposed system would regulate multiple gasses, it would not allow
interpollutant trading.

Three proposals have addressed international trading. In its draft protocol for the
Kyoto conference, the United States proposed a tradeable permit system (Tietenberg,
1997¢; United States Department of State, 1997). Each country (the Annex I countries
and countries that opt-in but are not included in Annex I) would be assigned emission
allowances for a carbon equivalent, grandfathered on the base of the 1990 emissions. The
emission allowances would be allocated for multiple years. The proposal allowed for
banking, buying, selling, and borrowing from the future (using allowances for the future
years within the regulated period). Trading would occur among government agencies,
private firms, non-governmental organizations, and individuals. Joint implementation
would allow parties to the protocol to obtain emission reductions from the countries that
are not signatories to the protocol.

The UNCTAD (1994) document examines potential rules and administrative
structures for a global carbon dioxide market. It predicts that international markets will
evolve in stages. In phase one, parties will engage in Joint Implementation projects. In
phase two, trading will take place among parties with explicit emission reduction targets
and entitlements (in the parlor of Kyoto Protocol, the emission trading, as authorized by
the Article 17) as well as the non-Annex I countries that would either enter the market
with certified emission reductions or gradually adopt binding emission reduction targets.
Allowances would provide non-Annex I countries easier access to investment capital and
technology transfers from Annex I countries. In the third phase, entitlement trading
would expand in three ways. There will be a large number of participating countries, a
greater proportion of trades will be performed by private entities, and a larger number of
greenhouse gases will be included (methane would probably be the first to be added to
carbon dioxide). The trading system will have the following characteristics:

- Significant reliance on domestic monitoring and enforcement;
- The use of international standards for domestic enforcement;
- Agreed procedures for veracity checks and adjustments;

- Mutually acceptable ways for resolving disputes; and

- Transparent procedures.



Developing international markets will require some actors assuming the role of market
leaders who are willing to take risks in the initial stages of market development. Escrow
agents, letters of credit, legal opinions and other intermediaries, must support transactions
in markets with high performance risks. Although not stated explicitly, it appears that a
need for a standardized definition of the commodity indicates that markets will most
likely rely on carbon dioxide emission allowances and not on emission reduction credits.

The UNCTAD (1998) report focuses on emission trading, in particular on the
design of an international trading system. It discusses alternative mechanisms for
allocating allowances and also examines the requirements for effective international
monitoring based both on self-reporting and on an international authority overviewing
national monitoring systems. Clearly, the system would require high transparency.
Emission reduction credits could be traded only after they are certified by an authorized
organization. The report points out that both the certification of the forthcoming
emission reductions and the verification of actual accomplished emission reductions
would be necessary. Monitoring and enforcement functions would be performed by
national institutions but international institutions would be required to ensure
comparability of the national processes. Thus, although harmonization is not required,
assurance is needed that emission allowances will be secure across differing national
systems. Further, they argue that liability for emission reduction credits must rest with
the seller. However, with only one long compliance period, buyer liability may be
preferred. To minimize the negative effect of buyer liability on trading, that is, the erosion
of the commodity, they suggest that liability could be imposed only on buyers whose

annual emissions exceed the assigned annual amounts.

2.6.Questions Unanswered in the Existing Literature

Literature empirically examining various environmental markets is vast. Many
scholars suggest that a "tragedy of the commons" can be solved by designing a
marketable system of rights that entitle resource users to withdraw from the

environmental resource or to discharge pollution into the resource. This system should
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ensure security of property rights and minimal transaction costs for monitoring and
enforcing them. We are beginning to learn how to implement this in the complex world
of global CPRs. In this pursuit, scholars draw on the lessons from other markets. The
question, then, is whether and how we can design a market for global CPRs and which
markets can we draw our learning from. I discuss this below.

Is it that markets are easily designed for some environmental resources and not for
others? For example, Krier (1992:328) talks about "obvious candidates such as surface
water, groundwater, timberland, and grazing land" but fails to explain why these are
obvious candidates and how they are different from the less obvious such as wildlife and
recreation areas, oceans, and air. How do we know whether a carbon dioxide market is
an “obvious candidate”, or better, how can we design this market so that it functions? I
expect one could take two routes. One could examine a theoretical ideal of a working
market and try to create a carbon dioxide market so that it resembles the theoretical one
as closely as possible. McCann (1996) provides a starting point for this route of inquiry.
Alternatively, one could examine existing markets for environmental resources, which all
depart from the theoretical ideal market, and study their performance. I propose to take
this route in my research. The question is, however, which existing markets does one
study? How do we know which markets are the closest to a potential carbon dioxide
market? Below, I first summarize what has been suggested in the literature. Then, I
briefly review the approach I adopt in this study.

Policymakers have been looking at different markets for ideas on how to design a
potential carbon dioxide market or a market for multiple greenhouse gases. Most have
looked at the existing U.S. sulfur dioxide trading system. The most prominent actor in
this market is the electricity industry, which is also a large emitter of carbon dioxide
(Environmental Law Institute, 1997a; Ellerman et al., 1997a). The following lessons and
concepts can be directly transferred from the sulfur dioxide market to a carbon dioxide
market: (1) a fixed emission cap that is set by a legislative branch to avoid costly
litigation, (2) full banking and trading, (3) high-quality monitoring, (4) a transparent
allowance tracking system, (5) high penalties for non-compliance, and (6) an opt-in

program that allows non-regulated entities to enter the program (Environmental Law
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Institute, 1997a).

However, the two markets differ with respect to the number of polluting gases that
have to be regulated, number of polluters, and differences in characteristics of the gases
and the polluters (Environmental Law Institute, 1997a). Ellerman et al. (1997a) also
advise caution in drawing lessons for potential carbon dioxide markets from the sulfur
dioxide markets, as the sulfur-dioxide market was built on accurate emission monitoring4
and high penalties for non-compliance, and sulfur dioxide allowances were secure due to
assigned emission cap that was unlikely to change. I argue that the security of property
rights is not a dichotomous variable but a continuum. For example, though the certainty
of the property rights may have been perceived as high, the CAAA states that allowances
are not property rights and can be reduced over time. Clearly, even the security of sulfur
dioxide property rights is uncertain.

The U.S. Lead Phase-down program was another market from which lessons for a
carbon dioxide market have been drawn. Stavins (1998) points out the conceptual
similarity between lead content of gasoline in the Lead Phase-down program and the
carbon content of fuels in a potential CO2 market. The carbon content and emissions are
in linear relationship, which was not the case in sulfur dioxide pollution. This view
differs from that discussed above in terms of what attribute of the resource should be
regulated. Those who see the sulfur dioxide market as a potential classroom for a carbon
dioxide market, seem to adopt the "industrial model" of carbon dioxide trading. Stavins
(1998), on the other hand, argues for a "fuel model" and therefore suggests targeting
inputs, rather than outputs from the production process.

The approach discussed above draws lessons from a market that looks like a
potential carbon dioxide market. Authors, who draw lessons from the sulfur dioxide
market, chose this market because of the similarity in resource users--electricity

generation is the major resource user in both cases. On the other hand, authors, who

* The authors, however, do not realize two important points. First, initially the sulfur dioxide
allowance system was built on guestimates of actual emissions and there was no monitoring system in place.
Second, the current monitoring of sulfur dioxide allowance trading also requires all emitters to monitor and
report carbon dioxide emissions.
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draw lessons from the Lead Phase-Down, focus on the similarity in the resource use.
Both, the Lead Phase-Down and the fuel model of a carbon dioxide market focus on the
link between the use of an easily measurable input in the production process and the
discharge of pollution (emissions are, in this case, a simple function of the used lead or
carbon). The problem with this approach is that we do not know how similar these
markets actually are. First, we do not know if other factors affect the similarity and, if so,
how much. Second, we do not know how close the selected markets are to a potential
carbon dioxide market in terms of the selected criterion, as no measure exists that would
let us conclude this.

I propose to address the shortcomings discussed above by developing a
framework that allows me to examine the impacts of attributes of the environmental
resource (commodity) and the attributes of actors. Rules regulating resource use are the
third important factor affecting performance of any institutional arrangement (Ostrom and
Schlager, 1996). In this research, I examine rules as they pertain to either the commodity
or the actors. In the analysis of the environmental resource, I focus in on the issue of
measurability.” The importance of measurement of good’s characteristics for provision of
a public good was studied by Ostrom and Ostrom (1977), who point out the difficulty of
unitization of a good. Barzel (1982) and Akerlof (1970) studied how problems in
information availability and measurement of a private good'’s characteristics can be
mitigated by designing appropriate market mechanisms. In this dissertation, I develop an
index of measurability of a good/service to study its impact on market performance.
Then, I examine how characteristics of actors participating in the market may affect
market performance. After developing the framework that allows me to analyze

performance of CPR markets, I turn to a study of potential carbon dioxide markets.

4 My focus on measurement should not indicate that I find security of a property right unimportant.
I would rather argue that with increased measurability of a resource, security might also increase, as one
aspect of security--the uncertainty related to the environmental resource--decreases.
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CHAPTER 3

MARKETABLE PERMITS:
A FRAMEWORK FOR ANALYZING THEIR PERFORMANCE

3.1. Introduction

This research analyzes the applicability of marketable permits for managing
common-pool resources (CPRs), in particular, the atmosphere. Marketable permits
transform CPRs into private goods, thereby facilitating the use of market processes for
regulating their use. The existing literature examines CPR markets from two perspectives:
it either compares them to a command- and-control approach or to a (theoretical)
perfectly competitive market.

The first approach assumes that since CPR markets will not suffer from
information problems or transaction costs, they will be more efficient than command-and-
control policies. When the CPR users have different costs of reducing resource use
(abatement costs), they will abate as long as costs of abating one unit of pollution are less
than the market price of the pollution permit. On the other hand, they will purchase
permits if the abatement costs are higher than the market price of the pollution permit.
Similarly, in a resource withdrawal situation, if the net income (benefits of withdrawing
minus the costs) exceeds the market price of the permit, they will continue withdrawing.
If the net income is less than the price of the permit, they will sell the permit. Permit
trading would therefore minimize aggregate abatement costs and maximize aggregate net
income from the resource stream.

Past and extant CPR markets, however, experience low trading activity, raising
concerns about the performance of these markets. Two causes are possible for low or no
trading. First, CPR users have no incentives to trade. If the CPR users all have the same
cost structures, trading brings no benefits. Similarly, if permit allocation corresponds
exactly to the cost-minimizing allocation, CPR users cannot gain anything from trading.
This is unlikely as resource permits are often allocated on the basis of past patterns of
resource use. Second, there is also a possibility that the CPR users face different cost

structures but do not trade due to high transaction costs. This aspect of CPR markets is
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examined in the transaction cost literature.

Searching for reasons for lower than expected trading, the second approach,
relying on experimental work, compares a given CPR market to a theoretically perfect
market. It examines the impact of market structure and trading rules on the performance
of the CPR market. It offers usefu] insights about the sources of transaction costs in CPR
markets, specifically insecure property rights, high costs of obtaining information about
potential trading partners, and high monitoring and enforcement costs incurred by
regulators (Stavins, 1995). This approach can lead to developing design principles that
regulatory agencies should follow when creating markets.

This study builds on the above approaches and focuses on the question of which
CPR markets should guide us in creating potential carbon dioxide markets. Clearly,
actors have fewer incentives to trade if transaction costs are high. If so, can CPR markets
be designed to resemble perfect markets? Which existing markets offer useful insights
for designing potential carbon dioxide markets? How do CPR characteristics affect
market performance? Do CPR user characteristics such as their number and use pattern
affect market performance? If so, how? These are broad research questions addressed in
this dissertation.

Unlike previous studies that focus predominantly on a single CPR market, this
dissertation examines the following CPR markets: sulfur dioxide allowance trading, lead
permit trading, early EPA local air pollutant permit trading, Regional Clean Air
Incentives Market (RECLAIM), chloroflourocarbons (CFCs) production permits markets,
and Wetlands Mitigation Banking. I employ the Institutional Analysis and Development
framework (Ostrom, 1990) to examine the factors that affect performance of CPR
markets. Market performance is operationalized with two groups of indicators:
environmental effectiveness and market liquidity (number of trades, volume of trades,
and dispersion of prices around the market-clearing price). Factors affecting market
performance can be classified into four categories:

1. CPR characteristics affecting resource measurability. These include:
predictability of the CPR stocks, availability of reliable indicators of resource flows,

spatial extent of the resource, and effects of the resource use on the resource stocks
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(uniform versus non-uniform effects);

2. Characteristics of the CPR users. If a small number of resource users
appropriate a large proportion of the resource, the institutional arrangements regulating
resource use are more likely to be developed and well-functioning;

3. The external legal and regulatory environments impact constitutional-choice
level rules in all CPR markets. In some cases, they also impact collective choice and
operational-choice level rules;

4. Rules regulating CPR users and its use. Three types of rules regulating CPR
use are of particular importance: rules determining the severity of resource use limitation,
rules regulating how the CPR is transformed into a private good (permit), and rules
regulating exchangeability of permits. These rules impact the value and the security of
the permits, thereby affecting the incentives for trading. The most important rules
pertaining to the CPR users determine who is regulated and how the non-regulated
resource users could opt-in. These rules affect exchange costs, thereby the number and

the volume of trades. They also impact environmental effectiveness of the CPR markets.

3.2. Analysis Framework

3.2.1. Independent Variables: Factors Affecting Performance of CPR Markets

Factors affecting market performance can be grouped into four categories: (1)
CPR characteristics affecting resource measurability, (2) characteristics of the CPR users,
(3) external legal and regulatory environments, and (4) rules regulating the CPR use and

users.
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Figure 3.1: Factors Affecting Performance of CPR Markets

3.2.1.1. CPR Characteristics Affecting Measurability

CPR characteristics affecting resource measurability are: predictability of the
CPR stocks, availability of reliable indicators of resource flows, spatial extent of the
resource, and effects of the resource use on the resource stocks (uniform versus non-
uniform effects). Resource flow from a CPR is presented in Figure 3.2. Let us assume
that there are four resource users. Each withdraws a unit flow from the CPR stock.
Though the graph presents withdrawal from a resource, pollution can be understood in a
similar way with the material flows going in the opposite direction. The resource stock is
depicted with a circle. This graphic representation assumes that we have a reliable
indicator of the resource stock. This is not necessarily the case, posing a problem for
resource management. Resource flows of various users (A1, A2, A3, A4) are also
represented as circles. This also implies that we can measure the flow to each resource

UscCr.
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Figure 3.2: Withdrawals from a CPR

The situation in Figure 3.2 here represents the following withdrawal pattern: Al
withdraws two units; A2, five units; A3, two units; and A4, one unit. It is possible that a
withdrawal of A2 is easily measured, for example, with continuous monitoring, whereas
withdrawals of A1, A3, and A4 are not easily measured: these resource users may be
mobile, and/or their use of the resource may be too small to justify continuous
monitoring. The information on the withdrawal from A1, A3, and A4 may, therefore, not
be equally reliable as the information on A2’s withdrawal. If this is the case, the property
right of the users Al, A3, and A4 cannot be equal to the property right of A2, whose
withdrawal can easily be measured.

If there are no reliable indicators of the resource stocks or if there is low
predictability of the resource, the rules will have to be easily adaptable over time as new
information becomes available. However, frequent changes in the rules make permits

insecure, thereby reducing the users’ incentives to invest in them.
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Further, if there are no reliable indicators of the CPR flows, rules could be
created that rely on measurement of a use of related resources. For example, if no good
measures of the use of the global atmosphere as a sink for carbon dioxide emissions are
available, one could measure the amount of combusted fossil fuels, thereby estimating
carbon dioxide emissions using emission coefficients. Consequently, one could regulate
either the inputs into the resource using activity (for example, number of fishing hours,
size of allowed fishing nets, sulfur or carbon content of fuels) or the outputs from the
process (tons of fish withdrawn, sulfur dioxide emissions, etc.) Stavins (1995) points out
the difference between different tradeable permit designs, depending on the point in the
cycle at which the CPR use is regulated. The simplest systems focus on inputs into
activities using CPRs (lead content of gasoline or carbon content of fossil fuels). The
next step towards sophistication, in addition to greater administrative complexity, is
emissions permit trading. A further step would be trading of exposure to negative
externalities. Finally, trading of risks of negative externalities affecting health, wealth, or
income would be the closest to the theoretical ideal. This comes, however, with
increasing costs of monitoring and enforcement.

The spatial extent of the resources is of crucial importance. If the resource
expands over large areas in which resource users cannot observe each other, they are less
likely to be able to relate the changes in the resource stocks to different resource use
patterns. Further, users of a larger resource will be less likely to meet face-to-face,
communicate, and be able to create and maintain institutional arrangements to limit
resource use, thereby protecting it from further destruction.

Another problem arises if the effects of the withdrawal of different users are not
uniform. If the effect of Al’s and A4’s withdrawal of one unit on the stock of the
resource is not equal, the property rights to a unit of withdrawal cannot be traded on a
one-to-one basis. Rules have to be created that reflect different environmental effects of
CPR use at different locations and enable their comparability.

To measure the effect of all four characteristics of a CPR, I create an index of
resource measurability that can be applied to a variety of goods. A simple good whose

stocks/flows have a high level of predictability, uniform use, small spatial extent, and
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highly reliable indicators would have a high value. Wheat would be an example of such a
good. Iexpect a very low value of measurability index for a complex good like
atmosphere, which is difficult to predict, and there are not many reliable indicators of the

resource stocks and flows.

3.2.1.2. Characteristics of CPR Users

If a small number of resource users appropriate a large proportion of the resource,
the institutional arrangements regulating resource use are more likely to be developed and
well-functioning. When there is a small number of users, they may find it easier to solve
the collective-choice dilemma and craft institutional arrangements to manage the CPR.
However, even if the institutional arrangement is imposed by an authorized agency, it is
easier to monitor a smaller group as transparency of the resource use is higher, thereby
reducing the need for complicated monitoring. Further, sanctioning of violators could also
be easier as resource users in small groups are more exposed to criticism and sanctioning.

On the other hand, a small number of users decreases the potential for reducing costs
through trade.

The number of CPR users may be directly related to the spatial extent of the
CPRs. It seems that a global CPR would have a large number of widely dispersed
resource users all over the world. This is indeed the case in many global CPRs. There
are, however, also cases where the use of the CPR requires a special technology that is
available to a relatively small number of users. For example, there is only a small number
of CFC producers. The management-of the atmosphere as a sink for CFCs can therefore
be targeted to these producers.

A question then arises as to how we can effectively regulate a large number of
CPR users. Can we regulate all of them at low costs? If not, which users do we have to
regulate and which can we leave out? Do we extend the regulation in different phases,
including previously non-regulated users? Further, can the non-regulated resource users
opt-in for the management; if so, under what conditions? I address the rules regulating

this issue later on in this chapter.

53



3.2.1.3. External Legal and Regulatory Environments

External legal and regulatory environments impact constitutional-choice level
rules in all CPR markets. They determine who can create the rules to regulate the CPR
and who decides which resource users are regulated and which are not. Creating an
institutional arrangement is an important factor affecting performance that is not
sufficiently stressed in prior studies. Kete (1992) and Stavins (1998) have analyzed the
process of creating permit markets, but have not linked the creation of the institutional
arrangement to its success or failure.

The external legal environment regulates what aspects of the property rights are
given to the permit holders. Property rights subsume a bundle of rights such as the night
to access, appropriate, manage, exclude, and alienate the resource (Ostrom and Schlager,
1996). The performance of an institutional arrangement therefore depends on which
rights from the bundle are given to resource appropriators. If the resource users are given
the right to manage the resource and they develop their own arrangements to protect the
resource, the rules may better reflect the local characteristics of the resource and its users
(Ostrom, 1990). Further, if the resource users can appropriate as well as manage the
resource, they will be familiar with the rules. Higher familiarity with the rules can reduce
exchange costs. Further, if resource users create the rules, they may view them as more
legitimate and may therefore be more likely to comply with them. This will lead to higher

environmental effectiveness of the institutional arrangement.

3.2.1.4. Rules Regulating the CPR Use, Users, and Trading

Rule formation is affected by the characteristics of the resource, the external legal
and regulatory environment, and CPR users. Non-uniform pollutaﬁts require that both the
quantity of the resource and the resource-use location are taken into account for an
effective resource regulation. This reduces the potential for simple unit-to-unit permit
trading. Complex trading rules have to be developed so that trading takes into account
the varying environmental effects of the resource use. The unavailability of reliable
information and the low predictability of the CPR stocks require that rules allow for

flexibility in light of new information. The spatial extent of the resource affects the
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number and complexity of actors who all have to agree to a CPR management. I now
turn to a detailed analysis of these effects.

Three types of rules regulating the CPR use are of particular importance: rules
determining the severity of resource use limitation, rules regulating how the CPR is
transformed into a private good (permit), and rules regulating exchangeability of permits.
These rules impact the value and the security of the permits, thereby affecting the

incentives for trading.

Severity of the resource use limitation. The rules prescribe how much the
resource use has to be reduced. This aspect of the resource management is often missing
in transaction-costs analyses (McCann, 1996; Klaassen, 1996; Hahn, 1989; Stavins, 1995;
Tietenberg, 1995; Bailey, 1998). The severity of the CPR management targets can,
however, significantly affect the success of the institutional arrangement, both in terms of
environmental effectiveness as well as trading incentives (Hall and Walton, 1996).

The severty affects performance of CPR markets. First, if the targets are not
restraining, they have a small environmental effect--the condition of the resource will not
improve. Further, there will be few trades, as there is little motivation for investing in
either the technology reducing the pressure on the resource--supply of permits--or
purchase of the permits. This research therefore first examines how much the targets of
the marketable system are restraining the resource use. High overcompliance, attributed
to well-functioning marketable permit systems--SO2 allowance trading (Lapp, 1994)—
may actually be a result of modest restrictions, rather than incentives created with the
marketable permit system.

The effect of the severity of regulation on the CPR market performance can be
illustrated with the resource pattern depicted in Figure 3.2. The unregulated withdrawals
were 2, 5, 2, and 1 unit, respectively. Let us assume that the regulated withdrawal
quantities are 1, 2.5, 1, and 0.5 units, respectively (the total resource use was reduced by
half; each resource user had to reduce its use by one half). If this limitation is enforced,
the CPR stocks will be decreased by five, rather than by ten, units. This then ensures

environmental effectiveness of the institutional arrangement. The effect of stricter rules
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on the trading activity is, however, not clear. On the one hand, it is possible that the
limitation is so severe that all resource users will hardly meet the requirements in the
short term and no extra permits will be available for trading. On the other hand, a higher
demand for permits and the resultant higher prices may create additional incentives to
invest in technologies reducing the resource use. This may result in more numerous

trades in the long term.

Rules regulating how the CPR is wansformed into a private good. Two broad

rules have been implemented to create a private good (permits) from a CPR. There are
two major different approaches: standardized and case-by-case definition depending on
their baseline and the actors who can participate in the market-based exchange. The first
type (also called closed market) entitles the user to use the CPR up to the maximum level
allowed by the permit. This system requires that an authorized agency determine the total
flow from the resource for a given period and then allocate the aggregate among the CPR
users.

The second type (also called open market) privatizes the CPR use reductions,
when they are recognized by the authorized agency and awarded a corresponding credit.
(In pollution control, these were called emission reduction credits.) This system requires
no knowledge of the aggregate flow from the resource (or discharge) that is allowable to
maintain the stock of the resource. Everyone with a capacity to reduce resource use can
participate in this market. This system, however, requires the accreditation of the
resource use reductions. I now turn to a detailed analysis of two approaches for a
pollution discharge case.

The closed market system (for example, the system authorized by the Clean Air
Act Amendments of 1990) is based on setting the maximum resource use rights (total
emission allowances) for a period t (TEA,), dividing that amount among polluters (EA;. ),

and enforcing that an i-th individual polluter does not emit more in period t than the
amount of allowances she holds (E;; > EA ;o). The individual polluter is not limited by

the initially allocated allowances. She can purchase additional allowances for period t

(EAP; ) from other polluters (j-th polluter) whose emissions are lower than the allocated
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allowances (E;; < EA;). Thus, though every polluter holds the permit to emit an

allocated amount of the pollutant, if the allocated permit is not used in the period t, it can
be sold to other regulated polluters or kept for future use. The flow from the CPRs (or
discharge of pollution ) is limited by the maximum amount of allowances (TEA¢). The
rights to use the resource are quantified and allocated to polluters (EA;,). If polluters use
less than their allocated share of the resource, they can sell their rights.
This system (if enforced) ensures that aggregate emissions from all emitters do not
exceed the allowed emissions for period t.
VE; < YEA @3.1)
If Ei: > EA;, the i-th polluter purchases additional allowances from the j-th polluter
(EAR;);
if E ;. < EA;, the i-th polluter sells additional allowances to the j-th polluter (EAS;, ).
At the end of each period t, each polluter has to prove that her emissions do not exceed
the initially allocated emission allowances plus the difference between purchased and
sold allowances.
Ei = EA .+ EAP;- EAS;, (3.2)
Enforcement of the system further ensures that j-th polluter only sells allowances in the
amount for which her allowances exceed its emissions.
EAS;;=EA;-Ej; (3.3)
As no allowances can be generated outside the system, the amount of sold/purchased
allowances equals the amount of actual emission reductions.
Y EAP; =Y (EAjt-E;0;  i#j (3.4)
The system thereby controls the total flow from the CPR or discharge of pollution.
The emission reduction credit (ERC) system (or open market) is based on
individual emission standards. Each polluter is required to keep a given emission
standard (es;), defined as emissions by unit of input or by unit of output. Unlike the
emission allowance system, the ERC does not contro! the aggregate emissions; it focuses
on emission standards. The total emissions depend not only on the emission coefficient

but also on the input (output). As the input is controlled by the polluters, the regulators
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cannot determine the aggregate level of emissions. This system is, therefore, less
environmentally effective than the emission allowance system.

The system (if enforced) ensures that the i-th polluter’s emission coefficient is not
higher than the standard:

it 68
The i-th polluter can meet the standard by reducing his emissions or by purchasing ERCs
from a j-th polluter whose emission coefficient (e;,) is lower than the prescribed standard
(esy):

es i = (Ei«+ ERC; )/(input ;) .

How, then, is the amount of ERC calculated? The j-th polluter, whose emission
coefficient is lower than the prescribed standard, first has to prove this fact. Once this is
established, then the ERCs for a period t are calculated using the following formula:

ERC;, = (es - ;) x input ;.

If the ERC:s are offered on the market in period t, i.e., before the period is over,
then the input and actual emissions for period t have to be estimated. If the regulators are
not comfortable with this scheme, they will allow only ERCs from the previous periods
(t-x) to be sold. The formulae used in this short description of the ERC system illustrate
the information requirements for this system. The formula (3.5) indicates that the
compliance review requires establishing an emission standard. Further, it requires both
data on emissions and the input data for each polluter. Another version of the system
could be that regulators would not monitor all emissions, but only from the polluters who
want to sell ERCs. This would reduce monitoring costs.

If no emission standard is available, a different version of the ERC system can be
employed for voluntary emission reduction policy. ERCs related to a particular project
could be calculated as the difference between the emissions that would have been
released into the atmosphere had the particular project not been adopted and the
emissions after the adoption of the project. This approach requires an agreement on the
counterfactual emissions. When they are estimated, they have to be reviewed and

approved by an independent agency. This administrative review increases the
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information requirements, thereby the transaction costs of this system (Ellerman et al.,
1997a).

Each system has its advantages and disadvantages. Though the emission
allowance system ensures the maximum level of withdrawal from a CPR (or pollution
discharge), it also requires knowledge of what such acceptable levels are. It reduces
transaction costs as the traded permit is standardized (emission allowance for a given
amount) and issued beforehand. It is, however, limited to the participants who are issued
the permits. One major disadvantage of the closed market system is that it requires
knowledge about the pollution problem and the sources of pollution. Also, it requires
political consensus about the initial quota allocation (Ayres, 1994). This system also
creates barriers for new entrants (which is one way of buying the political consensus).

The ERC system, on the other hand, allows everyone to participate in market
exchange, given that his/her emission reductions are certified. The quantification and
certification of the emission reduction credits can, however, require a lot of time and
effort. This has been a key learning from the initial EPA emission-trading programs such

as bubbles, netting, offsets. This increases the exchange costs and may impede trading.

Rules regulating exchangeability of permits. If the resource use is not uniform—it

has a varying effect on the stocks depending on its location—complex exchangeability
rules have to be created. A unit of resource use at one location cannot be traded for a
resource unit at another location as these uses impact the stocks in different ways.
Several possibilities exist in theory to handle this issue and some have actually been
implemented (Klaassen, 1996). The first option is to establish trading rules based not on
the flows, but on the effect the flows have on the stocks. Let me illustrate this with the
resource withdrawal situation presented in Figure 3.3. The discussion here refers to a

resource withdrawal situation, but a pollution discharge is just its mirror image.
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Figure 3.3: Withdrawals from a Non-uniform CPR

Let us assume there are two different sub-units of the stock S: S1 with lower
sensitivity and S2 with higher sensitivity. The latter can, for example, have a higher
sensitivity because the stock has lower rates of recharging or renewing. Assume further
that a resource unit used by Al or A2 decreases the stock S by one unit, but a unit used by
A3 or A4 has a double effect, due to higher sensitivity. Hence, the resource use rights
cannot be exchanged on a one-to-one basis. In this case, the trading ratios can express the
negative effect a unit of resource can have on the CPR: in our particular case, a unit of
resource used by A3 has twice the effect of the unit used by Al. Therefore, a permit of
A3 or A4 could be traded for two units of Al or A2. In a competitive market, the prices
of resource use permits would reflect these trading ratios. As a result, the resource use
would shift from the more sensitive sub-unit (S2) to the less sensitive one (S1).

The second option is to divide the CPR and resource use rights between the two
sub-units and allow trading only within the two units (S1 and S2) and not between them.

This option will create two smaller markets (M1 and M2). Perhaps, some economically
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beneficial trades would not occur due to location restrictions. As there would be no
trading between resource users in units S1 and S2, there would be no reallocation of
polluting activities.

The third option is to allow trading of resource users between the two sub-units
but with restrictions imposed on either the stock status or the total flows of the resource
use. Trading of the CPR withdrawal (pollution) rights could be allowed, for example, as
long as the status of S1 and S2 exceed (do not exceed) thresholds of S1* and S2*,
respectively. This rule was applied in the early EPA emission trading. Alternatively,
trading could be allowed as long as the total flow of the resource in the sub-units is
smaller than F1* and F2*, respectively. This puts a premium on earlier use of resource
permits as it limits trading over time. It creates incentives to trade early and not to bank
permits. All these options have higher transaction costs than a single zone trading, which
has been successfully implemented for SO2 and lead permit trading (Klaassen, 1996).

I have discussed the non-uniformity as a physical characteristic of the resource. It
is possible, however, that non-uniformity relates to the resource users. In the individual
transferable quota systems, for example, small fishers and large industrial fishers were
not treated equally. The latter were protected, and trading between the two groups was
limited. The discussion of non-uniformity is also relevant for the global warming debate
where non-uniformity is created by the rules. The current negotiations, especially the
stance of some European countries, indicate that international trading could be limited by
a requirement for prior domestic resource-use decrease, before permits can be purchased
internationally. If this proposal is adopted, there would be two non-uniform uses of the
CPR—domestic and foreign.

The above arguments refer to exchangeability in space. Permits can also be
exchangeable in time. Resource use permits that are not used in the current period could
be banked or sold for future use.

Bailey (1998) argues that state regulation on how allowances should be treated in
the utility accounting increases the count of transactions (statistically significant effect)
but does not have a statistically significant effect on the traded volume (interestingly, the

coefficient has a negative sign). She suggests that this may be explained with two
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opposing effects: on the one hand, regulation may reduce the risks associated with
prudent review—utilities in a state with regulation may be less worried about seeking out
the best available transaction and instead purchase smaller bundles of allowances. On the
other hand, a utility may be more comfortable seeking out the best possible bundle of
allowances despite the increased transaction costs incurred by purchasing smaller

packages of allowances.

Rules regulating CPR users. The most important rules pertaining to CPR users are
those that determine who is regulated and how the non-regulated resource users could
opt-in or could become regulated at a later time. If a large proportion of the resource users
are not regulated, these markets may not be environmentally effective. The question of
who is regulated and who is not is less important in open-market systems, as they allow
all resource users to participate in the market.

Rules determining which CPR users are regulated have to be crafted carefully as
they may result in significant "leakage", that is, a shift of the CPR use from the regulated
to the non-regulated users. Therefore, it is necessary to identify the largest resource users
and examine how their activity could shift. In some cases, rules can be created to prevent
this shift, in others this may not be possible at low cost and in a short period of time. This
shift can be regulated by specific rules stipulating the requirements that the non-regulated
users must meet. These characteristics must also be closely monitored.

What can be done about the CPR users who are currently not regulated? Two
important questions have to be addressed. First, can the non-regulated resource users opt-
in for the management? Second, can we create an arrangement that phases-in the non-
regulated resource users in subsequent stages? The answers depend on the characteristics
of the CPR users and their use patterns. At first, opt-in seems like an option that would
have positive environmental effects and facilitate permit trading. Non-regulated resource
users can voluntarily accept the limitation on the use of a CPR in exchange for a share of
a private good (market permits). They are interested in opting-in because they can reduce
their use of resource at lower costs than the market price of permits. This leads us to

conclude that market incentives stimulate resource users to exceed the requirements of

62



the resource management, thereby reducing the pressure on the CPR more than they
would have, had the trading of permits not existed. This rationale, however, has a caveat.

Opt-in faces the challenges of adverse selection and moral hazards. It is likely that the
resource users who opt-in for allocation of the permits would have reduced their use of
resource even without the market incentives. If they were not allowed to opt-in, their
resource use reductions would have occurred on the top of the reductions of the regulated
resource users. By including them in the scheme and allocating them the resource
permits, however, their reductions are offset by the increased use of those who purchase
their permits. Thereby, opt-in may actually result in smaller reductions that would have
occurred otherwise (Stavins, 1998; Montero, 1997). Rules allowing opt-in therefore have
to address the issue of adverse selection.

The next question is whether the non-regulated users can be included in the
regulation in the subsequent phases. For example, in the initial phase, only the large
resource users are regulated. Their resource use is most likely better known and
documented, and therefore regulated. Once more information is available and there is a
better knowledge about the factors affecting the CPR and the trade, other resource users
may be included. The challenge then is to eventually include all resource users, whose
resource use can easily shift to other, non-regulated users.

Rules determining who is regulated impact the number of regulated resource
users. The effect of the number of users on market performance is, however, not
straightforward. On the one hand, increasing a number of market participants increases
the probability of finding trading partners, thereby reducing the exchange costs. Further,
the larger the market, the more likely brokers will enter the market. Both effects reduce
the exchange costs and improve market performance. On the other hand, large markets
can exhibit significant price volatility as large numbers and differentiation of actors
impede the information flows among market participants (Ferlie, 1992).

Information available to the permit holders impacts exchange costs. Permit
markets are new and permit holders have to obtain information about their own CPR
appropriations, the information necessary for finding potential trading counterparts, and

information about the trading rules and permit prices. If they have been involved in the

63



creation of the institutional arrangement, they are more likely to know the trading rules
and potential trading partners. Further, resource users will have better information about
potential counterparts if they engage in the same economic activity. It seems that the lead
permit program exhibited low search costs because all potential traders were oil refineries

and have known each other.

Trading rules. One of the most important sets of trading rules determine who can
participate in the trading. As lack of information is one of the major sources of high
exchange costs, rules that allow brokers to enter the markets can reduce these costs,
thereby improving performance of these markets. In these markets, brokers do much
more than just match potential counterparts. For less standardized traded good brokers
could provide standardization services (additional measurement that better defines

property rights) and even insurance services.

3.2.2. Dependent Variables

This research examines performance of various CPR markets. The literature on
policy instrument choice identifies a variety of indicators for evaluating policy
instruments. Most indicators measure policy outcomes such as environmental
effectiveness, economic efficiency, and distributional effects. Other indicators are
process-oriented, focused on administrative feasibility (information requirements,
monitoring, enforcement, compatibility with existing institutions, demands on resources
required for implementation of the instrument) and flexibility.

The focus on trading performance indicators seems narrow because the goal of
policy enactment is to solve a CPR problem, not to have perfect trading. As CPR use
exhibits low excludability and rivalry, unconstrained use can lead to deterioration of the
resource stocks. Each user’s consumption causes negative externalities for other users.
These negative externalities arise if the withdrawal from the CPR is too intensive or if
discharge of pollution into a CPR exceeds its adaptive capabilities. The challenge then is
to create rules of the CPR use so that the CPR does not deteriorate. Effectiveness in

terms of protecting the CPR from deterioration, therefore, has to be a major criterion of
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performance of any institutional arrangement. I now turn to a short review of concerns

related to measuring performance of marketable permits.

3.2.2.1. Environmental Effectiveness

The main purpose of any institutional arrangement is to alleviate the problems of
excessive withdrawal from or excessive discharge of pollution into a CPR. This question
can be answered if data is available about stocks of the CPR both prior to and after the
enactment of an institutional arrangement. However, in some cases it may be technically
impossible or extremely costly to measure the stocks of the CPR. In this case, it is
helpful to focus on resource flows.

Stock changes resulting from anthropogenic factors can be estimated by
measuring the withdrawal from/discharge into a CPR. If it is infeasible or expensive to
measure the CPR flows, one can measure the inputs used in the CPR appropriation, for
example, number of fishing hours or tons of combusted carbon. Reliability of this
measure depends on the relationship between the inputs and the CPR use. For example,
combustion of a ton of carbon always results in a given emission of carbon dioxide,
irrespective of the burning technology, the source of carbon (for example, oil versus
biomass), or the local environmental characteristics (wind velocity, humidity, and others).

Change in stocks may not, however, be a simple aggregation of the CPR flows. A
change in CPR stocks may result from other, not only anthropogenic, factors. For
example, stocks of fish may change due to weather, or concentration of carbon dioxide in
the atmosphere may change due to changed flows of carbon dioxide from other carbon
sinks (ocean, soil, and/or growing biomass). As these factors affect the resilience of the
CPR, but are not under control of the institutional arrangement, they should not be
included in the measure of environmental effectiveness. Nevertheless, they are still
important for CPR management, as the predictability of the CPR affects the rules
regulating the CPR use.

Some institutional arrangements regulating CPRs may attempt to affect the CPR
only in the long-run. In this case, achievement of interim goals can be explored. For

example, the Framework Convention on Climate Change sets as an ultimate objective to
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stabilize GHG concentrations in the atmosphere at a level that would prevent dangerous
anthropogenic interference with the climate system. This ultimate objective is to be
achieved incrementally and progress tracked by the following targets: (1) reporting the
use of the atmosphere, (2) establishing reduction targets, and (3) enacting policies to
achieve the set reduction.

Another option for measuring environmental performance is to measure whether
the institutional arrangement has achieved or even exceeded the set targets. However,
caution is required when making judgement based on overcompliance. Overcompliance
may be an indication of low targets rather than of a success in preventing the CPR

deterioration.

3.2.2.2. Market Liquidity

Some markets have obvious problems such as sellers having difficulties in finding
buyers, bidding and offers extending across a wide range of prices, and trading exhibiti.ng
high costs. How, then, can we then assess trading performance? It is clear that a market
with no trading is not performing well as the major purpose of market creation is to
facilitate trade. Newly developed markets go through a period of learning. Initially, there
is little understanding about prices. The dispersion of bided prices is wide and
transaction costs are high. With time, however, one would expect that a well-functioning,
robust market would have smaller dispersions between the bid and the clearing prices.
Perhaps, a smaller traded volume and high transaction costs are expected in all newly
established markets. However, market design may impede trading, requiring major
changes in the definition of the traded commodity, the trading rules, or in the way
potential wading partners learn about each other. The challenge then is to disentangle
these factors and I address this issue in more detail in the subsequent sections. This
section focuses on market performance and its measurement.

The first question is whether trading volumes and the number of trades are useful
and reliable indicators of market performance. In general, scholars do not view them so
(Stavins, 1998; Bailey, 1998) and suggest cost savings as an appropriate indicator.

Ellerman et al., 1997a) argue that larger trading volume is not necessarily better than
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lower trading volume. An optimal amount of trading is the one in which marginal
abatement costs are equalized across actors. Therefore, if permits were allocated so that
the allocation exactly reflects the cost-minimizing pattern of CPR use reduction, no
trading will occur. Ledyard and Szakaly-Moore (1994) argue, however, that a mechanism
should not be judged as highly efficient even though no trades occur. Focusing on
efficiency could result in judging a mechanism efficient because the initial allocation of
permits is close to the optimal. If no trading occurs, it is therefore necessary to reconsider
appropriateness of the market.

Other indicators of market performance have been suggested by scholars who
have examined various CPR markets. Schaltegger and Thomas (1996) point out the
importance of high price volatility. When prices change substantially, emitters keep their
permits and do not invest in pollution reduction. Schaltegger and Thomas (1996) do not
consider the number of trades to indicate market performance, but point out their effect
on other indicators of market performance, such as dispersion of prices around the market
clearing price. Similarly, Ellerman et al. (1997a) argue that in a reasonably competitive
market with good information, transactions are sufficient in number and frequency for
readily recognizable market price “to become established, around which bids and offers
cluster.” They further suggest that a degree of backwardation of prices is an indicator of
market performance; small differences between the current prices of current permits and
the prices of later vintage permits indicate low transaction costs, high confidence in the
value of future vintages, improved efficiency of spatial and intertemporal arbitrage, or a
combination of all three. Arguably, when allowances are not continuing in perpetuity, for
example, in the lead phase-down program, this measure cannot be used. Namely, the
closer the vintage of the lead permits to the phase-out date, the lower the real permit price
as they can be used for current compliance, but not banked for future.

When marketable permits are compared to other policy instruments such as
command-and-control systems or permit system without trading, scholars often use cost
savings to indicate the appropriateness of marketable permit systems (Stavins, 1998).
However, cost savings are difficult to estimate. In most cases they are estimated

theoretically by comparing models of individual behavior facing varying incentives of

67



different policy instruments. For actual cost-savings of an implemented program, one
would need to have an estimate of costs of reducing the use of the CPR by the same
amount, but with alternative institutional arrangements.

Another option is to compare costs of resource use prior to enactment of the
marketable permit program and afterwards. This approach was used to estimate cost
savings of individual tradeable fishing quotas and SO2 allowances. The analyses indicate
that it is difficult to disentangle the effects of permit trading from other effects. The
reduction of fishing effort is portrayed as a positive effect of a tradeable permit system.
However, a reduction of fishing effort can also result from other, non-related factors, such
as weather, that increase the stock levels. Further, the reduction of fishing effort can
result from the permit creation, not necessarily their trading.

Burtraw (1996) argues that the SO2 allowance system enabled cost savings
without the trading. The flexibility in meeting the resource-use standards created
incentives for inventions in coal rail-transportation and fuel-blending technologies,
stimulated higher productivity in low sulfur mining, and improved the design and use of
scrubbers. Thus, even without trading, substantial cost-savings were achieved in
abatement of air pollution. It seems that the performance standards used in regulation of
resource use and not trading stimulated these savings.

My analysis employs the following measures of trading performance: (1) trading
volume, (2) number of trades, (3) proportion of regulated resource users who participate
in the market’ and (4) price dispersion (differences between individual prices and market

clearing price).

3.2.3. Multiple Aspects of Performance

Most scholars argue that we need to look at multiple indicators when analyzing
the performance of CPR markets. In addition to the above indicators, the following
criteria are suggested: simplification of the resource-use control process; achievement of
the objectives with which the programs were introduced; and provision of information
regarding what is right and what is wrong with existing systems for tracking and

controlling resource use (Dudek and Palmisano, 1988).
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With any instrument that has multiple dimensions, the question arises as to how to
compare and aggregate performance across these dimensions. When different dimensions
of market performance (trading volume versus environmental effectiveness) require
opposing institutional arrangements (the former would require one-on-one trading; the
latter non-unit trading ratios), how do we judge the efficacy of the institutional
arrangement? The question therefore is: which aspects of market performance are more
important? This dissertation proposes that the most irriportant criterion is environmental
effectiveness. If the CPR deterioration is not prevented, we need to examine whether this
is a result of nonanthropogenic factors, too modest environmental targets, ill-designed
rules regulating the CPR use and users, poor monitoring and enforcement, or the lack of

trading.

3.3. Analvsis Methods

This study employs a case-oriented analysis. The research is performed in three
steps. First, I study in detail the sulfur dioxide market; the most developed and active
market. The detailed analysis of this market serves two purposes. First, it provides
information necessary for operationalizing variables in my framework. Second, as this
program is considered to have major similarities with the proposed carbon dioxide
market, the analysis may provide some detailed insights for designing carbon dioxide
markets. Sulfur dioxide allowance market and carbon dioxide markets share important
attributes of the resource and the resource users: the CPR is affected by similar activities
performed by similar actors; and they can be measured at the emission point.

At the second step, I examine whether or not the findings from the first market
apply in other markets with different sets of resource users, different CPR characteristics,
and different rules. I draw on published data from the following set of markets: lead
permit trading, the early EPA regional air pollutant trading, Regional Clean Air
Incentives Market (RECLAIM), CFC production permit trading, and Wetlands Mitigation
Banking.
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This dissertation focuses on the markets consciously crafted by regulators and
other actors. This selection process introduces a selection bias (King, Keohane, and
Verba, 1994) and allows me to study only the situation where markets are functioning and
not where markets were considered to be ineffective and were therefore not created. A
focus on the existing markets, therefore, biases the study towards better performing
markets.

In the third step, I focus on potential carbon dioxide markets. I employ the
findings from the previous two steps to identify the most important factors of market
performance. Ifocus on the incentives for actors to participate in the market: electric
utilities as large emitters, owners/managers of existing forests, and owners/managers of
future forests (the latter two as suppliers of sequestration projects). My study focuses on
the following issues: (1) who will produce and provide carbon permits either by reducing
emissions in electricity generation or by growing biomass, thereby sequestering carbon;
(2) who will approve the permits; and (3) how different approval processes may impact
the performance of the market. Due to the characteristics of the carbon sequestration
projects, this study will carefully examine the institutional arrangements that will allow
for continuous, long-term monitoring and enforcement (Ayres, 1994).

Secondary data is used in this research. This has both advantages and
disadvantages. The advantage is that the data collection takes less time and fewer
resources. It also allows the researcher to use a larger data set for quantitative analysis.
However, the researcher cannot affect the scope and detail of data collection. The data
that are compared and combined do not necessarily measure the same concepts and this

could potentially undermine the internal validity of the research results.
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CHAPTER 4

SULFUR DIOXIDE ALL.OWANCE TRADING

4.1.The Atmosphere As a Sulfur Dioxide Sink: Why Are We Concerned?

The use of the atmosphere as a sink for sulfur dioxide (SOZ2) and nitrogen oxides
(NOx) has local and regional environmental effects, most commonly described as acid
rain. Acid rain was discovered in the early 1970s by scientists at Yale and Cornell
universities. When coal and oil are burned, sulfur and nitrogen from the fuels are
released as sulfur dioxide and nitrogen oxides. Increased concentrations of these
pollutants in the atmosphere reduce visibility and impact human health. Increased SO2
emissions are associated with increased amount of sulfate aerosols, particles that can be
inhaled. Higher levels of sulfate aerosols are associated with increased morbidity and
mortality from lung disorders. Nitrogen oxides reach with volatile organic compounds
and form ozone that is also associated with increased morbidity and mortality.

These compounds can be carried hundreds of miles, depending on the wind
velocity, and finally fall on the earth surface in dry or wet form. Further, as they react
with water, oxygen, and oxidants in the atmosphere, they form a solution of sulfuric and
nitric acid. Pure rainwater is slightly acidic because of the weak carbonic acid, created as
rain reacts with carbon dioxide in the atmosphere. The atmosphere containing sulfur
dioxides and nitrogen oxides, however, makes the wet precipitation more acidic. Acid
rain dissolves aluminum silicates, makes the aluminum available to the plants. Trees are
dying due to acid rain and clear-cutting in New England, New York, North Carolina,
Tennessee, Georgia, Ohio, Indiana, and Kentucky (Little, 1995). The aluminum clogs
the root system and stops the intake of needed nutrients. Acidity in the rain dissolves
minerals in soil and they are washed away; the soil is depleted. Further, the fallen leaves
and pine needles, and other dead material from the trees, builds up on the floor and
prevents tree-saplings to grow. Further, acid rain causes acidification of lakes and
streams, especially those with limited ability to neutralize the acidity. According to the

National Surface Water Survey, acid rain caused acidity in about 75 percent of the
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surveyed acidic lakes and about 50 percent of the acidic streams. Acid rain also
accelerates the decay of building materials.

Sulfur dioxide and nitrogen oxides are primary causes of acid rain. In this
chapter, I focus on sulfur dioxide only, as emission trading was developed only for sulfur
dioxide. Use of the atmosphere as a sink for nitrogen oxides was regulated by
prescribing average emission standards. Several states in the northeast are slowly
developing regional markets for NOx. These markets, however, are only evolving and
are significantly different; they are open market systems, based on emission reduction

credits rather than on emission allowances.

4.2. SO2 Allowance Market Analysis

4.2.1. Independent Variables
4.2.1.1. CPR Characteristics Affecting Measurability

Predictability of CPR stocks. The resource of interest is the atmosphere and its
use as a sink for SO2 emissions. When the atmosphere is used as an SO2 sink, the
increased ambient concentrations result in acid wet and dry deposition, damaging aquatic
systems and some types of vegetation. The negative effect depends not only on the
concentrations levels but also on the ability of the ecosystem to neutralize the increased
acidity. Increased concentrations of ambient sulfur are not difficult to measure, neither
are the concentrations in the dry or wet deposition. It is, however, very difficult to
establish a standard level of deposition that provides a given level of protection to a
selected ecosystem. These standards may be more easily developed for aquatic systems,
but very difficult for other ecosystems that are also at high risk, such as high elevation
forests. Even the-state-of-the-art data collection and modeling does not support

development of satisfying standards (EPA, 1999b).

Availability of reliable indicators of resource flows. SO2 emissions were
estimated even before the Clean Air Act Amendments (CAAA) of 1990 with a materials

balance approach. The sampling of fuel input is performed routinely to ensure the quality
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of fuel delivered to the plant, and commercial aspects of coal supply depend on the
accuracy of protocols for measuring in-fuel sulfur content. These measurements,
however, were not considered to be sufficiently trustworthy for emission trading, as not
all sulfur is emitted to the atmosphere--part remains in the ash, and emissions to the
atmosphere can be reduced by the use of additives or sorbents in combustion (fluidized-
bed method) or in the exhaust stack (scrubbers). Obtaining data from stack measurements
also requires some assumptions on the homogeneity and velocity of the flue-gas stream.
Ellerman et al. (1997a) argue that these assumptions are equally problematic as those
involved in the material balance.

The CAAA require a continuous emission monitoring of SO2, NOx, and CO2 at
the stack. If a firm chooses to use other measurement techniques and devices, it must
prove that the measurement is equivalent to the continuous emission monitoring.
Equipment is certified initially and there are periodic quality control procedures as well
as procedures for filling in the missing data. Units report hourly emissions on a quarterly
basis. The data is recorded in the Allowance Tracking System maintained by the EPA.
This tracking ensures that sufficient amounts of SO2 allowances exist for each unit as

well as that the averaging of NOx emissions complies with the regulatory requirements.

Spatial extent of the resource. If the emission stacks are low, the effects of the
emission are localized. However, negative local effects of emissions prompted the
emitters to build higher stacks. This results in winds carrying these substances thousands
of miles away based on the wind direction. The use of the atmosphere as a sink for SO2
and NOx emissions first had only local effects but with the change of technology, the

effects became regional.

Effects of the resource use on the resource stocks (uniform versus non-uniform

effects). Local concentrations of SO2 and NOx emissions, and their effects on visibility,
health, and acidity of precipitation depend on the location of the polluter and the wind

direction. There are several downwind states in the northeast of the U.S., whose own use
of the atmosphere as a sink for pollution is small, but due to the winds direction, they get

acidic deposition from other upwind states (Midwest). This disparity caused some of the
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downwind states to limit the trading in SO2 allowances to the region and no export of
allowances to the upwind states. The limitations were, however, declared

unconstitutional and therefore had to be removed.

4.2.1.2 Characteristics of CPR Users

Major sources of SO2 emissions are presented in Table Al, Appendix A. In
1989, a year prior to enactment of the CAAA, the major sources of sulfur dioxide were:
utilities (predominantly coal burning) that accounted for 69 percent of the national
emissions, industry and manufacturing accounted for 12.7 percent, industrial combustion
for 11.6 percent, and transport for 3.6 percent. Nitrogen oxides, on the contrary, were
mostly emitted from small, non-point sources. Transport accounted for 43.0 percent of
national emissions, utilities for 32.4 percent, and industrial combustion for 15.6 percent.
The major users of the atmosphere as a sink for SO2 emissions are therefore large electric
utilities, until recently substantially regulated by the federal and, to greater extent, state
legislation.

States’ utility regulation can affect the SO2 allowance market in two ways. First,
it can directly prescribe technology that is to be used to reduce emissions. I discuss this
aspect in more detail in the next section. Second, states can affect the allowance market
indirectly by regulating allowed rate of return, the depreciation rate, and its approval of
particular emission reduction strategies. These can differ among emission compliance
strategies. Cost recovery rules are in domain of state regulatory commissions. As
utilities were ensured a fair rate-of-return on their investment, a state regulatory agency
had to review and approve their expenses. If a state wanted to stimulate the use of
scrubbers, it could treat them as pre-approved capital investments whose costs can be
passed onto consumers even before the installment. If it wanted to discourage the use of
allowances as a compliance method, it could create a rule that their costs can only be
passed onto consumers in the year when they are used for compliance. This discourages
purchasing and banking of allowances for future use. Further, revenue from selling
allowances can be treated as a capital gain and may be required to be passed onto
consumers as a rate reduction. This also reduces motivation for trading. The

Environmental Law Institute report (1997a) points out that the regulation of the utility
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industry by the Federal Electricity Regulatory Commission (FERC) and the Public
Utilities Commission (PUC) was identified by the GAO report as a significant
impediment to trading in the SO2 market. FERC and PUC provided little guidance
regarding cost recovery rules. The GAO report found that out of 80 utilities that would
benefit from buying allowances, only 2 decided to do so. More recent data show that the
amount of trading has increased significantly, and over 2 million allowances were
acquired by utilities in 1996 (a total of 4.8 million allowances were acquired from 1994
through 1996, with 2.9 million in 1996). Of these, 1.9 million were intra-utilities’
transfers between units and 2.9 million acquired from other utilities, brokers, or fuel
companies. Similarly, Fullerton, McDermott, and Caulkins (1996) argue that state
regulation may increase costs of trading.

Statistical analysis of trading data, however, does not support the hypothesis of a
significant effect of regulation on trading. Ellerman et al. (1997a) argue that states’
regulation has not significantly impaired trading. Allowances were traded in all 24 states
containing Phase I-affected units, as well as 10 of the 23 states that have only Phase II-
affected units. Bailey (1998) observes that state regulations are often a reflection of the
supply of additional allowances; states with large amounts of excess allowances created
rules that motivate trading (Wisonsin, Connecticut, Pennsylvania). Her statistical
analysis does not support the hypothesis of a statistically significant effect of state
regulation on trading.

Reducing emissions of sulfur dioxide requires long-term planning. Both options
for reducing emissions--building a scrubber or switching to lower sulfur coal--require a
longer period to be realized. Scrubbers are a long-term invesiment that requires
thorough planning. Coal supply contracts are typically long-term contracts and do not
enable major short-term changes of the characteristics of sulfur content (Ellerman et al,
1997a). Utilities, therefore, have difficulties in reacting rapidly to price signals in
emission allowance markets.

Further, one could argue that as electric utilities have an ensured rate of return on
the invested capital, they do not minimize costs. This reasoning, however, is changing
rapidly with the deregulation of the industry. Costs of generating electricity are

becoming a major factor in the electricity market for wholesalers.
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4.2.1.3. The External Legal and Regulatory Environments

External legal and regulatory environments impact constitutional-choice level
rules in all CPR markets as they determine who can govern the resource use and
formulate the policies. The collective-choice level institutions determine the rules of
policy making and management that will affect the operational choice level decisions--
decisions about the appropriation, provision, monitoring, and enforcement (Ostrom,
1990). Until 1963, regulating the use of the atmosphere as a sink for emissions was a
prerogative of local governments. The negative effects of the use of the atmosphere were
not thought of as having effects larger than a local scale. During the mid-twentieth
century, it became obvious that air pollution is not only a local-scale process.
Environmentalists were demanding the federal government to step in and in 1963, the
Clean Air Act was enacted that gave the federal government investigative and abatement
authority. The second air quality bill of 1967 left the primary responsibility for clean air
with local and state governments. The pressure of environmentalists for federal air
quality standards increased again in the early 1970s. The 1970 Clean Air Act authorized
the Environmental Protection Agency to develop the standards. States were given the
task of developing state implementation plans (SIPs) to achieve the standards. The
standards were, however, not enforced and deadlines for achieving them were extended.
Environmental agencies again pressed for changes in federal air quality policies and even
filed a suit against the EPA stating that its new regulations were leading to a deterioration
of air quality in some regions. Pressed by the court decision, the EPA had to agree to a
change in the law. One of the changes gave more flexibility to industry in meeting the
standards. In 1979, a “bubble” policy was enacted that gave the industry the flexibility in
deciding at which plant will it meet the emission reduction requirements, thereby giving
the flexibility at the operational choice-level decisions to the resource users.

The 1990 Clean Air Act Amendments addressed the use of atmosphere as a sink
for emissions in various ways. On the one hand, they determined various geographic
areas based on their level of local air quality and set various deadlines for meeting the air
quality standards. The amendments, however, also addressed the use of atmosphere as a

sink for emissions that cause regional and also international environmental consequences,
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that is, the emissions of sulfur dioxide and nitrogen oxides causing acidification of dry
and wet precipitation, called acid rain. The bill itself listed the worst polluters. It listed
263 so-called Table 1 units that had to reduce their sulfur dioxide emissions by 10 million
tons by the year 2000. The bill itself therefore determined who had to limit the use of
atmosphere as a sink and for how much. The bill determined that permits to use the
atmosphere (allowances) will be allocated to the Table I units based on their historical
heat input (between 1985 and 1987) and a given rate of emissions per unit of heat input
(2.5 pounds per mmBtu). The bill did not prescribe, however, how the listed units have
to change their resource use pattern not to exceed the allocated resource use permits.
Title IV of the CAAA ‘enacts a permanent cap on annual SO2 emissions. The cap
was established by a political process and set in the law itself. The law itself states that
allowances are not property rights. This is an attempt to avoid the takings issue if
government decides to change the overall cap. The resource users have no right to
determine the quantity of the total allowances for a given year. They also have no legal
protection if the federal government decides to change the cap. Their customary rights,
that give them the right to use the allowances, to sell, or to bank them, however, were
sufficient for a well-functioning market. (The functioning of this market is addressed in

the second section of this chapter.)

4.2.1.4. Rules Regulating CPR Use, Users, and Trading

Rules regulating CPR use.

Severity of resource use limitation. The 1990 CAAA allocated the rights to use
the atmosphere as a sink to the Table I units--the units with the greatest emissions--but
did not regulate anyone else’s resource use. In aggregate, the Table 1 units were allocated
5.5 million tons sulfur dioxide allowances for 1995, when their emissions amounted to

only 4.45 million tons of sulfur dioxide (Table 4.1).
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Table 4.1: Emissions and Allowances of the Phase I Units

l 1995 | 1996 | 1997
Emissions (million tons)

Table 1 445 4.76 4.77
Substitution and 0.86 0.65 0.70
Compensation

Opt-In 0.04 0.08
Total 531 541 5.47

Annual Allowance Allocation (million tons)
Table 1 5.55 .95 5.55
Substitution and 1.33 1.18 1.04
Compensation
Other * 1.86 1.57 0.56
Total 8.74 8.30 1.1

Cumulative Allowances Carried over to the Next Year
[ 3.43 | 6.29 | 7.96

Note:
* Other allocations consist of Phase I Extension, opt-in, small diesel,
conservation, and EPA annual auction allowances.
Source: EPA Acid Rain Score 1996, Results of the Sulfur Dioxide
Program, 1997; Preliminary Summary Emission Reports,
ww.epa.gov/acidrain/.

The allowances were allocated according to the formula by which each unit
receives an amount equal to an emission rate of 2.5 1b of sulfur dioxide per million of Btu
heat input during the base period of 1985-87.

Additional allowances (for substitution and compensation units, for opt-in units,
for the EPA annual auctions, and other purposes) amounted to 3.19 million allowances,
whereas emissions of the substitution and compensation units amounted to only 0.86
million tons. In total, the regulated resource users were allocated 8.74 million
allowances. Their use of the atmosphere in 1990, when the CAAA were enacted,
amounted to 9.76 million tons (Table A2, Appendix A). The resource use restriction was
therefore not very severe; it required a reduction of resource use by about 10 percent.

This reduction may still be viewed as severe, given that the demand for electricity is
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growing. However, the heat-input (the input required for electricity generation) has

increased by 7 percent between 1990 and 1995.

Rules regulating how the CPR is transformed into a private good. Title IV of the
1990 CAAA establishes a cap of aggregate allowances that are allocated to the regulated
CPR users. An allowance entitles the allowance-holder to emit one ton of sulfur dioxide.
The right to use the atmosphere as a sink for emissions is standardized--nominated in an
absolute value, rather than a flow of resource over time. No prior approval is necessary
for transfer of the right. These rights to the use of the CPR are enforced with a
continuous emission monitoring system. An allowance tracking system contains data on
allowances held by an account as well as data on the use of the CPR (emissions of SO2).
The data on both is compared at the end of each calendar year. If a resource user sells
some allowances and at the end of the year holds a smaller amount of permits to use the
CPR than its actual use, it has time during the reconciliation period to obtain the missing
permits. The fact that the seller had missing allowances at the end of the period does not
affect the buyer or the characteristics of the good (permit) it purchased. An allowance
from any source has the same expected value; there is no uncertainty related to the actual
right that the buyer purchases.

The permit to use the CPR in this case is therefore defined prior to the transfer
and does not depend on the characteristics of the seller of the permit. It is a standardized
good, defined in an absolute value (one ton of SO2), rather than a flow of resource over
time (for example, 500 tons of SO2 in a given year). There is no uncertainty related to the

existence of the permit for the buyer.

Rules regulating exchangeability of permits. Three aspects of exchangeability of
permits are important for functioning of the allowance market: (1) exchangeability of an
allowance in space; (2) in time; and (3) exchangeability of purchase of allowance with
other forms of meeting individual resource-use limits.

Exchangeability in space might be limited if resource use has non-uniform spatial
effects. In this case, a use of unit of the CPR at one location can have different
environmental effects than the use of resource at another location. Where there is a
prevalent wind circulation, there are some resource users who are up-wind and others

79



who are down-wind from those who face the negative effects of the use of the CPR. For
example, if an electric utility in the Midwest purchases allowances and emits sulfur
dioxide, the states down-wind (the northeast) will face the negative effects of these
emissions. It is therefore possible that those who are down-wind would require that
exchange ratios of units of resource use reflect the negative effects of the resource use.
Northeastern states have tried to limit the amount of resource use permits that can be sold
to the up-wind resource users, but this interstate trade limitation was decided to be
unconstitutional.

Exchangeability in time can also be limited. If the authorized agency decides to
phase-out the use of the resource, it may limit the use of the current resource use rights in
the future. It can devise rules so that the resource right in a time t+1 is given aright to a
smaller amount of the resource as in time t. This discounting in time can significantly
limit trading, if the buyers intend to bank the resource use permits for future use. This
was not the case with the sulfur dioxide allowances, but it could be if the allowances
were not denominated with an absolute value, but as a share of the total cap, a case quite
common with some other resources. In the case of uncertain resource status, the
authorized agency may have to change the cap over time and does not necessarily have
all the required information to announce in advance how the cap will be changing.

The third aspect of exchangeability of resource use permits is in its comparison
with other ways of meeting the resource use limits. For example, the authorized agency
may devise rules that affect the accounting of the resource use rights. In particular,
Public Utilities Commissions can regulate how allowances, their costs, and the revenue
from allowances are calculated.

If the exchangeability limitations can be assigned a probability distribution, one
could argue that the market price of the allowance would reflect these limitations and that
they would not obstruct trading. Not all of these limitations can, however, be predicted
with a probability distribution--there may be no past experience to serve as an
approximation for the potential future changes or the information about the future state of
the resource may not be available. This uncertainty then obstructs trading.

In the case of sulfur dioxide trading, exchangeability in time was not a problem.

The issue of exchangeability in space was raised by some northeastern states, who
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attempted to limit interstate trading of allowances. This limitation was, however,
examined in court and declared unconstitutional. Exchangeability of allowances versus

other ways of meeting the resource use limitation (investment in scrubbers) was limited.

Rules regulating CPR users. The rules regulating CPR users affect the market

functioning in two major ways, first by determining who is regulated and second, how
non-regulated users can opt-in. These rules affect exchange costs, thereby the number
and the volume of trades. They also impact environmental effectiveness of the CPR

markets.

Who is regulated? Title IV of the 1990 CAAA regulated the use of atmosphere as
a sink for sulfur dioxide emissions for 263 electricity-generating units (listed in the
CAAA as Table 1 units). All of these units were using the atmosphere more than an
average unit (their emissions per unit of heat input were over 4 pounds of sulfur dioxide
per million Btu, whereas the average emission rate of the Phase II units was less than 1.

Additional 1.86 million allowances were allocated as Phase I Extension
allowances, small diesel, conservation allowances, and in EPA annual auction
allowances. The extension allowances offer an explicit incentive for scrubbing, as they
provide extra allowances that effectively delay the onset of Phase I for Table I units
retrofitted with a scrubber by January 1, 1997 (to cover the construction period for
retrofitting).

Additional 1.33 million allowances were allocated to the substitution and
compensation units. Provision in Title IV allows for different units to be brought in and
achieve reductions instead of the Table I units. The majority of opt-ins in the Acid rain
program was temporal (units scheduled for phase II opted to be included in the phase I).
Not many non-regulated industries opted in. Recently, the EPA approved an opt-in
representing a trade from an industrial source to a utility in compensation of the shut-
down of the industry’s electricity-generating plants. Alcoa will receive approximately
89,000 allowances per year for three electricity generating units. Dupont will receive
approximately 8,000 allowances for shutting down four steam generating boilers in 1996,

and will give them to the Tennessee Valley Authority, from whom Dupont will now buy
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the steam. Ellerman et al. (1997a) attribute this fact to high transaction costs of finding
partners for substitution outside the electric utility branch. In 1995, there were 175 units
by 42 utilities that were listed as the substitution units.

The question of who is regulated versus who is not regulated affects the
possibility of leakage, that is, the shift of the use of the CPR from the regulated activity to
the non-regulated users. In the case of the regulation of sulfur dioxide emissions from
electric utilities, the potential for leakage was substantial. As all electric generators are
linked with the transmission lines and as electricity is a completely homogeneous
product, the substitution of electricity generation by the non-regulated users was possible.
Also, industrial and residential electricity users could substitute purchases of electricity
by generating electricity themselves (industrial sector) or by switching to other fuels
(heating in the residential sector). This substitution is, however, more involved than the
substitution among electricity generators, as it requires investment in new equipment.
The data on emissions from electric utilities (see Table A1, Appendix 1) indicates that the
former shift had not occurred, the total emissions from electric utilities follow the trend
of emissions of the Table 1 units. Similarly, the data for total national emissions in the

period after 1990 indicate that the latter shift also did not occur.

Voluntary compliance: opt-in and substitution units. Units that are not regulated
with the existing regulation can opt-in or become substitution units to provide emission
reductions for some of the regulated units. The motivation for having the use of a CPR
limited is not obvious without looking at the incentive structure offered by the regulation.
There are three groups of factors affecting the decision to opt-in. First, units opt-in
counting on the information asymmetry, which would result in the allocation of excess
allowances. Selling these excess allowances would generate revenue. This actually
increases the aggregate emissions. The potential danger of this increase was realized
when the opt-in was allowed. The allowance- allocation formula for the substitution
units was highly contested and a detailed method was litigated to ensure that substituting
units are not those who have already achieved all the required emission reductions. The
emission rate, which was used in the calculation of their allowances, had to be the lowest

of the following emission rates: (1) actual 1985 emission rate; (2) allowable 1985
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emission rate; (3) the 1989 or 1990 actual emission rate (whichever was greater); or (3)
the most stringent federal or state allowable SO2 emissions rate applicable in 1995-99 as
of November 15, 1990.

The problem then is to obtain the most accurate information on the current
emission rates of the opt-in units. In 1990, one of the years to be used in the formula,
compensation-substitution units emitted on average 1.61 1b of SO2/mmBtu. However, in
1995, the first year of the regulation, these units emitted only 0.9 Ilb/mmBtu (Table 4.1).
This disparity caused excess allowances to be allocated to the opt-in units.

The second reason for opt-ins are low control costs. Reducing aggregate
emissions by these low-cost units decrease the social costs of compliance due to the
flexibility effect. This is the benefit of opt-in to society. A question arises whether this
benefit in lower emission reduction costs outweighs the costs of potential increases of
aggregate emissions. The answer depends on (1) the slope of the emission reduction
benefit and cost curves; (2) the amount of the emission reduction substitution between the
original and opt-in units (that influences the difference between the two cost curves); and
(3) the original emission reduction target (as we move the emission reduction target right
towards the equilibrium, the marginal costs increase and the marginal benefits decrease,
thereby reducing the social costs of unneeded allowances).

The third motivation for opt-in is not in the SO2 regulation but in a related issue.
The units that opted-in for the SO2 regulation had their NOx grandfathered at the level
when they opted-in. If it is less costly to reduce SO2 emissions than NOx emissions, the
units see an economic rationale for SO2 opt-in. As both SO2 and NOx are precursors of
acid rain, reducing emissions of SO2 and not NOx and the resulting environmental effect

of the opt-in is therefore not clear.

Rules regulating trading. Trading rules determine who can trade in the market
and what rules regulate a transfer of allowances. There are two different markets of
sulfur dioxide allowances: an annual EPA auction, and private markets. The first annual
EPA auction was in 1993, and the private market developed in 1994. In either market,
there are no limitations as to who can trade allowances. Initially, the major sellers and

buyers in the markets were the 263 regulated units who have to reduce their SO2
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emissions already in the first phase of the regulation (by the year 2000). The second
group of traders were the generating units whose emissions will be regulated in the
second phase (after year 2000), so-called Phase II units. Given the organization of the
electricity generation and distribution, generating units are a part of an operating
company that in many cases is a part of a larger holding company. There is no limitation
as to who can trade with whom. However, rules regulating the requirements for reporting
a trade can also have an effect (Lile, Bohi, and Burtraw, 1996). Trades within the same
operating company (class 1) are likely to have lower transaction costs than trades
between different operating companies within the same holding company (class 2). In
some cases, class 2 trades can have higher transaction costs than interutility transactions--
the Public Utilities Holding Company Act (PUHCA) requires special reporting for
holding companies. These costs may be even higher when two companies within the
parent company are located in different states that have different regulatory rules.

Brokers, such as Cantor Fitzgerald Environmental Brokerage, NY; Fieldston
Washington, D.C.; Emission Exchange Corp., Escandido play an important role in this
market. Their presence reduced search costs and thereby transaction costs (Ellerman et
al, 1997a). Increasing the number of brokers helps potential trading partners find each
other. Some brokers, however, not only serve as intermediaries, but also purchase
allowances, transfer them on their account, and sell them when the market changes.

The EPA auction serves multiple purposes. First, if the market becomes very
tight and the prices of allowances increase, the entry barriers for new generating units
who have to purchase all emission allowances may become too high. The EPA auction is
therefore one market in which allowances can be purchased by a given maximum price.
Further, the EPA auction provides information on the allowance prices (Bohi and
Burtraw, 1997). On the other hand, it has been argued that the existing trading rules
skew the trading prices and, thereby, provide poor price information.

In the subsequent section, I operationalize the effectiveness of the program. For a
given CPR management problem, the central issue is the successful management of the
resource and prevention of its deterioration, that is, environmental effectiveness. I then

turn to an analysis of market liquidity.
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4.2.2 Dependent Variables

4.2.2.1. Environmental Effectiveness

There is no clear agreement on whether the sulfur dioxide allowance system is an
environmental success or if it merely accomplished what would have been accomplished
without it. I propose to look at the environmental effectiveness from various
perspectives. First, I make it clear that the environmental effectiveness is a function of
the allocated allowances (the primary allocation) and the enforcement of the allocations.
This aspect is independent of the institutional arrangements that are used for the
secondary allocation of the allowances. Further, the local acid deposition and its effects
depend on the local environments and the ability of the ecosystems to neutralize
increased acidity. Both major environmental authorities on this issue --the EPA and the
National Acid Precipitation Assessment Program (NAPAP) -- have reported that
emissions of SO2 have indeed been reduced. They both also notice a decline in sulfur
concentrations in air, wet and dry deposition in the eastern United States, the area most at
risk. The NAPAP report is, however, more cautious in attributing the causality link to
Title IV of the CAAA and points out that it is too early to determine this (National
Science and Technology Council, 1998).

Second, if the emission reductions exceed the required amount, the reasons may
be in the high market liquidity and the incentives provided by the market arrangement, or
it may be a result of other non-related factors. I address both--the effect of the incentives
for overcompliance provided by the trading of allowances as well as some alternative
explanations.

The emission cap, legislated in Title IV of CAAA itself, if enforced, determines
the minimum level of emission reductions. The first step in the analysis of environmental
effectiveness therefore has to review the emission reduction targets. On the one hand,
Ellerman et al. (1997a) argue that the emission cap for the year 1995 did not significantly
limit the emissions. Given the emission rate in 1993 (a period just prior to the beginning
of the compliance period) and the actual heat input of the regulated units, the expected
emissions without the regulation were about 8 million tons. The allocated allowances

amounted to 8.7 million tons for 1995. Therefore, the allowances were not restrictive. In
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addition, major emission reductions were noticed already in 1994. Even though one
could argue that these emission reductions are actually caused by the anticipation of the
beginning of the compliance requirements in 1995, most authors attributed these
reductions to lower prices of low-sulfur coal (Ellerman et al., 1997a; Bohi and Burtraw,
1997). The price of delivered low-sulfur coal decreased due to the deregulation of rail
transportation in the late 1980s, an unrelated event.

On the other hand, emission reductions in the year 1995 are noticeable. The
Table I units, which had 5.50 million ton allowances, emitted only 4.45 million tons,
which is more than 3 million ton reductions from the counterfactual case (emission rates
of the year 1993 multiplied by the heat input of the year 1995). In total, all Phase I
affected units reduced emissions from the counterfactual level by 3,888 million tons.
About one half of the emission reductions were achieved by scrubbers (45 percent). Only
26 units installed scrubbers that contributed to nearly one half of the reductions--two-
thirds of the reductions or 1.14 million tons came from only seven units. It is necessary
to point out that there was a large overinvestment in scrubber technology. The
investments were made based on the predicted prices of emission allowance in the range
of $250 or even over $300 per tons. If the costs of reducing emissions with scrubbers
amount to $265 per ton (Ellerman et al., 1997a), then one can understand the investment
in scrubbers.

About one half of emission reductions resulted from coal switching. Ellerman et
al. (1997a) also argue that about 40 percent of the 1995 emission reductions occurred in
three states (West Virginia, Pennsylvania, and Ohio) that experienced no pre-1995
emission reductions. At least for these states one could argue that emission reductions are
surely a result of the 1995 regulation. Their analysis, however, is not clear with respect
to what proportion of the emission reductions is merely a compliance with the Title IV
allocations and how much is exceeding the allocations. As the Phase I units were only
allocated 5.5 million allowances and they emitted 4.45 million tons, only 1.05 million
tons of emission reduction represents over compliance that can (or cannot ) be attributed
to the fact that the market was enacted for emission allowances.

It has been argued that Title IV has fostered significant innovation and investment

both in utility plants and also in the rail industry. Such innovations have resulted in
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reduction of compliance costs from an estimated $1.3 billion under traditional regulation
to $725 million in 1997, and are expected to reduce it from $4.5 billion to $2.5 billion
under Phase II. The ELI (1997a) report lists $2 billion in investment in rail technology
and another $6 billion in low-sulfur coal-fields. Innovation also took place in the
utilization of existing plant and equipment. Possibilities for mixing low-sulfur coal with
high-sulfur coal, conventionally considered to be problematic due to different moisture,
heat, and ash content of the two fuels, improved significantly. Technology of scrubbing
also improved and reduced the need for spare modules (ELIL,1997a). The fact is that 3.43
million allowances were banked for future use in 1995. The cumulative amount of
banked allowances in 1996 was 6.29 million allowances. In 1997, the cumulative amount
of banked allowances still increased but at a lower rate. At the end of 1997, 7.96 million

allowances were banked for future use (Table 4.1).

4.2.2.2. Market Liquidity

Analyses of sulfur dioxide allowance trading are numerous, predominantly due to
the publicly available allowance tracking system, which records all allowance transfers,
and due to publicly available data on the EPA annual auctions, both quantities and prices.
Most analyses focus on the number of transactions (Ellerman et al., 1997a; Lile, Bohi,
and Burtraw, 1996; Bohi and Burtraw, 1997; Bailey, 1998; Tietenberg, 1997c¢), though
the number of transactions is a contested measure of trading activity. The trading data is
further complicated by the fact that many allowances are transferred between units within
larger companies or between the units and the higher levels of aggregation, for example,
between the electricity generating unit and the owner utility. Some researchers add the
analysis of prices and their changes over time (Lile, Bohi, and Burtraw, 1996; Ellerman
et al., 1997a). In this section, I first analyze the data sources for the analyses of trading,
that is, the Allowance Tracking System (ATS) and its characteristics, as the treatment of
some of the related issues can potentially affect the outcome of the trading analyses.
Then, I turn to a detailed analysis of the market, the traded volumes, the characteristics of
the EPA auctions and the private market, and the allowance price trends since the first
EPA auction. I analyze the disparities among prices and discuss what they reflect about

the market.

87



Allowance tracking svstem (ATS). The main goal of the ATS is to monitor

compliance and not trading and this goal significantly affects the possibility of using the
data for policy analyses purposes. The ATS system contains no price information, as this
may be strategically important information in the era of utility competition. Transactions
are listed only when they become important for proving compliance with the emission
allocations (Lile, Bohi, and Burtraw, 1996). However, we can also notice a large amount
of recorded purchases by fuel suppliers and brokers, when none of them have any
compliance requirements. This suggests that the ATS is more than merely a record used
for compliance review. The regulated units are usually a part of large utilities or even
holdings that also engage in emission trading. There is also a significant emission
exchange between these units owned by the same owner, which complicates analyses of
market exchanges. The EPA codes trades based on the owners of the allowance account.
The most recent coding is for the year 1997, whereas transactions in the year 1998 and
the first months of the year 1999 have not been coded yet. Any analysis of allowance
transactions therefore first requires coding of the transactions in the last two years.

As ATS contains no price data, this information is obtained from other sources.
EPA keeps records of bid- and offer prices for all annual auctions. Prices of allowances
exchanged in private markets are only recorded by brokers. Some of them make the
weekly average prices available; individual exchange prices could not be obtained. All

conclusions on price dispersion are, therefore, based on the auction data.

Traded quantities. Before looking at the number of allowance transactions, a
decision has to be made on two aspects of trading. First, what is the importance of
intrautility transfers, and second, how to treat banking of allowances. Intrautility
transfers are negotiated among members of the same utility or holding company. The
transfer occurs at a zero price; allowances are merely reallocated. Since 1994, when
allowances were first transferred outside EPA auctions, intrautility transfers represented a

large portion of all allowance transfers (Table 4.2).
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Table 4.2: Allowance-Exchanges, March 1993-May 1999
1993 1994 1995 1996 1997 1998 Jan.- May
1999
Private Market
Allowances 0 858,372 | 2,666,851 | 4,394,019 | 8,418,954 | 8,168,157 | 4,042,377
Transactions 0 63 339 575 838 736 392
The EPA Annual Auctions (spot and advance)
EPA 150,010 175,400 176,000 275,000 300,000 275,000 275,010
Allowances
Transactions 66 66 71 81 64 41 48
Private 10 1,200 1,400 0 0 10
Allowances
Transactions 1 3 4 0 0 0 1
Reallocations and Intrautility Trades

Allowances 0| 8,410,357 | 13,879,654 | 4,239,218 | 7,321,096 | 5,144,250 | 2,223,721
Transactions 0 150 273 516 634 826 341
Source: The EPA Allowance Tracking System database.

In 1994, the intrautility transfers accounted for nearly 90 percent of all transfers.
In 1998, they represented only 38 percent of all transfers. This indicates that transaction
costs of allowance trading was substantial in the first few years and intrautility transfers
were a way of reducing transaction costs.

The second issue related to allowance transfers is allowance banking. If regulated
units choose to keep their allowances for the future rather than trade them, this reduces
the traded quantity, thereby indicating a poorly functioning allowance market. On the
other hand, one could argue that banking is an exchange in time and that it reflects costs
minimization over time periods. This is indeed the case. However, if this is the
predominant situation in a market, then we can conclude that the spatial aspects of
allowance exchange are less important. In this case, it makes less sense to invest in
costly development of an allowance market, when banking already minimizes costs for
individual resource users. In 1995, the following use of the allowances has been
recorded: 4.76 million were used by the utilities where they were allocated, 0.53 million
were traded among utilities, 3.4 million were banked (2.91 by phase I utilities, 0.29
million sold to Phase II, and 0.22 million to third parties) (Ellerman et al., 1997a).
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How much trading is sufficient? When can we talk about a functioning market?
The answer to these questions is not clear. Is more trading necessarily better than less
trading? In a theoretical analysis, the answer is easy. The optimum trading is achieved
when the marginal costs of emission reductions are equal across all resource users--
additional trade would not reduce anyone’s costs of emission reduction. In practice, the
information necessary to conduct a marginal cost analysis is not available. What can be
measured, however, is the amount of allowances exchanged. The number of allowances
exchanged in the private market and in the EPA annual auctions from 1993 to May 1999

is presented in tables 4.2 and 4.3.

Table 4.3: The EPA Annual Auctions: Bidding Activity
| 1993 | 1994 [ 1995 [ 1996 | 1997 [ 1998 | 1999
Number of Bids — Spot Auction
Successful 36 37 46 47 41 21 27
Unsuccessful 70 66 43 92 118 88 50
Number of Bids — 7-Year Advance Auction
Successful 30 19 17 25 17 20 21
Unsuccessful 35 92 20 67 58 34 11
Number of Bidders — Spot Auction
Successful 21 17 26 29 23 11 13
Unsuccessful / 9 8 13 20 25 12
Number of Bidders - 7-Year Advance Auction
Successful 13 11 T 11 9 3 I3
Unsuccessful / 11 2 9 8 9 1
Allowances — Spot Auction
Bidden 321,354 294,354 255,371 911,735 | 1,224,582 767,097 | 5,000,567
Sold 50,010 50,000 50,600 | 150,000 150,000 150,000 150,010
Offered 145,010 108,001 58,306 158,000 150,000 150,000 152,510
Allowances — 7-Year Advance Auction
Bidden 238,406 | 489,399 236,928 404,634 553,406 509,009 253,055
Sold 100,000 100,000 100,400 100,000 125,000 125,000 125,000
Offered 130,500 147,000 107,000 107,000 125,000 125,000 125,000
Source: EPA Allowance Auction Results, http://www.epa.gov/acidrain/auctions/

A well-functioning market will have a larger proportion of all allowances
exchanged than a poorly functioning market with high transaction costs. The extent of
trading also depends on the difference in the abatement costs and the initial allocation of

the allowances. I have addressed these issues in detail in the methodological chapter.
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Sellers and buyers. The largest sellers in the private markets over the entire
examined period were utilities, in average selling slightly more than one fourth of all
allowances, and engaged in slightly more than one quarter of trades (Tables A3 and A4,
Appendix A). Their share of sells has steadily increased throughout the observed period,
accounting for 32 percent of the sold allowances and 33 percent of the trades in 1998, and
for 49 percent of the sold allowances in the first quarter of 1999 and 60 percent of the
trades in the same period (Figure A1, Appendix A).

The second most important seller of allowances were fuel companies that over the
entire period (1994-May 1999) accounted for about 24 percent of the sold allowances and
26 percent of the trades. Their share was increasing until the beginning of 1999, when it
slightly decreased: 11 percent of the sold allowances and 19 percent of the trades. This
significant presence of fuel suppliers in the SO2 allowances market has important
implications for other markets. Title IV of the CAAA regulated electric industry, that is,
those who use the CPR as a sink for pollution. The use of the CPR was thereby regulated
at the user end. Alternatively, inputs into the activities that use the CPR could have been
regulated. For example, fuels--extracting industry or suppliers--could have been assigned
SO2 allowances, as was the case in the lead phase-out program (discussed in greater
detail in the subsequent chapter). The SO2 market indicates that the non-regulated
actors, whose activities are impacted by the regulation of their buyers, use the flexibility
of the market approach to decrease the negative effects of the regulation on their
economic activity. The existence of the market made it possible for the suppliers of high-
sulfur coal to purchase allowances in the market and bundle them with the sales of the
high-sulfur coal.

The third major group of sellers are Phase 2 electricity generators, that is, the
electricity generators whose use of the CPR will become regulated in the year 2000.

They accounted for 16 percent of the sold allowances and 15 percent of the trades.
Brokers were another equally important group of sellers. They accounted for about 14
percent of the sold allowances and the trades during the entire examined period. Phase 1
electricity generators, the only actors who were allocated SO2 allowances from the EPA,
accounted for 12 percent of the allowances and the trades. They were the most important

sellers in 1994, the first year of the private market operation (54 percent of the
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allowances and 43 percent of the trades). This is understandable as they were the only
ones to be allocated the emission allowances. Their importance as sellers, however,
rapidly declined in the second year itself (they accounted for 19 percent of the sold
allowances and the trades). In this year, Phase 2 generators became the most important
sellers of allowances (accounting for about 41 percent of the sold allowances and 18
percent of the trades). The year 1998 warrants special examination. Allowance prices
experienced a large price spike in the summer of 1998. In this year, the share of utilities
in allowances sales increased (from 21 percent 1997 to 32 percent in 1998; from 16
percent of trades in 1997, to 33 percent in 1998). This fact has been seen as a potential
reason for the price spike in the summer of 1998 (interview with the editor of Fieldston
publishing). I examine this argument later in this chapter.

Utilities are also the most important buyers of allowances (Figure A2, Appendix
A). Throughout the examined period, they accounted for about one third of the
purchased allowances and for about 31 percent of the trades. Their share of the
purchased allowances was the largest in the year 1995 (when they accounted for one half
of all purchased allowances and one third of trades). In the next year, they lost their
importance as buyers while brokers increased their share. In the subsequent years, they
increased their share, but never reached the 1995 level again.

Fuel suppliers are the second most important buyers of allowances, accounting for
28 percent of the purchased allowances and 30 percent of the trades throughout the
examined period. Their market share was meager in 1994 (4 percent of the allowances
and 14 percent of the trades), but increased rapidly by 1997, when they accounted for
more than one third of the purchased allowances and nearly one third of the trades.

Brokers were the third most important group of buyers. Throughout the examined
period they accounted for about 16 percent of the allowances and 20 percent of the trades.
Their share of the market was the highest in 1996 (about one fourth of the purchased
allowances) and reached the lowest in 1999 (only 7 percent of the purchased allowances).

The data for the first quarter of 1999 reveal another interesting aspect. Phase 1
generators accounted for about 13 percent of the purchased allowances, whereas their
share in any other year has never reached 10 percent. This higher share can be explained

with the fact that the data for this year reflects only the situation until May 1999. The
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first few months of each year have a particular importance for the regulated CPR users--
so-called reconciliation period. Phase 1 generators have a few months at the beginning of
each year to purchase additional allowances in case their emission in the previous year
exceeded their allowances. Therefore, the data for the first few months may be slightly
skewed towards Phase 1 generators as they may need to purchase additional allowances.

However, a similar pattern in 1999 is exhibited by the phase 2 generators, who do
not have to meet the emission requirements and therefore do not need to purchase
additional allowances during the reconciliation period. The data may be indicating that
as we get closer to the beginning of the more strict restrictions on the use of the CPR
(Phase II starts in 2000), the regulated entities have become more important players in the
allowance market.

This analysis indicates that the conclusions on the shares of various groups in the
private market based on the number of allowances or number of trades coincide. This
indicates that there are no major differences in average sizes of purchases/sales of
allowances across various groups of actors. This fact, however, differs from the
characteristics of the EPA annual auctions (Figure A3, Appendix A). Over the entire
examined period, the EPA auction market was strongly dominated by utilities (48
percent), brokers (9 percent), fuel suppliers (15 percent), and other actors (13 percent), if
measured with number of purchased allowances (the left panel of Figure A3). On the
other hand, when the presence in the market is measured by number of trades,
environmental organizations become the third most important buyer (17 percent) after
utilities (31 percent) and other actors (24 percent). Clearly, there are some very small
buyers who bid a lot and are engaged in many transactions, but do not purchase
significant number of allowances (environmental organizations and other actors). These
actors may be using the EPA allowance auction because of the free access to this market.

It is likely that had this market not existed, they would have not bidden at all.
Allowance price trends. The trends of SO2 allowances’ trades in private markets

during January 1997 to May 1999 are presented in Figure 4.1 with two curves-- the curve

with diamonds represents the offer prices and the curve with squares the bid prices. The
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market clearing prices of the annual EPA auctions in 1997, 1998, and 1999 are

represented with individual columns.

Offer and Bid Prices in Private Markets, January 1997 - May 1999, and the EPA 1997, 1998,
and 1999 Auction Average Prices
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Figure 4.1: Weekly Average Allowance Prices, January 1997-May 1999

Even though the EPA auctions operate only one day a year, their market clearing
prices do not differ significantly from the prices in private markets that operate every
working day. Private markets have been active since 1994, but weekly price data is
available only after 1996. The continuous private market prices actually do not differ
much from the auction prices. However, as the annual auctions last one day each year, it
is not likely that that day’s trading would affect the prices so significantly. Also, the
importance of the auctions in the total number and volume of trades is reducing with time
and can therefore not affect the level of prices in the private markets.

Initial allowance prices in early 1997 are much lower than the predicted prices
due to several factors. Imperfections in the allowance market, driven largely by defects

in the EPA auction matching process, are considered to be one reason for the price
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discrepancy (Bohi and Burtraw, 1997; Ellerman et al., 1997a). Another reason for low
allowance prices was considered to be a large overinvestment in the pollution abatement
technology--scrubbers--by utilities. Ultilities were forced to invest in scrubbers (Bohi and
Burtraw, 1997; Ellerman et al, 1997a). Also, Title IV explicitly stimulated utilities to
install scrubbers as they were granted extension allowances for such investment. The
investment decisions were made based on the basis of high allowance price estimates and
therefore the over-investment. The average cost of emission reduction by scrubber is
$322 per ton of removed SO2 (EIA, 1997a). The overinvestment of pollution-abatement
technology resulted in oversupply of allowances and therefore lower price. The
overinvestment may be a reasonable explanation for the initially low prices. However,
after March 1998, allowance prices started increasing and have experienced an increasing
trend since then. The price increase could not be explained with the supply side, as the
overinvestment in the technology is still present (emission quotas have not decreased,
which would decrease supply of available extra allowances and increase the demand).
Another important reason for low allowance prices was lower than expected
prices of low- sulfur coal (Bohi and Burtraw, 1997). Coal switching is the cheapest
method of reducing SO2 emissions, in average costing only $113 per reduced ton of
emissions for the same level of electricity generation (EIA, 1997a). Interestingly, lower-
than-expected low-sulfur coal prices were, on the other hand, explained by lower-than-
expected allowance prices (Ellerman et al., 1997a). On the one hand, the first
relationship is possible. Prices of low-sulfur coal were so low due to the decrease in
transportation costs. Technological development and deregulation of railways resulted in
lower prices of transportation, an important factor for low-sulfur coal that is located
significantly further from the major users than the high-sulfur coal, that is for most states
available locally. The second argument, linking low prices of low-sulfur coal to low-
allowance prices also has some merit, at least in the initial years of the trading program.
Fuel suppliers are major buyers of sulfur allowances and they bundle them with high
sulfur coal. This reduces the sulfur-premium for coal prices and thereby keeps the low-
sulfur coal prices down. One could argue that the links between the coal prices and
allowance prices would be rather weak as the coal prices are determined in long-term

contracts. However, over the years, the length of coal contracts is decreasing, a trend
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attributed to deregulation of the electric industry and the generators’ pressure to reduce
costs and re-define terms of contract. Between 1985 and 1985, the percentage of long-
term coal contracts has remained fairly steady (just below 30 percent); major changes,
however, are noticeable for medium- and short-term contracts. Medium-term coal
contracts accounted for about 50 percent of all coal contracts in 1985, whereas in 1995
they accounted for only slightly more than 30 percent. The share of short-term contracts
increases as a mirror image from slightly more than 15 percent in 1985 to nearly 40
percent in 1995 (EIA, 1998).

Both arguments, however, lose their explanatory power already in the second half
of 1997 with the first allowance price increase (Figure 4.1) and then more significantly
after March 1998 with major allowance price increases. Both EPA auction data (Table
4.4) and the weekly private trading data (Figure 4.1) reveal an increasing trend of
allowance prices. The EPA annual auction prices (the auction is in March of each year)
in 1997 were about 62 percent higher than in 1996. The first months of 1998 did not
exhibit high price increases (1998 auction prices were only 5 percent higher than the
auction prices in 1997). Figure 4.1, however, illustrates a major increase in prices after
April of 1998.

Table 4.4: Trends in Auction Allowance Prices

Spot Auction 6-Year Advance 7-Year Advance
Auction Auction
Average| Ipase | Ichain Average| I pase | Ichain | |Average| Ipase | Ichain
Price Price Price
1993 | 156.60( 100.00}/ / 136.00| 100.00|/
1994 | 159.20| 101.66/ 101.66 148.00 / 149.00] 109.56| 109.56
1995 | 132.00] 84.29| 8291 131.00 88.51 128.00] 94.12| 85.91
1996 68.14| 43.51| 51.62 65.36 49.89 64.21| 47.21| 50.16
1997 | 110.36] 70.47| 161.96 105.51 161.43 104.16] 76.59| 162.22
1998 | 116.96] 74.69| 105.98| |/ 111.05] 81.65| 106.62
1999 | 207.03| 132.20| 177.01| |/ 179.79| 132.20| 161.90

Note: The average price is weighted by the purchased quantity.
Source: The EPA Auction Data.
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Prices of low-sulfur coal, on the other hand, have not increased, but continued to
decrease (see Table 4.5). For example, the costs of coal, delivered to utilities, for coal
types with the lowest sulfur content (less than 0.5 percent of sulfur) slightly decreased in
1997 in comparison to 1996, and subsequently decreased by 5.25 percent in 1998. To be
able to understand the large increase of allowance prices as we approach the beginning of

Phase II, we need to examine the demand for allowances.

Table 4.5: Price Index for Coal Receipts, by Sulfur Content
94/93 95/94 96/95 97/96 98/97
Sulfur Content
(%)
Less than 0.5 95.81 97.58 97.31 99.98 94.75
<0.5<<1.0 100.30 103.35 97.90 98.14 98.99
1.0<< 1.5 100.88 93.10 97.84 98.84 100.50
1.5<<2.0 97.52 90.11 103.33 100.13 98.66
2.0<<3.0 97.16 93.83 99.49 96.56 100.87
More than 3.0 101.24 92.07 95.23 99.99 104.73
Source: Cost and Quality of Fuels for Electric Utility Plants, 1994-1999.

Changes in demand may help explain not only the general trend of allowance
price increases but also the major deviations of the weekly prices from the general trend
during the period between June 1998 (average weekly price of allowances increased from
$149 to $165 in a week) and the middle of August 1998 (when the average weekly price
amounted to $214). The same period experienced a major increase of demand for
electricity. If the increased demand stimulated increases in supply, then the coal-burning
units would also face higher demand for allowances, which would in turn explain the
higher allowance prices. If the rationale holds, we would then expect to see the
following:

(1) the periods of higher allowance prices would coincide with the increases in the
demand for electricity (or follow with a short lag, required to start using the
additional generating units);

(2) a change in the market structure, with Phase 1 units becoming more important buyers

of allowances; and

97




(3) a higher than average share of traded allowances of current or past vintages, as only
these can be used at the end of the year to comply with the emission caps.

The EPA allowance trading data and the average weekly allowance price data do
not support any of these hypothesized changes. First, there were three periods with the
increase of electricity demand, July 1997, May 1998, end of June 1998, and July 1998
(FERC, 1998). Allowance prices do not experience any additional price increases during
these periods. During July 1997, allowance prices were actually declining, similarly
during May 1998. At the end of June 1998, when the increased demand drastically
increased electricity prices, allowance prices were increasing with the same trend as
throughout the summer of 1998. The reason that the short-term increases in demand for
electricity are not necessarily reflected in the higher allowance prices lies in the
technology used to meet peak demand. The units that are used to meat peak-load demand
are burning either gas or oil, as they require a shorter period for bringing them into
operation. Coal-burning plants provide base-load and their utilization cannot be changed
fast enough to accommodate short term changes in demand. As natural gas and oil units
are not regulated by Title IV, they do not need to purchase additional allowances.

The EPA emission trading also does not support the hypothesis that increased
demand for electricity would alter the allowance market structure, either in terms of
importance of specific groups of buyers, or in terms of the vintage of allowances. The
structure of sellers and buyers in 1998, as well as during the high price period, is

presented in Table 4.6.
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Table 4.6: Sellers and Buyers in the Private Market for SO2 Allowances

(Percent of Total Number of Trades)

Year 1998

Participant Group ' Sellers Buyers

Broker 14.9 22.1
Environmental 0.1 0.5
Fuel Suppliers 31.1 313
Others 5.8 6.4
Phase 1 Units el 4.8
Phase 2 Units 7.1 2.1
Utilities 32.7 31.1
All 100.00 100.00

June 1 through August 17, 1998

Participant Group Sellers Buyers

Broker 13.4 26.2
Environmental 0.6 1.3
Fuel Suppliers 30.2 33.6
Others 6.7 4.7
Phase 1 Units 8.7 4.0
Phase 2 Units 12l 0.0
Utilities 26.8 30.2
All * 100.00 100.00
Notes:

(1) The sales in the EPA auction are omitted from the analysis, to enable a comparison

between the two periods.

(2) The percentages may not sum up to 100 percent due to the rounding.

Source: The EPA ATS database.

The period that experienced an allowance price-spike, that is, June through
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year) represent 55.9 percent and 59.5 percent, respectively.

August 18, 1998, is not different from the average situation in 1998. In both cases,
utilities and fuel] suppliers are major buyers, each accounting for about one third of all
transactions. Phase 1 units account for only about 4 percent of transactions in both
periods. Similarly, the structure of purchased allowances by their vintage does not differ
between the high allowance price period and average 1998 data. Allowances of the

current vintage or issued in the past (these can all be used for compliance at the end of the




Availability of the price information. Another important indicator of market
performance is availability of price information and the resulting reduction of deviations
in bids. One would hypothesize that a well-performing market would be associated with
more complete the information and with smaller deviations of the individual bids from
the market-clearing price. If the information on the market-clearing price is available,
rational market participants would bid marginally above the market-clearing price. The
biding and matching rules, however, affect the bidding strategies. As no data on prices of
individual transactions in the private market is available, this analysis has to rely on the
data on EPA auctions.

I assume that the availability of the information on auction prices only improves
over the years. Each year, interested sellers or buyers can review the price data for
previous auctions. Given this assumption, I hypothesize that these markets would
perform better, that is, the individual bids would not vary significantly from the market-
clearing price. Standard deviation, calculated for the auctions over years, would then
decline. The EPA auction bidding price data, however, do not support this hypothesis
(Table 4.7). The data suggest that variability is not decreasing over the time. The
coefficient of variation in spot auction, which is not weighted by the bidden quantity,
decreases in 1994, but then again increases in 1995 and 1996. Variation of auction prices
in 1997 is significantly lower than in 1996, but then it again increases in 1998 and 1999
(Table 4.7, bottom panel).
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Table 4.7: Variation of Auction Bid Prices, 1993-1999

Weighted
Year Spot Auction 6-Year Advance Auction 7-Year Advance Auction

Coefficient Yk I hain | Coefficient | e I gain | Coefficient | I pae T ohait

of of of
Variation Variation Variation
1993 0.048 | 100.00 / / 0.073 | 100.00 /
1994 0.027 { 56251 5625 0.026 | 100.00 / 00231 3151.1s: 31.51
1995 0.016 | 39.58 | 59.26 0.062 | 238.46 | 238.46 0.036 | 49.32 | 156.52
1996 0.017 3542 | 106.25 0.060 | 230.77 96.77 0.027 36.99 75.00
1997 0.013 | 27.08| 76.65 0.037 | 142.31 | 61.67 0.022 | 30.14 | 81.48
1998 0.014 29.17 | 107.69 J / / 0.010 13.70 45.45
1999 0.024 50.00 | 171.43 / i / 0.029 39.73 | 290.00
Coefficient of Variation = V{ [F(pi-p)* x g/ Y(q) 1/ n-1} / p,

Not Weighted
Year Spot Auction 6-Year Advance Auction 7-Year Advance Auction

Coefficient | I chain | Coefficient I ain | Coefficient I pase I chain

of of of

Variation Variation Variation
1993 0.528 | 100.00 / 0.590 | 100.00
1994 0240 | 4545 | 45.45 0.176 | 100.00 / 0.211 | 3576 | 35.76
1995 0.266 | 50.38 | 110.83 0.256 | 145.45 | 14545 0.187 | 31.69| 88.63
1996 0473 | 89.58 | 176.69 0.359 | 147.16 | 203.98 0.355 | 60.17 | 189.84
1997 0.154 [ 29.17 | 32.56 0.208 | 118.18 | 57.94 0.189 | 32.03| 53.24
1998 01731 32.77 | 11234 / / f 0.089 | 15.08 | 47.09
1999 0.204 | 38.64 | 117.92 / / / 0.188 | 31.86 | 211.24

Coefficient of Variation = V{¥(pi-po)*/ n-1}/ p

One could argue that this increase of variability is not an indicator of poorer
availability of information, but rather of irrational behavior of some small, irrelevant
players in the market. This argument can be illustrated with Figure 4.2, where the circles
represent each individual bid. The axis y represents the difference between the individual
bid and the market-clearing price (positive and negative). The size of the circle
represents the bidden quantity. Figure 4.2 illustrates a situation where some buyers bid a
very high price but a very small quantity. This situation is a good reflection of the EPA
auctions, where we see environmental organizations and university students bid with a
high price for only one allowance. As they are buying only one allowance, they can
afford bidding very high. The question is why do they bid so high if they know the

market clearing prices. The answer may lie in the EPA reporting. All successful bidders
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are listed by the name in the reports of the annual auctions. Ensuring this free promotion
may then, rather than the lack of information, motivate high bids. These small bidders
should then be considered outliers and eliminated from the analysis. I accomplish this by
weighting the price difference of the individual bids by the bidden quantity. Weighted
coefficients of variation are presented in the top panel of Table 4.7. The data indicate
that market participants are learning over the years. Variation in bid prices in the 1999
auction is about 50 percent smaller than it was in the first auction in 1993. The data,
however, also indicate that variation in 1999 was over 70 percent higher than in 1998.
We can conclude that participants are learning about this market over the years.
Individual years, however, can exhibit substantially higher variability than the trend

would predict.
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Figure 4.2: Diversions of Individual Bids from the Market-Clearing Price
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Trust in the customary property rights. If property rights are allocated, enforced,
exchangeable, and if resource users face different costs of reducing the use of the

common-pool resource, we would expect an active market to develop. The question then
arises as to what type of property rights is required for an active market. Arguments
identifying advantages of tradable property rights over command-and control
management of common-pool resources usually argue for secure property rights. If
secure property rights, protected from being withdrawn by the authorized agency from
the circulation (takings issue), do not exist, we would not see any active markets. If
property right holders do not have a trust in the future of the rights, they would not trade
them.

Title IV of the CAAA explicitly states that emission allowances are not property
rights. The authorized agency (in this case the EPA) has the right to reduce the total
allocated amount (the cap) of allowances. This uncertainty, then, would impede trading
of the SO2 allowances. Analysis of the allowance trading, both volumes and prices,
however, indicates differently. First, we can notice no backwardation of allowance
prices--the price of allowances of future vintage are not lower than the prices of current-
vintage allowances. The data on prices of allowances of two different vintages are
presented in Table 4.8. Average prices in spot auction are slightly higher than average
prices in advance market (allowances that can be used only 7 years later). This moderate
difference was identified by Ellerman et al. (1997a) as indicating the uncertainty of the
future value of allowances. They argued that the real prices in the spot and advance

markets should be the same in absence of transaction costs.
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Table 4.8: Disparities between Average Prices for Spot and 7-Year Advance Auction

Year | Average Average | PPI Future Spot | Internal Rate Long-Term | Difference
Spot Price | Advance Price of Return Interest Rate | between
(dollars) Price Estimate (no change in (%) the Rates
(dollars) (dollars) the Market) (% points)
(%)
1993 156.60 136.00 | 102.05 180.50 4.13 5.66 1.53
1994 159.20 149.00 | 100.16 160.99 1.11 6.28 57
1995 132.00 128.00 | 101.76 149.15 221 7.14 4.93
1996 68.14 64.21 | 102.36 80.23 3.23 6.19 2.96
1997 110.36 104.16 | 101.54 122.82 2.38 6.65 4.27
1998 116.96 111.05 | 98.49 105.14 -0.78 5.71 6.49
1999 207.03 179.79 | 100.85 219.67 2.90 5.36 2.46
Notes:

Price is averaged across all successful bids, weighted by the purchased quantity.

PPI is calculated for March of each year.

Seven year treasury constant maturity rate for March of each year is used.

Future spot price is estimated by using the current spot price and taking into account inflation (PPI),
that is, we assume no change in demand and supply.

Implicit internal rate of return (d) is estimated as follows: (1+d) = Future Spot Price Estimate/Average
Advance Price

Source: EPA auction database, Federal Reserve Bank (www.stls.frb.org/fred/data/irates/gs7) and Bureau
of Labor Statistics (http://stats.bls.gov/news.release/ppi.nws.htm).

The price in advance market depends on at least two groups of factors: (1) the
sellers’ and buyers’ expectations of future supply and demand that will affect prices of
allowances in the future; and (2) the right holders’ expectations of the security of the
property right. The fact that allowance holders do not hold a true property right but only
a costumary right does not seem to introduce insecurity of the traders and therefore
cannot be impeding trading. I illustrate my argument with a comparison between the
allowance prices in the spot and the advance market (Table 4.8). In 1993, the average
spot market prices amounted to $156.60 for one allowance. The average price in the
advance market amounted to $136.00. If the right holders assumed a perfect security of
the future allowances, and no change in the supply and demand of allowances after 7
years (the advance market), they would estimate the value of the allowance in 7 years
would be the current value, adjusted for inflation (Purchaser price index). The value of
the allowance in nominal dollars after 7 years would then be $180.50. If we ireat a
purchase of allowances in advance market as an investment into an asset, then we can

calculate an implicit rate of return of this investment, which turns out to be 4.13 percent
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($180.50/$136.00=(1+d). An alternative investment of funds with the lowest risk would
be a purchase of treasury bills. The seven-year treasury constant maturity rate for March
1993 was 5.66 percent. This investor was therefore willing to invest in the advance
allowance market with an implicit rate of return lower than the lowest risk long-term
investment. If this rationale is correct, then the investors must have not only thought of
this investment as secure as treasury bills, but actually having a larger demand (or lower
supply) in the future than exists in the current market. As indicated in Table 4.8, the
implicit rate of return for advance allowance purchase was lower than the low-risk
interest rate throughout the studied period. The fact that allowances are actually not
defined as property rights and as such protected from “takings” did not seem to impede
trading, or the insecurity of the rights was perceived to be worth the risk, given the
possibility of demand exceeding the supply of allowances in the future.

The fact that trading in options, swaps, and futures was developed further
indicates that allowance holders did not seem to be affected by the “insecurity” of the
rights in the SO2 market (Ellerman et al., 1997a). Table A7 (Appendix A) presents the
number of transactions in a given year (columns) by the vintage year of the allowances
(rows). In 1994, there were 69 transactions that involved package of allowances of 1995
vintage. In 1995, the beginning of the compliance period, over one quarter of
transactions in private markets involved a packet of allowances that can be used for
compliance only in the future. This indicates that already at the beginning of this new
institutional arrangement for managing this regional common-pool resource, the right
holders felt secure about the future of allowances. They were purchasing allowances to
ensure compliance with the environmental regulation and to potentially trade them in the
future. It is therefore not necessary that holders of resource use rights have a complete
right to be able to use the rights. The SO2 allowance holders do not have the ability to
affect the number of allowances allocated each year and their rights are even not secure
from takings, the way property rights to other resources (for example, land) are. Yet, a

fairly liquid market evolved over the years.
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4.3. Conclusions

The examination of the SO2 allowance trading suggests that a market can be used
for allocating regional CPRs whose appropriation has moderately non-uniform effects.
Electric utilities, whose economic decisions are still considerably affected by the state
regulation (or a lack of it) of accounting practices, did actively trade. Their importance in
the market (both as sellers and as buyers) was the highest in the first year and then
drastically decreased, as other participants entered the market. The last year again
reveals increased importance of the regulated CPR users, as they approach Phase II of the
regulation, when a major increase in demand for allowances is anticipated. Trading
activity did not seem to be affected by the fact that the CPR users did not have complete
property rights and intertemporal security of the rights.

The environmental goals for reducing sulfur concentrations in the air and
subsequent acid deposition were attained. Eastern states, facing the highest risk of acid
deposition, have noted decreases in both sulfur concentrations in dry deposition (a 30
percent decrease between 1989 and 1995) and in acid rain (about 25 percent decrease in
1995). Nationally, ambient concentrations of sulfur dioxide decreased by 17 percent
between 1994 and 1995. These were all the desired outcomes of the institutional
arrangement regulating the CPR use, though the targets were focused on SO2 emissions,
rather than on concentrations.

SO2 emissions were reduced nationally. No major shifts of emissions from the
regulated activities to non-regulated activities occurred. Trading also did not cause major
shifts in regional use of the CPR--most utilities were used in the states where they were
allocated (EPA, 1999a). The target for reducing the CPR use has not only been met but
significantly exceeded. It is not possible, however, to attribute this outcome to any single
factor. One could definitely not argue that the flexibility offered by the market
arrangement stimulated the overcompliance. On the contrary, this flexibility could have
caused a slight increase in the use of the CPR over the counterfactual case (Montero,
1997). Other factors, for example a decrease in the price of reducing the CPR use,
caused by factors unrelated to the CPR market (decrease in transportation costs of low-

sulfur coal) have largely contributed to overcompliance. The industry has also benefited
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from other advancements in technology (improved scrubbing and fuel-mixing)
technology, which may have been affected by the future potentials of the SO2 market.
Further, overcompliance has been attributed to factors that reveal a governmental
intervention in the SO2 market, rather than a free market success. A large source of the
extra allowances in the market came from the units that had installed scrubbers. These
decisions were made on a grossly overestimated allowance price expectations. State
regulatory commissions’ accounting rules, their co-financing of the investment, and the
allocation of extension allowances for an investment in scrubbers are all factors

contributing to the overinvestment and the resulting overcompliance.
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CHAPTER 5

ATMOSPHERE AS A CPR:
EPA EMISSION TRADING, RECLAIM, AND LEAD PHASEDOWN PROGRAM

This chapter examines marketable permit systems for managing atmosphere air as
a pollution sink, when its use has local and non-uniform effects. Two different
approaches to managing atmosphere as a pollution sink have been used in the U.S.
environmental policy. One type of marketable permit systems focuses on the users and
processes causing pollution (the EPA Emission Trading and RECLAIM). The other type

focuses on the producers/suppliers of the polluting product (Lead Phasedown Program).

5.1. Using Atmosphere As a Sink for Pollutants That Remain in the L.ocal Environment

The problem of deteriorating local air quality dates back to the 1950s. This led to
the Air Pollution Control Act (APCA) of 1955. Though the APCA mainly provided funds
for research, it also introduced the federal government’s intervention in ensuring air
quality.! The Clean Air Act (CAA) of 1963 increased the role of the federal
government. The Clean Air Act Amendments of 1970 mandated a federal agency--the
Environmental Protection Agency (EPA)--to list substances causing local air
deterioration and set the maximum allowable concentration level for these pollutants.

The EPA listed six major criteria pollutants whose excessive air emissions
significantly impact human health and public wealth: ground ozone?, carbon monoxide
(CO), nitrogen oxides (NOx), sulfur dioxide (SO2), particulate matter (PM), and lead.
Ozone is formed at the ground level when volatile organic compounds (VOC) and
nitrogen oxides (NOx) chemically react in the presence of sunlight and high temperature.
Therefore, the highest levels of ozone are experienced in summers. Carbon monoxide is

a colorless, odorless, and poisonous gas produced by incomplete burning of carbon in

! Prior to that, air pollution was considered to be a local matter, to be addressed by local- and state-level
regulations.

2 Ground-level ozone should not be mistaken for stratospheric ozone, discussed in Chapter 6. Ground-
level ozone is a result of pollution and is damaging to one’s health. Stratospheric ozone, on the contrary,
protects human health and materials from excessive damaging radiation (UV-B radiation).
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fuels. Nitrogen dioxide (NO2) is also caused by fossil fuel burning. It is an acid rain and
ozone precursor. It causes respiratory problems. The health and environmental effects of
SO2 were addressed in Chapter 4. Air particulates include dust, dirt, soot, smoke, and
liquid droplets that are emitted into the air by factories, power plants, cars, construction
activity, fires, and natural windblown dust. The major effects of particulates on human
health include respiratory problems and cardiovascular diseases, and carcinogenesis. The
major source of lead in the air during the 1970s was transportation, but now it is the
industrial sector. Lead can enter the human body in various ways, such as inhalation and
ingestion in food or water. The EPA also set standards for the use of air as a pollution

sink; that is, emission standards.

5.2. Regulating Polluting Processes: EPA Emission Trading and RECLAIM

As the overuse of air as a pollution sink has local consequences, air quality
management units were created at the local level to address these issues. The EPA and
states subdivided the United States into Air Quality Control Regions, units responsible
for air quality management. If the ambient quality in an area was worse than the standard
set by the EPA, the area was designated as "non-attainment.” This was not merely a
declarative issue. Non-attainment areas faced severe development limitations, such as
denial of permits for construction of new facilities, unless they improved their air quality.

In spite of the last 30 years of air quality regulation and 20 years of various types
of emission rights trading, there still are some areas that continue to suffer from serious
air pollution. In 1985, the EPA estimated that up to 32 metropolitan areas might not attain
the standards by 1987. The major non-attainment areas were located in the northeastern
part of the U.S., Florida, the California coast, and the urban areas around the Great Lakes.
As of August 1999, there were still 77 areas that did not meet standards for one or more

of the above-listed criteria pollutants. > Fi gures B1-5 in Appendix B depict the non-

? Ground-level ozone should not be mistaken for stratospheric ozone, discussed in Chapter 6. Ground-
level ozone is a result of pollution and is damaging to one’s health. Stratospheric ozone, on the contrary,
?rotccts human health and materials from excessive damaging radiation (UV-B radiation).

In 1999, thirty-three areas (about 92.4 million population) did not meet the ozone standards. Twenty
areas (34.1 million population) did not meet the CO standards. Thirty-three areas (4.7 million population)
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attainment areas in the U.S. as of August 1999. Some of the above areas have
persistently failed to meet the standards (the northeast and California), whereas areas of
Florida and the metropolitan areas around the Great Lakes have improved their local air
quality. The northeast and California are therefore the two most obvious candidates for
my analysis. The northeast has been slow to develop a MPS, whereas the South Coast
Air Quality Management District (SCAQMD) in California has had a MPS in place since
the 1970s. Therefore, I will focus on SCAQMD.

In February 1977, the California legislature created the South Coast Air Quality
management District (SCAQMD). South Coast Basin borders Pacific on the West, and
the San Gabriel, San Bemardino, and San Jacinto mountains in the north and in the east
(area of 13,350 square miles). It has light winds, heat inversion layer, and sunlight, all
creating potentials for local air quality problems (National Academy of Public
Administration, 1994). The local climate characteristics as well as active development
have contributed to the failure in meeting the federal NAAQS in the 1970s as well as in
the 1990s.

SCAQMD used marketable permit systems to reduce the local air pollution in the
1970s and 1990s. Two different systems were used with different results. The Clean Air
Act Amendments (CAAA) of 1970 enacted development limits for non-attainment areas.
No new facilities (new sources in the terminology of the Act) were allowed to be built in
the area unless their planned emissions were offset by emission reductions of existing
facilities. The EPA developed four mechanisms that allowed for flexibility in meeting
the emission reductions. In this chapter, I first review this initial EPA trading
arrangement. Then, as the SCAQMD still failed to meet the federal NAAQS and state
clean air standards for NOx and SO2, a new MPS was devised in 1994. The new system
was based on marketable permits--Regional Clean Air Incentives Market (RECLAIM).
The rest of this section examines RECLAIM.

did not meet SO2 standards. Seventy-seven areas (29.3 million population) did not meet the PM-10
standards, and 9 areas (1.2 million population) did not meet the lead standards.

111




5.2.1. Independent Variables

5.2.1.1. CPR Characteristics Affecting Measurability

Predictability of the CPR stocks. When air is used as a sink for unwanted by-
products and these pollutants accumulate in the local atmosphere, it is the concentrations
rather than the emissions that cause negative effects. National ambient air quality
standards are expressed in volume concentrations for SO2, PM10, CO, Ozone, NO2, and
lead. The EPA and the states have divided the United States into Air Quality Control
Regions. If air in a particular area does not meet the National Ambient Air Quality
Standards, the area is designated as a "non-attainment area." An Air Quality Control
Region can be designated as a non-attainment area for one pollutant but not necessarily
for other pollutants (National Academy of Public Administration, 1994).

Ozone concentrations are measured as a 1-hour average concentration. An area is
in attainment if the highest values do not exceed the National Standards more than one
day per year, and the area has met the standard for three consecutive years. The seasonal
aspect of the problem focuses measurement on the period between May and October in
most areas, whereas some areas in the South and Southwest require all-year
measurement. The carbon monoxide standard is measured as an 8-hour non-overlapping
average. To be in attainment, an area must not exceed the standard more than once a year
and must meet the standards for two consecutive years. Sulfur dioxide concentrations are
measured as annual arithmetic mean and as a 24-hour level average (primary standards)
and a 3-hour level average (secondary standard). To be in attainment, the areas must not
exceed the annual mean and not exceed short-term standards more than once a year. In
1971, particulate matter was regulated as a total suspended particulate (TSP).
Development in technology in the late 1980s allowed for further specification of
standards for small particulates (in diameter less than 10 micrometers).

There are more than 30 measurement locations throughout the South Coast Air

Quality Management District. These can measure the stocks of the resource, that is, the
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concentrations of pollutants in the air. However, applicability of these measures to the
policy issues has been criticized. First, the measures of pollutant concentrations are used
for evaluation of the effect of resource use policy, but meteorology research indicates that
60-80 percent of variability in daily maximum ozone concentrations depends on weather
in many locations in the eastern U.S., in the Midwest, and the California coastal areas.
Lis and Chilton (1994) argue that the used design value (the fourth highest measured
ozone concentrations in a three-year period) does not meet the needs of resource use
management. They argue that an average value, rather than the highest values, would be
a better measure for policy analysis. On the other hand, from a health perspective, the
highest values are important. As high ozone concentrations cause health effects, it is the
highest values that are of interest, not an average.

The above discussion also illustrates the problems of predictability of the resource
stocks. If 60-80% of the variability in concentrations results from weather aspects (wind
speed, temperature, and others), then we cannot predict the effects of the resource flows
on the resource stocks with high precision. In addition to the effects of weather
variability, we face the limitations of the human ability to model air pollution based on
the location of the emissions. Depending on which model is used, the required emission
reduction, which is enacted in a State Implementation Plan, can vary drastically (Liroff,
1986). This natural variability of resource stocks then requires a corresponding
variability in the amount of rights that can be used in a given period. The variability in
temperatures can be somewhat addressed with the resource use rights having a time
component. The new markets, which are being developed on the East Coast, limit the
trading season to the high ozone season.* This, however, does not apply to southern
California, which faces ozone problems throughout the year.

There are other aspects of resource variability that additionally limit its
predictability. Variability in wind speed and other weather components do not have
seasonal aspects. To account for these factors, they would have to be measured daily.
Corresponding daily emission limits would have to be devised. This would require
continuous emission measurement, emission reporting, and daily emission aggregation.

A single day or a number of days with constant weather would be a commitment period.

* They do not limit the use of atmosphere as a sink in colder seasons.
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The rights to use the resource would then be allocated for this shorter period. If no
banking were allowed, the targeted ambient air quality standards could then be more
realistically accomplished. Banking, on the other hand, would create potentials for "hot-
spots" (days with high levels of the resource use). This type of resource then requires
shorter compliance periods, which correspond to the fluctuations in the factors affecting

the resource stocks, and does not allow banking of unused rights.

Availability of reliable indicators of resource flows. Resource flow, that is, air

emissions, can be measured with varying reliability for various resource users and
various pollutants. Stationery sources, such as power plants, can install devices into the
stacks that continuously measure emissions of SOx and NOx. Continuous emission
monitoring (every 15 minutes) is required in RECLAIM for SOx and NOX emissions
(Regulation 20, Rules 2011 and 2012). 5 1t is not cost-effective, however, to continuously
measure emissions from mobile sources. Emission rates are measured once a year

during the emission test, required in most states that face ozone problems.

Spatial extent of the resource. When atmosphere is used as a sink for pollution,
some polluters stay in the local atmosphere and have local effects, others get transported
and have regional effects. Some have global effects. So, even though air is used as a
sink for pollution in all cases, there are different spatial extents of the effects on resource
stocks. The extent of the effect depends on the wind directions and speed, on the height®
at which the pollutant is emitted, and on the atmospheric chemistry of the pollutants. The
resource management then has to be at the spatial level at which the negative effects of

the resource overuse are felt.

Effects of the resource use on the resource stocks (uniform versus non-uniform

effects). A unit of resource flow (for example, one ton of emissions) at one location may

3 In addition to emission monitoring, NOx, regulation also requires continuous process monitoring.

$ The history of air pollution, especially Nox and SOx emissions, clearly indicates that the height of stacks
is an important variable in the spatial extent of the pollution effects. In the beginning of industrialization,
air emissions caused significant local air pollution effects. To avoid these, engineers suggested building
higher stacks. The local air pollution was indeed reduced, but the areas down-wind then started feeling the
negative effects of the use of air as the sink for pollution in the up-wind areas.
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or may not have the same effects on the resource stocks at various locations. In the South
Coast Air Quality Management District, a ton of criteria pollutant, emitted in the coastal
area, affects air quality not only in this area but also in the inland area, due to direction of
prevalent winds. RECLAIM rules regulating exchangeability of resource use rights,
therefore, have to reflect these characteristics. The trading is then locally limited, which
ensures the desired environmental effect, but the liquidity of market is reduced. In these
cases, therefore, we face an explicit tradeoff between the environmental effectiveness and

market liquidity.
5.2.1.2. Characteristics of CPR Users

Transportation accounts for more than one half of emissions of five important
pollutants. Ozone’s two major precursor gases (NOx and VOC) come predominantly
from transportation and industrial facilities. Seventy-seven percent of nationwide CO
emissions originate from transportation sources. 7 Therefore, CO regulation has focused
on urban areas with dense traffic. NOx is formed when fuels are burned at high
temperatures. Two major emission sources are transportation and stationary fuel
combustion sources (electric utilities and industrial boilers).

Industrial and commercial sectors are the second most important users of air as a
pollution sink. Major sources of ambient SO2 are coal and oil combustion, steel mills,
refineries, pulp and paper mils, and non-ferrous smelters. Major existing sources of lead
are non-ferrous smelters and battery plants, while the transportation’s share has decreased
significantly as a result of he Lead Phasedown Program.8 The industrial and commercial
sectors together account for 42% of the volatile organic compound (VOC) emissions.
The residential sector generates 11 percent of the VOC and insignificant portions of
sulfur oxides and particulates (National Academy of Public Administration, 1994).
Transportation and industrial sector are therefore the most likely candidates for

regulation.

7 The largest contributor are highway vehicles.
¥ Transportation accounted for about 80% of lead emissions in 1985 and only 33% in 1993.
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5.2.1.3. The External Legal and Regulatory Environments

The 1970 Clean Air Act Amendments regulated the resource stocks, resource
flows, and entry of new resource users into an area. The resource stocks were regulated
with the National Ambient Air Quality Standards. The resource flows were regulated
with technology standards for emissions of both, stationary and mobile sources.’ Entry
of new resource users into an area was limited by the requirement that they offset their
future resource use by ensuring reduction of the resource use by existing resource-users.
I discuss these regulations briefly in the subsequent paragraphs.

The National Standards were established for SO2, CO, NO2, particulates,
hydrocarbons, and photochemical oxidants. Later, the photochemical oxidants’ standard
was changed to ozone standard and lead standard was added. The EPA devised two
categories of National Ambient Air Quality Standards. Primary standards would ensure
protection of human health. They had to be attained at any cost. Secondary standards
were set at the level] that would protect the human wealth and their attainment was subject
to cost-benefit considerations.

The country was divided into 247 planning areas (Air Quality Control Regions).
States were given nine months to prepare State Implementation Plans that would bring
the Air Quality Control Region under their jurisdiction into compliance with the National
Standards by 1975. The State Implementation Plan had to be approved by the EPA. If
states failed to meet the National Standards, the EPA had the authority to pass and
enforce a more stringent regulation, even to shut down major polluters. In 1970, states
had limited capabilities to meet the standards. Emission inventories did not exist, air
quality monitoring was poor and unreliable, and capabilities to model the impact of
emissions on air quality were limited (Liroff, 1986).

In addition to National Ambient Air Quality Standards, the EPA set emission
standards for equipment. Standards differed with respect to the area in which the source
would be located (attainment versus non-attainment) and with respect to the origin of the
source (existing versus new/modified source). Emission standards were usually less

stringent for existing than for new sources, and less stringent for sources in attainment

? Permissible emission levels were set for CO, hydrocarbons, NOx (Liroff, 1980).
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areas than for ones in non-attainment areas. Emission standards were implemented by

states through construction and operation permits. Major sources'? are subject to more

stringent emission standards than minor sources (Hahn and Hester, 1989b). Major

sources always require construction permits, whereas requirements for permits for minor

sources depend on State regulations and differ across states. This difference in the

treatment between minor and major sources is an important motivation for emission

reduction and/or purchase of emission rights. Standards regulating application of

technology, thereby regulating emission rates, are presented in Table 5.1:

Table 5.1: Emission Standards, by Area and Source

Source Attainment Area Non-attainment Area Prevention of Significant
Deterioration Area
Existing Reasonably Available
Control Technology
Major modification | New Source Lowest Achievable Best Available Control
Performance Standard | Emission Rate Technology
New New Source Lowest Achievable Best Available Control
Performance Standard | Emission Rate Technology

Source: Liroff (1980)

The Lowest Achievable Emission Rate is defined for each source. This standard
may not be less stringent than the New Source Performance Standard. It reflects the most
stringent emission limits from the State Implementation Plan or the most stringent
emission limits achievable in each industry. The New Source Performance Standard is
determined by the EPA, usually at the industry level. The EPA was only slowly
developing these standards. The Reasonably Available Control Technology was required
for existing sources in non-attainment areas. For many categories, the EPA provided
guidance in setting these.

The CAAA of 1970 also regulated entry of new resource users into a non-
attainment area. New sources in a non-attainment area had to obtain ERCs from existing

sources in the area.!!

'® The cut-off between the minor and major source differs across states. The EPA defines it at 250 tons per
year, but states can make this limit more stringent. There is also a group of sources of specific industrial
categories (about 27 of them) that have the cut-off at 100 ton/year.

!l New sources in Prevention of Serious Deterioration areas must meet other regulatory requirements.
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The combination of stock, flow, and new user regulation failed to bring many Air
Quality Control Regions into compliance by 1975. In 1976, the EPA required a revision
of State Implementation Plans in more than half of the states, to achieve the National
Ambient Air Quality Standards by 1979. These revisions required the Reasonably
Available Control Technology to be adopted by existing sources. The problem was,
however, that this technology was technically ill-defined (Liroff, 1980). As the National
Air Quality Standards were not met by 1975, the deadlines were postponed several times.
The CAAA of 1977 extended the deadlines to 1982, and in some cases to 1987. Revised
State Implementation Plans were to be submitted by 1979, and states lacking approvals of
the revisions by July 1, 1979 would face federal sanctions, such as a block of federal
highway funding and/or a ban on new construction in the area. The 1977 amendments
also developed a program for Prevention of Significant Deterioration of air in areas
meeting the standards. The program was designed on a pollutant-by-pollutant basis.
Permissible "increments" were defined for SO2 and particulates concentrations. In 1978,
the PSD program was implemented.

The 1990 Clean Air Act Amendments (CAAA) defined seven types of pollutants:
VOCIZ, particulates, SOx, NOx, CO, lead, and hydrocarbons. Particulates of two sizes
were regulated: less than 2.5 micrometers (PM-2.5) and less than 10 micrometeres (PM-
10). The attainment deadlines were set for 2000, in some most severely polluted areas,
such as South Coast Air Quality Management District, for 2010.

States regulate who can use the resource by issuing construction permits. They
also regulate the flow of resource for each resource user, as the permits prescribe
emission standards. Further, operators of equipment emitting- or controlling- air
pollution, have to obtain a permit. Permits and rules are enforced by districts and/or
local- or state- prosecutors. Civil penalties between $1,000 per day and $50,000 per day
are possible. Violators can be prosecuted for misdemeanor criminal penalties.

Local governments have the authority to manage local air quality. In Califomia,
for example, local authorities are given the authority to issue permits and create offset

systems. In 1976, the District was created. The law became effective in 1977. In 1986,

12 The 1990 CAAA regulated emissions of VOC, but NAAQS regulated ozone concentrations. VOC is one
of the precursor gases that form ground ozone.
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the South Coast Air Quality Management District proposed an ambitious plan to attain
clean air standards by 2007. The Management Plan was adopted in 1989. ' The South
Coast Air Quality Management District is responsible for controlling emissions from
stationary sources (about 31,000 business operate under its permits) (SCAQMD, 1998).14
Regional Clean Air Incentives Market (RECLAIM) was developed in cooperation with

public agencies, the business community, trade unions, environmental organizations, and

financial institutions (Schwarze and Zapfel, 1998).

5.2.1.4. Rules Regulating CPR Use, Users, and Trading

The early EPA emission trading allowed four types of transfers of ERCs: offsets,
bubbles, banking, and netting. Bubbles and netting are, by definition, internal trading.
Offsets can be both internal and external, whereas banking allows for a deposit of ERCs
either for future use by the facility creating them or for future sales.

Offsets were enacted in 1976 and were under state jurisdiction. When a major
emission source wanted to locate in a non-attainment area, offsets were mandatory. They
could be obtained internally, that is, from facilities owned by the same owner, or in the
market. An offset buyer had to meet the following requirements: (1) the new source
meets the Lowest Achievable Emission Rates; (2) the offset applicant is in compliance
with regulations with all other sources in the Air Quality Control Region; (3) offsets are
not exchanged at 1:1, but at a ratio that ensured air quality improvement; and (4) the Air
Quality Control Region has its State Implementation Plan approved by the EPA (Liroff,
1980).

Bubbles have been allowed since 1979. Initially, they had to be approved by a
federal agency. Later, some states developed generic bubble regulations. Bubbles were
used by an existing plant with multiple emission sources. They allowed a facility to treat
the entire facility as one emission point and achieve emission reductions at the most cost-

effective sources. In 1982, the EPA placed a temporary and informal suspension on

' The plan was focused on technology forcing. It also required major emitters of toxic pollutants to assess
their emissions and make a public statement. This potential public pressure motivated the polluters to
reduce their toxic emissions below the threshold.

!4 Mobile sources are under jurisdiction of the California Air Resources Board.
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consideration of bubbles in non-attainment areas. Being an informal rule, it probably did
not significantly reduce the number of applications. However, it slowed down the
approval process (Hahn and Hester, 1989b). Bubble approval data indicate that states
approved far more bubbles than the federal regulators. The problem with bubbles was
that they were only allowed in 1979, seven years after the enactment of the CAAA of
1972. Between 1972 and 1979, most facilities undertook investments to reduce
emissions and could not benefit from the new flexibility in emission reductions.

Netting allows an existing facility undergoing a modification to use the emission
reductions at one point to account for the increased emissions, caused by a modification
of the used technology. Bubbles and netting are different only in terms of when they are
used. Bubbles are used for an existing source, and netting for an existing source that is
planning a modification and had to obtain a permit for it. Netting has been a part of the
early EPA trading since 1974. By the end of 1984, several hundred firms had used
netting.

Banking allowed firms to hold unused ERC:s either for future use of for future
sale. It has been allowed only since 1979. There were no federal regulations for
banking, and state rules differed significantly (Hahn and Hester, 1989b). State rules had
to be approved by the EPA. As of 1986, only five states had their regulations approved,
but eight more agencies had developed banking regulations.

All these forms of trading increased flexibility for a resource user to meet the
requirements to reduce the use of atmosphere as a pollution sink. All these instruments,
however, do not require market exchange. Bubbles and netting did not require external
markets. Only offsets are a form of external trading, and banked credits can potentially
be used in the future external markets. I therefore focus most attention on offsets and

banking.

Rules regulating the CPR use. Companies proposing to construct and operate a

facility that emit any of the criteria pollutants are required to obtain a permit. A permit
specifies the emission reduction control technologies and defines monitoring
requirements. It constitutes a contract between a company and a state or federal

regulators. In addition, in non-attainment areas, new sources had to obtain emission
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offsets from the existing emission sources in the area. The use of air as a sink for
pollution was regulated by limiting the access to the resource (permit required to
construct and operate a facility) and limiting the extent of the resource use by prescribing
what level of technology has to be employed.

In 1994, major SOx and NOx emitters were allocated tradeable permits-that gave
them the rights to emit a given quantity of pollution. The rules regulating the use of the

resource are reviewed in the next three sections.

Severity of resource use limitation. Resource use limitation differs across
resource users (new versus existing sources) and levels of resource stocks (attainment
versus non-attainment of the National Ambient Air Quality Standards). In the 1970s, a
non-attainment area could not allow any industrial growth without offsetting the existing
emissions. New, and after 1979 also existing resources, had to use specified
technologies. Because the severity of use limitation differed for attainment and non-
attainment areas, the trading levels are not directly comparable across areas.

It is not surprising that offsets were used more often than banking. Offsets were
mandatory in the non-attainment areas. Banking was allowed for units that were located
in attainment areas, where the demand for ERCs was not high (Hahn and Hester, 1989b).
Severe resource use limitation, one could argue, would increase the demand for offsets
and, therefore, increase trading. However, stringent limitations can make it impossible to
create ERCs, thereby limiting the supply. The latter was identified as a potential reason
for limited trading in the non-attainment areas (National Academy of Public
Administration, 1994).

In the RECLAIM, each facility is allocated Reclaim Trading Credits (RTCs) for
equipment or processes that emit NOx and SO2. The allocation is based on historic
emissions. Rather than base the allocations on average emission levels, peak levels
between 1989 and 1992 were chosen. RTCs in the initial year are allocated on the basis
of the maximum throughput in the period between and emission factors published in the
Regulation. The allocation for 2003 is also calculated based on emission tables,
allocations for each year in between are calculated as a linear value between the two

allocations. Allocations for each year after 2003 equal the 2003 allocation (Rule 2002).
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The peak level rather than average level base is less restrictive for the facilities. In
addition, if the level of resource use in 1987, 1988, or 1993 exceeded the starting
allocation of the resource use rights (based on years 1989-1992), additional rights were
issued to the resource user. These rights, however, were not tradeable (Rule 2002).

The use of resource is scheduled to decline over years. The rights to emit NOx
will decline by 7.1 percent per year between 1994 and 2000. The right to emit SOx will
decline by 4.1 percent per year during the same period. The scheduled annual reductions
in the amount of rights to emit NOx and SOx between years 2000 and 2003 amount to
8.1 and 9.2 percent, respectively. The quantity of the rights to use air as a sink for
emissions of NOx and SOx is to remain constant after 2003 (Gangadharan, 1997).

New facilities, wanting to locate in the area and to use the resource, have to
purchase emission rights (similar to the EPA policy in the 1970s). They will not,
however, have to meet the reduction targets (Rule 2005s and 2002). Their permit is not
approved unless they demonstrate that Best Available Control Technology will be
applied and that they will not significantly affect the resource stocks (air concentrations
of NOx and SOx)."

Monitoring of the resource use in the SCAQMD is not at comprehensive as it is in
the national regulation of SO2 emissions. Continuous emission monitoring is mandated
only for about two-thirds of participating facilities. Enforcement is also more difficult.
To assign a penalty for non-compliance, SCAQMD has to file a law suit in a court. It is
not clear whether financial sanctions will be imposed at all (Schwarze and Zapfel, 1998).
As monitoring is not as complete and enforcement not as easy in RECLAIM as it is in the
national SO2 markets, we can expect to see less trading in the RECLAIM market than in

the national SO2 markets.

Rules regulating how the CPR is transformed into a private good (permit). The

air quality regulations in the 1970s were based on ERCs. If a resource use was less than
the entitlement, the user received ERCs that could be sold. The amount of ERCs was,
however, uncertain. First, there was uncertainty about the baseline with which the actual

resource use would be compared. The following options were considered: historical

** Rule 2005 determines what processes are to be applied to demonstrate this.
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resource use, the extent of use allowed in individual permits, or the extent of resource use
identified in the State Implementation Plans. At least 20 states used historical resource
use when calculating the baselines. Most states adopted resource use levels allowed in
individual permits. The high allowable rates were, however, criticized by
environmentalists as a source of "paper credits”" (Hahn and Hester, 1989b). In 1986, the
EPA clarified the baselines for calculation of ERCs, thereby reducing the uncertainty.
We can then expect to see an increase in trading activity after 1986.

The second source of uncertainty was related to the actual levels of resource use.
As emissions were calculated, not measured, the actual level depended on the calculation
method. Resource users, therefore, never knew their own levels of resource use, as they
did not know how it would be estimated. The methods of calculating ERCs had to be
approved for each trade and neither seller nor the buyer knew how many ERCs are
actually involved in the trade. In the review process, SCAQMD also discounted the
submitted ERC:s, as the facility would have to meet future stringent emission targets. The
extent of discounting was not known beforehand
(National Academy of Public Administration, 1994).

Further, banking exhibited additional uncertainty. If a facility wanted to bank
unused ERCs, there was no assurance the ERCs would not be discounted or even
confiscated, if the NAAQS were not met. Not many states had clear banking regulations.
Twelve states and/or local regulatory agencies had informal banks, not governed by
formal rules and regulations. These banks, however, did not stimulate trading. These
banks were based on informal arrangements between a firm and regulators, and could be
used for internal trades only.

The above-discussed uncertainties were reduced in RECLAIM. The system is
based on allocated rights to use the resource. Rule 2000 defines a RECLAIM Trading
credit (RTC) as "a limited authorization to emit a RECLAIM pollutant in accordance
with the restrictions and requirements of District rules and state and federal law." Each
RTC entitles the holder to emit one pound of RECLAIM pollutant in the year for which
the RTC is issued. This eliminates the uncertainties related to baselines. With a large
share of resource users continuously monitoring the resource use (emissions of

pollutants), the data on actual resource use are also available.
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RECLAIM, however, did not address two other uncertainties exhibited in the
early EPA trading. First, since RTCs are not property rights, they are not protected under
"takings" laws. The regulation explicitly states that the RTC is not a form of property16
and that it can be conditioned, suspended, or terminated.'” If the property rights are not

secure, trading is bound to suffer.

Exchangeability of permits. The use of air as a sink for the criteria pollutants has
non-uniform effects. A unit of resource used at one location has different effects on the
stocks than a unit used at another location. A pound of pollutant emitted in the coastal
zone does not stay there. The constant winds could take it to the inland areas, thereby
increasing the concentrations of the pollutant. This characteristic of the resource use
requires non-uniform exchange rules. Some pollutants are spatially transferred further
while others stay closer to the initial point of emission. The EPA 1975 exchange rules
reflected these differences. For SOx, particulates, and CO, the trades had to occur with
sources in the immediate vicinity. For hycrocarbons and NOx, the offsets could originate
anywhere in the area. Further, the distance between the resource-use right seller and the
buyer affected the exchange ratios. The further apart the buyer and the seller were, the
more discounted were the offsets. If the sources were relatively close, pre-determined
ratios were used. If the distance exceeded 30 miles, air pollution modeling was required.
The discounting factors and sophisticated air pollution modeling, required for such
trades, impeded trading.

Exchange rules also reflected the intent of the regulatory agency to improve air
quality. ERCs were not exchanged at a 1:1 ratio, but rather at a 1.2:1 or even 1.3:1 ratio.
These exchange ratios also affect price calculations. Sellers want to receive payment for
all ERC:s they sell, but buyers want to pay for only the ERCs that they can use.

RECLAIM simplified the exchange rules. Rather than devising complicated

formulae for calculating exchange ratios, the area was divided into two homogeneous

16 Rule 2007 (b) 3: "An RTC shall not constitute a security or other form of property, but may be used as a
collateral or security for indebtedness."

17 Rule 2007 (b) 4: "The District reserves the right to amend the RECLAIM rules in response to program
reevaluations pursuant to Rule 2015 - Backstop provisions, or at other times. Nothing in District rules shall
be construed to limit the District’s authority to condition, limit, suspend or terminate any RTCs or the
authorization to emit which is represented by a Facility Permit."
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areas: the coastal and the inland. Trading was allowed within areas. Facilities in the
inland area were allowed to purchase RTCs from the coastal area. Facilities in the coastal
areas, however, could only purchase RTCs originating in the coastal area. This resulted
in higher prices of RTCs from coastal areas. In the long run, one would expect that some
facilities in the coastal area would close down and shift to the inland area. In the short
run, however, the shift did not occur.

RECLAIM does not allow exchange of RTCs across time periods. Facilities with
different compliance periods can trade RTCs, but RTCs can only be used in the year for
which they are issued. This rule does not stimulate early achievement of environmental
targets. But, it does prevent occurrence of temporal hot-spots, that is, significantly higher

extent of the use of resource in some periods.

Rules regulating CPR users. This section examines the rules that define which
resource users are regulated and how the non-regulated resource users can opt-in for
regulation. Once a resource user opts-in, it is allocated the resource user permits. If its
use is less than the allocated level, it can sell the excess rights. These rules affect the
resource stocks by identifying actors who need to curb resource use. The opt-in rules can
significantly improve cost-effectiveness of resource-use limitations. On the other hand,
opt-in rules can also result in "paper-trades,” thereby diminishing resource stocks.
Second, the number and characteristics of the regulated resource users affect the level of
exchange costs, thereby affecting market liquidity.

Resource users are regulated depending on the following aspects: (1) the level of
resource stocks. The most stringent regulation of resource users is in the non-attainment
areas, the focus of this study (SCAQMD); (2) the history of resource use by a given
resource user (its presence/absence in the resource area and its past compliance); and (3)
the planned future resource use (major or minor user). Two aspects of resource-user
regulation need detailed examination: rules regulating access to resource and rules
regulating extent of resource use.

Access to resource--construction and operation of new equipment that emits
criteria pollutants--is highly regulated. Permits are required for new sources that wish to

locate in the area and for existing resources that wish to modify existing equipment. The
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difficulty of obtaining access depends on the planned future use of the resource.
RECLAIM defines major users as emission sources that emit (or have the potential to
emit) 10 tons or more per year of NOx or 70 tons or more per year of SOx (Rule 2000).
Such users seeking access to the resource face more demanding procedures, such as air
modeling of the effects of the resource flow on the resource stocks (Appendix A, Rule
2005). The definition of a major user is more challenging for modified sources. The
question is whether the resource user seeking permit for modification has to reach cut-off
prior to or after the application of modified equipment. With the 1979 change, the EPA
made this requirement more stringent, defining major sources as those that emit 100 tons
of pollutant per year prior to the application of pollution control (Liroff, 1980). In
addition to their presence/absence in the resource area, federal rules also examine the past
resource use by the applicant. Resource users have to prove their equipment/facilities are
in compliance with limitations on resource use (42 U.S. C. Section 7511 a (e)). Further,
applicants have to demonstrate that the benefits of the new facility outweigh the
environmental and social costs, resulting from their location.

Once a resource user is given access to the resource area, the rules regulating the
extent of resource use continue to depend on the past resource use and the planned future
use. New major resource users are more limited in terms of how much resource they can
use. The equipment they use has to meet the Lowest Achievable Emission Rate, which
are more stringent than the Reasonably Available Control Technology standard that the
existing sources have to meet.

The major difference between the early EPA trading program and the RECLAIM
is in the kind of resource users they regulate. The former is focused on new sources and
is based on ERCs. By 1975, it was clear that many areas were not meeting the National
Ambient Air Quality Standards. This could have resulted in denying permits to new
sources in these areas. The problem then was how to allow development without further
deterioration of air quality. In 1976, the EPA adopted a new policy, allowing major

resource users’® to gain access to resource, but they had to purchase offsets. The EPA

' Sources with allowable emissions exceeding 100 tons/year of particulate matter, SOx, NOx, or non-
methane hydrocarbons and sources exceeding 1,000 tons/year of CO.
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also regulated the extent of resource use."*

RECLAIM, on the other hand, focuses on the existing sources (and also regulates
new sources).zo As of 1992, about 30,000 firms obtained permits in the Basin, but only
facilities emitting more than 4 tons or more from permitted equipment per year are
included in RECLAIM. There are approximately 390 facilities in the NOx market. They
account for about 65 percent of the emissions from permitted stationary sources in the
Basin. There are about 41 facilities in the SOx market. They account for about 85
percent of reported emissions from all permitted stationary sources. Stationary sources,
however, account for only 40 percent of the air pollution in the area, whereas mobile
sources account for 60 percent. (SCAQMD, 1998). It is therefore important to allow
mobile sources to opt-in and enter RECLAIM.

RECLAIM allows for three programs that non-regulated resource users can
employ to opt-in and enter RECLAIM. Rules 1610 and 2008 regulate how ERCs can be
obtained from old car scrapping and transferred to RTCs. Scrapping refers to a process by
which a motor vehicle is permanently removed from service. A minimum of 100, but a
maximum of 30,000 vehicles per year can be used for ERCs from old car scrapping. The
old car must have at least three more years of useful life remaining, must be registered in
the Basin, and must have passed the emission check. The Rule 1610 (e) defines which
parts must be destroyed to comply with the scrapping requirements. The rule explicitly
lists how the ERC is calculated and prescribes how the vehicle has to be inspected. The
car scrapping ERCs can be converted to RTCs at a 1.2 discount factor.

Since 1997, an opt-in program is in place that enables other, non-regulated owners
of equipment (or manufacturers of equipment) to generate ERCs that can be converted to
RTCs. If a polluter or a manufacturer of products, which emit pollutants, changes the
technology, thereby reducing emissions, these reductions are credited as Area Source
Credits. Specifically, if emission reductions are real, quantifiable, permanent,
enforceable, and surplus (Rule 2506 (d) 2C), if the source is in compliance with all
applicable regulations, and if the emission reductions do not result from a shutdown or

production decrease, then ASCs can be obtained for those emission reductions. The

1 These sources had to meet the Lowest Achievable Emission Rate. Emissions beyond this rate would
have to be offset. At this point, it was not clear what the Lowest Achievable Emission Rate was.
» New resource users purchase the resource use rights‘at a ratio 1:1.
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ASCs are converted to RTCs only for the year in which they were issued. The
conversion is at a ratio of 10:9.

There is also a third program--Air Quality Investment Program--which is actually
an investment fund, operated by the SCAQDM. In this program, emission reduction
providers can submit proposals to the SCAQMD executive office that reviews the
program. Non-RECLAIM sources are eligible to submit proposals and RECLAIM
sources can use them to meet their emission reduction requirements (Rule 2501).

A large number of regulated resource users having options for opt-in should result
in a more liquid market than the early EPA trading. The environmental effects of a wider
regulatory scope--a large number of users are regulated--are expected to be positive.
Environmental effects of a large number of opt-in options, however, is an empirical

question.

Rules regulating trading. Trading rules differed between the early EPA trading
and the RECLAIM, primarily because the early EPA trading is based on ERCs, requiring
case-by-case certification, whereas RECLAIM is based on RTCS (allocated permits).

Trading in the early EPA program was impaired by the fact that each trade
required the traded good to be defined. In 1985, the EPA issued the Emission Trading
Policy Statements. The guidelines defined the creation of exchanged goods and the
certification process. Offsets can be created in the following ways: changing the inputs
into the production process; installing emission control devices; closing a unit of facility;
and reducing the emission rates.

Emission reductions have to meet the following criteria: (1) they have to be real
and surplus, that is, they have to exceed any required reductions; (2) they must be
quantifiable, using accepted procedures. Obtained permits were used as a baseline;

(3) the emission reductions have to be permanent, that is, they must continue throughout
the life of the new or modified resource that will use them. This is an important aspect
that increases monitoring and enforcement requirements. To ensure the permanence of
the offsets, restrictions may be put on the future capacity use and the hours of operation;

(4) they have to be enforceable. This is achieved by incorporating them into a permit,
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which is legally binding and enforceable. The process of changing permit is, however,
lengthy and this slows down the exchange process.

After an emission reduction project is certified by local authorities, it becomes an
ERC that can be sold or placed in a formal or informal banking system (National
Academy of Public Administration, 1994).*' Trading ratios were used to account for non-
uniform effects of resource use (as discussed above) and to improve the resource stocks.
In 1986, the EPA proposed a change in trading rules. The new rules required that trades
in non-attainment areas impose an additional 20 percent emission reduction for both
sellers and buyers. As this would significantly reduce trading, the same goal should
rather be accomplished by increasing the scope of trading (Hahn and Hester, 1989a). To
understand the viability of this suggestion, one needs to examine the procedures to
change the rules.

The scope of trading can be increased by regulating a wider number of resource
users or by allowing opt-in. Both require a change in rules, though changes at different
levels. To regulate additional resource users, a change in collective-choice rules
(Ostrom, 1990) is required, whereas allowing resource users to opt-in and enacting
additional emission reductions requires a change in operational rules. The latter may be
easier to accomplish. Further, environmental effectiveness can be improved by
developing a better emission inventory that enables a more reliable calculation of actual,
rather than paper, emission reductions (Hahn and Hester, 1989a). This requires changes
in operational-level rules and is therefore easier to accomplish. Hahn and Hester (1989a)
suggest another alternative to imposing additional emission reductions on traders. They
suggest developing federal guidelines for emission banking. This would increase the
supply of ERC:s, thereby increasing trading. But, increased trading is not the ultimate
goal of the CPR management; it is an improvement of CPR stocks. Increased market
liquidity results in improved CPR stocks only when trading stimulates reductions of

resource use beyond the reductions incorporated in resource-use rights.

! The SCAQMD developed two ERC banks that enabled small emitters (community bank) and emitters
that provide essential public services (a priority reserve for offsets) with easier access to ERCs. These
ERCs were traded at a 1:1 ratio.
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RECLAIM resource users are divided into two groups in terms of compliance.
Half of them have a compliance period January 1 through December 31; the other half,
July 1 through June 31. Trading between the groups is allowed. These trading rules
reduce the potential for fluctuations in trading activity just before the end of the
compliance period.

RECLAIM allows brokers in the market. Brokers are expected to reduce
transaction costs, thereby increasing market liquidity. The importance of brokers has
increased over time (Gangadharan, 1997). 22 There are several brokers in the RECLAIM
market, such as Cantor and Fitzgerald, Justice and Associates, and Sholtz and Associates.
Sholtz and Associates hold an automated auction, called the Automated Environmental
Credit Exchange-ACE, and Pacific Stock Exchange, Dames & Moore. Brokers organize
auctions twice a year (Schwarze and Zapfel, 1998). All trades in an auction are at an
identical market-clearing price, rather than at multiple prices as in the SO2 allowance
market. Brokers usually charge a commission for all assisted trades (for example, a penny
per pound from both buyers and sellers, or a minimum $200 fee). The ACE charges a
fee of $100 and about 3 percent of any successful trade (Gangadharan, 1997).

Another trading mechanism, operated by SCAQMD, is expected to reduce
transaction costs. SCAQMD operates an electronic Bulletin Board System that records a
list of potential buyers and sellers and their bids/offers. Firms then contact each other
and negotiate. Early research indicated, however, that this option is not widely used

(Gangadharan, 1997).

5.2.2. Dependent Variables

5.2.2.1. Environmental Effectiveness

The Los Angeles South Coast Air Basin is a non-attainment area for ozone, CO,

and PM-10 (40CFR 81). Los Angeles, Orange County, Riverside County, and San

2 The RTCs are transferred to the broker’s account at price zero until they are sold. Gangadharan (1997)
reports that of all transactions (1886) through February 1996, 72.1% (1260) of the transactions were at
price 0. In the first period of her research (through September 15, 1995), the share of transactions at price 0
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Bernardino County (all in the SCAQMD) are also designated as maintenance areas® for
NOx. These counties together constitute the second largest urban area in the U.S., with
the lowest wind speed of the nation’s largest areas. In addition, the area has abundant
sunshine and a very low ability to vertically disperse pollutants (1997 Air Quality
Management Plan), both contributing to severe local air quality problems.

Attainment of standard is measured with continuous measurement of
concentrations of the criteria pollutants at selected locations. The violations of the
standard are recorded and counted. The larger the number of days with air pollutant
concentrations higher than the standard, the more severe is the environmental problem.
Therefore, there is progress if the number of days when the concentrations exceed the
federal and/or state standards, decreases. Figure 5.1 depicts the trend in percentage of

days when the SCAQMD exceeded the permissible concentrations.
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Figure 5.1: Air Quality in the SCAQMD, 1976-1997
Source: Current Air Quality and Trends in the South Coast Air Quality Management

District, 1999, http://www.agmd.gov/smog/97aqgr_{3.html, September 4, 1999.

» An area is designated as a maintenance area if it was a non-attainment area in the past.
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In the late 1970s, this area exceeded the permissible concentrations of ozone
standards for more than half of days and exceeded the permissible levels of CO standards
for more than 25 percent of days. After a short period of increases in ozone violation
days in 1977, the area experienced a decreasing trend in violation days until 1982, when a
period of stagnation or even slight deterioration starts. In 1988, the number of days in
violation again started declining. In addition to a decline in number of days in violation,
there is also a reduction in average concentrations of pollutants. In 1994, the highest
concentration was 0.30 ppm, measured as hourly concentrations. In 1995, the highest
was 0.26 ppm. In 1997, the maximum hourly concentration measured was 0.17 ppm
(Current Air Quality Trends, 1999). As noted above, the major causes of ground ozone
are nitrogen oxides and volatile organic compounds. RECLAIM addressed only the
former.

In 1985, the PM-10 state permissible levels®* were exceeded in about 65 percent
of the days and the federal standard * in about 5 percent of the days. In 1995, state
standards were exceeded only in about one third of the days and federal standards only
about 2 percent of the days. There is also a noticeable decrease in concentrations. The
highest measured annual arithmetic mean in 1994 was 161 pg/m3, and all concentrations
at all measurement stations with complete data exceeded state standards. The highest
annual arithmetic mean in 1995 was 219 pg/m3, in 1996, 162 pg/m3, and in 1997, it was
163 pg/m3. The NOx standards have not been violated in SCAQMD since 1992.

The above data indicate a clear trend in reduction of concentrations with a short
stagnation in the mid-1980s. The limited amount of data after 1994, when RECLAIM
started the operation, makes it difficult to estimate its environmental effect. The short
period, for which the data exist, experienced a slow-down in reductions of
concentrations. This is contrary to the predictions that the more stringent environmental

standards would result in better environmental performance.

# The California State standard for PM-10 is 50 pg/m3.
¥ The federal standard for PM-10 is 150 j1g/m3 (annual arithmetic mean).
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5.2.2.2. Market Effectiveness

This section examines market liquidity of the early EPA emission trading and
RECLAIM. The former was based on ERCs, which required case-by-case review by the
EPA (generic rules applied to some bubbles), whereas the latter was based on allocated

emission rights.

Number of trades. The early EPA wrading mechanisms were enacted in the mid-
1970s. By the early 1980s, there were single trades only, insufficient to be termed as
well-functioning and active markets (Vivian and Hall, 1981, cited in Hahn and Hester,
1989b). These initial trades indicated many possible problems that MPSs could have.
Liroff (1980) describes the initial offset trading in the late 1970s as paper-project trading.
He argues that most offsets in this period were due to low environmental requirements. %
These offsets were to be discontinued with the CAAA of 1977, when the EPA required
that all existing sources adopt the Lowest Achievable Emission Rate technology. Only
emission reductions beyond this rate would count as offsets.

The ERC trades required involving local environmental agencies to broker the
deals. It was not a free functioning market. The trade between the Standard Oil
Company of Ohio (SOHIO) and Southern California Edison (SCE) is illustrative of this
fact. The former wanted to build a terminal and oil storage facility in a non-attainment
area. In 1978, an offset trading agreement was signed. SOHIO paid SCE $78 million to
install a scrubber on its facility. The trade was brokered by state officials who brought
the two partners to the negotiation table "kicking and screaming" (Liroff, 1980:18). The
deal was contingent upon the IRS tax treatment of the investment and the FERC
agreement that the investment would be an allowable part of the SOHIO rate base. The

* Delaware, Maryland, D.C. and West Virginia required a substitution of emulsified asphalt for cutback
asphalt for a majority of their roads. Pennsylvania, on the other hand, did not have this requirement and
therefore had more projects available for offsets at lower costs. Wolkswagen in 1976 obtained offsets for
photochemical oxidants from the state of Pennsylvania for free. The offsets were obtained by changing
paving practices. Similarly, an oil refinery used the asphalt substitution as a source of its offsets. If the
RACT were used as a baseline, these offsets would not have been allowed, as the emulsified asphalt
technology was widely available (Delaware, Maryland, D.C., and West Virginia had a majority of their
roads paved with this technology) and economical with oil price increases (Liroff, 1980).

133



EPA and California state regulators worked with both IRS and FERC to obtain such
treatment.

After the initial learning period, the number of trades increased. The data are not
available at one central agency, as only bubbles were in federal jurisdiction, whereas
offsets, netting, and banking were under the states’ jurisdiction. The best review of
trading activity is presented by Hahn and Hester (1989f) and their data correspond to
those presented by Liroff (1986). They report that netting was the most widely used.
Netting brings significant savings, as it allows that the source classifies as a minor source.
Thereby, the firm avoids more stringent emission limits, modeling, monitoring, which
can all be costly.27 Then, firms also avoid costs of permitting, between $5000 to $25,000
per source. Further, firms avoid delays in approval of construction, which, according to
some studies, is the highest-ranking motivation for netting (Hahn and Hester, 1989b).
Unfortunately, detailed data is only available for 1984. In this year only, 900 sources
applied for netting in the entire U.S.A. A\ Ao extrapolation of this annual data suggests
that there were between 5,000 and 12,000 netting trades, with 8,000 being the most likely
number.

Offsets were the second most used form of trading. Between 1977 and 1980,
approximately 1,500 sources used offsets, and between 1981 and 1986, 500 sources used
offsets. Traded offsets represented a small proportion of total emissions. For example, in
1985%, there were 5 NOx external offsets in the SCAQMD, with 575 tons/year total
volume traded, which represented less than 0.5 percent of total emissions. There were
only 2 external SOx offsets, with 310 tons/year traded, which represented less than 0.5
percent of total emissions, at an average price of $3,000. There were 42 external trades
of VOCs, with 2,142 tons/year total volume accounting for only 1 percent of total
emissions. A study by the National Commission on Air Quality found that external

offsets were a very small proportion of all offsets (Hahn and Hester, 1989b).

27 Hahn and Hester (1989) estimate that netting saved about $100,000 to $1 million per source.
2 In this year, more than 900 facilities out of 15,303 that applied for permits as minor sources, used netting
(estimate is based on the analysis of selected permits for minor sources; 360 permits, out of which 5.9
percent used netting). Of 15,139 sources that received permits as minor sources, 761 avoided being
gycrmitted as a major source.

® This was the first year in which any other pollutant than VOCs was traded.
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By July 1986, there were only about 130 bubbles approved, 42 of them by the
EPA, and about 89 by states under state generic bubble rules. The large majority of them
were for VOCs, mainly due to the fact that most states had VOC generic bubble rules. In
July 1986, however, there were an additional 62 VOC bubbles being developed. The
high number of VOC bubbles was attributed to the 1987 deadline for meeting ozone
NAAQS (Hahn and Hester, 1989).

In summary, netting is the most frequently used mechanism, followed by offsets
and bubbles. This is surprising, as netting only pertains to modification in facilities, not
to new and existing facilities, and the number of sources applying for equipment
modifications is much smaller than the number of existing and new sources together. As
offsets are mandatory, it is not surprising that they are the second most used mechanism.

Banking almost did not exist. In 1989, only nine states had ERC banks. Of all
the banks, only Louisville, Kentucky, had an active bank. Eighteen firms have deposited
26,000 tons per year of ERCs in the bank. In addition, two firms with EPA pre-approved
bubbles have used ERCS from the bank. The bank has provided offsets for 9 external
and 19 internal trades. Other banks had little activity (Hahn and Hester, 1989b)

In 1994, RECLAIM was enacted in the SCAQMD. Initial trading was very
modest. In the first year of the policy, there was only one substantial trade. Union
Carbide’s Torrance sold Reclaim Trading Credits (RTCs) for 1,700 tons for $1.2 million.
This accounted for about 4.5 percent of the 1994 allocated RTCs (37,511). This is an
average price of $700 per ton (Johnston, 1994). However, by the beginning of 1994, there
were about 456 external trades of NOx RTCs and about 70 trades of SOx RTCS.

Detailed data by area are presented in Table 5.2.

Table 5.2: Number of Transactions by Area and Pollutant
(January 1994-February 1996)

Pollutant | Area All Transactions
Total Number of Number of Transactions
Transactions at Positive Price
Nox Coastal 1382 445
Inland 146 11
SOx Coastal 339 70
Inland 19 0

Source: Gangadharan (1997; Table 5).

135



Table 5.3 breaks the trading data by trading parties. Some transactions occur at
price zero. These are either internal trades or transizrs of RTCs from a facility to a
broker. At the point of transfer, no price is determined, as the price depends on for how
much the broker can sell the RTCs. As the RECLAIM trading rules require a record of
price, price zero is usually entered. The largest share of all transactions represents those
in which facilities sell to brokers (about one third of transactions). These transactions,
however, also have the lowest prices. The reason is that most of these transfers are of a
consignment nature and the recorded price is 0. Of the 324 transfers from a facility to a
facility, only 100 were at non-zero price. This suggests that 224 were internal trades. A
large number of transactions are with "others" as sellers and facilities as buyers. This
most likely indicates transactions from non-identified brokers to facilities. Interestingly,
there were also 85 transactions of RTCs from brokers to facilities that occurred at price
zero. Gangadharan (1997) reports that those transactions indicate that brokers could not
sell the RTCs in consignment at the reserved price. This suggests that facilities are still

learning about the clearing prices in this market.

Table 5.3: Transactions of RTCs, by Actors and Prices (January 1994-February 1996)

Seller / Buyer Total Number of | Number of Transactions Mean Price
Transactions at Non-zero Price

Brokers / Brokers 63 0 0
Facilities / brokers 595 1 0.15
Others / brokers 156 0 0
Brokers / facilities 227 142 043
Facilities / facilities 324 100 0.28
Others / Facilities 315 213 0.78
Brokers / others 29 14 0.39
Facilities / others 117 20 0.34
Others / others 60 36 0.39
Note: Others include environmental and health organizations, some identified brokers, and individual
speculators.
Source: Gangadharan (1997: Table 9).

RECLAIM also allows non-regulated resource users to opt in. For example,

RTCs can be purchased from non-regulated actors (car drivers). Between 1993 and June
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1998, AQMD granted credits for more than 22,000 cars scrapped under the AQMD Rule
16107

Proportion of regulated resource users who participate in the market. Netting was
by far the most widely trading form in the early EPA trading period. Hahn and Hester

(1989b) analyzed trading in 1984 in great detail. In 1984, there were 17,148 permits
1ssued for new and modified sources by state and local agencies, of which 15,303 were
minor sources and the rest of them major sources. Nine hundred of the minor sources
used netting. A detailed analysis of EPA of 360 issued permits indicates that 21 (5.9
percent) of these sources would have been considered major, had they not used netting.
If we assume that this percentage holds not only for the examined sample of 360, but also
for all minor sources, we can estimate that about 900 sources used netting to avoid being
classified as major sources (the most important reason for using netting). This estimate
assumes major sources were not using netting. This estimate does not make distinction
between the attainment and non-attainment areas. However, in 1984, netting was not
allowed in non-attainment areas for about six months. If we assume that the proportion
of minor sources located in attainment areas corresponds to the proportion of major
sources in non-attainment areas (67 percent), then only about 600 facilities out of 17,148
used netting to obtain permits for new or modification sources (about 3 percent). The
percentage of resource users using other forms of trading (offsets, bubbles, and banking)
is much lower.

There are approximately 390 facilities in the NOx market and about 41 facilities
in the SOx market (Gangadharan, 1997). From January 1994 through February 1996,
there was a total of 1,886 pounds of pollutant traded. In 1995, only about 95 facilities
actually traded in the NOx market (about 24 percent).

Price dispersion. There was a substantial price variation in the early EPA trading,

as the data reported by Hahn and Hester (1989b) indicate. In 1985, there were 42 VOC

%0 0ld car scrapping was modeled after a Unocal 1990 purchase of 8,376 old cars. The purchase of old cars
and their elimination from the roads was estimated to have reduce emissions by 13 million pounds
(Johnston, 1994). Unocal purchased pre-1971 cars for about $700. This translates to about $1,000 per
short ton of emission reductions.
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external offsets. The mean price was $2,500 per ton, with individual prices ranging
between $850 to $3,250 per ton. Price variation for other pollutants is more difficult to
judge as there was a very small number of external offsets for other pollutants31. There
were two for sulfur dioxide, with the mean price at $3,000, and prices between $2,900
and $3,000 per ton. There were five external offsets of nitrogen oxides with a much
wider price range (between $2,000 and $5,500 per ton), with the mean price of $5,000
per ton. Prices for particulates’ offsets ranged between $1,250 and $2,100.

Data on RECLAIM NOx trading (Gangadharan, 1997) indicate an even more
substantial variability, which is contrary to our expectations that traders learn over the
years. The price variation analysis is based on data on 526 transactions during 1994 and
19953 The average price was $0.53 per pound (or about $1,060 per short ton) and
standard deviation $0.73. The price range was between $0.001 per pound (about $2 per
ton) and $3 per pound (about $6,000 per short ton).

Prices in the coastal zone are higher than the prices in the inland zone for both
NOx and SOx (Gangadharan, 1997). The average price of NOx in the coastal zone (445
trades) was $0.59 per pound and $0.25 per pound for SOx (70 trades). In the inland zone,
the average price for NOx was $0.049 (11 trades). There were no SOx trades in the
inland zone. ** This variation can be explained by the fact that coastal facilities are not
allowed to purchase RTCs in the inland zone, whereas the inland facilities can purchase
both inland and coastal RTCs. This restriction reflects the characteristic of the local air
pollution in this area--non-uniform effect of emissions. These price variations are
expected given trading restrictions.

There are other price variations, however, that are surprisingly high. An average
price of an RTC sold by broker to a facility is $0.43 per pound. If an RTC is sold by
facility to facility, the average price is $0.28 per pound (Gangadharan, 1997). It is then
43 percent more expensive for a facility to buy from a broker than to buy from another
facility. Still, there were about 142 trades that included brokers as sellers and facilities as

buyers and about 100 trades that included facilities as buyers and sellers. The question,

3! 1985 was the first year in which pollutants other than VOC were traded.
32 There were 1,886 transactions during 1994 and 1995, but 1,360 of them were at zero price--internal
transactions or transfers of RTCs to brokers to be sold under consignment.
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then, is what do these price differences tell us about exchange costs. If it pays to buy
from a broker, even at a 43 percent higher price, than this indicates that the costs of
searching a trading partner are still extremely high in this market.

Prices of RTCs with the issue date in the future are higher than prices of current
RTCs.* An RTC with expiration in 2003 or above is on average about $0.48 more
expensive than an RTC with expiration in 1995. This suggests that the effects of
expected increase in demand for RTCs more than outweigh the discounting and the
uncertainty about the future status of the RTCs. We need to note that the RTCs are
explicitly not given a status of property rights. Similar, though not that strong, trends
were noticed in the SO2 market.

The RECLAIM market has one aspect that has not been introduced in other
markets, that is, two overlapping compliance periods. One half of the facilities have
compliance periods ending in June and the other half in December. The two overlapping
compliance cycles reduce the possibilities of drastic price increases or decreases at the
end of the uniform compliance period. If there is a shortage of RTCs and many facilities
need to purchase them to be in compliance, prices could drastically increase. In the case
of excess RTCs, facilities may hold an excessive number of RTCs throughout the
compliance period and sell them for very low price at the end of the compliance period.
This would result in lost opportunity for locating other sources in the area (California
Institute of Technology, 1993). I could not find monthly trading data to examine whether
the two compliance periods have accomplished this goal. Price data for the two cycles
indicates, however, that there are some differences between the two groups of facilities.
Average prices differ quite substantially. The average prices in the second cycle are

about 34 percent higher than in the first cycle ($0.44 in cycle 1 and $0.59 in cycle 2).

P:' The averages are based only on transactions with non-zero prices.
** Banking of RTCS is not allowed in RECLAIM.
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5.2.3. Marketable Permit Systems for Polluting Processes Using Atmosphere As a Sink:
A Summary

The SCAQMD trading data suggests three important learnings about the effects of
institutions on environmental effectiveness and market liquidity of marketable permit
systems. First, a shift from ERCs (based on case-by-case definition and approval) to
RTC:s (predefined and allocated emission rights) does not necessarily result in drastically
improved resource stocks, when predictability of the resource stocks is low and the
effects of resource flows on resource stocks local and non-uniform. Market liquidity,
however, improves. The number of trades increases, traded rights represent a larger
proportion of the resource use, and specialized agents enter the market. Generalization of
the SCAQMD trading data to other AQCRs, however, is limited. The SCAQMD
exhibited a more active market than other areas. This has been attributed to the following
reasons: high demand caused by industrialization, more stringent requirements in
classification for major emission sources™, and high standards for existing sources,
making it more difficult to use netting insfead of offsets (Hahn and Hester, 1989b).

The trading data suggests two further important learnings about the effects of
rules on market liquidity, clarifying the theoretical predictions. First, the shift from case-
by-case review of the traded good (ERC) to a predefined and allocated good (RTC) does
not necessarily improve all aspects of market liquidity instantaneously. The RTCs
market still exhibits high price variation. Second, the concems that limited, rather than
full, privatization of a CPR is required for a functioning market in CPR are not
confirmed. The rights to a given flow from the resource do not have to be complete to be
traded. It is sufficient that the resource users have the right to use the resource, not

necessarily to manage it. The explicit statement that the emission rights are not property,

thereby not protected by law, had no negative effect on trading.

 Twenty tons/year rather than the EPA standard of 100 of 250 tons/year.
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5.3. Regulating Producers of Polluti :

The Lead Phasedown Program sought to reduce the use of air as a sink for lead
pollution by focusing on the single largest user--gasoline-burning on-road vehicles--from
nearly 172,000 short tons per year in the 1970s to less than 1,400 short tons in 1995.

In the 1970s, gasoline combustion was the major source of lead in the
atmosphere. Since the 1920s, lead was added to gasoline to increase the octane level.
High concentrations of lead in the atmosphere motivated the regulation of lead content in
gasoline. In 1973, gasoline contained about 2-3 grams of lead per gallon. The EPA lead
policy issued lead standards that were to be tightened over time, and lead as gasoline
additive was to be phased out in 1987. As a result, highway traffic is not a source of lead
air emissions. The following section reviews factors that contributed to this major

reduction in use of atmosphere as a sink for lead emissions.

5.3.1. Independent Variables

5.3.1.1. CPR Characteristics Affecting Measurability

Predictability of the CPR stocks. Lead concentrations closely follow lead

emissions. Due to the short residence time of lead, changes in emission levels are
quickly--within a year--followed by changes in concentrations (Szejnwald Brown,
Kasperson, and Swedis Raymond, 1993). This makes it easier to devise the necessary

resource use reductions to accomplish the required effects on the resource stocks.

Availability of reliable indicators of resource flows. Lead content per gallon of

gasoline can be measured, but continuous measurement of lead in produced gasoline was
considered to be too expensive. Lead content in gasoline was therefore measured in
samples and the values were averaged over a three-month production (the compliance
period). The averaging approach creates potential for hot-spots, that is, concentration of

the resource use at a given point-- in this case, in a point in time. This problem is,
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however, not serious in gasoline production, as gasoline from various refineries is

combined in a pipe-line network.

Spatial extent of the resource. The extent to which air pollution travels depends on
the state of the pollutant (gaseous, vapor, or particulate) and the speed of the wind. The
spatial extent of lead is not very large. In the past, the concentrations were the highest in
the vicinity of highways. Currently, the highest concentrations are measured in the
vicinity of lead smelters and battery factories (EPA, 1997). The concentrations decrease

drastically as the distance increases.

Effects of the resource use on the resource stocks (uniform versus non-uniform

effects). Lead emissions have a non-uniform effect on lead concentrations.
Concentrations depend on meteorological influences such as wind advection (that is,
surface wind), horizontal dispersion, and vertical mixing. Wind direction and speed are
the most obvious element affecting ambient concentrations of air pollutant. Mixing
height is a function of season (lower mixing-heights in the fall and winter), and is also
affected by temperature inversion. The highest concentrations of lead occur at the edge
of roadways and decrease with the distance from the roadway. Fine particles are carried
beyond the immediate area of roadways. This requires that lead concentration

monitoring occur not only at the road site, but also at a neighborhood level.
5.3.1.2. Characteristics of CPR Users

The 1981 shares of lead emissions by various activities are presented in Table 5.4.
Gasoline combustion accounted for nearly 86 percent of lead emissions, whereas the next

largest contributors, such as primary lead smelting, coal burning, and waste oil

combustion, each accounted for about 2 percent of the total emissions.
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Table 5.4: Estimated 1981 Atmospheric Lead Emissions for the United States

Annual U.S. Emissions Percentage of U.S. Total
(metric tons/year) Emissions
Gasoline combustion 31,815 85.9
Waste oil combustion 754 2.0
Solid waster disposal 290 0.8
Coal combustion 863 2.3
0il combustion 205 0.6
Gray iron production 268 0.7
Iron and steel production 484 1.3
Secondary lead smelting 573 1.5
Primary copper smelting 27 0.1
Ore crushing and grinding 296 0.8
Primary lead smelting 837 2.3
Other metallurgical processes 49 0.1
Lead alkyl manufacture 223 0.6
Type metal i 0.2
Portland cement production 65 0.2
Miscellaneous 218 0.5
TOTAL 37,032 100
Source: EPA (1984:7).

The Lead Phasedown Program focused on gasoline refineries. Gasoline
production is fairly concentrated with 75 percent of the refineries accounting for about 30
percent of the production and 25 percent of the largest refineries accounting for the
remaining 70 percent of production. Due to proximity to the market and high
transportation costs, the small refineries, however, may play an important role in some
markets (Nussbaum, 1992). Modern refineries (mainly located on the West Coast) were

capable of producing gasoline at the 0.7 gplg level.
5.3.1.3 The External Legal and Regulatory Environments

The EPA began regulating lead content in 1973. Initially, standards were set for
leaded and unleaded gasoline together, as the unleaded gasoline represented a very small
portion of the production. 36 Between 1979 and 1983, the regulations limited the lead

content to 4 gplg. This standard, however, was not binding for most refinieries (Kerr and

38 In 1975, the share of unleaded gasoline was 13 percent (EPA, 1995). In 1982, it rose to about 50 percent.
In 19935, it was about 99 percent, when the ban on leaded gasoline was introduced.
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Mare, 1997). In 1983, the EPA enacted a phasedown program, aimed at eliminating the
use of lead by 1987.

5.3.1.4 Rules Regulating CPR Use ,Users, and Trading

Rules regulating the CPR use.

Severity of resource use limitation. At the peak in 1970s, average content of lead
in a gallon of gasoline was about 2 grams per liquid gallon (gplg), but could be as high as
4 gplg. The initial regulation allowed averaging across leaded and unleaded gasoline, as
unleaded gasoline at that time represented a very small proportion of production. In 1982
, the regulation focused on leaded gasoline only. The standard of 1.1 gram of lead per
gallon of gasoline was introduced for refineries. Throughout the first period--from 1983
to the end of 1985--the actual lead content was significantly below the standard.
Refineries were banking the lead use rights. With the enactment of a tighter standard on
July 1, 1985 (0.5 gplg) and 0.1 on January 1, 1986, refineries had to use the banked rights

to comply with the standards.

Rules regulating how the CPR is transformed into a private good. Refineries
were allocated rights to use lead as a gasoline additive for each quarter of a year, based
on their quarterly production of gasoline, multiplied by the currently valid lead content
standard. They could sell all unused permits in the market without a case-by-case

review.

Rules regulating exchangeability of permits. Allocated rights to lead use were
fully tradeable within the commitment period. No prior EPA approval was required for
transferring the permits. In 1985, banking was allowed, enabling refineries to bank the
unused rights for the last two years of the program (1986 and 1987), when the leaded
gasoline would be phased down. With banking (exchangeability of rights across time
periods), trading became more active and new actors entered the market. As gasoline

could be blended with alcohol, gasoline suppliers could blend gasoline with alcohol,
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thereby reducing lead content per gallon and creating lead-use permits. At the end of
1984, there were about 100 blenders. By late 1985, the number grew to 900. Many of
them, unfortunately, did not know how to report lead usage and many trades included
rights that could not be claimed legitimately (Nussbaum, 1992). Brokers also entered the
market. Their role was, however, different from the role of brokers in the SO2 allowance
market. They did not claim ownership rights, but were merely intermediators in the

market. Consequently, they could not speculate in the market.

Rules regulating CPR users. Gasoline combustion was the major user of air as a
sink for lead pollution in the 1970s and 1980s. The EPA regulated the amount of lead
refineries were allowed to add into gasoline. Refineries were used to trading with each
other. In addition to trading gasoline, they would add the lead rights. For them, trading
lead rights resulted in "little more paper work costs than the addition of a contractual

paragraph and, perhaps, the price of stamp" (Nussbaum, 1992:32).

Rules regulating trading. Trading of lead permits did not require prior EPA

approval. This resulted in substantial errors in reporting. In 1986, the U.S. Government
Accounting Office sampled 374 reports and found that 35 percent contained errors.
Approximately 36 percent of the erring partners were refineries, 49 percent were
blenders, and 14 percent were importers. The problem with enforcement was that the
incorrectly calculated permits could not be traced. With the increase of trading, rights
would change hands several times. As the rights did not have serial numbers, it was
impossible to identify the source of the illegitimate lead permits.

Brokers were allowed in the market. They faced the same information problems
as the traders themselves. Large traders did not rely on brokers due to high costs; it was

mostly small traders who used their services.
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5.3.2 Dependent Variables

5.3.2.1 Environmental Effectiveness

In 1970, prior to the regulation of lead content in gasoline, on-road vehicles

emitted nearly 172,000 short tons of lead. The total emissions of lead into the

atmosphere are presented in Table 5.5. These emissions decreased from 220,000 short

tons in 1970 to just under 5,000 short tons in 1995. The major reductions occurred in the

1970s and 1980s. The highest emission decreases were accounted for by on-road

vehicles. These vehicles reduced their emissions from 172,000 tons in 1970 to 62,000

tons in 1980, and to only 1,400 tons in 1995.

Table 5.5: Lead Emissions, 1970 through 1995 (in short tons)
Source Category 1970 1990 1990 1995
Fuel combustion: eleciric utilities 327 129 64 63
Fuel combustion: industrial 237 60 18 17
Fuel Combustion: other 10,052 4,111 418 413
Chemical & Allied Products 103 104 136 30
Metals processing 24,224 3,026 2,169 1,937
Other industrial processing 2,028 808 169 55
Waste disposal and recycling 2,200 1,210 804 842
On-road vehicles 171,961 62,189 1,690 1,387
Non-road sources 8,340 3,320 197 191
TOTAL 219,471 74,956 5,666 4,986
Notes: Total may not be equal to the sums of categories due to rounding.
Source: EPA (1995:15).

The average lead content in gasoline fell from about 2 grams per liquid gallon

(gplg) in 1973 to 0.6 and 0.7 gplg in the first quarter of 1985. At that time, the standard
was 1.1 gplg. In the third quarter of 1985, the average lead content fell to 0.4 gplg. In the
same year, the standard was tightened to 0.5 gplg (Nussbaum, 1992). In 1987, at the end
of the Lead Phasedown Program, no refinery asked for additional time to be able to

comply with the 0.1 gplg standard (Nussbaum, 1992).
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5.3.2.2 Market Effectiveness

Number of trades. At first, the amount of traded rights was small. In 1983 and
1984, between 167 and 345 trades occurred. Initially, lead permit trading accounted for
about 7 percent of the used lead. By the end of 1984, this share increased to 20%
(Nussbaum, 1992). In 1985, banking was allowed for the first time. The heaviest
banking was expected to occur in the second quarter of 1985, but less in the third and
fourth quarter, when the lead standard was tightened. About 10.2 billion grams of lead
rights were banked (equivalent to about two years of lead use in gasoline). Along with
banking came a sharp increase in trading activity. Many resource users found the
flexibility in time (banking) more important than the flexibility in space (trading). About
one half of reporting resource users used banking. Banking also allowed more time to
seek out potential trading partners. The price of lead rights increased, which led to entry

of new actors in the market (brokers and gasoline blenders) (Nussbaum, 1992).

Proportion of regulated resource users who participate in the market. There were

300-400 oil refineries included in the Lead Phasedown Program. From the beginning of
the trading in 1983 to the end of the program in 1997, between one fifth and one-third of
the facilities purchased lead rights (Nussbaum, 1992). Kerr and Mare (1997) indicate the
great importance of internal trading. About 67 percent of trades in their sample, covering

the second half of 1983 and 1984, were internal.

Price dispersion. The value of lead rights rose with the introduction of banking.
Initial prices were about three-quarters of a penny per gram. Then, prices rose to slightly
over 4 cents per gram. Price information was not collected and reported by any entity in
the market. The only way to learn the price was to negotiate the price with potential

trading partners (Kerr and Mare, 1997).
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5.3.3. Marketable Permit Systems Regulating Producers/Suppliers of Polluting Product:
A Summary

By focusing on the gasoline producers, the Lead Phasedown Program drastically
reduced the use of atmosphere as a sink for lead emissions. Between 1988 and 1997, the
maximum quarterly average lead concentrations decreased by 67 percent. At the end of
the program, all gasoline refineries met the standards and required no extensions. The
CAAA of 1990 (section 218) eliminated the last remnants of leaded gasoline in 1996.

Some opt-in was allowed, but the gasoline blenders played a minor role in the
market. The program exhibited active trading and banking, even though no price
information was publicly available, and brokers played only a limited role
(predominantly for small traders). The regulated users were, however, a homogeneous
group, who were used to trading gasoline on a daily basis. Trading lead-rights, therefore,

imposed no additional exchange costs on them.
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CHAPTER 6

LAND AND GLOBAL ATMOSPHERE:
WETLANDS MITIGATION BANKING AND CFC PRODUCTION QUOTAS

This chapter examines marketable permit systems for managing the use of land,
providing services that are valued by the owners of the land and by non-owners, and the

use of atmosphere as a sink for pollution that has global effects.

6.1. Converting Wetlands and Depleting the Ozone Laver in the Atmosphere

Wetlands perform multiple functions and provide various services that are valued
by the owners of the wetlands as well as by the public. A wetland is an area in which
water plays a central role--it affects the soil and the vegetation. Various definitions of
wetlands have been developed by agencies regulating and studying them.! All
definitions, however, are based on four aspects: (1) integration of physical, chemical, and
biophysical elements; (2) the central role of water; (3) the presence of hydric soils
(formed under saturated conditions); and (4) presence of vegetation adapted for saturated
conditions (hydrophytic vegetation) (Heimlich et al., 1998). The functions provided by
wetlands depend on the wetlands’ characteristics, such as their location, size, and
relationship to adjacent land and water areas. Most often-cited wetlands functions are:
fish habitat, waterfowl! habitat, fur-bearer habitat, vegetation, pollution assimilation,
storm-water/runoff attenuation, floodwater storage, sediment/nutrient trapping, storm
surge/wave protection, groundwater recharge/discharge, natural area/open space, climate
control, biodiversity support (King and Herbert, 1997). Wetlands’ owners benefit from

some of these functions, as shown in Table 6.1.

! The definition developed by the U.S. Fish and Wildlife Service (FWS) has been used by scientists and in
non-regulatory definitions and mappings of wetlands. A different one has been developed by the U.S.
Army Corps of Engineers for Section 404 of the Clean Water Act. The Department of Agriculture uses its
own definition.
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Table 6.1: Wetlands and Their Services to Owners and Others

Owner Others
Forestry Fisheries Recreation Flood Control | Water Endangered
Quality Species

Function | Tree growth Fish habitat | Wildlife Flood Water Wildlife

medium habitat retention filtration habitat
Service Commercial Commercial | Recreational | Reduced Cleaner Biodiversity

timber fishing harvest, bird- | flood flow water

harvest watching

Source: Adapted from Heimlich (1998:14).

Wetlands conversion results in the loss of services to the public and also some
services to the owner. The owners lose the commercial timber harvest and commercial
fishing, but obtain agricultural land or income from selling the land. Significant amounts
of wetlands have been converted in the past. When Europeans settled the territory of
today’s U.S., wetlands amounted to 220 million acres (Heimlich et al., 1998). From then
to the 1950s, about 800,000 acres of wetlands were converted each year. At this time,
agriculture was the major push factor for wetlands conversion, accounting for about 80
percent of conversions. After the 1950s, the conversion rate decreased significantly. In
the period from 1982 to 1992, roughly 80,000 acres of wetlands were converted each
year. In this period, agriculture accounted for only 20 percent of wetlands conversion,
whereas urban development accounted for 57 percent (Heimlich et al., 1998). AsI
discuss in Chapter 7, due to the preservation nature of wetlands policy, wetlands
mitigation banking (WMB) provides useful learnings for developing markets for carbon
sequestration projects.

The ozone (O3) layer is found in the earth’s atmosphere at about 6 and 31 miles
above the ground. Itis formed in the stratosphere in the process of ultraviolet radiation
splitting normal oxygen molecules into atomic oxygen,1 which then reacts with other O2
molecules and forms ozone (O3). In this process, the dangerous UV-B radiation’ is
absorbed. By the early 1970s, scientists discovered human interference with the

stratospheric ozone. The substances causing the damage were Chlorofluorocarbons

% The resulting atomic oxygen can then react with the O2 molecules and form ozone (O3), react with
another triatomic ozone and form O2, or react with other substances in atmosphere.
3 Between 280 and 320 nanometers.
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(CFCs) emitted on the earth’s surface, but reaching the stratosphere due to their chemical
stability.*

The reason for concern about the ozone depletion and the increased UV-B
radiation is that the latter is associated with skin cancers and cataracts. The U.S. EPA
estimated that continued depletion of the ozone layer could result in an additional
800,000 cancer deaths in the United States over the next century (McKinney and Schoch,
1998). Further, increased UV-B radiation can adversely affect photosynthesis process,
metabolism, and growth of a number of plants. Phyto-plankton, which forms the basis
for many food chains, is also susceptible to increased UV-B radiation.

Due to a U.S. ban on CFCs for their use in aerosols, U.S. manufacturers
developed a substitution for CFCs. Hydrochlorofluorocarbons (HCFCs) are less stable in
the atmosphere, therefore less likely to reach the stratosphere where they would react
with ozone. Also, scientists report that bacteria could be used to degrade HCFCs into
simpler substances, thereby reducing the risk of ozone layer depletion. However, some
other ozone-depleting substances, such as halons (a class of fluorocarbons containing
bromine atoms that react with ozone), methyl chloroform, methyl bromide, and carbon
tetrachloride (used as solvents) continue to be widely used.

The international community limited the use of the ozone-depleting substances
(ODSs) in a set of protocols to the Vienna Convention. Countries accepted limitations to
their production and consumption of ODSs. Only the U.S., however, developed a system
of tradeable rights to use atmosphere as a sink for ODSs. The analysis of market
effectiveness of the program, therefore, reflects the U.S. market, not an international
market. As I discuss in Chapter 7, due to the global nature of the problem, markets for

ODSs provide useful insights for thinking about carbon emission markets.

* The chlorine atoms in the CFC molecule react with the stratospheric ozone and form a C1O molecule.
This molecule is, however, not stable. The oxygen in the molecule reacts with a free oxygen atom. The
released Cl atom then again reacts with ozone molecules.
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6.2. Wetlands Mitigation Banking

6.2.1. Independent Variables

6.2.1.1 CPR Characteristics Affecting Measurability

Wetlands perform various functions and provide services based on their site
features, location, size, and relationship to adjacent land and water areas. The variation
in the characteristics and the resulting functions of ‘wetlands creates problems for policy

based on general principles and requires a case-by-case approach.

Predictability of the CPR stocks. Wetland acreage is estimated by the U.S. Fish
and Wildlife Service by using sample data obtained from aerial photographs (Heimlich et
al., 1998). Data on wetlands functions and services, however, can only be obtained by
performing measurements on each wetland and examining their role in the entire
watershed. Attempts were made to propose a classification of wetlands: highly valuable
wetlands that should receive the largest protection to the least valuable wetlands where
alterations should be allowed. Some states (for example New York) use this approach
with mixed results. The U.S. Army Corps of Engineers (henceforth the Army Corps) and
the EPA addressed this issue in their guidelines suggesting that small projects with minor
environmental impacts should be reviewed with small vigor. The classification of
wetlands raises the issues of agreement between environmental advocates and developers
on which wetlands fall into which category. Boundary lines would have to be located
between different classes of wetlands and the NAS Wetlands study of 1995 could serve

as a guide (Zinn and Copeland, 1999).

Availability of reliable indicators of resource flows. Data on wetlands conversions
are available only for the projects that require permit from the Army Corps. This
excludes most of the agricultural conversions, conversions of small and isolated
wetlands, as well as drainage of wetlands. When an application is filed with the Army

Corps, the wetlands are analyzed in detail. Even this data, however, have been criticized
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for focusing on the on-site features of wetlands and ignoring the fact that wetlands may
or may not perform all functions, based on the location of the wetlands. King and
Herbert (1997) suggest an alternative four-attribute system for measuring attributes of
wetlands: (1) wetlands features, which are site specific characteristics (such as size and
hydrology). The features establish the capacity that wetlands will perform various
functions; (2) Wetlands functions are "the biophysical processes that take place with a
wetland" (such as carbon cycling and nutrient trapping); (3) Wetlands services are the
"beneficial outcomes that result from the ecosystem functions” (such as better fishing and
hunting, clearer water); (4) Wetlands values can be defined in economic terms as

"willingness to pay" for the wetlands services associated with the wetlands functions.

Spatial extent of the resource. The larger the spatial extent of the resource, the

larger the number of users, and the more difficult it may be to devise institutional
arrangements for managing the resource. On the other hand, the larger the spatial extent
of the resource the larger the potential number of market participants, thereby the larger
potential for market liquidity.

Wetlands perform various functions and services. Functions are performed
irrespective of the wetland’s location. The services, however, depend on the location of
the wetland. Some of the functions, such as water purification and flood prevention have
an effect limited to the watershed. As the federal and most of the state wetlands
regulations are based on the water quality regulation (Clean Water Act), watershed 1s the
most likely unit at which the institutional arrangements are created.

Other functions, such as biodiversity protection and recreation provision, may
have a much larger spatial extent. These functions of wetlands became more important
only recently and only in a few states. California, for example, enacted a general habitat
protection policy, which focuses not only on wetlands and their functions in a hydro

system but also on their habitat provision.

Effects of the resource use on the resource stocks. Conversion of a given wetland

affects the entire watershed. The extent of the effect, however, depends on existence of

other wetlands in a given watershed and on the characteristics of the converted wetlands.
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This variation in the effects of the wetlands conversion is reflected in the need to define
wetlands mitigation on a case-by-case basis. Wetlands mitigation cannot be
standardized. Given the current knowledge of wetlands functions, an acre of wetlands
mitigated cannot be expressed in a unit that would be used as an exchange unit in a
market. This significantly increases transactions costs as the exchange good has to be

defined for each one transaction.

6.2.1.2 Characteristics of CPR Users

Of the 124 million acres of wetlands in 1992, about 12.5 million are owned by the
federal government, about 92 million by private owners, and about 15 million by
municipal, county, or state government. Most of the wetlands conversions occur on private
lands. Conversion of wetlands to farmland was the most important source of the wetlands
loss (accounted for about 80 percent between 1954 and 1974), but its importance
significantly decreased in the 1980s (only about 20 percent) (Heimlich et al., 1998). Until
1985, farmers’ payments from the federal government depended on crop base acreage,
which provided an incentive to convert wetlands to farm land. Of ihe roughly 92 million
acres owned by private owners, about 77.5 million acres (or 84 percent) are farmed or
naturally farmed and subject to the Food and Security Act Swampbuster provisions.

There is no "reliable way" of estimating the amount of wetlands that are subject to Section
404 of the CWA, although most likely, both Food Security Act and Fish and Wildlife
wetlands are included (Heimlich et al., 1998).

As most of the wetlands are located on private land, one would expect that
regulation of wetlands would constitute "takings". Takings refer to taking of private land
or severely limiting its use by the government without giving compensation for the
reduced value of the private property. However, using the fifth amendment to protect
private property and convert wetlands was not a widely used strategy. By May 1993, only
27 cases involving takings’ claims have been filed as a result of the CWA, Section 404
permit program. Ten of these cases were decided in favor of the Army Corps, three
determined as takings, and 14 were not decided. Since 1993, over 30 new cases have been

filed. Five were decided by 1997, with only one of them found to involve "takings".
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6.2.1.3 The External Legal and Regulatory Environments

There are several federal- and state-level voluntary and regulatory programs that
limit wetlands conversion and/or motivate wetlands restoration, but the CWA of 1972
and 1977 is the major regulation affecting wetlands. Section 404 of the CWA (1972,
1977) authorizes the Army Corps to issue permits for conversion of wetlands. The
review is not a narrow, regulatory process, but a process that allows public review and
input in decision making (Heimlich et al., 1998). Permit applicants must indicate that the
required priority steps were taken prior to applying for a permit. Avoiding and
minimizing the negative effects of the projects have to be done prior to compensation and
the latter should only be done for the unavoidable effects (Heimlich et al., 1998).

Two types of permits are issued by the Army Corps: a general permit and an
individual permit. The general permits cover actions by private landowners that will
have a small environmental effect. These activities are regulated with the so-called
Nationwide permit program No. 26 (33 CFR §330). Nationwide permits are issued for 5-
year periods, and must then be reviewed by the Army Corps. In 1995, 13,837 activities
were undertaken under the General Permit No. 26 provision, accounting for 5,020 acres
of wetlands loss, which were offset by 5,809 acres of wetland mitigation. In December
1996, the Army Corps reissued 37 existing nationwide permits and 2 new permits.

In 1996, the Army Corps made revisions to strengthen the environmental
restrictions of the General Permit No. 26. At the same time, the Army Corps announced
that they would replace the Permit No. 26 with activity-based permits in two years—the
proposal was issued on July 1, 1998. Final permits were expected in September 1999.
The activities include: passive recreational facilities, residential, commercial, and
institutional activities affecting one-third to three acres (Zinn and Copeland, 1999).

The individual permit allows interagency review, which can significantly slow
down the process of obtaining a permit. The EPA has a veto power over these permits.
Threats of delay by the Fish and Wildlife Service amount to the same, according to the
critics. Neither the Army Corps nor the EPA have a systematic surveillance programs to

detect unauthorized activities (Heimlich et al., 1998).
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Section 404 of the CWA authorizes states to assume permitting responsibilities,
but only two states, Michigan (1984) and New Jersey (1992), had done so. By 1978, 15
states had legislation specifically regulating wetlands; in 1984, about 30 states had
programs regulating coastal wetlands, but usually not inland wetlands. In 1996, 44 states
had wetlands statutes or laws. Forty-six relate wetlands policies to the federal water
quality policies, such as Section 404 of the CWA. Forty-six states have wetland
definitions comparable to those in federal programs (Heimlich et al., 1998). States can
develop more stringent water quality standards and can deny or put conditions on the
Army Corps permits or licenses. By 1998, only Michigan and New Jersey assumed
responsibility for Section 404 of the CWA.

In addition to Section 404 of the CWA, there are multiple federal voluntary
programs protecting wetlands. Swampbuster is a wetlands protection program for
agricultural lands. It was enacted in 1985 and was designed to remove federal farm
program benefits when farmers converted wetlands to agricultural production. The
National Resources Conservation Service has the authority to make wetlands
determinations under Section 404 on the agricultural lands. Since 1995, the Natural
Resources Conservation Service has suspended making the determinations, except on
request, because of the controversy over wetland delineation. The U.S. Department of
Agriculture’s Farm Service reports that over $11 million were denied to producers on
approximately 15,000 acres between 1987 and 1996. The question remains whether this
small number indicates poor enforcement or actual positive effect of the policy in
deterring wetlands conversions.

The Wetland Reserve Program began as a nine-state pilot program and is now the
largest wetlands restoration effort (Heimlich et al., 1998). Landowners can place
easement on farmed wetlands in return for payments that are based on the land value
reduction. All easements under this program were permanent until the 1996 Farm Bill
and 1997 appropriations were implemented. The Farm Bill made it an entitlement,
extended its authorization through 2002, and capped enrollment at 975,000 acres. In
1999, there were over 665,000 acres in the program, almost 40 percent enrollment in the
states of Louisiana, Mississippi, and Arkansas. Most of the land is enrolled under

permanent easements, only 5 percent under 10-year restoration agreements (Zinn and
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Copeland, 1999). By the middle of 1997, 533,026 acres of wetlands were enrolled in
3,200 contracts under the Wetlands Reserve and the Emergency Wetlands Reserve
Program. Programs include permanent easement or 30-year easement contracts.
Payments for the 30-year easement amount to about 50-75 percent of the payments for
permanent easements. Restoration cost-sharing by the federal agencies can amount to
75-100 percent for permanent easements or from 50-75 percent for 30-year easements. In
this program, landowners may sell other partial interests, such as easement beyond 10
years (for example, for mitigation banking). The Wetlands Reserve Program easement
allows for hunting, fishing, and timber production.” The rights to these wetlands’ services
can be sold to other private conservation organizations (Heimlich et al., 1998).

This study focuses on wetlands mitigation banking (WMB). WMB provides the
flexibility in achieving the policy goal of no net-loss of wetlands. They enable those who
want to convert their wetlands to obtain permits to do so and purchase wetlands

mitigation credits from those who can permanently provide wetlands’ services.

6.2.1.4. Rules Regulating CPR Use, Users, and Trading

Rules regulating CPR use.

Severity of resource use limitation. Wetlands mitigation is obligatory for all
owners of wetlands. They have to obtain a permit from the Army Corps for filling a
wetland, unless they meet the requirements for the general permit No. 26. However, even
though the federal regulation does not require mitigation for such projects, state and local
regulations may. The Army Corps permitted conversion for about 11,600 acres in 1993.
In fiscal year 1994, they received 48,292 permit applications. Ninety-one percent of
these (affecting 17,000 acres) were approved. Nine percent were withdrawn, about half
of which qualified for general permits or did not require permits. Only 358 permits (less
than one percent) were denied. The Army Corps estimate that additional 50,000
activities are authorized under the general permit each year. In FY 1996, more than

64,000 permits were requested, more than 85 percent were authorized under the general

3 Sixty percent of the wetlands in the U.S. are forested.
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permit, with the average waiting period of 14 days. A general permit is a permit by rule:
most do not require pre-notification or approval. Less than 10 percent were required to
go through the more detailed evaluation, with the average review duration of 104 days.

Only 129 applications for individual permits were denied.

Rules regulating how the CPR is transformed into a private good. WMB operates
on two principles. On the one hand, private or public entities purchase or dedicate
existing wetlands for preservation or other areas for wetlands creation. Of the 23
operating wetlands banks in 1995, the largest number was created by an Army Corps
permit (13 banks). The remainder were created with a contract between the Army Corps,
the EPA, and the bank owner. In many cases, the Fish and Wildlife Service and the local
Departments of Natural Resources are involved IWR 96-WMB-9). For some wetlands
banks, ownership is complete. For others, predominantly for the trusts, the long-term
protection is assured with a conservation easement, whereas the initial owners may still
continue with uses that do not interfere with the wetlands preservation objective (for
example, commercial fishing or hunting).

In 1995, USDA’s Natural Resources Conservation Service and other federal
agencies published the final guidance for the establishment, use, and operation of
mitigation banks. Mitigation credits cannot be generated by any federal program, such as
the Wetlands Reserve Program or the Fish and Wildlife’s Partners for Wildlife Program.
Wetlands mitigation banks can be established by restoring or creating wetlands;
preservation can usually not be used as the sole basis for a bank establishment. The
wetlands in a wetlands bank have to be protected in perpetuity with conservation
easements or transfer of title to an appropriate federal or state agency or nonprofit
conservation organization. Wetlands credits are calculated on a case-by-case basis. In
some cases (wetlands trust funds), the credits can be sold even prior to creation of the

wetlands and accomplishment of the designated success criteria.

Rules regulating exchangeability of permits. Exchangeability is in most cases
determined on a case-by-case basis. There are, however, some general rules in terms of

temporal and spatial exchangeability as well as exchangeability in terms of types of
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wetlands. WMB credits can only be used within the same watershed. In some cases this
means 300 square miles (as in Fox River Watershed) or 4,000 square miles (in the case of
Pine Flatwood bank) or (14,000 square miles) in the case of Vandross Bay, South
Carolina (IWR 96-WMB-9). This requirement is present in all wetlands banks, surveyed
by the IWR in 1995. There are exemptions to the rule. When mitigation cannot be
accomplished within the same watershed, the trading ratio is increased.

Another general rule applies to the timing of the WMB credit sales. Some banks
allow for selling WMB credits when the bank is approved and not even constructed yet.
The share of credits that can be sold at this time is usually less than 25 percent. These
credits are then usually sold at a high trading ratio, sometimes even 2:1, given the
uncertainty of the mitigation success. The second share of the credits can usually be sold
after the initial steps of bank creation have been accomplished (for example creation of
the required hydrology). The trading ratio then falls to 1.5:1. After a bank has met all of
the requirements (usually the required vegetation planting, survival, and composition),
the rest of the credits can be sold at a 1:1 ratio. Some banks, however, operate as trusts.
In this case, a larger proportion of the credits can be sold before the owner starts the
creation (50 percent is common). This type, however, often requires financial deposits at
a given amount per acre that guarantee wetlands creation or at least make the funds
available, if the bank owner fails to create the wetlands of agreed quantity and quality
(IWR 96-WMB-9). The trading ratios depend on the method of wetlands bank creation
as well. For example, the Virginia Restoration Trust plans a minimum of 2:1 for

wetlands restored or created, and 10:1 for wetlands preserved.

Rules regulating CPR users. Section 404 of the CWA (1977) limits the scope of

wetlands’ users too narrowly. It is focused on discharge of materials into wetlands. It
omits many wetlands’ users, whose activities also adversely affect wetlands. These
include normal agricultural use, silvicultural activities, diversion of water rather than
filling of material, and flooding of the wetlands. The program therefore addresses only
about 40,000 acres of the 290,000 annually lost acres.

Further, regulation of wetlands’ use is limited to large wetlands. About 20 percent

of the wetlands are excluded because they are below the threshold size.
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Environmentalists view the General Permit as a threat to small and isolated wetlands.
According to some critiques, nation-wide permit No. 26 resulted in a loss of tens of
thousands of acres each year. The limit for the No. 26 permit should be reduced from a
maximum of 10 acres to three acres, and the limit should be imposed on the length of the
project impact on the water body (Sierra Club, 1998).

Lastly, multiple values are not represented in the required evaluations; the only
focus in the permitting process is on water quality (Zinn and Copeland, 1999). As a
result of the above concerns, the Army Corps is phasing out the nation-wide general

permit 26 over a period of two years, starting in 1997.

6.2.2. Dependent Variables

6.2.2.1. Environmental Effectiveness of Mitigation Banking

Wetlands mitigation banking is used by owners of existing wetlands, who convert
them and are required to compensate for the unavoidable loss of wetlands. Essentially,
WMB allows substitution of existing wetlands by newly created or restored wetlands.
The major question about the environmental effectiveness of WMB is therefore related to
the effectiveness of substitution of newly created or restored wetlands in comparison to
the existing wetlands. I discuss this issue in greater detail in the section 2.1.4.

Environmental effectiveness of WMB cannot easily be judged as most of the
banks started only in 1992. It is possible, however, to measure the number of wetlands
acres provided by the WMB. Data in Table D1 (Appendix D) indicate that WMB
represents only a very small fraction of the wetlands restoration activity. Voluntary
programs administered by various federal and state agencies are far more important for
restoring wetlands. These programs, however, cannot be used as an alternative by
developers, who convert their own wetlands. It would be wrong to attribute the small
importance of WMB entirely to the design of the program. Demand for WMB credits
depends on how strict the limitations for the use of wetlands are, i.e., how strict is the
implementation of Section 404 of the CWA. I address this issue in more detail in the

section 6.2.1.4.
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In addition to small contributions to restoration efforts, WMB has been criticized
for their negative spatial effects. King and Herbert (1997) report that WMB in Florida,
the state with the largest number of wetland mitigation banks, results in a shift of
wetlands from urban to rural areas. In rural areas, demand for land for development is
lower, and wetlands mitigation can be supplied at lower costs. King and Herbert (1997)
argue that rural areas are not necessarily where wetlands are needed. Wetlands’ functions
depend not only on their specific properties but also on their role in a given watershed.
For example, urban areas can face high risks of flooding due to larger proportion of
surface being built up, thereby not being able to absorb water. Creating or restoring a

wetland in a rural area will not help mitigate this particular risk in urban areas.

6.2.2.2 Market Effectiveness

Trading activity. The Environmental Law Institute (ELI, 1993) identified 46
existing wetlands mitigation banks in 1992, most of them in California and Florida.
These banks were mostly owned by governmental agencies (department of transportation,
port authorities, or local governments, accounted for 75 percent of the banks). Only four
banks offered compensation credits for commercial sale, with one of them privately
owned and three owned by public agencies or nonprofit organizations.

The number of wetlands banks has increased since the early 1990s. The Institute
for Water Resources (IWR) reports of 77 ventures offering wetlands mitigation credits
for sale as of the summer of 1995. Twenty-four of those were in operation, the remainder
were either in the planning or proposal stage. The capital structure of the operating banks
indicates a strong role of non-profits and governmental agencies in WMB. Out of 24
operating wetlands mitigation banks, 9 were capitalized with exclusively private sources
and were pursuing the maximum net return objective. Of the remaining 15 banks, only 2
were pursuing the maximum net return objective; the remainder, a break-even or cost-
plus financial objective IWR 96-WMB-9). By February 1997, 108 wetlands banks were

identified, out of which 43 were selling wetlands mitigation credits.
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There are no aggregate data on WMB credits and the liquidity of this market.
Data are available only for selected wetlands banks. The IWR surveyed six wetlands

banks in detail (IWR-96-WMB-9). Their size and trading are presented in Table 6.2.

Table 6.2: Trading Data for Selected Wetlands Banks

Name of the Bank Year of Bank Area Total Credits Sold
Creation (Acres)

St. Charles 1994 48 34
Cottonwood 1994 40 8
Pine Flatwood 1992 NA NA
Vandross Bay 1994 804 100 *
Delta Land Trust 1994 NA NA’
Hebron 1992 33 33
Bid Island 1992 192 100
Notes:
! This is the entire amount of credits allowed to be sold.
2 A total of 145 acres were allowed to be sold.
3 Fifty percent of the credits can be sold only 3  years after planting trees.
Source: IWR 96-WMB-9.

The data indicate that some banks manage to sell all credits that they are allowed
to sell at this point in time. The agreement or contract with which wetlands banks are
created determines how soon and how many credits a bank can sell, to avoid the risk of
selling "paper"” credits. Four surveyed banks sold nearly everything they could, given
their selling time-line. Some banks, however, did not manage to sell anything. A
detailed analysis of the Delta Land Trust, located in the Mississippi Delta Region,
indicates how strict rules for creation of credits can slow down the selling. This bank
faced a requirement of a minimum size, which was difficult to meet. Further, the
agreement allows 50 percent of credits to be sold only three years after planting trees. In
comparison to other banks, this bank faces fairly restricting rules. Other banks are also
limited in terms of how early and how many credits they can sell. However, most of
them are allowed to sell at least 30 percent of credits after establishing the required
hydrology. The second set of credits (usually about 30 percent) can be sold when the
vegetation is planted, and the last set of credits can be sold only after a given vegetation
survival rate has been established (IWR 96-WMB-9).

Some states have developed more detailed guidelines and broader policies for

preservation of land that provides services to the public. In 1995, a new state policy that
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focused on habitat was adopted in California. If an owner destroys a particular habitat
type (riparian habitat, habitat of species listed on the endangered species list, wildlife
corridors), he/she must compensate for the resource impacts elsewhere. In 1998, forty-
three conservation banks were created or in the process of being created in California.
Some were as large as 6,000 acres (for example, the ARCO bank, which allows
continuous oil and gas operations, selling credits to other landowners). Of the existing
banks, the rate of utilization (sales of credits) varies significantly from O to 84 percent,
with an average of 20 percent utilized (A Catalogue of Conservation Banks in California,

1999).

Proportion of regulated resource users who participate in the market. No
aggregate data of the WMB market are available. Case studies of selected wetlands

banks indicate, however, that the banks are only allowed to sell credits to those resource
users whose resource use has a small impact on the resource stocks. Most analyzed
projects limit the market of their credits to those who obtain the general permit No. 26.
This means that the market is limited to the resources users with very.small impact on the

stocks of the resource.

Price dispersion prices. of wetlands credits vary significantly. This is

understandable, given the fact that the WMB credits are defined for each case, based on
the functions and services of the converted and the mitigating wetlands. In addition to the
variation resulting from the differences in the wetlands functions, there is a large price
variation based on the costs of creating/restoring wetlands for mitigation. The
differences reflect less the restoration technology and more the costs of land. The values
of wetlands are estimated to be between $1,000 in non-metro areas and $2,676 in metro
areas (Heimlich et al., 1998). The estimates are based on amounts that are actually paid
for easements or fee title rights to wetlands by the Nature Conservancy, the North
American Waterfowl and Wetlands office of the U.S. Fish and Wildlife Service, and
USDA’s Wetlands Reserve Program. These prices reflect the current wetlands protection
policy. Prices are significantly lower for acquiring rights to wetlands that have less

conversion potential than for those with higher conversion potential. Also, restoration
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may be cheaper than acquiring rights for wetlands with high potential for conversion, as
former wetlands may be located on marginal land.

Another source of price variation is the nature of the credit provider, i.e., the
financial objective of the WMB. For example, prices of WMB credits are much lower
with the banks that are capitalized by non-profit capital and have a break-even objective:
Cottonwood Creek, California ($25,609 per acre); Pine Flatwood, Louisiana ($1,700 per
acre); Ohio Wetlands foundation ($12,000 per acre). On the other hand, credit from a
bank that has a maximizing net-return objective can cost as much as $45,000 (Fox River).
The two sources of variation may, however, be related. It is possible that the maximizing
net-return banks are created predominantly in the areas with high demand for mitigation
and high costs of creating/restoring wetlands. Due to a lack of data, I cannot examine

this effect.

6.2.3. Marketable Permit Systems for Limiting T.and Conversion: A Summary

WMB plays a very small role in the U.S. policy of no net-loss of wetlands.
Institutional factors, limiting who can use mitigation credits to compensate for the
wetlands loss, are the major reason. Further, the WMB has been criticized for creating
wrong incentives. Due to multiple functions provided by wetlands, it is easier to measure
the provision of wetlands’ services for wetlands restoration and creation projects than for
wetlands preservation. The WMB therefore focuses on the former. This creates
incentives for resource users to first engage in destructive resource uses and only
subsequently recreate the original form of the resource with costly projects. Further, as
market pressure requires cost-minimization of the provided goods, the supply of WMB
credits shifts to areas with lower costs. These are urban areas, where the wetlands’
services may be less important than in urban areas. Data on environmental effectiveness
and market liquidity suggest that the small market is facing important information

problems. Prices of credits vary drastically across various providers.
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6.3. Stratospheric Ozone Layer Depletion

6.3.1. Independent Variables

6.3.1 1. CPR Characteristics Affecting Measurability

Predictability of the CPR stocks. Stratospheric ozone depends on various factors,
such as the seasonal cycle, El Nino Southern Oscillation, occasional volcanic eruptions,
long-term ozone trend, and solar cycle (Hollandsworth and Binder, 1999). Predictions
about the ozone layer require disaggregating the effects of various factors on the ozone
dynamics.

Predictability of resource stocks is very limited now. Hollandsworth and Binder’s
(1999) model estimates a 2.2 percent reduction in ozone per decade, with only 0.28
percent uncertainty. The model includes the seasonal cycle, solar cycle, long-term trend,
seasonally varying trend and Quasi-Biennial Oscillation in ozone. The long-term trend is
affected by emissions of ozone-depleting substances (ODSs). The extent of this effect
can be estimated only with large uncertainty. This low predictability of the resource

stocks results in our inability to affect the resource stocks with the policy design.

Availability of reliable indicators of resource flows. For measuring emissions of
ODSs we have to rely on production data. Based on their atmospheric life-time, the
molecular weight of bromine and chlorine, and the substance’s ability to be photolytically
disassociated, various ODSs have different potential to destroy ozone molecules (CAAA,
Article 601). By multiplying data on ODSs production by their Ozone Depleting
Potential, we can estimate the quantity of resource stock that will be depleted due to
emissions. Current measurement devices cannot, however, measure each individual

ODSs emitter.

Spatial extent of the resource. The ozone layer covers the entire earth, but there

are regional variafions 1n 1ts thickness, measured in Dobson units (DU). This essentially

measures the density of a mixture of molecules. The average value is 300DU. We would
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expect the highest levels of ozone to be in the tropics, as the intensity of solar ultraviolet
radiation is the highest in these areas. However, the ozone levels are the lowest in the
tropics and the highest in the higher latitudes. This is caused by the stratospheric

circulation that redistributes ozone (Newman, 1999).

Effects of the resource use on the resource stocks: uniform versus non-uniform
effects. As ODS deplete the global atmosphere, one would expect that a unit of ODS
emitted anywhere on the earth’s surface would deplete the global ozone layer to the same
extent. The effects of increased chlorine concentrations on the ozone, however, are not
uniform. First, the increased chlorine levels affect various heights of the ozone column
with different intensity. The largest depletion is measured at 40 km above the earth.
There the trend is approximately 7.5 percent decrease per decade. At lower levels, the
reduction of ozone is less. The ozone loss is minimal at approximately 30 Km above the
earth’s surface. This variability, however, cannot be taken into account in policy design
as it cannot be affected by humans.

Second, the variability of the ozone layer can depend on the latitude. The latest
measurements indicate that the maximum ozone depletion for both hemispheres occurs in
the high latitudes, where trends are close to 6 percent reduction per decade (at between 40
and 45 Km in the ozone column) and about 8 percent in the southern hemisphere (above
40Km). There is less depletion in the tropics and even positive trends at the equator

(Hollandsworth and Binder, 1999).

6.3.1.2. Characteristics of CPR Users

ODSs are used in a variety of products and processes, resulting in large variations
between resource users. CFCs are widely used in plastic foams (32 percent), solvents (21
percent), car air-conditioning (20 percent), other refrigeration (17 percent), medical
sterilants (6.5 percent), and aerosols (3.5 percent) (Cook, 1996). How do we then define
who uses the atmosphere as a sink ODSs? The primary users are the substance
manufacturers. Their number is fairly small, both internationally and nationally. The

secondary users are those who use the substances in their manufacturing processes. They
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can use the substances, but not build them into the end product (using solvents in
cleaning processes), or build the substances into the products they sell (refrigerators,
halons in fire extinguishers). The regulation focused on manufacturers of substances, as

there were only a small number of them and were considered easier to regulate.

6.3.1.3. The External Legal and Regulatory Environments

In 1987, the international community signed the Montreal Protocol, thereby
limiting the use of the ODSs. In 1990, the London Protocol was signed by 93 countries.
It set the targets to phase out production of CFCs, most halons, and carbon tetrachloride.
Methyl chloroform production is targeted to end by 2005. In 1992, the Copenhagen
Protocol set the 75 percent reduction target for 1994, and the phaseout date to January
1996 for all CFCs. For developing countries, the deadlines were postponed by at least 10
years. An international fund was established that is financed by developed countries.
The fund is administered by the World Bank and assists projects that reduce ODSs
consumption in developing countries.

In the U.S., production and consumption of ODSs were regulated by imposing
production and consumption limits as well as by imposing tax on these substances. In
1989, the U.S. Congress enacted an excise tax on production, sales, and imports of ODSs.
The Omnibus Budget Reconciliation Act of 1989 (OBRA-89) introduced taxation on the
first set of ODSs: CFC-11, 12,22, 113, 114, 115; Halons 1211, 1301, and 2402; carbon
tetrachloride; and methyl chloroform. In 1992, in response to the London Protocol, the
carbon tetrachloride and methyl chloroform were added (OBRA-92). In 1992, the EPA
issued deadlines for phasing out the production and consumption of Class I substances
(CFECs, carbon tetrachloride, methyl chloroform, and halons) (57 FR 33754). The phase-
out schedule was accelerated in 1993 (58 FR 65018 and 69235) and 1995 (60 FR 24970).

End users were also regulated. Standards were set for servicing the equipment
using CFCs (57 FR 31241 and 60 FR 21682). Standards for car air-conditioning
substitutes were established (62 FR 68026). The 1990 CAAA (Article 610) also banned
nonessential products containing CFCs or HCFCs (flexible and packaging foams, most

aerosols, and pressurized dispensers) (58 FR 4768 and 69637). CAA (article 611)
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required labeling of products that contained or were manufactured with ODSs (EPA,

Title VI of the CAA)

6.3.1.4. Rules Regulating CPR Use, Users, and Trading

In the subsequent section, I focus on the rules regulating the use of CFCs and
halons in the U.S. and examine how they potentially affected the ozone (environmental
effectiveness) and the market liquidity. Other ODSs are not analyzed, as only these two
groups were included in the permit trading. A system of tradeable permits for the class II

substances was also drafted and is currently open to public comments (40 CFR Part 82).

Rules regulating CPR use.

Severity of resource use limitation. In 1987, when the Montreal Protocol was
signed, the U.S. accounted for one-third of global CFCs production. The U.S. companies
sold more than $500 million worth of the chemicals every year. The goods and services
involving CFCs were worth $28 billion annually. Installed equipment of about $128
billion relied on use of CFCs.

In 1989, the U.S. banned some uses of CFCs and scheduled other ODSs for a
phase-out by 1986. The severity of resource use limits is therefore comparable to the
Lead Phasedown Program. However, some of these substances were taxed. The tax rates
for each substance were calculated by multiplying the basic rate by the ozone depleting
potential of each substance (Hoermner, 1996).

In 1989, the manufacturing, imports, and floor-stocks of listed ODSs were taxed.
In addition to the substances, products containing (for example, car air-conditioners) and
manufactured with (electronics cleaned with CFCs) were also taxed.® The following tax
rates were enacted: $1.37 per pound for 1990 and 1991, $1.67 for 1992, $2.65 for 1993
and 1994, and $5.35 in 1995. After that, the taxes would increase by $0.45 each year,

® To keep the U.S. producers competitive, exports received tax rebates.
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which results in $5.80 in 1996 and $6.25 in 1997.” Hydrofluorocarbons (HCFCs) are not
taxed, neither is methyl bromide (pesticide).

Prices of some substances (CFC-11 and 12) were immediately doubled due to the
excise tax. These substances accounted for more than two-thirds of the production of the
five CFCs, originally covered by the Montreal Protocol. By 1995, the taxed price was
nearly triple the untaxed price. Hoerner (1996) attributes the drastic reductions in CFC
production in 1990 to the tax introduction, rather than to the allowance cap. Allowances
were already assigned in 1989, but the production had not fallen so drastically, whereas
in 1990, the first year when the tax was paid, the production decreased substantially.

Given the steep tax rates, it is impossible to estimate the partial effects of MPS of
taxation. The severity of quantity limifation in the CFC and halons market was
comparable to the lead phase-down program. The excise taxes, however, also had an
impact on the actual reduction in the use of CFCs and halons. They may have also
affected the liquidity of the market for CFC and halon permits. High taxes most likely
strengthened the environmental effectiveness of the MPS. As they increased the costs of
using these substances, the demand for these substances was most likely reduced. It is
not clear, however, what effect they had on market liquidity. Decreasing demand for
these substances most likely decreased the production, thereby decreasing the demand for

production permits and their prices.

Rules regulating how the CPR is transformed into a private good. The right to
use the atmosphere as a sink for ODSs was expressed as the right to produce a given
amount of these substances. However, as manufacturers produced substances with
various ODPs, the issue of assigning rights arose. Should the permits be allocated for
each substance, or should they be allocated as an ODP weighted aggregate? Under the
first system, each user is allocated permits for each ODS. Under the second system, the
user is issued ODP-weighted allowances.

The CFC and halon trading systems were initially based on weighted averages.

The CAAA of 1990 enacted substance permits. If the user wanted to trade allowances for

? The basic tax does not cover halons and the CFCs used to foam insulation--they are taxed at a lower rate.
Use of these substances for medical purposes is also taxed at a lower rate.
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another substance, the EPA calculated the trading ratio based on the ODP. This way, the
EPA could track who has allowances of which substance. This is important from two
perspectives. First, the EPA has to report annual production and consumption of ODSs to
the UNEP secretariat. If the allowances are issued for each substance, the reporting is
easier. More importantly, if allowances are issued for each substance, the EPA knows
who holds allowances for which substance. At the time of reducing allowances or
completely phasing out a substance, the information is available on whose allowances are
being reduced. If the allowances are based on ODP-weighted averages, information
about which substances were the base of the allocated permits is lost. The EPA does not

know how much to issue to which user next time the permits are issued (EPA, 1999d).

Rules regulating exchangeability of permits. Exchangeability of permits is based
on the ODPs of the substances, and the origin of the substance (manufactured or
recycled). Difficulties in distinguishing between manufactured and recycled substances
results in illegal trades of these substances. Each manufacturer must have a sufficient
amount of permits to cover the production of the substances. Each consumer must have a
sufficient amount of consumption permits to cover the purchased substances. Each
transfer of substances must be accompanied with a transfer of permits. If substances are
imported from countries that do not have limits on CFC production, no transfer of
permits is possible. The transfers of substances from the Article 5 parties are therefore
limited to recycled substances. It is, however, impossible to make a distinction between a
recycled and manufactured substance, unless the recycling process is carefully
documented. This poses important problems for compliance, and results in illegal trade.
Close examination of the flow of recycled substances, their origin, and the recycling
capabilities of the industry in those countries, indicates that a large number of CFCs and
halons are illegally exported to the United States and EU predominantly from China,
India, and Russia. The economic motivation is clear. The excise tax and domestic
production reduction and phaseout increased the price of these substances in non-Article
5 countries, such as the United States. The price of domestically reclaimed halon 1301 is

about $26 per kg, whereas the price of supposedly recycled halon from China is $7.5 per
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kg (EIA, 1998). Article 5 countries are now the largest producers of these substances
(Tables C1-C14).

Rules regulating CPR users. Permits to produce ODSs were allocated to five CFC
producers, three halon producers, fourteen CFC importers, and six halon importers (Lee,
1996). This is the smallest group of regulated users of all examined markets. As this
group is also very homogeneous and has a history of trading within the group, identifying
potential partners was not too difficult or costly.

Ozone-depleting substances do not have any other sinks than the atmosphere, so
the possibilities for opt-in are very limited. If ODSs were destroyed, that is, decomposed
into less stable substances that would not reach the stratosphere, this could be a source of
opt-in permits. There are no economic options for destroying CFCs, and the possibilities
for destroying HCFCs with special bacteria are currently only at the exploratory stage.

Users of CFCs and halons (or products containing these substances) were
allocated consumption permits. The EPA estimated that in the 1980s, there were more
than 10,000 CFC and halon user sectors (Lee, 1996). Their emissions were regulated
with standards. For example, the CAAA of 1990 enacted standards for CFC-recycling
equipment for air-conditioners and refrigerators. Users, however, also adjusted their use
patterns to the new market situation. This shift in demand (for example the solvent
industry stopped using CFC-113, recycled the used substances, and started substituting)
made CFC-113 allowances available for trading. They were traded and used as

allowances for substances that were still in demand, such as CFC-12.

Rules regulating trading. The market for ODSs was a small club with a total of 28
producers and importers who were initially allocated permits. All these facilities were
listed in a Federal Register notice. The Alliance for Responsible Atmospheric Policy, an
industrial organization, brought together potential traders. Trades had to be pre-approved
by the EPA, but the EPA promised to process the request within three days. Two EPA
offices were involved in the program: the office of atmospheric programs tracked
allowances, and the Office of Enforcement monitored compliance. As the definition of
traded good and quantity did not depend on a case-by-case review, but on issued

allowances, the approval only required that the two offices cross-checked their data. All
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these aspects suggest that the exchange costs were low. The EPA did require that one
percent of the traded permits be permanently retired to ensure environmental

improvement. This amount is, however, less than in other markets.

6.3.2. Dependent Variables

6.3.2.1 Environmental Effectiveness

The use of the atmosphere as a sink for ODSs resulted in depletion of the ozone
layer. Typically, the ozone hole occurs during the fall and fills up again in December.
The size of the hole is estimated to be more than 10 km in September and October. In
November, it is about half its peak size and it goes back down to nearly zero in late
December. Figure 6.1 depicts the fluctuation in the size of the ozone hole between
September and December since the 1970s. In the late 1970s and throughout the 1980s,
the mean value of the ozone hole area did not exceed 11 million square kilometers. In
1998, the hole measured ranged between 20 and 27 million square kilometers (NASA,
1999). The daily estimates of the ozone hole area show an improvement from 1998 to
1999.
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Source: ftp://jwocky.gsfc.nasa. gov/pub/eptoms/images/qcplots/zmgcsz. gif
Figure 6.1: Daily Estimates of Ozone Hole Area, 1979-1999
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Limiting the use of atmosphere as a sink for ODSs reduces the size of the ozone
hole. Current reductions in ODSs emissions may, however, bring gradual results. CFCs
can take as long as 15 years to reach the stratosphere from the earth’s surface. Further, as
some of these substances have a 75-100 year life expectancy, the concentrations of
chlorine in the atmosphere will remain high.® This will cause an estimated loss of ozone
layer of 10-30 percent over the northern latitude (McKinney and Schoch, 1998). The
short-term effectiveness of the program, therefore, has to be measured in terms of
reducing the use of atmosphere, that is, reducing the production and consumption of
ODSs, as there are no natural sinks of these substances.

ODSs emissions were limited by a series of international agreements. These
agreements succeeded in limiting, and in some cases phasing-out, the use of ODSs in
developed countries. Developing countries (defined in Article 5 of the Montreal Protocol
and therefore called Article 5 countries) were given approximately 10 additional years to
phase-out each group of ODSs. This allowed them to increase their use of the ODSs, as
they historically contributed only a small fraction of the use and releases of ODSs (see
Figures E1 through E7, Appendix E, for the share of developed countries, depicted in red,
and the share of developing countries, depicted in blue).

Developed countries (non-Article 5 countries) substantially reduced their ODSs
use, exceeding their reduction targets. The production and consumption of the regulated
substances over time is depicted in Tables D1-D14, Appendix D and in Figures El
through E7, Appendix E. As ozone-depleting potentials (ODP) of various ODSs differ,
the production data in tons are not directly comparable. Therefore, the
produced/consumed tons of each substance are multiplied by the ozone-depleting
potential of each substance and expressed in ODP tons. The production and consumption
reduction targets for developed countries are calculated based on the production and
consumption data for the base year and the internationally negotiated targets (UNEP,
1999). The Russian Federation was in a special position, as its baseline included planned

production in the factories that were under construction at the time of signing the

" The estimated natural concentrations (caused by volcanoes) are about 0.6 parts per billion (ppb).
Currently, the concentration of chlorine is about 3.6 ppb. If the CFCs production were completely phased-
out by developed countries by 1996, atmospheric concentrations of chlorine would still be expected to
reach 4.1 ppb by the end of this century.
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Montreal Protocol.” The Russian Federation is an important player in the market for
ODSs. It is one of the major sources of illegally traded ODSs. The subsequent
paragraphs briefly review accomplishment of the production and consumption reduction
and phase-out targets by groups of countries.

CFCs production and consumption were phased-out by developed countries by
1996."° Developing countries did not have to reduce their use of CFCs, they actually
increased it. However, as Figure E1 indicates, developed countries reduced their
production and the consumption by 1989 much below their targets. They actually
reduced their CFCs use so much that the total world production and consumption of
CFCs were still within the targets for developed countries (green labels in the Figure E1,
panels A and B). In the second commitment period (1994), developed countries again
overcompensated for the developing countries’ increase in CFCs use. In 1996, developed
countries also met their production and consumption targets. At that time, however, their
reduction beyond the targets could not compensate for the increase of production in the
Article 5 countries, as depicted in with the yellow labels in Figure E1.

The above data on target accomplishment are aggregated across all developed
countries. An analysis of success in accomplishing individual countries’ targets indicates
that some countries are not meeting their targets. In 1989, Japan and Australia fell short
of meeting the production freeze target. They exceeded their production targets by
14,746 ODP tons and 689 ODP tons, respectively. As Table D2 (Appendix D) indicates,
Japan could not meet the 1989 consumption freeze targets either and exceeded its
consumption target by nearly 17,000 ODP tons. By the next two commitment periods,
however, Japan reduced its consumption in excess of the targets.

The dynamics of producing and consuming halons were similar to that of CFCs.
As Figure E2 illustrates, in the first commitment period (1992), the developed countries
decreased their production and consumption to levels significantly below the targets
(204,785 ODP tons and 195,792 ODP tons, respectively). This more than compensated

for the unlimited production and consumption of halons in developed countries. In the

® The data on the planned capacity was not available to the researcher. Therefore, the data on the Russian
Federation base-year production is underestimated and the estimates of the goal accomplishment
(calculated as the difference between the actual production and the target) may be negative.
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second commitment period (1994), developed countries still met their targets, but the
increase in production and consumptic_)n of halons in developing countries increased the
global figure significantly. These countries then experienced further increase of both
production and consumption of halons after 1994. Tables D3 and D4 indicate, no
developed country had problems meeting its production targets, but Austria exceeded its
consumption limits in 1992.

Other fully halogenated CFCs are produced only in developed countries (see
Table D5 and Figure E3, left panel). The largest manufacturer was Japan, which
accounted for about 70 percent of the world production. The U.S. and four European
countries (Germany, the Netherlands, U.K., and the Russian Federation) also
manufactured them. All countries met their production targets. The right panel of Figure
E3 illustrates the consumption dynamics. Developed countries were meeting their
reduction targets. Developing countries, however, experienced significant increases in
consumption in 1994. The bulk of this increase (1,290 ODP tons) occurred in China. By
1996, the global aggregate was again well within the consumption targets set for
developed countries.

Data on the production and the consumption of carbon tetrachloride (Figure E4)
again indicate that the developed countries met their targets in both commitment periods
(1995 and 1996). Developing countries also reduced both production and consumption,
even though they were not facing any immediate reduction targets. Individual countries’
data (Tables D7 and D8) indicate that South Africa and the Russian Federation could not
reduce their production to the 1995 target levels, but exceeded them by about 1,700 ODP
tons and 2,700 ODP tons, respectively. In 1996, however, South Africa already reduced
production by more than required, whereas the Russian Federation still faced difficulties
in meeting the reduction targets.

Methyl Chloroform was produced almost only by developed countries (see
Figure ES, left panel). The developed countries had no problem reducing the production
(except the U.K., which exceeded its production level by about 800 ODP tons in 1994).

As the figure indicates, the actual production was about one half of the allowed

** A small share of 1986 production was allowed for essential uses and for production for developing
countries.
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production levels in 1993 and 1994. The substance was successfully phased-out in 1996.
Consumption was also phased-out in the developed countries, whereas the consumption
in the developing countries has decreased from about 4,700 ODP tons in 1989 to less than
2,400 ODP tons in 1996.

Hydrochlorofluorocarbons were considered to be an environmentally safe
substitute for CFCs. The Montreal Protocol created a market for them. As a result, their
production and consumption rapidly increased between 1989 and 1996 from a total of
about 13,800 ODP tons in 1989 to about 29,600 in 1996 (Figure E6, left panel).
Subsequent protocols limited only their production. The first commitment period with
the consumption limits for developed countries was 1996. In this year, developed
countries stayed within their consumption limits (Figure E6, right panel and Table D12).
Developed countries consumed about 24,600 ODP tons and developing countries
consumed about 4,800 ODP tons. The consumption limits for developed countries,
however, amounted to a generous 36,400 ODP tons. No single country had problems in
meeting 1ts individual consumption limits (Table D12). Developed countries faced
further consumption reduction targets after 1996. At this point in time, however, the data
on consumption after year 1996 are not available.

Methyl bromide’s production and consumption data indicate first a decline and
then an increase of production in 1991 (Figure E7 and Tables D9 and D10). Developed
countries met the 1995 target of freezing their production at the 1991 levels (Figure E7,
left panel). The data, however, indicate an increase in production in 1996. The next
production and consumption target was in 1999, when developed countries had to reduce
their production by 25 percent from the 1991 base levels."' The estimated 1999 target for
all developed countries is 32,000 ODP tons. The actual production in 1996 exceeded
36,000 ODP tons in developed countries. This suggests that developed countries may
face difficulties meeting the 1999 target, unless the production trends changed
significantly after 1996.

The international efforts to curb the use of atmosphere as ODSs’ sinks raise two

important issues. First, have the protocols substituted one ODS with another that is then

" In addition to the allowed production, developed countries may produce 10 percent of the base-year
production to meet the demand of the developing countries.
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produced in such large quantities that the concentrations of chlorine actually increase?
Second, is there a shift in ODSs’ emissions from one region to another region without

global reductions? The answer to both questions is negative (see Figure 6.2).

Total Annual Production of Ozone-Depleting Substances
of Parties to the Montreal Protocol

1,600,000
1,400,000
1,200,000 -
8 Methyl Bromide
1,000,000 1 SHCFCe
"] ¥ ¥
§ B Methyl Chioroform
o [ B¢. Tetrachloride
8 800,000 1 OFully halogenated CFCs
B Halons
600,000 1 o J
400,000 1
200,000 1
=1

Year
Source: UNEP Secretariat (1997).

Figure 6.2: Production of Ozone-Depleting Substances in Countries, Parties to the
Montreal Protocol (in Ozone-Depleting Potential tons)

In the 1980s, the average annual production of ODSs by all parties to the
Montreal Protocol was 1.7 million ODP tons.'? In 1996, the last year for which data are
available, the total production was only 0.3 million ODP tons. The international

agreements have substantially reduced the use of atmosphere as a sink for ODSs.

2 The ODSs production data in the 1980s is only available for the base year for each substance. For some
substances, this is 1986, for others 1989. The average annual production in the late 1980s is calculated by
summing up the base-year data for various substances, when all data may not be from the same year.
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The U.S. ODSs’ production is depicted in Figure 6.3. In 1989, the U.S. produced

over 400,000 ODP tons of ODSs, while the total ODSs production in 1996 did not exceed
50,000 ODP tons. '

Production of ODSs In the U.S. from 1986-1996
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Figure 6.3: Production of Ozone-Depleting Substances in the USA from 1986-1996

Lee (1996) argues that permit trading helped American companies 1o exceed the
Montreal Protocol targets. He argues that due to allowance trading, the U.S. could reduce
its 1990 production of CFCs by 40 percent, even though it was only required to freeze at
the 1986 levels. In 1991, when the production was supposed to be 15 percent lower than
in 1986, the actual level was about 50 percent lower. He argues that the drop in '
anticipated costs of reducing CFC production from $3.55 per kg of CFC to $2.45 was a

result of the marketable system, which lowered the administrative costs and offered the
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needed flexibility to meet the reduction goals. There is no question that allowance trading
offers flexibility.

However, the trading data for 1989 and 1990 suggest modest trading levels. Each
year, allowances for not more than 1 million kg CFC were traded between companies.
The major overcompliance that Lee (1996) identifies in year 1990 could then not be
attributed to trading. Further, let us examine how other countries fared in comparison to
the U.S. Other countries have not enacted domestic trading arrangements, but still
overcomplied as much as the U.S. or even more. UNEP secretariat data on CFC
production (see Table D1) indicate that in 1989, when the non-Article 5 parties were
expected to freeze'? their CFC production at the 1986 level, all major CFC-producing
countries overcomplied. However, the U.S. actual production was 6 percent below the
allowed, whereas the production of France, Germany, and the U.K. was 29, 23, and 33
percent, respectively, below their allowed production. Therefore, we cannot say that
trading in the U.S. allowed for significant overcompliance.

Substantial taxation of ODSs in the U.S. could also be another reason for large
overcompliance (Hoerner, 1996). ODSs production trends, the Montreal Protocol targets,
and the excise tax rates are depicted in Figures E8-E14." The CFC production data
illustrate my argument rather well (Figure E8). In 1989, the Montreal Protocol target
amounted to 342,123 tons of ODP, and the actual production to about 320,000 ODP tons.
This constituted an increase, rather than a decrease, from the 1986 levels. In 1990, the
first year of the CFC excise tax, which doubled the price of CFCs, U.S. producers
decreased their production to 200,000 ODP tons.

6.3.2.2 Market Effectiveness

Only the United States has developed a system of marketable rights for

manufacturing ODSs. The subsequent analysis therefore examines the U.S. experience

1 A 10 percent production increase was allowed for exports to developing countries.

141 ee’s argument seems more plausible if we look at halons’ data. Their U.S. production in 1992 (the
freeze year) was 60 percent below the allowed level, whereas Japan's production was only 36 percent and
France’s production only 39 percent below the target.

1% Some ODSs were not taxed (for example, methyl bromide, other fully halogenated CFCs, and HCFCs
(Figures E12, E13, and E 14, respectively).
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only. There are a small number of trades across national borders due to transfers of
permits between resource users of the same owner. However, an active international

market for trading in ODSs production permits does not exist.

Number of trades. The EPA collected data on transfers of CFCs and halons’
permits, but it has not made the data publicly available. Alliance for Responsible
Atmospheric Policy, an industrial organization that brokered many of the trades, did not
return many calls the researcher made. Therefore, the analysis of trading data are based

only on one published source. Permit trading trends are presented in Tables 6.3 and 6.4.

Table 6.3: Number of Trades Involving Ozone-Depleting Substances *
1989 1990 1991 1992 1993 1994 1995
International 0 0 0 2 5 10 5
Intra-company 0 0 0 45 40 40 30
Inter-company 5 15 45 170 125 140 60
TOTAL 5 15 45 217 170 190 95
Notes:
* Total of CFCs, halons, carbon tetrachloride, and methyl chloroform.
All numbers are approximate.
Source: Lee (1996).

The published data are aggregated across all substances and it is not clear from
the publication (Lee, 1996) whether or not the units are multiplied by the ODP.
Therefore, the presented data can only be used to examine trading trends over time, not
interpollutant trading. Data on number of trades and number of traded permits indicate
increases in trading activity over time. However, as we approach the phase-out deadline,

the number of trades and the number of traded permits decrease.

Table 6.4: Traded Permits* (in millions kg)

1989 1990 1991 1992 1993 1994 1995
International 0 0 0 1 10 12 10
Intra-company 0 0 0 10 15 27 10
Inter-company 1 1 80 73 67 55 40
Total 1 1 80 84 92 94 60
Notes:

*Total of CFCs, halons, carbon tetrachloride, and methyl chloroform.
All numbers are approximate.
Source: Lee (1996).
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Limited data on trading within the groups of ODSs indicate increases in trading
activity of CFC-12, the substance that was most costly to replace. Between 1992 and
1994, CFC-12 allowance trade increased from 14 million kg to 26 million kg (Lee, 1996).
The inter-pollutant trading allowed for additional flexibility in meeting the reduction
targets. In 1994, producers were allowed to produce only 25 percent of the 1986 baseline
annual production of CFC. However, some substances were produced at levels
significantly below the permissible levels. CFC-113, CFC-114, and CFC-11 were
produced only at 7, 10, and 10 percent, respectively (Lee, 1996:34). Others exceeded the
permissible levels due to inter-pollutant trading. CFC-12 (car air-conditioners) and CFC-
115 (supermarket refrigeration systems) were produced at 39 and 84 percent of the
baseline production.

There were very few international trades. Those occurred between the U.S. and
Canada. Many were, however, intra-company trades. The Dow Chemical Plants traded
methyl chloroform production quotas and Du Pont eliminated its production of CFC-
11/CFC-12 at its Canadian facility.

An active black market evolved, especially for substances used in car air-
conditioning (such as CFC-12). Since 1993, illegally imported CFC-12 has become
widely available. The reason for illegal imports are high costs of ODS due to high excise
tax. Lee also attributes the spread of black-market to the "success of the marketable
permits system itself in restricting CFC supplies and increasing costs" (Lee, 1996:36).

There are no data available on the proportion of regulated resource users who
participate in the market. The Alliance for Responsible Stratospheric Policy supposedly
has data on permit prices (personal interview with Vera Au, EPA), but the researcher was

not able to access them.

6.3.3. Marketable Permit Systems for Preventing an Overuse of a Global CPR:
A Summary

Depletion of the ozone layer, a global CPR, was addressed at the international
level by negotiating quantified reductions in the ODSs production. The largest ODSs

producers committed to reduce and over time phase-out their ODSs production. Only the
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United States assigned ODSs production permits to individual producers. International
market in permits did not exist. The presented study therefore focused on the U.S.
domestic markets.

Reductions in production of some ODSs substantially exceeded the required
reductions. Due to inter-pollutant trading, production of other ODSs could continue
without restrictions. An excise tax was enacted at the same time that first doubled and
then tripled the prices of some ODSs. Without more detailed analysis, it is impossible to

estimate partial effects of permit trading and taxation on the overcompliance.

182



CHAPTER 7

THE ATMOSPHERE AS A CARBON DIOXIDE SINK:
WHAT THE KYOTO PROTOCOL ADDRESSED AND WHAT IT LEFT OUT

This chapter examines the debate on the overuse of the atmosphere as a sink for
carbon dioxide and other gases and examines how these emissions negatively affect the
global climate. It analyzes the characteristics of the use of the atmosphere as a carbon
sink and the characteristics of the users. The chapter also reviews the Kyoto Protocol that

outlined the basis for trading in emission rights.

7.1. Overusing the Atmosphere As a Carbon Sink: Why Are We Concerned?

The atmosphere protects the earth from the external environment and keeps the
earth habitable. A layer of multiple gases, such as water vapor and carbon dioxide,
allows the radiation from the sun to enter the atmosphere and prevents the waves of
infrared radiation to exit the atmosphere. This “trapping” of heat creates the so-called
greenhouse effect and enables life on the earth. Without this effect, the average
temperature of the earth would be lowered by about 64° F. The heat trapped in the
atmosphere is redistributed by winds and ocean currents over the earth’s surface. It is
redistributed between the earth and the atmosphere by evaporation and subsequent
precipitation. Climate is, therefore, controlled by the long-term balance of energy
between the earth and its atmosphere.

Increased concentrations of greenhouse gases in the atmosphere, caused by fossil
fuel burning, land use practices, and industrial production have changed the energy
balance beyond its natural variability (Climate Change, 1995a). Fossil fuel burning
accounts for 80 to 85 percent of the carbon dioxide emissions, whereas net emissions
from deforestation are responsible for 15 to 20 percent of current carbon dioxide
emissions. Methane is the second most important anthropogenic greenhouse gas, emitted

during rice cultivation, cattle and ship ranching, material decay in landfills, leakages from
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coal mining, oil drilling, and methane transportation. Human activities have increased
methane concentrations in the atmosphere by about 145 percent above the natural level.
Nitrous oxide, another GHG, is produced by agricultural and industrial practices.
Anthropogenic nitrous oxide emissions result in concentrations exceeding the natural
levels by about 15 percent. Chlorofluorocarbons and tropospheric ozone are also potent
greenhouse gases.

The increased concentrations of GHG have changed the earth’s energy balance by
about 2.45 Wm™ (watt per square meter). The heat trapping potential, or the so-called
global warming potential (GWP), differs across gases: the highest for carbon dioxide
(1.56 Wm‘z), then methane (0.47 Wm'z), and nitrous oxide (0.14 Wm?> ). The potential
differs, however, with respect to time horizons (Climate Change, 1995a). For example,
the global warming potential of a methane molecule is 56, if the time horizon is 20 years;
21 if the time horizon is 100 years; and 6.5 if the time horizon is 500 years. The potential
of a nitrous molecule is 280, 310, and 170 respectively for the same time periods. GWP
is an index that expresses the relative radiative effects of the GHG emissions with carbon
dioxide as a reference gas (IPCC, 1995a).

Measurements of carbon dioxide concentrations and surface temperatures indicate
a significant human-induced global climate change. Globally, the average temperature at
the earth’s surface has warmed between 0.5 and 1° F since the late nineteenth century.
The period after 1990 has experienced the four warmest years since 1860. Further, the
sea level has risen by about 4 to 10 inches since the nineteenth century, mountain glaciers
have shrunk, and the northern hemisphere’s snow cover has declined since 1973. Long-
term data based on the observations of deep ice-core indicate that the temperature change
in the last century has been higher than century-to-century temperature changes in the last
10,000 years.! Higher temperatures will alter weather patterns, hydrological cycles, and

vegetation patterns, thereby increasing the danger of some diseases in the moderate zone.

! These data are contradicted by the satellite and radiosonde measurements. Satellite-based measurements
of temperatures at higher altitudes indicate global cooling, not global warming. The differences in the
temperature trends at different altitudes do not deny the global warming, but only indicate different factors
affecting the variability and persistence of climate patterns at different altitudes.
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7.2. Potential Carbon Dioxide Permit Markets

7.2.1. Independent Variables

7.2.1.1. CPR Characteristics Affecting Measurability

Predictability of CPR stocks. Carbon dioxide is the most potent greenhouse gas,
given its GWP and emitted quantities. This chapter, therefore, focuses on carbon
dioxide. Though the Kyoto Protocol allows for including other GHG, as this would
provide more cost-effective options to reduce GHG emissions, I do not include other
gases in my analysis. The reason is that the individual sources of their emissions cannot
be measured with high reliability (IPCC, 1995b; Victor, 1999). As a result, policies for
limiting their emissions cannot be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>