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ABSTRACT

Market-based economic instruments have become increasingly important as alternatives
to conventional methods of environmental regulation, as public policy makers are increasingly
aware of the ineffectiveness of command and contrcl regulation. A remarkable breakthrough
in the search for lasting solutions to pressing environmental problems is the emergence of the
tradeable permits. They recognize the need for establishing property rights prior to addressing
the issues of environmental degradation, and offer solutions that are cost-effective, without
requiring complex technical information about industry structures to monitor compliance.

However, the current literature provides little guidance for evaluating the overall
effectiveness of this new economic instrument. The lack of simultaneous emphasis on all of the
important dimensions of market-based regulation led to conflicting views among economists as
to the significance of tradeable permits, and the circumstances under which they perform
effectively. In an attempt to resolve these different viewpoints, this dissertation undertakes an
in-depth inquiry into three fundamental facets of tradeable permits, namely political economy
aspects, cost aspects and efficiency aspects. The primary emphasis is on the U.S. SO
emissions trading program which was accompanied by the Amendments to the U.S. Clean Air
Actin 1990 (CAAA).

Using a political economy framework, the dissertation examines the institutional
dimensions of tradeable permits, and explores how they influence the instrument choice at
different stages of the policy making process. The investigation uncovers a number of
important linkages of political, social, legal and market conditions, whose interactions
determine the desirability of market-based economic instruments over other alternatives.
Using examples mainly from the United States, it demonstrates how the performance of
tradeable permits depends on situation-specific characteristics of the above factors.

The dissertation then considers the cost aspects of the tradeable permits in order to
elucidate the behaviour of the affected firms, and to resolve conflicting views of the potential
effects of the tradeable permits on the production costs of regulated industries. The
investigation is based on an econometric framework and a large-scale data set representing
coal-fuelled electric utilities operating in the United States. It reveals that there has been an
upward pressure on the production costs of electric wtilities in the aftermath of the CAAA, and
that as a result, the utilities have adjusted their optéimal mix of inputs by shifting away from
pollution-intensive inputs.

The empirical analysis of market-based regulation then explores efficiency aspects of
tradeable permits, based on Data Envelopment Armalysis (DEA) and a Tobit model. This
reveals that tradeable permits created an incentive to search for “greener” production
technologies as part of the compliance with the new market-based regulation. In particular,
the resulting improvements to the existing power generation technologies surpass the increases
in production costs. Therefore, the CAAA resulted in a net improvement in production
efficiency of the U.S. electric utilities. This evidence s consistent with the latest findings of the
literature, and supports the Porter hypothesis, that enzvironmental regulation confers to firms a
dynamic incentive to innovate.
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INTRODUCTION

“By wisdom a house is built,

And by understanding it is established;
And by knowledge the rooms are filled
With all precious and pleasant riches.”

Proverbs 24:3-4

JEL Classification: 1L51; Q28; C51; D21; C44

1.1  Background

The last two decades of the twentieth century marked a gradual shift in environmental
policy towards the use of economic instruments, particularly tradeable permit systems, for
achieving environmental goals. ! The long tradition of using conventional methods such as
command and control regulation was gradually coming to an end, as more and more public
policy makers were becoming aware of the resource costs of such regulation in terms of
delivering certain environmental goals.

A tradeable permit system is an incentive-based policy tool that is designed to achieve
specific environmental targets at a minimum cost. These targets are caps (limits) on
sources of various pollutants. The incentives are created through emissions trading in order
to reach the desirable levels of emissions. The caps specify quantity targets, which are
achieved through permits being issued to the pollution sources. The number of permits
being issued corresponds to the desired levels of aggregate emissions, which is typically a
fraction of the emissions which would result in the absence of regulation. This scarcity

value creates the incentive for permits trading.

! See Tietenberg (1985, 1997), OECD (1989), Huber ez al. (1998), Carlson et al. (1998), Svendsen (1998), and
Schmalensee et al. (1998).
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The sources acquiring permits have the freedom to use or sell any excess of their
endowment, depending on the extent to which they can reduce their emissions. For
instance, if a source were able to achieve a lower level of emissions than specified by the
regulator, then the excess of permits could be sold in the emissions market, or they could
be banked for future use, and vice versa. Moreover, the tradeable permits create the
flexibility for pollution sources to seek out the least-cost alternative for compliance. Some
of the options available to pollution sources include investing in abatement capital
equipment, improving existing technology, adopting new “green” technologies, fuel-
switching, and adjusting the level of output.

The increasing awareness of the merits of the tradeable permits among policy makers,
and those in political circles, reached a climax when the U. S. government unveiled the Clean
Air Act Amendments in 1990 (CAAA). The CAAA provided legal provisions for the
establishment of an emissions market in order to reduce sulfur dioxide (SO;) emissions,
which are a major precursor to acid rain, generated by the country’s coal-fired electric
utilities. > These provisions are considered a significant breakthrough in the scale of the
economic instruments which can be used for environmental protection. 3 The Environmental
Protection Agency (EPA), the national agency overseeing environmental regulation in the
United States, was entrusted with the task of establishing the SO, emissions trading program,
as authorized by the provisions.

The primary target of the CAAA was the U.S. electric power industry, whose
hundreds of coal-fueled utilities were responsible for large masses of air pollutants. In
1997, these utilities accounted for 57% of the nation’s production of electricity, while
contributing about 70% of the SO, 30% of the NOx, and 35% of the CO; of the total

emissions from all sources of air pollution. * The proposed CAAA regulation called for

2 A brief overview of the U.S. Clean Air Act Amendments of 1990, along with the details of the U.S. coal
markets is provided, in Appendix II.

3 For example, see Bohi and Burtraw, 1992.

* Annual Report, Energy Information Administration (1997) (http://www.eia.doe.gov).
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each utility to adhere to a pre-specified limit of emissions. Any emissions beyond this limit
required the utility to purchase additional permits, or to abate the SO, emissions by other
means. > With the establishment of the SO, program in 1995, a market for the exchange of
SO, credits was created. This program was launched in two Phases. Phase I, which was
completed in 1999, was able to bring about millions of dollars in cost savings, ® and created a
strong rationale for the implementation of Phase II, which was started in January, 2000.

When the CAAA were enacted, many observers viewed them as an experiment in
searching for a cost-effective means to remedy environmental problems. Now that Phase I
has been completed, analysts are trying to ascertain the effectiveness of the experiment.
Critics argue that the CAAA have increased the cost of power generation, and that they
caused a productivity decline in the electric utility industry. Their arguments are largely
based on comparisons between the observed fluctuations in growth rates of the electric
utility sector and the energy sector, and those of the GDP growth rates. Furthermore, it has
been argued 7 that the new measures are more restrictive than necessary, and that they have
adversely affected the U.S. electric utility industry. 8

Others maintain that the CAAA have indeed been a cost-effective measure in
achieving environmental objectives because utilities responded with over-compliance and
adopted new green technologies for power generation. These arguments are largely based
on the statistics published by the Environmental Protection Agency (EPA) concemning the
recorded cost savings in monitoring during Phase I, and the lower than the required
aggregate emission levels achieved by the utilities. ? Furthermore, following the passage of
the CAAA, a substantial restructuring has occurred in power-generating plants. This was

due to the fact that the affected utilities were attempting to accommodate the new

5 Presently, one permit entitles the holder to one ton of SO, emissions in vintage year or any year later.

§ See Schmalensee er al. (1998), Burtraw (1999), Ellerman et al. (2000) and Stavins (2000).

7 Fora critique of the market-based environmental regulation by a non-economist, see Beder (1994).
See, for example, Yaisawarng and Klien (1994).

9 Visit http://www.epa.gov for details.
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environmental measures through various means of compliance. The latest findings reveal
that such restructuring has come about at a social cost, but that the long-term social
benefits will be substantial (Carlson et al., 1998). For their part, activists representing
influential environmental lobby groups, such as the Environmental Defense Fund and the
Sierra Club, have agreed that the CAAA were indeed an essential move on the part of the
U. S. government.

Because of these diverse opinions among researchers and stakeholders, it would be
extremely difficult to determine the desirability of tradeable permits without a proper
account of all potential costs and benefits of the CAAA. Moreover, a theoretical and
empirical justification is essential to determine how policy priorities should be set between
seemingly diverse strands of policies such as energy policy and environmental policy, in
order to achieve the potential future benefits which would resuit from moving to market-
based policies. Many economists would agree that there is a likely short-run trade-off
between the two policies, namely environmental policy and energy policy. But a clear-cut
answer will be possible only if an adequate theoretical and empirical justification could be
provided for the performance of market-based policies. What is also necessary is a certain

degree of co-ordination and co-operation between the two policies.

1.2 Motivation

As advocates of the CAAA, economists have a special role to play in addressing these
important issues. Moreover, the task for the economist is to defend the desirability of
market-based instruments, and to ensure that these instruments constitute a viable
alternative to command and control regulation. Such a task will require ascertaining the
economic costs of the CAAA, and to weigh them against the resulting benefits, so that the
net social benefit or the net cost could be known prior to passing any judgment on the

merits of the CAAA. However, the inadequate attention paid by the literature to the
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political economy considerations of market-based policies, i.e., political and institutional
factors affecting the feasibility of tradeable permits, constrains the ability to undertake a
meaningful evaluation of these policies. This is particularly true in the case of emissions
trading programs, where a great many views exist among researchers and stakeholders on
the performance of such programs, based on casual observations, which lacked theoretical
or empirical underpinnings.

This dissertation will advance a rational basis for evaluating the economic
performance of the market-based policies, with an emphasis on tradeable permits
programs. In particular, an analytical framework is developed within the realm of the
positive political economy principles to enable such an evaluation. To better focus on the
fundamentals of emissions trading programs, this study will concentrate on the overall
economic impact of the CAAA (i.e., the SO, emissions trading program) on the electric
utility industry in the United States. The objectives are two-fold. Firstly, it will help
determine the credibility of diverse views through quantitative analysis based on economic
theory. Secondly, it will try to determine the desirability of tradeable permits systems in
terms of three criteria, namely the political economy factors, cost effectiveness and
dynamic efficiency gains, all of which are central to the evaluation of the actual
performance of market-based policies.

This study recognizes the significance of political economy factors in the realization
of cost savings and efficiency gains. Hence, the three criteria together form the basis for
the analytical framework. The political factors are critical, because such factors alone
would determine the ultimate feasibility of any public policy. Linked to this feasibility are
a variety of other factors 10 which also affect the passage of regulation, from the origin to
implementation, and then to the realization of environmental goals. Of these factors, two

stand out: cost effectiveness and dynamic efficiency gains.

10 A detailed discussion of these factors is presented in Section 2.5 of Chapter 2.
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Perhaps the most influential factor driving the choice of environmental policies,
particularly in the short-run, is the cost effectiveness, a criterion not found in the command
and control type regulation. Simply put, the term ‘cost effectiveness’ refers to the
minimum cost required to implement policies and to monitor their performance. On the
other hand, long term survival of any environmental policy will depend on its ability to
create incentives among firms to organize their production more efficiently. For example,
in the context of this study, an efficient production is one that not only uses inputs
optimally, but also creates an incentive for firms to seek new environmentally-friendly
technologies. In this regard, ‘efficiency gains’ emerge as a salient feature that ensures the
long-term survival of market-based policies.

The term ‘efficiency’ refers to the productivity gains resulting from lowering the per-
unit-cost of power generation. These gains could also occur due to improvements in the
existing technology, or from the use of new technologies and/or from the efficient
allocation of inputs. All of these are potential positive secondary effects of the CAAA. The
measures of efficiency thus bear a particular significance for any formal study which
examines the actual impact of the CAAA on electric utilities. In other words, if production
efficiency has been affected adversely, then the cost savings of the CAAA, resulting from
the lower cost of enforcement and fewer emissions, have to be discounted against the loss
in efficiency. On the other hand, if the CAAA have led to a higher level of efficiency in the
power generation technology (apart from the other benefits), then such efficiency gains
should be included in the economic evaluation of the CAAA. In either case, efficiency
gains should be accounted for prior to assessing the overall effectiveness of the CAAA.

As a corollary, the study will provide an opportunity to test the significance of the
highly debated Porter hypothesis, which claims that stringent environmental regulations,
such as the CAAA, can actually work in favour of industries, as they provide the incentive
for firms to seek out new technologies as a means of compliance. This study will

determine whether the firms’ incentive to adopt “green” technologies has been enhanced
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by emissions trading. In particular, it will examine whether the flexibility offered to firms
by the tradeable permits programs to choose from a wide array of compliance options has

had any impact on the adaptation of these new technologies.

1.3  Layout of the Dissertation

This dissertation presents a positive political economy framework for evaluating the
performance of market-based environmental policies. The proposed analytical framework
will examine the potential implications of market-based environmental regulation on the
cost of production, on the productivity of capital, and on technology. With a focus on the
U.S. SO, emissions trading program, the dissertation is organized as a combination of
three stand-alone papers.

Following this introduction, the firsz paper (Chapter 2) presents a political economy
framework, providing a basis for undertaking a meaningful evaluation of the market-based
environmental policies. The underlying premise of this framework is its consideration of
actual political, social, and market factors within the realm of positive economic theory. It
focuses on the U.S. experience for two reasons. First, the United States is the world leader
in using tradeable permit programs to attenuate environmental problems. Second,
examining the experience of Canada’s southern neighbour will help inform the policy
debate currently unfolding in this country on the merits of tradeable permit programs.

The second paper (Chapter 3) is centered on the cost considerations of the market-
based policies, with an emphasis on the SO, program. Using a panel data set ' from the
U.S. Federal Energy Regulatory Commission, a generalized cost function approach is
adopted to estimate cost share equations, and to analyze the effects of the tradeable permit
programs on the cost of power generation in the United States. In particular, the focus is on
the firms' cost-minimization problem, and on the technological innovations induced by the

SO, emissions trading program.
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The third paper (Chapter 4) extends the analysis by adopting an approach based on
the principles of operational research and econometrics, to further investigate the impact of
the tradeable permit programs on production efficiency and technology. The investigation
proceeds in two stages. In the first stage, the Data Envelopment Analysis (DEA) is used to
explore the impact of the tradeable permit programs on the efficiency of the firms. 2 In the
second stage, a random effects Tobit model is constructed to examine whether the DEA
efficiency scores are affected by the firm-specific characteristics. This procedure enables
an investigation of the consistency, and of the robustness of the econometric model of
Chapter 3.

The last chapter (Chapter 5) presents a short discussion of the key findings from the
analyses of the three papers. It will provide guidance as to how the evaluation of market-
based policies should be undertaken, by drawing from the CAAA experience with the
electric utilities of the United States. Some concluding comments, and suggestions for

further research will also be offered.

! See Appendix I for details of this data set and the other series used in empirical analyses.
12 Data Envelopment Analysis (DEA) is a useful non-parametric, linear programming method which has the
potential for investigating efficiency aspects of regulation.



ENVIRONMENTAL PROTECTION,
ECONOMIC INSTRUMENTS AND PUBLIC
POLICY: A POLITICAL ECONOMY
APPROACH TO TRADEABLE PERMITS

“No matter what policv instrument is chosen. it is necessary to identify the
environmental goal of that policy.”

D. Fullerton and R. N. Stavins
Resources for the Future, 1998

JEL Classification: Q28; L51; L94
2.1 Introduction

Economic theory suggests that the definition and allocation of property rights have
considerable implications for market performance. If property rights are not well-defined, the
underlying resource will be prone to the ‘tragedy of the commons’ problem ! where users of
the resource do not fully internalize the costs of resource utilization. The result is that a
resource is overused relative to what might have occurred had its complete ownership been
assigned to an economic agent. 2 Its rent is dissipated in full or in part while under complete
ownership it accrues to the owner entirely.

Most environmental problems have been analyzed in terms of the open-access
framework. The key insight from the open-access literature is that any public policy aiming to
address environmental concerns will operate more effectively within a well-defined system of
property rights (Dales, 1968). Since markets do not exist for most of the environmental
‘commodities’ (e.g., air, water, ecosystems) because property rights are not well-defined,

price signals cannot be used to allocate resources efficiently. An efficient allocation of

! This argument was first made by Gordon (1954) and discussed by Scott (1955). The term ‘tragedy of the

commons’ was coined by Hardin (1968).
% <Economic agent’ may include an individual, business venture, government or a community.
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resources under open access thus requires that public policies be devised to reinstate ‘missing
markets’ so that the price mechanism will function effectively (Ledyard, 1987).

An immediate implication of this argument is that environmental problems can be
successfully dealt with by designing policies to establish property rights (Coase 1960,
Bromley, 1991). In general, systems of property rights can be characterized by four main
features, namely exclusivity, transferability, flexibility and enforceability. Exclusivity
ensures that all benefits and costs accruing to the ownership of a resource should accrue to the
owner himself while transferability guarantees that the property rights established are
transferable from one owner to another through voluntary exchange. Flexibility offers the
adaptability to changes in decisions of the owner, by providing the ability in transforming
the ‘right’ into money. Enforceability, on the other hand, assures the owner’s ability to
exercise his rights to prevent others from using the resource. In the context of the U.S. Clean
Air Act Amendments of 1990 (hereafter, the CAAA), enforceability further ensures the
ability to compensate the proprietor for the loss of her asset. Ef a property rights scheme is
charaterized by these features it may be considered as well-defined and as we will see, can be
used to find effective solutions to environmental problems.

A logical way to define property rights is through market-based instruments (MBIs).
These instruments use market signals, i.e., prices, to influence the behavior of economic
agents in a manner that is consistent with environmental objectives. In general, MBIs can be
classified into two broad categories, namely price instrumerits and quantity instruments.
Price instruments are intended to make environmental goods scarce or, alternatively,
environmental ‘bads’ costly for economic agents, either by altering the price of the
environmental commodity or the market prices of the products which entail such ‘bads’. A
frequently used price instrument is emissions taxes, an instrument which dates back to Pigou
(1920). For example, an effluent tax can be used to increase the cost of pulp and paper
production by taxing factory discharges or by charging a price for clean water used. The goal

is to encourage firms to cut down discharges and thereby, reduce water contamination.
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Quantity instruments are used to enforce limits (or caps) on the quantity of
environmental ‘bads’ or quality standards, and allow economic agents to find cost-effective
ways to comply with these limits or standards. Emissions trading is now considered a
dominant quantity instrument, which has gained recognition in recent years as a cost-
effective economic instrument to overcome environmental problems. Unlike price
instruments such as emissions taxes, which offer no assurance of the extent to which an
‘undesirable activity’ (or the environmental bad) can be reduced by taxing the source of that
activity, quantity instruments, particularly emissions trading, offer the certainty of achieving
certain reduction targets in such activities through market forces. This feature of emissions
trading has been useful in drawing the attention of policy makers to this instrument, and in
promoting its use for a wide array of environmental problems. > We will discuss the major
applications of this instrument in Section 2.3.

The recognition of the role of economic instruments in environmental issues reached a
climax with the passage of the CAAA. This regulation, in addition to providing statutory
provisions for reducing the country’s SO, emissions from coal-fired electric utilities,
authorized, for the first time in the history of U.S. environmental regulation, the establishment
of a market for trading SO emissions rights throughout the United States. The CAAA which
many economists consider now as a major breakthrough in the use of economic instruments
for environmental problems were implemented in two Phases, namely Phase I (1990-1999)
and Phase II (2000 onwards). Phase I achieved substantial cost savings amounting to
hundreds of millions of dollars (Ellerman et al., 2000), most of which are attributable to the
lower resource cost associated with tradeable permit programs, as compared to command and
control type policies (Mclean, 1997). Economists predict that Phase II, which began in
January, 2000, will perform similarly or better, despite the tighter cap on SO; emissions

(Ellerman et al., 2000, Burtraw, 1999).

3 See Farrell (1991), Carlson et al. (1998) and Schmalensee et al. (1998).
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A considerable literature now exists which examines various facets of tradeable
permits programs, particularly the SO, program. This literature is built on the insights of
early economists such as Pigou (1920), Coase (1960), Dales (1968), and Montgomery
(1972) who recognized the importance of creating missing property rights in order to
correct the underlying environmental externalities. Nevertheless, a dichotomy exists in
terms of the approaches taken by economists. One branch of the literature attempts to
evaluate the performance of market-based environmental policies solely on the basis of
cost effectiveness or/and productivity gains. 4 A major performance criterion used by these
authors is costs/benefits comparison between different policies.

Another branch, which is of relatively recent origin, is primarily concerned with actual
market and political conditions under which environmental policies are implemented. For
example, it has been suggested that the evaluation of environmental policy should take into
account the pre-existing market distortions (e.g., taxes, entry barriers) along with the
resulting institutional and equity issues (e.g., political feasibility, welfare effects). 5 Going
a step further, some economists have tried to analyze the achievements of the SO program
from a political economy perspective (e.g., Keohane ez al., 1998).

Despite the significance of the pure economic criteria such as the cost effectiveness
and the efficiency gains (the focus of the former branch) in evaluations of public policies,
the role of political and institutional factors (the focus of the latter branch) is equally
important in accounting for the strengths and drawbacks of market-based policies under
varying political/economic conditions. As Coase (1992) noted in his Nobel Lecture that the
profession should pay special attention to the existing institutional structure in evaluations
of the true costs of participating in markets. The implication is that a meaningful

evaluation of market-based policies, particularly tradeable permits programs, will

* See, for example, Crampton (2000), Burtraw (1999), Carlson ez al. (1998), Schmalensee et al.(1998), Rico
(1995), and Yaisawarng and Klein (1994).
3 See, in particular, Goulder et al.(1997), Joskow, et al. (1998), Goulder and Parry (1999), and Pizer (1997).
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simultaneously consider economic criteria and the institutional and political economy
factors before passing judgement on the performance of public policies. It seems timely,
therefore, to assemble economic tools to facilitate the evaluation of environmental policies.

In this chapter, we will develop a political economy analytical framework which will
offer a synthesis of these seemingly diverse strands of literature on environmental policy
analysis. This framework will introduce an array of essential criteria to define and articulate a
meaningful evaluation of the U.S. SO; program, both in terms of ‘achieved’ and ‘achievable’
goals. The objective is to combine all important elements. The criteria which will form the
basis for our inquiry into all important institutional dimensions of emissions trading
programs, will include issues of economic efficiency, cost savings, design and
implementation, initial allocation and life-span of permits, caps and standards, equity,
property rights characteristics, institutional structure, interest groups, transaction costs,
production technologies, product market characteristics, market imperfections, price vs.
quantity debate, hybrid of economic instruments (e.g., safety valve), revenue recycling, and
‘hot spots’. We will also examine the secondary effects of the SO, program including the
impacts on GDP and energy markets, geographical characteristics of emissions reductions,
interregional and firm level trading of emissions permits.

One important objective of this chapter is to set the stage for the empirical analyses in
Chapters 3 and 4 of the dissertation. These two chapters use a data set 6 covering sixty-
eight of the largest electric utilities from the United States, and undertake a methodological
inquiry into the U.S. experience with the use of tradeable permits programs. While our
approach is based on a narrower, strictly economic viewpoint, that focuses on the U.S. SO,
emissions trading program, the goal of this chapter is to acquire a broader understanding of
all dimensions of emissions trading, and to reflect on the need for the methodological

evaluation in chapters 3 and 4. Using the proposed analytical framework we will examine

6 Details of the data series used along with the sources are provided in Appendix L.
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the significance of the political dimensions of market-based environmental policies. While
it is easy to recognize the importance of each of these dimensions, two criteria in particular
appear to be critical for the choice of market-based instruments in environmental policy.
The two criteria, namely the cost effectiveness and efficiency gains, as we will see, are the
fundamental determinants of political support for the instrument choice in democratic
settings. Hence, this dissertation will further its empirical investigation into the costs and
efficiency aspects of emissions trading programs. More specifically, Chapter 3 will analyze
the cost aspects of this program using an econometric framework, and Chapter 4 will
extend the analysis to account for the efficiency aspects using the Data Envelopment
Analysis. ’

The remainder of this paper is organized as follows. Following this introduction,
Section 2.2 presents the political economy characteristics of market-based instruments.
Section 2.3 will consider the scope of market-based instruments in the context of
environmental objectives. Section 2.4 will focus on emissions trading, and explore its
merits (and potential drawbacks) as compared to other market-based instruments. Section
2.5 will present the ‘analytical framework’, outlining the essential criteria for evaluation of
emission trading programs. Section 2.6 is devoted to the highlights of major emission
trading programs in North America. Section 2.7 will provide a detailed discussion of the
U.S. SO, emissions trading program, along with the statistics pertaining to Phase I and
Phase II. Section 2.8 will present a tabular summary of the analytical framework developed
in Section 2.5, using the SO, program as an example. Section 2.9 will review Canada’s
limited experience with market-based instruments, and discuss the lessons to be learned
from the experience of the United States. Finally, Section 2.10 puts all of the findings in
context to provide motivation for the empirical analysis of cost and efficiency aspects of

emissions trading in Chapters 3 and 4 of the dissertation respectively.

" Data Envelopment Analysis (DEA) is a linear programming method used to explore efficiency aspects of
production activities.
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2.2 Political Economy of Market-Based Instruments

It is essential to distinguish between the two major strands of modern economic
theory, namely positive economics and normative economics. The former is based on the
facts and logical deductions (i.e., verifiable hypotheses) that can be tested by analytical
means. The latter, on the other hand, is based on value judgements, and is often
“prescription” and/or policy-oriented. In other words, this dichotomy is best viewed by
considering positive economics as having to do with “what is” and normative economics as
having to do with “what ought to be” (Friedman, 1953).

The exposition of this Chapter is primarily based on the realms of positive economics
and we will allude to the facts and empirical evidence to advance our dialogue on market-
based instruments. In particular, in the proposed analytical framework (see Figure 2.2)
environmental policy formulation is portrayed as having three stages, namely policy target,
instrument choice, and performance appraisal. Of the three stages, the ‘instrument choice’
is regarded as the equilibrium outcome of a ‘political market’, as perceived by Keohane, et
al. (1998), and Boyer and Laffont (1999), where demand and supply conditions are the
driving forces of environmental regulation. As outlined in Figure 2.2 on page 27 (and as
will be discussed in Section 2.5.2), we have identified critical factors of this “political
market”, and consider their roles in arriving at the equilibrium outcome.

The economic arguments prescribing the use of market-based instruments for
environmental protection date back to 1960s. Early economists including Coase (1960),
Dales (1968) and Montgomery (1972) were among those who first emphasized the
inefficiencies of the command and control type policies, and the important role of the
market in allocating scarce environmental resources. Favouring the use of market-based
environmental policies, they showed how economic instruments, particularly tradeable
permits systems, can effectively be used to attain certain environmental goals. To many

economists’ surprise, however, these economic arguments did not make their way through
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to public policy circles for many years until the U.S. government provided for a legal
mandate for the implementation of tradeable permits systems through the CAAA.

The casual explanation that the uncertainty due to the lack of real world experience with
tradeable permits has constrained their early implementation by the legislature has failed to
convince many economists. Instead, economists were eager to find more intelligible
explanations for prolonged time period of roughly 30 years between the propagation of
tradeable permits and their large scale applications in environmental policy. This search for
compelling evidence led to a large body of literature, which attempted to explain the hiatus
from a political economy perspective (see for example, Keohane, et al., 1998, and Stavins,
2000). Because the goal of this chapter is to facilitate a meaningful evaluation of the tradeable
permits systems, the knowledge of the political economy dimensions in environmental policy
will be a substantial value-added to the development of our proposed analytical framework.

The literature focussing on the political economy aspects starts by examining ‘rent-
seeking’ behaviour of both firms (or sources) and regulators. For example, the preference of
firms for environmental standards, a major command and control (CAC) method, emerges
when enforceable ‘barriers to entry’ are accompanied by the standards, because standards
produce ‘economic rents’ to the incumbent firms. On the contrary, market-based instruments
(MBIs), particularly taxes and tradeable permits distributed through auctions, will require
firms to pay for abatement as well as pollution costs for the portion of emissions not abated.

The green activists prefer environmental standards since they are easy to communicate to
their audience (Hahn, 1989). One important political economy dimension would help explain
the efforts of the state regulators and legislators to accommodate the concerns of green
activists who often view tradeable permits as ‘licenses to pollute’. Contrary to the view in the
economic literature that tradeable permits are a way of creating ‘missing property rights’
(Coase, 1960, Dales, 1968, Ledyard, 1987), the CAAA defines these permits as “limited
authorizations to emit”, and distanced itself from recognizing them as ‘property rights’ This

seemingly unwarranted interpretation of tradeable permits has been viewed by economists as
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a concession offered to certain environmental lobby groups who resist the categorization of
air mass as private property (Tietenberg, 1998). Furthermore, it has been argued that the
CAAA definition of property rights deemed essential to prevent the state from compensating
sources for loss of ‘rights’ when it decides that the permits be ratcheted down or the durability
of their life be reduced. In these cases, the ‘eminent domain’ does not apply since there is no
need for compensation.

On another front, the regulators, mainly public policy makers and elected officials, prefer
the CACs because these officials could benefit from the long experience they possess in
dealing with the CACs. This administrative know-how helps them ‘establish’ themselves
among constituents more easily than the ‘little-known’ market-based policies, for which
industries have offered little support historically. This latter reason plays a critical role in
political decisions since the CACs, as compared to the MBIs, typically prevent the public
from noticing the underlying costs of standards to sources (and to economy) while the
benefits can easily be propagated to voters, as documented evidence can be provided along
with the supporting technical directives. The legislator support for the CACs, on the other
hand, arises mainly because they provide a greater degree of control for legislators, as
compared to MBIs, over distributional impacts of environmental regulation (Romer and
Rosenthal, 1987, and Keohane, et al., 1998). Since equity issues are a major determinant of
political support for public policies, obviously, policies with lower distributional impacts
become better candidates for environmental policy choice.

Historically, the CACs have constrained new sources from entering markets through
‘barriers to entry’ whenever standards have been implemented. This is in part to protect the
incumbent sources from competition. These barriers, for example, by limiting entry, impose
additional costs on new firms, or alternatively subsidies for the regulated industry (Rasmusen
and Zupin, 1991). However, in the case of green activists, these barriers are attractive because
they view such barriers as effectively preventing future emissions from increasing. For

legislators, the barriers provide opportunities to protect the interests of incumbent groups from
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industry. On the contrary, MBISs, particularly tradeable permits do not offer these ‘privileges’
to the respective groups.

Moreover, when the tradeable permits systems have been adopted, the dominant method
of allocating initial permits had been grandfathering. Contrasting with auctions, the preference
for gratis allocation of permits could be explained within the realms of ‘rent-seeking’
behaviour. As noted, tradeable permits, if distributed freely (as opposed to auctioning them or
imposing pollution taxes), will distribute rents to the incumbent firms, which will become an
‘implicit’ barrier to entry since newcomers are not entitled to receive permits. For legislators,
granfathering provides a better handle on distributional effects of the trading system, since the
concerns for revenue transfers in the case of auctions do not arise in this case (see Goulder et
al., 1999, Rasmusen and Zupan, 1991, and Keohane, et al., 1998).

Despite these inherent preferences towards the CACs, MBIs in recent years, particularly
emissions trading programs, appear to have picked up lot of ground in public policy circles,
and in scme cases, have come so far to circumvent the long-drawn tradition of the CAC-based
environmental regulation. Possible explanations for this new impetus for emissions trading
programs may include increasing understanding of their attractive properties, enormously
increasing pollution cost burdens on governments, and shifts in political ideologies towards
market based solutions, at least in the United States (Keohane, et al., 1998 and Tietenberg,
1988). With this knowledge of the political economy dimensions of market-based
environmental policies, we now turn to examine the potential of the market-based instruments

for the protection of the environment.
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2.3 Market-Based Instruments and the Environment

A fundamental objective of any environmental policy is to reduce environmental
degradation with the lowest possible social cost. One way to achieve this objective is to align
private costs with social costs, an idea that dates back to Pigou (1920), who argued that social
welfare could be enhanced if resources were diverted to sectors where private costs and
benefits were as much as their social counterparts (assuming that markets are perfect). The
implication is that, by placing a ‘value’ on an open-access resource (for example, by
constraining open access through taxing) one could attract those users who ‘value’ the
resource most, while keeping others away. The implication is that it is possible to
internalize environmental externalities into the decision making of the relevant parties.
Market-based instruments are an important means to internalize externalities. These
instruments influence the behaviour of economic agents through market signals rather than
through explicit instructions directing environmental goals and methods of compliance.
Market-based policies are sometimes described as “harnessing market forces” because of the
incenrive inherent in these policies to encourage firms to take actions to achieve
environmental goals in a way that serve these firms’ interests, and that are consistent with
policy objectives (Stavins, 2000).

The use of market-based environmental policies has long been favoured by
economists. ® The underlying argument is that these policies, unlike command and control
type regulations, incorporate environmental concerns directly into the price mechanism,
leading potentially to efficient market solutions. Market-based policies also trigger actions
by firms and consumers that help achieve given environmental goals in a cost-effective

manner. Until recently, policy makers largely ignored these economic arguments favouring

8 See, for example, Tietenberg (1985), Baumol & Oates (1988), Field and Olewiler (1995), McLean (1996),
Blackman & Harrington (1999), and Burtraw (1999).
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market-based policies. Instead, they extensively relied on other instruments such as
technological standards and effluent charges to deal with environmental problems.

However, this perception began to change after the realization that these other
instruments were becoming increasingly ineffective and unattractive on various accounts,
namely high administration costs, inability to meet specific environmental targets, and
changing political climate (Keohane, et al, 1998). For the purpose of this Chapter, all such
policy alternative instruments are classified into one broad category, namely command and
control methods (e.g., technological standards). We classify all other policy instruments
belonging to the family of market-based policies as incentive-based strategies. These
incentive-based (or market-based) strategies are further divided into two groups, namely
price instruments (or price-based approaches) and guantity instruments (or quantity-based
approaches). A fundamental difference between the two lies in the approach taken by each
instrument to achieve environmental goals.

The price-based approaches dictate that the creation of a market price is essential to
signal scarcity value of environmental resources and that it will help optimally adjust the
consumption of such resources by economic agents. Among popular price-based
approaches are environmental charges and pollution taxes. Environmental charges assign
‘prices’ for the use of environmental resources. The idea is to accede to the ‘polluter pays’
principle, i.e., to force the polluter to pay for the use or the damage of the resource. These
charges reflect the cost to society for the use of open access resources, and they promote
resource conservation to the extent that the users are given an economic incentive to
control their consumption of the scarce environmental factor. Emissions taxes are another
widely used price-based instrument to deal with environmental externalities. These taxes
target the environmental problem at its source, and create a value (or a price) on the

underlying resource being overused or polluted. When all sources of pollution are subject
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to the same indirect tax, sources will adjust their actions so that the equimarginal rule ?is
satisfied. Interestingly, policy makers do not have to know abatement parameters for this to
occur; it is sufficient that economic agents be faced with the tax and make their own
adjustments, exactly in the same way that the price system allows decentralization of
decisions by economic agents.

The quantity-based approaches recognize the absence or lack of property rights for
environmental resources as the fundamental reason for the existence of environmental
problems (see, for example, Ostrom and Schlager, 1996). Thus the remedy is to establish
property rights and to allow economic agents to trade these rights to achieve the
environmental goals. A powerful instrument emerging from this approach is the tradeable
permits systems. These systems are a means of assigning rights to (or titles for) an
environmental resource, and allowing economic agents to trade these rights, so that a price
reflecting the scarcity of environmental resource is created through the emissions market.
After determining the desired level (or the quantity target or the cap) of environmental
quality by the policy maker, a certain number of permits corresponding to the policy target
are issued. The interactions of economic agents in permits market are then used as a
vehicle to achieve the overall environmental goal at the least possible cost. This
substantially reduces the regulatory burden, as it minimizes the costs of monitoring
compliance by the firms.

Tradeable permits are gathering momentum as a leading economic instrument among
alternatives of environmental instruments, such as command and control methods, taxes,
deposit systems, etc. The inefficiencies of these conventional methods, their inability to
deliver anticipated environmental goals, and the enormous cost burdens borne by

governments and tax payers are largely responsible for the increasing popularity of

® The equimarginal rule dictates that net benefits are maximized when the marginal benefits from an
allocation equal the marginal costs and marginal costs for all sources are equalized (Tietenberg, 2000).
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tradeable permits around the world. In recent years, there has been a growing interest
among public policy makers to search for better policy tools to deal with a variety of
environmental concerns. The understanding of the promising features of tradeable permits
reached its peak with the passage of the CAAA in the United States. The main goal of the
CAAA was to put a permissible limit (or a cap) on SO, emissions generated by coal-
fuelled electric utilities in the United States. Nearly ten years after the passage of these
CAAA, the latest evidence suggests that the program has been highly successful not only
in achieving the set targets, but also in resulting in millions of dollars in cost savings for

the U.S. tax payer. '°

Facility A

Figure 2.1: Emissions Trading in Practice

2.4 Economics of Emissions Trading

Emission trading programs are essentially characterized by three elements, namely a

cap, permits, and a market. The cap approximates an environmental standard ideally

1

determined through cost-benefit analysis, ! and refers to the overall permissible limit of

10 The SO, emissions trading program will be discussed in detail in Section 2.5.
! The equivalence of cap and standard will be discussed in detail in Section 2.4.2.1 below.
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emissions allowed by the regulator, often for a specific geographical jurisdiction. '2 The
permits (also called credits) establish rights to emit a pollutant, and entitle the emitter to a
certain amount such as one ton of SO, for each permit. Thus, the ability to pollute is bound
by the number of permits held by the emitter. The market facilitates the voluntary
exchange of emissions rights (or credits) between emitters, as shown in Figure 2.1.

Since the level of emissions is fixed under the tradeable permits systems, and permits
are scarce, incentives for permits trading are created among sources through the market.
Emissions trading programs require policy targets to be set in terms of the quantity, and are
achieved by allowing the trading of permits between firms. Since individual needs for
permits vary across firms in line with their capacity and production technologies and costs,
firms are induced to engage in permits trading. Firms which reduce their emissions below
the level allowed by the regulator (or the standard set by the policy) are eligible to sell the
extra permits to other firms or, in some cases, could bank 13 them for future use.

Transferability assures the free exchange of permits at prices determined by the
market. Since the market price of permits is determined solely by the interaction between
buyers and sellers in the market, it is reflective of marginal abatement cost of emissions
across firms. Thus, firms whose marginal abatement costs are higher (lower) than the
prevailing market price of permits have the incentive to buy (sell) permits to meet the
regulatory targets. This implies a potential for the policy target (or the cap) to be achieved
at the lowest possible cost. A major advantage of emissions trading, as compared to other
price-based approaches such as emissions taxes, is that it does not require a priori
knowledge of production technology to ensure firm compliance, whereas in the case of a
tax, the knowledge of both demand and cost structures of the commodity is essential prior

to imposing a tax.

'2 For example, under the Kyoto Protocol, Canada is committed to reduce its greenhouse gas emissions
(GHG) by 6% from its 1990 emissions levels by the year 2010. If the ratification is achieved by an
emissions trading program, the 6% reduction becomes the cap on GHG emissions within Canada.

13 Banking involves storing (or hoarding) of permits by emitters for subsequent use or sale.
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Nonetheless, a number of conditions appear to be critical for achieving economic
efficiency through emissions trading. First of all, sources should differ substantially in
terms of abatement costs. This is essential to create incentives for trading among sources.
Second of all, transaction costs, e.g., brokerage, agency fees, information acquisition costs,
etc. should be low in order realize gains from trade. If these costs are high, cost savings
would be affected due to lack of incentives among sources to engage in trading. Third,
sources must possess enough resources to undertake economic calculations, i.e., to
compare marginal costs of emissions reduction through alternative methods such as buying
permits, paying taxes or abatement. '

It seems that one of the challenges facing policy makers, those who embark on the use
of economic instruments, is to ensure that the created property rights are fulfilling the
criteria that are essential for achieving environmental goals through market-based policies.
For economists, on the other hand, the challenge is to develop a set of criteria that can be
used to evaluate all important dimensions of emissions trading programs. To this end, this
study will develop an analytical framework within the realms of positive economic theory,
synthesizing major economic and institutional arguments to facilitate an all-round
performance appraisal of tradeable emissions permits programs. This framework may
permit a better understanding than approaches which have focussed almost exclusively one

side of the problem at a time.

14 Emission trading appears to be better suited for point sources and uniformly mixed pollutants than others.
Point sources are those discharging effluent through 2 readily identifiable or fixed location. Municipal
sources are an example where the quantity of discharges can be easily monitored and local effects such as
effects on ambient air quality can be accounted for. Thus, a regional permit program is useful to deal with
the problem (compare this with non-point sources such as automobiles). Uniformly mixed pollutants are
those that are absorbed by the atmosphere evenly regardless of the location of sources (for example,
greenhouse gases/ozone). In such cases, emissions permits can be issued in line with the rate of emissions
flow per unit of time. See Psekin (1986).
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2.5 Analytical Framework for Evaluation of Tradeable
Permits Programs

It is timely that we develop an analytical framework * to calibrate all essential criteria
to facilitate an overall evaluation of market-based policies. The framework we advance
will involve a three-stage evaluation process where essential criteria are grouped under
each of the stages. Later on, in Section 2.6 this framework will be used to evaluate the
performance of the U.S. SO, program. To guide us in the remainder of the discussion, we
have presented in Figure 2.2 a schematic representation of the proposed analytical
framework, highlighting its key components governing the proposed evaluation. For easy
exposition, we have linked up all the elements of the three stages to portray the linkages
involved in the tradeable permits systems. The three stages are referred to as policy target,
instrument choice and performance appraisal.

The policy target depicts the stage where the parties involved in the regulatory
process, along with other stakeholders, debate the stringency of the goal set by the policy.
The views (and concerns) of these parties will eventually give rise to the second stage,
namely the instrument choice. At this stage, a wide array of scenarios, as outlined in Figure
2.2, is considered. A consensus will then be reached between the parties, setting the stage
for the implementation of a particular policy. For the purpose of the present study, we will
consider ‘emissions trading’ as being the policy that various parties have agreed upon.

This analytical framework can readily be applied to evaluate any other public policies.

The third stage, namely the performance appraisal, is the core of this analysis and thus, is

'S It should be noted in advance that the proposed analytical framework will constitute zhree important stages
involving the passage of market-based environmental policies in market economies. To capture the essence
of actual market conditions, under which such policies are implemented, the framework is founded in the
realm of positive theory of political economy. The goal is to facilitate a meaningful evaluation of emissions
trading programs, by considering all potential political economy issues that influence the course of
environmental policy formulation. As such, the proposed framework deviates from other standard
frameworks used in decision sciences, which are often referred to as “utility analysis™. For a most recent
risk analysis decision framework in fisheries management, see Lane and Stephenson (1998).
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important on three accounts. First, it is the critical stage where the implemented policy is
‘validated’ in terms of the achievements, which will determine the future survival of that
policy. Second, it is the stage where a variety of opinions exist in the literature as to which
criteria should be used to endorse a policy or the relative importance of different criteria
from a performance appraisal point of view. Third and most importantly, it is the stage
where the primary evaluation criteria will be chosen for further investigation in Chapters 3
and 4 of the dissertation. In other words, it is the stage where the proposed analytical
framework attempts to harmonize all dimensions of the arguments to permit an overall
evaluation of emissions trading programs. In what follows we will consider each of these

stages in detail.
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Public policy formulation in a democratic setting is influenced by numerous political

and institutional factors (Tripp and Dudek, 1989). Several of these factors appear to be of
particular significance for the initial stage where policy targets are determined. It is
therefore important to explore these factors which will collectively determine the passage
of the policy and the intensity of the target. In Figure 2.2, we have classified all major
factors affecting the setting of policy targets, especially those involving environmental

goals, into four broad components:

O Institutional Structure

= Legislature

* Bureaucracy

O Regulatory Structure
d Environmental Standards / Practices

QO Interest Groups

Let’s examine the role of these factors in the setting of environmental policy targets.

2.5.1.1 Institutional Structure

Legislature

Because the implementation of market-based instruments is superimposed on the
existing institutional structure, the support of the legislature for the proposed policy targets
becomes an interesting aspect of public policy formulation. In democracies, this support is
often measured by a majority rule which involves a voting process to determine the level

of desirability for the policy in question. In terms of economic theory, the legislative
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support can be viewed as the aggregate of individual support of lawmakers, which leads to
the ‘market equilibrium’ (Keohane et al., 1998), where markets will benefit from a legal
system that facilitates ordered domains of exchange (Bromley, 1993). Hence, the aggregate
support for a specific economic instrument will be the legislators’ utility maximizing
choice, which depends on two important factors, namely campaign contributions (lobby
group interests) and voter preferences (avenue to secure power). In other words, legislators
are confronted with a demand (i.e., voters and campaign contributions) and supply (i.e.,
policy instruments) decision, which eventually leads to the marker equilibrium (i.e., the
choice of instrument).

To the extent that the interests of these two groups (voters and lobbyists) overlap with
each other, the legislators’ utility maximization problem is trivial. Nonetheless, in reality,
the difficult, but more interesting case occurs when such interests do not overlap. As noted,
the interest groups often have their own agenda for which they seek to maximize
legislature support through campaign contributions. The objectives of voters, on the other
hand, are likely to be those shared by a majority of the public, which are of general interest
and could benefit the society as a whole. For example, industry groups may want the
legislators to protect their industries from foreign competition, an objective which is
consistent with their profit maximizing behaviour. On the contrary, constituents may prefer
a competitive market so that they can benefit from lower prices. In such circumstances, the
aggregate support from the legislators for a particular policy will depend on the relative
weights that they will assign to the seemingly diverse preferences in their utility
maximization problem.

It should be noted, therefore, that, in cases where market-basec: instruments are being
considered to pursue environmental objectives, the legislature will play an extremely
important role in the “target setting” stage, and that this policy target will be a reflection of
voter preferences, as well as lobby group interests. Moreover, the legislators at this stage of

setting targets will have the final say as to whether a particular instrument (or policy)
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should be chosen in favour of its predecessors (such as command and control regulation)
or other alternative candidates (such as taxes). Thus it is essential that the legislative
support be considered as an important determinant of environmental policy at the ‘target

setting’ stage, and be included in the evaluation of policy performance.

Bureaucracy

State bureaucracies also play an important role in the setting of public policy targets.
As agents of the incumbent government and voters, the bureaucracy is meant to cater to the
needs of the public by exercising actions which are economically sound, socially desirable
and politically pursuable. An essential component of these actions involves setting goals or
targets. Nonetheless, the bureaucracies are often constrained in their ability to pursue
policy goals as a separate entity, because they need the cooperation or agreement of other
players of the system, namely those within the legislative structure, the regulatory
structure, and the interest groups to be discussed below.

For the purpose of our analytical framework, the importance of institutional structure
at the stage of ‘setting policy targets’ comes from the government’s ability to gain political
support for policies under consideration. In other words, the government will act to
reconcile views of interest groups by strengthening political support for the policy. In turn,
this will increase the chances for the passage of policies. Because of their importance, it is
essential, therefore, that the institutional factors discussed above also be part of the

evaluation of public policies.

2.5.1.2 Regulatory Structure

On almost all occasions where market-based environmental policies were introduced
to remedy environmental externalities, such policies have been implemented in imperfect

market conditions or in the presence of pre-existing market distortions. The intensity of
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these distortions is a reflection of the existing regulatory structure (or regulatory culture).
Most of market distortions results from the existence of some form of tax. Even though the
primary motive for the imposition of taxes is to collect funds for financing public goods,
environmental motives are the raison d’étre of other taxes. Moreover, there are other
imperfect conditions created through certain standards, which are often based on norms,

beliefs, principles, or cultural values governing allocation of resources (Johnston, 1996).

Table 2.1

Comparison of U.S. and UK Regulatory Styles

United States

United Kingdom

Regulations are complex and rigid

Regulations are flexible and informal

Extensive use of uniform standards /
increasing use of market instruments

Preference for individually negotiated, site
specific standards

Suspicion of industry self regulation

Encouragement of industry self regulation

Courts used extensively

Courts used rarely

Minimal administrative discretion

Maximum administrative discretion

Relations between industry and regulator
characterized by conflict

Relations between industry and regulator
characterized by cooperation

Freedom of information

Confidentiality

High administrative costs

Low administrative costs

Regulation is focus of conflict

Regulation has low political profile

Source: Sorrell (1999), p.193.

Regardless of the nature, these distortions caused by the existing regulation are critical
for the performance of market-based policies, particularly emissions trading programs.
There have been instances where government efforts to implement market-based
environmental policies have failed prematurely due to inadmissibility of such policies into

the existing regulatory structure in product markets. A prominent example is the British



Chaprer 2 32

government’s initiative to implement emissions trading systems within the ‘regulatory
culture’ prevailing in that country (Sorrell, 1999). As shown in Table 2.1 above, the UK
regulatory structure, as compared to that of the United States, is seen as ‘non-conducive’ to
market-based instruments, such as emissions trading programs.

In a path-breaking study completed recently, Goulder et al. (1999) have emphasized
the need for serious consideration of the existing regulatory structure prior to the
estimation of the benefits, mainly cost savings, accruing to market-based policies. Their
finding of the ‘hidden costs’ in the magnitude of over a billion dollars, resulting from the
existing market distortions due to taxes, has cast doubts even on the conservative estimates
of cost savings from the U.S. SO, program, which have been undertaken without reference
to the so called ‘tax interaction effects’. It is thus clear why it is essential that regulatory

characteristics should also be a part of the evaluation criteria of market-based policies.

2.5.1.3 Environmental Standards / Practices

The national standards protecting ‘environmental quality’, such as those governing
ambient air quality and exploitation of natural resources, are relevant for implementation
of market-based environmental policies. In fact, the caps representing quantitative targets
of emissions trading programs can be interpreted as proxies to the scientific standards (or
the norms), which are ideally determined through cost-benefit analysis. Since both caps
and standards are set to achieve certain levels of environmental quality, the knowledge of
the existing standards is useful for the policy maker on three accounts. First, it will ensure
the compatibility of caps and the underlying standards. This will allow policy makers to
portray the environmental policy as a means of complying with the standards. Second, the
existing standards are useful as a guidance in setting the caps as part of the environmental
policy. This helps communicate the anticipated policy goal or the cap as the same as the

standards or the accepted norms. Third, following the implementation of the emissions
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trading program, the deviations from the cap can easily be interpreted as non-compliance
with the standards, justifying the imposition of penalties for non-compliance.

One further observation concerning environmental standards involving the tightening
of the cap over time is in order. The RECLAIM program, for example, has tightened its
cap over a nine year period while the celebrated U.S. SO, program has introduced a
narrower cap for Phase II which came into effect in January, 2000. As such, the amount of
emissions rights (or permits) is set to decline over time. As emissions permits become
relatively more scarce in this fashion, markets for emissions trading resemble markets for
non-renewable resources because the portions of permits being withdrawn or retired over
time are similar to those non-renewable resources that are exhausted due to usage. Hence,
if caps are to be viewed as standards, then tradeable permits should be inherited with a
time varying scarcity value. '6 Therefore, it appears that the evaluation of emissions trading
programs would not be complete unless the linkages of the environmental standards and

policy goals are established.

2.5.1.4 Interest Groups

Interest (or lobby) groups '7 are formed to pursue certain beliefs, values or objectives
commonly shared by a group of individuals. In the public policy context, the pursuance of
group interests often entails ‘passing judgements’ on various policy initiatives advanced by
the government. This is because interest groups are eager to have their personal interests
reflected in the final outcome of the policy to the maximum extent possible. On the one
hand, these interests exist because the policy target--the environmental policy--is

essentially a public good, and thus economic agents as individuals or as groups could draw

'6 This observation is consistent with arguments of Hotelling (1931), and Crabbé and Long (1993) who
analyzed fish stocks.

7 For the purpose of this discussion, interest groups are separated from government bureaucracies and legal
institutions. The latter is discussed separately.
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utility from its consumption. On another hand, these interests are sometimes seen as
imposing ‘implicit conditions’ on public policies which are typically funded by taxpayer
money. This latter motive arises from the group members’ ‘right’ as taxpayers.

Regardless of the motive, these interactions of interest groups have significant bearing
on public policy formulation. This is particularly true in the case of market-based tradeable
permits systems, a policy that has simultaneously led to conflicting views among various
interest groups. Groups pursuing environmental values, on many occasions, have
considered market-based policies as vehicles for taking their individual goals forward, and
therefore, they have been favourable to such policies. '8 Yet some other groups,
particularly those representing the interests of industries, have opposed the same policies
as being detrimental to free trade or industry competitiveness. Hence, the role of interest
groups is critical at this initial stage of policy where goals are being set.

An ideal example is the U.S. SO, emissions trading program where the Environmental
Defence (ED), a powerful lobby group based in Washington D.C., has pledged its full
support for the proposed emissions trading systems, which were at the time under
consideration by the Bush Administration as part of the CAAA. In fact, the ED’s efforts
appear to have propagated a powerful message on the effectiveness of tradeable permits
on environmental grounds, making it politically feasible to achieve larger reductions in
SO, emissions than would otherwise be possible (Keohane et al., 1998).

Furthermore, economists who modelled the resource allocation decisions of competing
interest groups, have asserted that policy ‘outcomes’ would depend on pressures exerted by
interest groups (see Becker, 1983). Because the interest group interactions in public policy
formulation demonstrate their potential for influencing the policy itself, particularly during
the course of setting targets, interest (or lobby) groups are considered as another important

component of our analytical framework.

18 However, there are other environmental groups those who view tradeable permits as “licenses to pollute™
(see Kelman, 1981 for details).
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Once the policy targets have been set, the process moves into a critical stage where a

choice has to be made (and justified) over a wide array of alternative policies available, in
order to achieve the target being pursued. As in the previous stage, numerous factors will
influence the choice of policy instruments. For the purpose of this study, all of the factors
are classified into three broad categories, namely political aspects, institutional aspects,

and product market characteristics.

Figure 2.3

Design and Implementation

-+ Political . < Institutional < Product Market

: Aspects ‘ ' Aspects , j Characteristics
e Equity Issues = Price vs. Quantity -« Demand and Supply
e Initial Allocation of Instruments _ Characteristics
e Permits =  Emissions ‘caps’ vs. . = Pre-Existing Market
e Revenue-Recycling = ‘standards’ Distortions

=  Hybrid / ‘safety valve’

As depicted in Figure 2.3, the issues of design and implementation are of particular
significance for any market-based environmental policy because the survival of such
policies will depend on the ability of the policy maker to deal with these issues
successfully. Design is important to policy makers on two accounts. First, it provides
guidance for devising policies compatible with the anticipated goals. Second, it foretells
potential political economy implications of policies upon implementation. The latter will
aid the policy maker to take precautions to ensure the passage of the policy.
Implementation, on the other hand, is at the core of the administration of policies; it deals

with monitoring compliance and the tracking of market performance. Hence, a better
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understanding of the determinants of instrument choice is required in order to ascertain
how environmental regulation is likely to be implemented and who the winners and losers
would be (Hahn and McGartland, 1989). It is imperative, therefore, that we pay a particular
attention to these issues which have been proven to be critical for the successful design and

implementation of market-based environmental policies.

2.5.2.1 Political Aspects

As noted, courts are agents of the legislature which is the principal, depicting a
principal-agent relationship. The elected members of the Congress (or parliament), on the
other hand, are agents of the voters (the principal), once again, establishing a principal-
agent relationship. The nature of these relationships has important implications on the
‘instrument choice’. This is because the incentive problems will arise due to asymmetric
information when individual preferences differ between the two parties, i.e., the principal
and the agent (Fudenberg and Tirole, 1993). In the context of environmental policy, the
principal is the one who ultimately decides on the choice of the ‘instrument”, using her
private information. Thus, her choice will be the one that entails the highest expected
payoff. (Laffont and Tirole, 1986 and Laffont, 1999). This is particularly relevant in the
case of emissions trading programs because the agents (elected members) will only support
(or promote) the instrument that is optimal to the principal (voters) who are aware of their
agents’ type (Maskin and Tirole, 1990).

Public policy formulation in a democratic setting resembles the principal-agent
problem discussed above. As we will see, a number of political economy issues tends to
influence the policy decision at all stages. These issues may become even more critical in
the case of market-based environmental policies, particularly emissions trading programs,
because such policies are likely to accompany different social and political consequences,

depending on the features of design and implementation. Finding ways to deal successfully
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with these consequences is a daunting task for the policy maker whose objective is to
achieve environmental goals in the most effective way possible.

An example may be useful to demonstrate the importance of political economy issues.
When the concept of emissions trading was beginning to gain recognition in the United
States, many viewed it as a “license to pollute”. This perception affected politicians’
willingness to endorse market-based policies which created a reluctance among public
policy makers to adhere to these policies to pursue environmental goals. Regardless of the
fact that traditional command and control regulation had been criticized on cost
effectiveness grounds, these perceptions continued to be dominant until the CAAA to the
U.S. Clean Air Act were introduced in 1990, which provided the statutory provisions for
creating a market for trading SO; permits.

These political aspects become even more critical when one policy is to be chosen
over several alternatives. For example, deciding between emissions trading and a tax will
largely depend on policy makers' ability to deal with the underlying equity and efficiency
concerns and other political economy considerations. This demonstrates that economic
efficiency is not the sole criterion for instrument choice. Issues of political structure and
equity must be given equal consideration. To this end, a number of political economy
issues, which appear to be critical for the evaluation of market-based environmental

policies, have been identified for further discussion.

Equity Issues

Equity issues arise in the public policy context when regulatory approaches are used to
pursue policy objectives. The regulatory methods essentially involve allocation of
resources among economic agents. With regard to commodities that are exchanged through
the market, regulation will distort market equilibrium, by either drawing some resources
from economic agents to the government, or reallocating resources among economic

agents themselves. In the case of open-access resources, the situation is different. Since
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such resources are not exchanged through the market, using a market-based policy would
entail a ‘payment’ for consumption of the resource.

In a much narrower sense if we were to consider only emissions trading programs,
equity issues will arise due to initial allocation of tradeable permits (Pezzey, 2000). For
example, if the gratis allocation rule is used, there would not be any room for equity
concemns since no transfer of resources from sources to the government will occur
(assuming that there are no income effects). On the contrary, if permits are allocated by an
auction, there is necessarily a resource transfer from firms to the government which would
lead to equity concerns. If the government decides not to transfer back these revenues
collected through permits sales, the resulting equity concerns would undermine political
interests for the pursuance of market-based policies. This is why we generally find that
taxes are politically unattractive (Farrow, 1995). While this demonstrates the political
significance of equity issues, the issue of permits allocation as a distinct feature of

institutional aspects will be considered later in this discussion.

Initial Allocation of Permits

One important political economy consideration central to the design of emissions
trading programs is the initial allocation of permits among sources. Sometimes designing a
formula to allocate initial permits becomes contentious and complex when governments
have to decide whether to allocate permits free, or to auction them (Australian Greenhouse
Office, 1999a and 1999b). Economic theory indicates that the initial allocation of tradeable
permits does not affect the final outcome, i.e., overall cost savings or gains from trade,
since economic agents have the incentive to minimize their emission costs, the initial
allocation notwithstanding. But cost savings can be affected if the allocation alters the

transaction costs (Stavins, 1995).
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Two methods widely used in the allocation of emissions permits are grand-fathering
and auctions. While grand-fathering involves a gratis allocation of emissions rights,
auctions require bidding by polluters to acquire permits. Despite the indifference between
the two methods in terms of the final outcome, which is independent of the initial
allocation in the absence of transaction costs and income effects, each method differs
substantially in terms of equity considerations. For example, an important difference
between an auction (with no transfers) and the grandfathering of permits lies in the way the
‘rents’ are distributed (Boyce, 1998). The term ‘rent’ in this context refers to the ‘surrender
value’ involving the exchange of emissions permits. When permits are auctioned, the
government collects ‘rent’ by selling the permits and when permits are grandfathered, rent
will be distributed among sources according to the allocation rule. Now, if the rent
collected by the government is not redistributed, equity concerns arise due to the net
transfer of resources from sources to the government.

However, if permits are distributed through a conventional auction, i.e., no
redistribution of proceeds, the incentive for “green” products may be improved more than
it would had the emissions permits been allocated free of charge, i.e., grandfathered. This
is because that the returns to the ‘non-green’ products will be lower since a portion of the
return has to be spent on buying permits from auctions. But, if permits were grandfathered,
there would not be any additional cost to buy permits and thus, the returns to ‘non-green’
products, in the short term, would remain the same. Thus auctions have a higher potential
to enhance short-term efficiency than would the gratis allocation of tradeable permits
(Hahn and McGartland, 1989). These equity and distributional issues prove to be vital in
building acceptance among stakeholders for choosing permits over taxes.

Once the method of allocation is chosen, the policy maker’s task is to design a basis
for the allocation of permits, i.e., how individual entitlements are determined, particularly
if gratis allocation is decided upon. A variety of options exists, including allocation on past

emissions or anticipated/projected future emissions. If permits are pro-rated with past
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emissions, then firms have an incentive to overstate actual emissions in order to receive
more permits. In contrast, if permits are to be allocated on projected emissions, firms have
an incentive to defer any investment in green technologies in order to benefit from a larger
share of permits.

Some economists see the free allocation of permits as a compensation for capital
losses incurred due to a change in public policy. In addition, administrative ease may also
play a role in decisions to allocate permits freely. On the other hand, if a government
decides to auction permits, its motivation could be cost recovery. The mode of allocation

of permits matters in terms of the resulting distributional effects, as we discuss next.

Revenue-Recycling

If the government decides to impose pollution taxes or to auction the marketable
permits, emitters’ willingness to pay will determine how much revenue the government
will collect. In some cases, the revenues collected by taxing or selling permits are
transferred back to the affected agents in order to minimize effects on equity. A popular
method that governments use to redistribute these revenues involves making lump-sum
transfers, or cutting existing marginal tax rates (Bovenberg and Goulder, 2000). This
procedure involving revenue transfers by the government is often referred to as revenue-
recycling. The goal of this procedure is to achieve tax neutrality and to compensate the
losers from an environmental policy. It has been argued that such lump-sum transfers, if
used properly, will not only eliminate distributional and equity concerns of environmental
regulation because they reduce the burden borne by firms and/or consumers, but they will
also enhance the chances of political survival of policies advocating environmental goals.

Nevertheless, it is often difficult to ascertain the effects of lump-sum transfers with
certainty, and thus, a careful inquiry into the particular circumstances is essential in order

to determine whether the revenue redistribution would involve under-compensation or
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over-compensation for the parties concerned. Furthermore, the pre-existing market
distortions tend to magnify the likely distributional effects of market based policies,
because pre-existing market distortions are present virtually in every product market that is
being regulated. In other words, frictionless markets are virtually non-existent and the
policy maker’s ability to assess the resulting equity effects is severely constrained.

The policy-induced equity effects due to the presence of pre-existing market
distortions, particularly due to taxes, are termed ‘tax interaction effects’. These effects, if
estimated, will point to the magnitude of the ‘hidden cost’ that tends to erode the potential
efficiency benefits of the environmental policy being implemented (Burtraw, 1999). For
example, Goulder er al. (1997) have predicted that the magnitude of the tax interaction
effect will be $1.06 billion US per year (1995 dollars) during Phase II of the U. S. SO,
program. This is a substantial loss to the economy since it adds another 70% to the
estimated cost of compliance by the electric utilities. Thus, revenue-recycling is a greatly
important issue since the correct actions could save millions of dollars to the taxpayers.

The difficulty with reallocating revenues, particularly collected by taxes and auctions,
is sometimes used as an explanation for policy makers’ preference towards grand-fathering
permits, where the issue of revenue-recycling does not arise. To strengthen the merits of
marketable permits in this context, it essential that transaction costs be kept low so that
market prices of permits are (approximately) reflective of the marginal cost of abatement.
It appears that tradeable permits systems offer a greater flexibility in this context, as
compared to taxes, for equalizing marginal cost of abatement through trading. ' Thus, the

flexibility is the key to success of the permits market (Cramton, 2000).

A qualification is in order. As shown in Doucet er al., (1997), the ‘standard’ equilibrium result that the
marginal cost of abatement equals permit price could be affected by source location, which is a reflection
of the spatial dimension of coal markets. The results of the econometric model in Chapter 3 further
confirm this fact.
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2.5.2.2 Institutional Aspects

Institutions which include governments, the judicial system, regulatory bodies, and
other stakeholder entities such as resource exploiters play an extremely important role in
public policy formulation. The goal of this section is to identify the significance of the
institutional aspects for the design and implementation of market-based environmental
policies. Broadly speaking, institutions play a dual role at the ‘instrument choice’ stage of
policy formulation in: (1) exploring the feasibility of all potential policy alternatives
compatible with the targets identified at the ‘policy target’ stage, and (2) addressing
political economy considerations arising from the issues of equity and effectiveness, as
discussed in the foregoing section.

In the case of emissions trading programs, institutional aspects bear a key significance
since the choice of these programs over other alternatives may only be possible if the
existing institutional structures are conducive to and desirable for such programs. For
example, the initialization of the U.S. SO program under the CAAA, and the subsequent
assignment of the programs’ administration to the EPA is seen as an attempt to overcome
state prerogatives for imposing environmental regulation. This may hold true since the
U.S. Congressional Committee on the Environment had no authority over taxes and hence,
an alternative was essential in order to overcome the underlying institutional barriers
(Nelson, 1987, pp. 66-71).

Similar situations would also arise when the existing institutional structure is unable to
accommodate market-based environmental policies. The U.K experience with market-
based policies provides a classic example in which the country’s existing regulatory
framework and the institutional setup have jeopardized government’s efforts to introduce a
permits trading scheme to control SO, emissions. As noted by Sorrell (1999), UK
initiatives have failed miserably due to a series of obstacles, most of which arose from the

conflicts between emissions trading and pre-existing regulatory principles, that ultimately
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proved to be unsurmountable. Sorrell argues that the inability of the UK regulatory
framework to accommodate the flexibility inherent in permits trading has contributed to
this downfall. These lessons show the significance of institutional structure for the
realization of environmental goals through emissions trading. This argument is consistent
with the latest research findings that stresses the importance of pre-market distortions

(McCann, 1996).

Price vs. Quantity Debate

The choice between price and quantity instruments and their relative performance in
distinct circumstances is an important topic for the current debate of market-based
environmental policy. Much of this debate is devoted to contrasting pollution taxes (the
major price instrument) and emissions trading programs (the major quantity instrument).
Economists (for example see Pizer, 1999) argue that the uncertainty over future economic
conditions and technological innovations would make price instruments, particularly
emissions taxes, perform better than quantity instruments such as tradeable permits.
Despite the fact that price instruments will not offer the policy maker any assurance of the
likely reduction in emissions (because emission caps are not established under taxes), they
argue that certain environmental problems such as Kyoto commitments, can be dealt more
effectively with the use of price instruments. To some extent this argument hinges on the
assertion that the existing market conditions in developing countries where most of the
emissions are generated, are more conducive to price instruments.

However, some economists, for example, Stavins (1996), have argued that the positive
correlation between costs and benefits of environmental policies in the presence of
uncertainty renders the quantity instruments (i.e., tradeable permits) more appealing than
price instruments (i.e., taxes). Ellerman ez al. (2000) find that tradeable permits are apt to
respond better to the uncertainties of the real world. One important reason for this is the

flexibility offered by the former that helps sources to choose from a wide array of means,
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in this case the least uncertain means, in order to comply with the regulation. The
important implication is that the actual market conditions are typically subject to market
imperfections, and thus, costs and benefits uncertainty would favour marketable permits.
Furthermore, as we will see, political considerations will make price instruments such as
emission taxes highly unattractive in many countries, since firms resist revenue transfer to
the government induced by taxes. Furthermore, quantity instruments, particularly tradeable
permits, are likely to overcome such feasibility problems since, in most cases, they are
being allocated gratis to firms, and thus no transfer of firm income to the government
occurs. Prudent policy makers, therefore, should consider both economic gains and
political feasibility simultaneously, before a decision is made on the choice of an economic

instrument to deal with environmental issues.

“Caps” vs. “Standards”

A key element of tradeable permits systems is the quantity constraint or the cap. 2 In
theory, a cap dictates a limit on a particular pollutant which is brought under an emissions
trading program. Nonetheless, a close examination of the principles governing ‘caps’ will
reveal that the they are nothing but approximations of the standards established for factors
involving environmental and health effects. For example, ambient air quality is monitored
by standards based on scientific evidence regarding particulate concentrations in the
atmosphere. Often, these standards are established on the basis of costs-benefits analyses
which determine the ‘desirable levels’ of health and environmental quality.

The cap of the U.S. SO, program is designed to obtain a ten million-ton annual
reduction in sulfur dioxide emissions. *' This reduction in SO is to be achieved through

two Phases in the following manner: during Phase I (1995-1999) the average permissible

2 gometimes, economists refer to tradeable permits programs as a cap-and-trade approach to environmental
regulation. For details, see Ellerman, ez al., 2000.
2 For details, see Title IV of the Clean Air Act Amendments of 1990.
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emission rate was 2.5 Ib. per million Btu, and during Phase IT (2000-2010) it was tightened
to 1.2 Ib. per million Btu. Clearly, these permissible emissions rates correspond to the U.S.
standards on SO, concentration rates in the atmosphere. Since the SO, program requires
approximately 40% reductions in emissions by the year 2010, as compared to 1990 levels,
this means that, unlike most other traditional methods including technology standards or
emissions rate standards, the cap is a guarantee that SO, emissions will not increase vis-a-

vis economic expansion. Hence, caps are considered as proxies to national standards.

Hybrid or ‘Safety-Valve’

The choice of economic instruments is primarily a task entrusted to policy makers
whose objective is to achieve certain environmental goals with a minimal use of resources.
With perfect information of future costs, the choice of instrument appears to be trivial, as
either price instruments (e.g., pollution taxes) or quantity instruments (e.g., tradeable
permits) would yield the same outcome. Nevertheless, this is far from being the case in
reality. As actual market conditions are subjected to numerous factors, the resulting
asymmetric information lead to uncertainties, rendering accurate predictions of future costs
and benefits of policies nearly impossible (Sappington and Stiglitz, 1987, and Portney,
2000). * These benefits and costs are often correlated, and influence both the ‘policy
target’ and ‘instrument choice’, which are the first two stages of our analytical framework.
In particular, in the context of market-based environmental policies, these uncertainties
influence the abatement cost, the adequacy of the cap, health and environmental benefits,
and could even lead to complexities about technological progress and investment. As a

result, the choice of instrument becomes a major concern, as it leads to variable effects on

2 Stavins (1996) notes that ‘benefits uncertainty’, even though not often acknowledged by economists, is
more substantial than ‘cost uncertainty’ which was emphasized by Weitzman (1974) in the context of

environmental policy.
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costs and benefits, i.e., social welfare (Wietzman, 1974, Stavins, 1996 and Pizer, 1997).
The interesting question then is how to make the ‘right choice’ of policy instrument.

A recently advanced economic argument favours a hybrid (often referred to as a
‘safety-valve’) of price and quantity instruments as an effective solution to this problem of
choice. It has been recommended that the policy maker should rely on a ‘safety-valve’
strategy where quantity instruments (say emissions permits) and price instruments (say a
pollution tax) are combined to attain an environmental goal in a way that is both
economically sound and politically feasible. In essence, the policy maker can issue a fixed
number of emissions permits either by auction or by grand-fathering, and also have the
option to provide extra permits to any firm willing to pay a fixed ceiling or ‘trigger” price.
On the one hand, grand-fathering or auctioning of initial emissions permits provides policy
makers with the flexibility to offer partial rights to emit, thereby addressing the concerns of
firms over government revenue transfers. On the other hand, the sale of extra emissions
permits at a predetermined price offers the emissions trading program the same compliance
flexibility inherent in emissions taxes.

In a series of recent studies, economists > have examined the possibility of combining
tradeable permits and pollution taxes to further reduce the regulatory cost burden while
improving efficiency of market-based environmental policies. These authors suggest that it
is desirable to have an incremental price for the ‘safety valve permits’, if permits are
aligned with pollution taxes in environmental policy. In other words, they recommend that
the value of such permits should increase in line with the rate of interest. The interesting
insight here is the consistency of this incremental pricing phenomenon with Hotelling’s
(1931) rule for non-renewable resources, i.c., clean air, ozone, etc..

Central to Hotelling’s (1931) argument is the economic rent, which approximates the

difference between market price and extraction costs. In other words, the rent is a user cost,

B See, in particular, Pizer (1997) and Bovenberg & Goulder (2000).
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i.e., the intertemporal opportunity cost of extracting now rather than later or the future
benefit that could have been enjoyed had the environmental resource been used sometime
in the future. Hotelling noted that when a resource (e.g., clean air) becomes progressively
depleted its market price (say approximated by the permit price) net of cost will have to
rise at the rate of interest. The increment (difference between the permit price and the cost

which is zero in this case) would then reflect the relative scarcity of the resource.

2.5.2.3 Product Market Characteristics

One other important area which influences both the ‘choice’ of instrument and the
‘performance’ of any environmental policy is product markets. The link of the former is
direct while that of the latter is indirect. The term ‘product markets’, in the spirit of its
usage in this chapter, refers to commodity markets in which production involves
substances (or by-products) of environmental concern. A case in point is electricity
generated by coal. In this case, the primary output market is electricity, the primary input
market is coal, and the by-product is sulfur dioxide emissions. In other words, two product
markets are linked to the ‘environmental bad’ being regulated by market-based
instruments.

The influence of product markets on ‘instrument choice’ is two-fold. First, it is natural
that policy makers consider consumer preferences (primarily to maximize consumer
surplus) and producer preferences (primarily to maximize producer surplus) in product
markets in order to ascertain the likely impacts of the planned regulation. This way, the
‘instrument choice” is being “shaped” by product market conditions. Second, the existing
market distortions such as taxes, entry barriers, etc. will determine the relative strengths of
economic instruments which are being considered for environmental purposes (Hahn,
1990, Rasmusen and Zupan, 1991). In this case, the product market structure will act as a

feeder to the ‘instrument choice’ by the policy maker. Furthermore, there is a weak link (as
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indicated by a dotted arrow in Figure 2.2) between product markets and the likely
‘performance’ of the policy. A useful way to understand this link is to visualize industry
preferences for various regulatory instruments.

In general, industrialists tend to focus on the likely effects of environmental regulation
on profits, as their primary motive is to maximize the return on their investment. On the
other hand, the green activists who closely monitor industry activities are primarily
concerned with the impacts of environmental policy on the environment. Often, there is a
trade-off between the viewpoints of these two groups. This poses a challenge to the policy
maker whose objective is to ensure the easy passage of the policy. Regardless of the basis
on which the policy instrument is chosen, one of these groups will find that their concerns
have not been accommodated by the decision. Their dissatisfaction may trigger actions that
could affect the performance of the policy since these actions may not fulfil their desires
(Hahn and McGartland, 1989, Hahn, 1990). In what follows, the most important aspects of
product markets will be taken up for further discussion. They are demand and supply

characteristics and pre-existing market distortions.

Demand and Supply Characteristics

Economists have found that demand and supply characteristics of commodities are
critical for the success of any environmental policy (see for example, Goulder et al., 1997,
and Bovenberg and Goulder, 2000). They argue that the ability of pollution taxes to bring
about regulatory goals largely depends on both the demand and supply elasticities of the
underlying commodities. For example, if the supply of a taxed commodity is elastic, most
of the tax burden would be borne by consumers and the effects on industry profits would
not be substantial. This means that a firm’s incentive to look for environmentally-friendly
production methods or abatement technologies under these circumstances remains low,

since its profits are largely unaffected by the tax.
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Let’s consider how this argument hinges on demand characteristics. If the demand for
the underlying commodity is inelastic, then the tax-induced price increase borne by
consumers would not alter the quantity demanded substantially. This means that
consumers not only pay the tax, but continue to demand a relatively high quantity, perhaps
the same quantity that was demanded before. If these conditions dominate the market for a
taxed commodity, the likelihood of achieving certain reductions in pollution would be
slim, notwithstanding the equity and distributional impacts created by the pollution tax.

On the supply side of the U.S. SO, program, coal producers have the potential to
influence the functioning of the program through strategic actions (i.e., under the guise of
permit brokers, they could purchase permits in large quantities). The motive for this
behaviour is to influence the decisions of the sources to use high-sulfur coal vs. low-sulfur
coal, as part of their compliance (Doucet er al., 1997), by changing the conditions of the
permits market.

Furthermore, the anticipated reductions in sulfur dioxide emissions, as defined by the
cap of the U.S. SO, emissions trading program, are found to be sensitive to the demand and
supply conditions in both the input and output markets of the electricity sector, i.e., the
coal, oil and gas markets, and the electricity market in the United States. If anticipated
adjustments in these markets do not occur, then the firms’ ability to undertake required
changes in productivity mixes 24 in line with the terms of new regulation would be
difficult. On the other hand, since tradeable permits systems are designed to perform
within the presence of well-defined property rights, these imperfect product market
conditions are likely to prevent emissions trading programs from reaping all the benefits of
trade (largely cost savings and productivity gains). It is therefore essential that the policy
maker be aware of the underlying market conditions before choosing a particular economic

instrument to attain environmental objectives.

24 This is an option available to firms in addition to using permits.
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Pre-Existing Market Distortions

Economists have also examined the potential role of pre-existing market distortions
(such as existing taxes) in environmentally motivated taxes. In reality, most commodities,
if not all, are traded under imperfect market conditions, where distortions through taxes
already exist at the time of environmental regulation, say because a pollution tax is
introduced. An important question arises as to how such market distortions would affect
environmental goals set to be achieved through market-based instruments. Several
economists (see, for example Goulder er al., 1997, Goulder and Parry, 1999, and
Bovenberg and Goulder, 2000) have begun to study this issue, focussing on pollution taxes
in the presence of pre-existing market distortions. » They have found that distortionary
taxes raise the costs of pollution abatement under both emissions permits and pollution
taxes, and that the underlying cost differentials across these instruments largely depend on
the extent of the abatement called for by the policy where low levels of abatement are

typically characterized by larger cost differences between economic instruments.

25 Often, economic activity in the presence of market imperfections or market distortions is described as the
‘second-best world’.
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Nearly a decade after widespread use of market-based economic instruments in the

United States, particularly tradeable permits programs, a series of new insights into the
future design of these two instruments has started to emerge. Recent evidence suggests that
most of the major U. S. environmental policies relying on these instruments have recorded
impressive gains, while a handful of others have experienced several drawbacks.
Economists have embarked on a ‘learning-by-refining’ process in order to determine ‘what
went right’ and ‘what went wrong’. Motivation for this process is to inform policy makers
of how future environmental policies incorporating economic instruments should be
designed in order to achieve environmental goals more effectively. A number of
economists are currently considering the circumstances under which market-based
instruments perform alongside set policy targets. In what follows, we will briefly
summarize several important arguments which emerged from this new ‘economic
thinking’ and consider their significance for future environmental policy.

In this context, the performance of public policies must be evaluated in terms of their
achievements, particularly the accomplishment of policy goals. In the case of economic
instruments, economists have used a wide array of criteria to judge the performance and
social desirability of policy goals. Nonetheless, a gap exists in the literature in terms of the
coverage, because studies have focussed almost exclusively on selected criteria as opposed
to all potential criteria that permit an all-round evaluation of the performing economic
instruments. Hence, a major task of this study is to consolidate all important aspects of
economic analysis, in order to enable a fair evaluation of emissions trading programs. The
following criteria have been identified as the most important in evaluations of market-

based environmental policies:
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Cost Effectiveness
Efficiency Gains/ Innovative Aspects
Property Rights Characteristics

Micro and Macroeconomic Impacts

0O 0O 0O 0O O

Ancillary Health and Environmental Benefits

Cost Effectiveness

If an environmental policy has the potential to minimize the costs of a certain level of
domestic production and use of regulated pollutant(s), the policy is considered cost-
effective. In other words, cost effectiveness requires a desirable short-term allocation of
scarce resources. The transition of environmental regulation from command and control
type methods to innovative market-based policies is ignited by the latter’s potential to
deliver lasting solutions to environmental problems with the least possible cost. To this
end, economists have made a considerable effort to analyze cost elements associated with
various economic instruments, including tradeable permits systems.

In general, two types of costs exist, namely compliance costs and economic costs.
Compliance costs include the expenses that firms have to incur in order to comply with the
regulation. In the context of tradeable permit systems, these costs will include the cost of
buying permits, costs of abatement, switching fuels, and investment, and other costs of
administration, often referred to as transactions costs. 26 Economic costs, on the other
hand, will include the opportunity costs of regulation, i.e., the value of goods and services
lost to the economy due to regulation. Examples of this category are hidden costs or

benefits attributable to indirect productivity changes resulting from policy compliance, pre-

26 This last element, transaction costs, arises when property rights are not well-established. We will discuss
this issue in detail later in this section.
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existing market distortions (e.g., presence of taxes), and costs arising from product market
characteristics.

The dominance of emissions trading as a powerful incentive-based economic
alternative is attained by the cost effectiveness of this instrument. For the most part, the
cost effectiveness is due to the flexibility accompanied by emissions trading programs,
which allows sources to choose from a wide array of options, and to exploit all beneficial
opportunities as part of the compliance with the regulation (Ellerman et al., 2000). For
example, sources can decide, in addition to holding permits, to invest in abatement capital,
improve the existing technology (e.g., scrubbers), search for new (green) technologies,
switch fuel sources (for example, from coal to natural gas) or adjust the output, or any
combination of these as a means of compliance.

The recent debates over market-based policies will reveal that cost effectiveness is the
single most important criterion responsible for winning the policy makers’ recognition for
these type of policies, notably in recent years. This is particularly true in the case of the
U.S. SO, permits program, which has demonstrated the strengths of this economic
instrument through large cost savings. 27 Nonetheless, the critical importance of cost
effectiveness for market-based environmental policies has been undermined by a divided
stand in the literature on the relative importance of various cost elements.

One branch of studies (see Carlson et al., 1998, Ellerman ez al., 1999 and Stavins,
1995) almost exclusively focuses on compliance costs, implicitly assuming that only
compliance costs matters in public policy formulation. Another branch devotes their
exclusive attention to economic costs (see Goulder et al., 1997, Goulder and Parry, 1999
and Pizer, 1999), in attempting to explain the extent of so called ‘hidden costs’ of market-

based regulation, particularly due to imperfect market conditions prevalent in most of

7 In a very recent and comprehensive study, Ellerman er al. (2000) estimate cost savings of the SO, program
to be about 55% or $20 billion over a thirteen-year horizon, or if put differently, the SO, program has cut
compliance costs by about one-half.
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product markets. This dichotomy has left a gap in the literature as to how a meaningfiul
evaluation of emissions trading programs is undertaken to judge public policzy
performance. It has also led some economists to cast doubt on the existing estimates of thse
real economic costs of environmental regulation. They argue that the estimated impacts of
environmental regulation on production costs have overstated the actual economic costs ©f
market-based regulation (see Morngenstern et al., 1997). Moreover, the current literatur-e
lacks a quantitative basis for the type of estimates needed to shed light on all costs
simultaneously. In particular, econometric techniques to estimate the relevant magnitude=s
of cost elements have not been developed.

However, a methodological evaluation of cost effectiveness of emissions tradinig
programs under actual market conditions (i.e., in the presence of market imperfectionss,
pre-existing regulation, and other characteristics peculiar to the input and output markets_),
which simultaneously takes into account the political dimensions, is yet to be undertaken.

To this end, this dissertation makes a two-fold contribution. First, this chapter, througzh
the proposed analytical framework, recognizes cost effectiveness as a primary determinarnt
of the evaluation of tradeable permits systems. In Chapter 3, we will attempt to fill this gasp
by introducing econometric and time-series techniques into the evaluation of cosst
effectiveness of tradeable permits programs under ‘actual’ political and market conditionss.
In particular, we will develop a translog cost function model incorporating all of thae
important cost criteria, in order to ensure that the aspects of cost effectiveness are properlly
investigated in terms of economic theory. The implications of the translog model will boe
tested using the data from the U.S. electric utility industry subjected to the CAAA, @&s

described in the Appendix I.

Efficiency Gains / Innovative Aspects

One important feature that distinguishes tradeable permits systems from the remainder

of the market-based instruments is the incentive of the former for technological innovatiom.
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When confronted with a wide array of options for complying with the regulation, the profit
maximizing behaviour of firms induces them to consider all of the possible scenarios
before making a choice. Because of the ‘flexibility’ in compliance under emissions trading,
firms tend to explore ways to reduce the existing levels of emissions. As part of this
process, firms will consider, among other things, methods to (@) improve the current
technologies, or () invent new ‘green’ technologies to replace the current ones. While (a)
is more of a short-term objective, (b) constitutes a key component of long-term planning.
The latest evidence from the U.S. SO, program indicates that more than 45% of emissions
reductions occurred during Phase I have been achieved by installing scrubbers, a
significant improvement to the existing power generating technology (see Table 2.5). This
evidence will illuminate Phase II of the SO, program, in that more innovations in the
electric utility industry should be forthcoming as the program progresses into the future.
Moreover, this evidence manifests the significance of technological improvements possible
under tradeable emissions permits programs.

Some economists have advanced hypotheses to highlight the significance of
technological innovation under market-based environmental policies. One such hypothesis,
often referred to as the Porter Hypothesis, claims that these policies could actually work in
favour of industries by providing the flexibility for firms to seek out new technologies as a
means of compliance (Porter and Class, 1995). This hypothesis further asserts that market-
based-policies, such as emissions trading programs, will create incentives for firms to
develop superior and environmentally-friendly technologies, which, in the long run, will
contribute to a higher productivity and larger market shares.

According to economic theory, the contribution of technological improvements could
occur in two ways: (a) in terms of a higher productivity, i.e., lower per-capita usage of
inputs, (b) in terms of a lower cost of production, e.g., scrubbers, where utilities, by
reducing their current emissions, spend less on purchasing emissions permits. The current

literature on technological aspects of emissions trading does not provide enough guidance



Chapter 2 56

to ascertain the actual impacts of technological improvements on power generation that
occurred due to the passage of the CAAA.

Despite the critical importance of efficiency aspects for the choice of market-based
policies for environmental protection, a formal methodology to disaggregate technological
improvements into productivity gains and cost efficiency is yet to be developed. Moreover,
a methodological evaluation of efficiency gains (technological improvements) attributable
to emissions trading programs is essential in order to judge the relative performance of
market-based policies under actual market conditions. In attempting to bridge this gap, this
dissertation undertakes two tasks. First, the proposed analytical framework (Figure 2.2 on
page 27) recognizes ‘efficiency’ as a prime component of performance criteria. Second,
Chapter 4 will develop a theoretical basis for the estimation of efficiency gains /
technological improvements ignited by the U.S. SO, program by using Data Envelopment
Analysis (DEA) methods. The chapter will also outline linear programming methods to

separate efficiency gains from cost effectiveness.

Property Rights Characteristics

The notion of tradeable permits has its roots in the premise that the creation of
property rights is essential to address environmental concerns (see Dales, 1968 and
Tietenberg, 1985). A major way to distinguish tradeable permits from other modes of
environmental policies, as having the potential for yielding effective solutions, is by
ensuring that the former is established within a well-defined property rights system. To be
well-defined, tradeable permits should inherit the four essential characteristics of property

rights outlined above, namely exclusivity, transferability, flexibility, and enforceability. 28

2 Exclusivity requires that all benefits and costs accruing to the ownership of a resource should be accrued to
its owner. Transferability is to ensure ‘worry-free’ exchange of rights through voluntary exchange.
Flexibility is a feature of the property right that is adaptable to changes in decisions by the owner.
Enforceability secures the owner’s ability to exercise his right to prevent others from using or encroaching
on the resource. If a property rights scheme is characterized by these features, it may be considered as well-
defined.
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In turn, these characteristics become the fundamental determinants of the ‘quality’ of the
property rights being created. If, for example, the created property rights system lacks
either one or more of these elements, the anticipated policy goals or gains from trade
would not be materialized. The examples presented in Table 2.3 below show mixed results
across major North American emissions trading programs. In cases where the programs
have fallen short of expectations (for example, the Fox River program), either absence or
the lack of essential property rights characteristics have played a major role. Thus, it is
required that emissions rights be reflective of these characteristics in order for emissions
trading programs to function effectively. A meaningful evaluation of tradeable permits
programs therefore should consider the “quality of the right created” in terms of the four

characteristics identified above.

Life-Span of Permits

Another important dimension of property rights governing permits allocation concerns
the duration or the life-span of the marketable permits being allocated. In general, the
controlling authority has to ‘specify’ a time-period during which the permits are
exchangeable between the parties, i.e., expiry date of permits. In rare instances, however,
permits may be issued without any expiry date. To the extent that permits are distinguished
in terms of their life-span we can observe three categories of permits, namely shorz-term,
long-term, and perpetual. Short-term permits will last between a year and two years from
the date of issue, while long-term permits are typically exchangeable for a finite number of
years. Perpetual permits, on the other hand, provide emitters with the advantage of
indefinite usage. In other words, they provide certainty.

The permits of varying duration have different implications on the performance of
tradeable permits systems. The main channel through which duration affects program

performance is permits trading. There are at least two important ways that this could take
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place. A firm’s decision to bank permits would depend on, among other things, the time
period that the permits can be stored for future use. For example, if permits are set to
expire soon, then the incentive to bank them diminishes. As a result, the quantity response
to changes in permit prices would be subtle, since not enough buffer stocks would be
available due to low ‘banking’. This would affect the ability of sources to engage in
trading or to adjust emissions across periods. From another point of view, “bankable
permits” greatly reduce price instability. This helps firms to engage in trading as
uncertainty over controlling emissions is reduced, resulting in higher gains from trade as
firms are able to allocate permits optimally over time (Godby, er al., 1997).

These behavioural responses would lead to uncertainty among sources as to the nature
of future government policy, i.e., new allocation rules governing the life-span of permits.
This uncertainty would erode the incentive to trade further, not to mention the transaction
costs that would result from the efforts of sources which are searching for information to
minimize their risks of trading. These observations, perhaps, would not be obvious if one
were to examine tradeable permits systems “in theory”. However, depending on the life-
span, the sources can benefit in the short run from planning their alternative pollution
abatement strategies. Thus, although tradeable permits may have a finite, and often short,
duration, they may well represent a successful policy. Because firms cannot switch
instantaneously to cleaner technologies, the right to pollute at present time has value, even
though it may not last for a long period of time.

A clear distinction could be made between at least two of the major tradeable permits
programs which originated in the United States, based on the characteristics described
above concerning the life-span of tradeable permits. These two programs are the Fox River
Program and the SO, program. A frequently offered explanation for the extremely low
level of trading, and the subsequent collapse of the Fox River Program, concerns the
uncertainty surrounding the discharge permits. In this case, discharge permits were initially

issued without an expiry date, and halfway through the program authorities announced a
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date of expiration for the permits which had already been issued. The uncertainty that
resulted contributed to the collapse of the program.

On the contrary, the SO, program has, among many other attractive features, clearly
defined dates of expiration. The program was designed in two Phases, i.e., Phase I and
Phase II with an objective of reducing ten million tons of SO; emissions annually from
1990 to 2010. The annual EPA auctions involve four different types of permits, namely
spot market (usable during the year of auction only), seven-year advance (usable seven
years later), six-year advance auction for seven-year permits (left-overs of six-year
advance that are sold a year later), and private (source to source) trading. The initial
permits allocated at the outset of the program are valid during both Phases. These clearly
defined rules have substantially lowered the uncertainty over permit validity (life-span)

and, thus have enhanced the program performance immensely.

Transaction Costs

A system of well-defined property rights brings about a socially efficient outcome
through voluntary exchange, independent of the way in these rights are distributed (Coase,
1960), assuming no wealth effects. The importance of this argument is that the absence or
lack of property rights would affect voluntary exchange since it entails transaction costs.
Transaction costs are the costs of establishing and maintaining property rights, and the
costs resulting from the transfer of property rights (Allen, 2000). Market economies are
typically characterized by transaction costs which arise from the ‘exchange of rights’
because parties to such exchanges need to communicate and exchange information. In
some cases, inspection of commodities, entering into contracts, and seeking legal advice

are common to exchanging property rights. 2

» Consider doing business in Russia vs. in North America, and compare the underlying transaction costs
resulting from dealings with bureaucracy, establishing respect for contracts, etc.



Chaprer 2 60

Buying automobiles, real estate transactions, and waste disposal are cases in point.
Essentially, transaction costs involve some inputs or resources that are costly, which, in
some cases, may be reflected as a premium in the market prices (Alston and Gillespie,
1989). Transaction costs could also arise from any government intervention to correct
inefficiencies (Tietenberg, 2000, p. 82).

Moreover, as is argued in the next section, in the context of tradeable permits, most
transaction costs arise as a consequence of a lack of cerrainty (or the presence of
uncertainties) in the emissions rights that are being created. In particular, we have evidence
to suggest that there are at least a couple of instances, namely the Fox River and the Lake
Dillon Reservoir emissions trading programs (see Table 2.3 in Section 2.5) where high
transactions costs are blamed for the collapse of the programs. A major contributing factor
to such costs was the uncertainties that the permits were subjected to. The lesson from
these programs is that it is imperative that transactions costs be kept low in order to realize
policy goals, implying that a complete evaluation of any emissions trading program should

take into account the effects of transactions costs.

Certainty Criterion

One of the essential elements ensuring the voluntary exchange of permits in the
market place is the ‘degree of certainty’ accompanied by the permits. In other words, the
success of any tradeable permits system is contingent upon policy maker’s ability to
eliminate or minimize ‘uncertainties’ (or create certainty) that affect the decisions of
buyers and sellers of permits. Major sources of ‘uncertainty’ arise from the life-span of
permits, the presence of transaction costs, trading rules, tax policy and the rate of return
regulation governing abatement equipment and investment in green-technology, the
number of sources (firms) eligible to engage in trading, and future permits allocation rules.

The challenge faced by the policy maker in these circumstances is to define simple,
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concise, and adequate rules as to how each of these items with the exception of
transactions costs will be dealt with during the course of the permits program. In short, this
procedure amounts to ensuring that property rights are “perfect”. In this sense, it is easy to
see transaction costs as resulting from “ill-defined” rights or due to the presence of
uncertainties (i.e., the lack of certainty). In this way, certainty is linked to the *“quality” of
the property right(s) which are being created.

Broadly speaking, all uncertainties arising from the factors listed above can be
classified into two types, namely market uncertainty and regulatory uncertainty (Laffont
and Tirole, 1994). The former arises because of ‘incomplete information’ regarding the
future aggregate demand for tradeable permits which will depend on future emissions, and
the cost of compliance strategies which will depend on the potential of new abatement
technologies. The resulting uncertainty give rise to asymmetric information among trading
partners who would then be reluctant to engage in trading. Consequently, this may lead to
‘thin’ trading or the collapse of the trading system, as in the case of the Fox River program.

The latter, on the other hand, could arise due to ill-defined legal rights for permits,
which could lead to substantial uncertainty over the actual endowments of emissions
permits and the equilibrium price in the permits market. Consequently, a ‘distorted’ market
price of permits would emerge with a risk-premium to account for the uncertainty (Lund,
1993). A classic example is the CAAA definition of the “SO. permits” where the permits
are not given the identity of “property rights” to avoid potential compensation claims by
firms from the government when the emissions standards are tightened in the future. Even
though this has not appeared to have created a substantial impact on the SO permits
program (because it is well-designed on many other important respects), the gap between
the realized cost savings and the potential cost savings of Phase I may be attributable, at
least in part, to the CAAA definition of emissions rights (Svendsen, 1998).

The political significance of the “certainty” criterion arises from the fact that the

current structure of the U.S. Congress permits different legislators to exert varying degrees
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of political support for policies by voting or exercising veto power, depending on the
legislator’s level of hierarchy. This political support will effectively influence policy
targets being considered, where the policy instrument chosen will be the one that has
garnered the highest political will. In general, elected officials offer more importance to
creating certainty and equity than opportunity and efficiency (Willey, 1992). This is
particularly significant for environmental policies because such policies typically involve
political, social, and economic dimensions, all of which simultaneously contribute to the
“well-being” of the policy upon implementation. In order to recognize the importance of
the “certainty criterion” for the survival of emissions rights, we consider it as one of the

critical factors affecting the performance of the tradeable permits systems (see Figure 2.2).

Micro and Macroeconomic Impacts

Debates over potential impacts of market-based policies on the U.S. economy have
taken two stands. One stand is that the slow progress and the resentment of public policy
makers to implement market-based instruments is due to the fear that these policies would
bring about negative effects on the economy, particularly on employment, investment,
technology, energy consumption and GDP itself.

To this end, some analysts have forecast substantial losses in industry productivity
owing to the “additional cost burden” of environmental regulation, which they claim would
also erode country’s competitive advantage in international markets (see, Yaisawarng &
Klein (1994), and Barbera & McConnell (1990)). Furthermore, following the passage of
the CAAA, there were concemns that the SO, regulation had increased the cost of power
generation of the electric utility industry (Jaffe ez al., 1995).

It has also been found that the annual average growth rate of 2% in the electric utility
sector during the 1985-90 period slumped to 1% during the 1991-1996 in spite of a
growing U.S. population period (U.S. Department of Energy; http://www.doe.gov). Given

the annual average GDP growth of 2.5% which was steady throughout both periods
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(Congressional Budget Office; http://www.cbo.gov) and the annual average growth of
0.23% and 0.27% in the energy sector during the respective periods (Energy Outlook,
1997; http://www.ntis.gov), critics argue that the decline in the productivity is due to the
adverse effects brought about by the CAAA. Job losses were also predicted in the high-
sulfur coal sector, as utilities moved to a higher consumption of low-sulfur coal
(Tietenberg, 2000, page 394). However, the resulting macro effects (on GDP) may depend
on the length of non-employment spell for these workers and the existing wage laws (see
Grenier, 1982, Hahn, 1987, and Gray & Grenier, 1998).

Another viewpoint maintains that the SO, program has created an impetus for new,
cleaner technologies, and that such innovations have significantly increased the post-
regulation productivity in the U.S. electric utility industry, thus eliminating all of the
alleged cost pressures placed on the industry by the new regulation on SO, emissions (see
for example, Berman and Bui, 1998). With regard to the market-based policies, these
arguments stress the need for the inclusion of all potential macro variables with the

linkages to the SO, program one way or the other.

Ancillary Health and Environmental Benefits

A major objective of most environmental policies is to avoid or minimize human
exposure to pollutants or harmful toxic substances generated by some economic activities,
which are alleged to be causing health effects such as mortality, morbidity, or an increased
incidence of communicable diseases. To this end, the SO, program was launched with the
primary purpose of finding a lasting solution to the acid rain problem by reducing sulfur
dioxide emissions in the United States. The underlying motive is to reduce the SO; induced
health risks such as premature mortality (88% of total health benefits), chronic bronchitis

(9% of total health benefits) and respiratory ailments (http://www.epa.gov/acidrain).
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Since health and environmental benefits from emissions reductions accrue ower a long
time horizon, as shown in Table 2.2 below, upon completion of Phase II of the SO,
program, U.S. citizens could expect to reap significant health benefits (on a per capita

basis), which substantially exceed the costs (on a per capita basis) on this initiatiwe.

Table 2.2

Ancillary Health and Environmental Benefits and Costs of the
U.S. SO, Emissions Trading Program in 2010

Effect Benefits per Affected Capita
(1995 US Dollars)
Morbidity 4.09
Mortality 69.25
Aquatic 0.72
Recreational Visibility 3.90
Residential Visibility 6.79
Costs 6.19

Source: Burtraw et al. (19983).

Another interesting example where expectations for better health and clean aitr benefits
play a key role, is the global greenhouse gas emissions (GHG) mitigation initiatave (often
known as the Kyoto Protocol). The goal of this Protocol is to combat climate chamage and to
avoid damages to the stratospheric ozone layer from excessive amounts of GHG (EPA,
1999, and OECD, 1998), which affect all human populations on earth irrespective of
location of sources (World Health Organization, 1997). In fact, at the Kyoto Confference of
1997, world nations agreed that GHG emissions should be reduced substantial ly by the
year 2010, compared to the 1990 levels. One interesting observation of the Kyoto Protocol
is that it strongly recommends the implementation of a world-wide GHG emissioms trading
program to achieve its policy target. 30

Both Canada and the United States are examining the plausibility of implementing

trans-boundary emissions trading programs to achieve the Kyoto commitmes=nts. It is

30 For details, see Annex 1 and Title 4 of the Kyoto Protocol.
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expected that in the near future, the notion of emissions trading would be extended to a
global level in order to deal with the climate change issue. A recent report of the
Intergovernmental Panel on Climate Change (IPCC, 1998) reports that Article 17 of the
Kyoto Protocol provides for the establishment of an international trading system. In view
of the growing interest in emissions trading among the world community, and the critical
importance of achieving ancillary health benefits resulting from the reductions in
pollutants or from preserving ambient air quality, it seems essential that an evaluation of
emissions trading programs take into account the ‘value’ of the ancillary health benefits
that would be realized due to emissions trading. This issue is already being debated in
policy circles, since opponents are concerned that international emissions trading would
benefit developing countries (at the expense of developed countries), where much of the
reduction is expected to occur. This argument is centered on anticipated ancillary health

and environmental benefits. !

“Hot Spots”

Tradeable permits systems could sometimes lead to localized pollution “hot spots”
exceeding ambient air quality standards (Cramton, 2000). One way to remedy this problem
is to denominate emissions permits in terms of environmental damage (Revesz, 1996).
Even though such denominations may complicate the design of emissions trading
programs (Atkinson and Tietenberg, 1982), they may be desirable, or even essential in
some situations. For example, such denominations may prove useful in dealing with
jurisdictional (i.e., inter-state) issues concerning emissions trading programs, and in
conforming to the concept of “environmental justice”, i.e., where all of the population is

entitled to the same environmental benefits. Recently, New York State was considering a

31 While we recognize that the accounting for ancillary health benefits as an essential component of the
performance appraisal of tradeable permits programs, the undertaking of such a task is beyond the scope of
this dissertation.
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regulation to penalize local electric utilities who purchase SO, permits from the ‘dirty’
thermoelectric plants located in the Midwestern United States (New York Times, May 09,
2000). Even though the goal of this counter-regulation is to prevent the transfer of SO;
emissions to New York State by prevailing winds, the need for such regulation marks a

lapse in the CAAA concerning its provisions for nation-wide SO, emissions trading.

2.6 Major North American Emissions Trading Programs

The recognition that emissions trading programs are an effective alternative to address
environmental concerns has created an impetus among many countries to experiment with
this new instrument. > Issues of ambient air quality and water resources are two major
areas where this instrument appears to be dominant. ** The United States has taken the lead
in this process, and has already established a number of highly successful programs at both
the federal and state levels. In what follows, we consider some highlights of these U.S.
programs along with the leading Canadian initiatives (see Table 2.3 below).

As we will see, among all these programs, the U.S. SO, tradeable permits program
enacted by the CAAA stands out as the most successful story in the history of market-
based environmental regulation in the United States. The primary objective of this program
is to reduce the country’s SO, emissions from coal-fuelled electric utilities. This program
will be considered in depth as part of the empirical investigation into the cost and
efficiency aspects of emissions trading in Chapters 3 and 4 of the dissertation, which will

essentially focus on the U.S. SO, program.

3 Countries presently considering emissions trading programs include European Union, Norway,
Netherlands, Poland, Germany, and France. For a review of non-OECD countries, see Von Amsberg
(1995).

3 For example see, Sieg ez al. (2000).
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Table 2.3

Major Emissions Trading Programs in North America

Country Program Traded Period of Environmental Highlights
“Commodity” | Operation Obijective

Canada | Ozone CFCs and 1993 - 96 | Counter ozone | Low trading volumes, except
Depleting Methyl depletion among large methyl bromide
Substances compounds permits holders.

Permits Tradings Chioroform
HCECs 1996 -
Methyl
Bromide 1995 -

Canada | Pilot Emissions | NO,, VOCs, | 1996 - Mitigate This is a pilot program.
Reduction CO, COa, climate change
Trading (PERT) | and SO,

Canada | Greenhouse CO, 1997 - Mitigate This is a pilot program.

Gas Emissions climate change
Reduction

Trading

(GERT)

Canada | Greenhouse CO, 1998 - Mitigate A four-year, $2M project to
Emissions climate change | reduce agricultural CO,
Management emissions by measuring the
Consortium uptake of carbon at 200
(GEMCo) locations across the Prairies.

The project is funded by $0.8M
from GEMCo, a matching
$0.8M from Agriculture and
Agri-Food Canada's Matching
Investment Initiative (MII), and
$0.4M from Alberta agriculture
Food and Rural Development.
CO, credits are yet to be traded.
United | Emissions Criteria Air | 1974 — Reduce For new sources of emissions,
States | Trading Pollutants Present excessive firms can avoid the usual limits
Program under the emissions of by reducing emissions from
Clean Air GHG (i.e., existing sources. For existing
Act mitigate sources, firms can adjust the

climate change

level of control applied to the
existing sources as long as an
ageregate limit is not exceeded.
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Country Program Traded Period of Environmental Highlights
“Commodity” | Operation Objective
Emission reductions beyond
allowance requirements can be
saved for future trading.
Cost-effectiveness:
Cost savings range from $525
million to over $12 billion US
during Phase I.
Drawbacks: Program not
widely used. Uncertainty over
future emissions standards and
permits’ life-span reduced
trading.
United | Lead Rights for 1982 - Reduce Rights were determined by the
States | Phasedown lead in 1987 dispersion of amount of leaded gasoline
gasoline lead in produced by the firm and the
among environment current standard.
refineries while
providing Refiners were entitled to either
greater earn lead permits, or to obtain
flexibility to lead rights, both in an amount
gasoline equal to the difference between
refiners. the actual and allowed quantity
of lead Permits could be traded
or banked.
Savings were $250 US million
per year, or 20% more than
alternative programs
Drawbacks: Elimination of the
banking of lead allowances and
the imposition of a lower limit
on lead in gasoline.
United | SO; Emissions | SO, 1990 — Reduce SO; This program is the prime
States | Trading emission Present and NO, focus of this dissertation and
Program reduction emissions by an extensive coverage is
credits; 10M tons and | provided in Table 2.10.
mainly 2M tons tons.
among (in two
electric Phases)
utilities.
Goal: Acid
Rain

Reduction.
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Country Program Traded Period of | Environmental Highlights
“Commodity” | Operation Obijective
United | Lake Dillon Point and 1984 — Establish a A cap was imposed on total
States | Effluent non-point 1995 system of maximum annual phosphorus
Trading sources of property rights | load. This regulation allowed
Program nitrogen for effluent point sources to receive credit
and discharges per non-point source
phosphorus phosphorus removed.
Cost-effectiveness:
Phosphorus loading reduced by
86%. The promise of trading
created an incentive to improve
plant operations.
Drawbacks:
Geographical boundaries where
permits are traded encircled a
limited area.
United | CFC Trading Production 1987 — Reduce Pemits limit both the
States | for Ozone rights for Present production of | production and consumption of
Protection some CFCs, particular CFCs.
based on CFCs and
ozone freeze Substantial reduction in CFCs
depletion production and | and other ozone depleting
potential consumption substances has been achieved.
of primary However, use and subsequent
chemical emissions of HFCs and PFCs as
groups thought | CFC substitutes increased
to lead to dramatically. The timetable for
ozone the phase-out of CFCs was
depletion subsequently accelerated, and a
tax on CFCs was introduced.
Cost-effectiveness:
Difficult to determine since no
studies have estimated cost
savings. Relatively low
transaction costs associated
with trading in the CFC market
suggest that the system was
relatively cost-effective.
United | RECLAIM SO, & NOyx | 1994 — Reduce Policy aimed at larger emitters
States | Program emissions Present concentrations | of ozone-depleting substances.
trading of NO, and
among point SO, in Los
sources Aﬂgeles area
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Country

Program

Traded
“Commodity”

Period of
Operation

Environmental
Objective

Highlights

to meet federal
and state air
quality
standards.

Annual allocation of permits
covering NO, and SO, was
ratcheted down each year.

Emitters could either use all of
their allocated permits or
reduce emissions by abatement,
freeing up some permits which
can be sold or banked, or
engage in trading in the market
to buy permits from others.

Program's requirement of
reducing NO, emissions are
likely to be met by 2003.

Cost-effectiveness:
Transaction cost is created due
to differences amongst firms,
the opportunities to find
suitable partners for trading is
limited.

United
States

BOD
Discharges
(Fox River)
Program

Local
biochemical
oxygen
demand
(BOD)
discharges
trading
among point
and non-
point
sources.

1981 —
Present

Control BOD
dischargers in
a 22 mile
stretch of the
lower Fox
River.

Property rights are measured in
terms of the BOD load and
dissolved oxygen in the river at
given receptor points. A
discharger not able to meet its
limit could purchase permits
from another discharger.

Cost-effectiveness:

Actual cost savings have been
minimal due to the complex
administrative requirements
and regulations associated with
trading.

Fox River discharge permits
program is lacking most of the
features characterizing a sound
property rights system.

Sources: Stavins (2000), Hahn (1989), Hahn and Hester (1989a, 1989b), Schemalensee er al. (1998),
Gangadharan (1997), International Institute for Sustainable Development (1998), Driesen (1998),
Ellerman et al. (2000), www.epa.gov, www.pert.org, and www.gert.org.
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A careful review of these major programs shows that several factors are critical to the
success of trading emissions rights. It also provides guidance for policy makers to improve
upon the political economy aspects of emissions trading. Considering the relative success
of each program (i.e., the lessons learned), a number of critical issues can be summarized.

First, a direct link between emissions limits and environmental goals appears to be
critical for ensuring the feasibility of policy objectives. A lesson learned from the Fox
River program is that conflicts between discharge limits and water quality targets are
responsible for the collapse of the program. Second, it appears that clearly defined trading
rules significantly contribute to the success of emissions trading. These rules should clearly
identify who the participants and their rights are, and, most importantly, the geographical
jurisdictions of the permits market, i.e., national, state, regional, and the like. The Lake
Dillon Program is an example where the lack of clearly defined polluter rights has
prevented the full use of trading emissions rights.

Other aspect with regard to rules is simplicity, i.e., explicit rules concerning trading,
monitoring, and enforcement. Either the absence of clarity, or complexity of the terms
governing rules, could render the efforts of the policy maker to achieve certain
environmental goals completely futile. A case in point is the Lake Dillon Effluent Trading
Program where ambiguities over trading rules have impaired the program’s objectives.

To ensure efficient trading of emissions rights, transaction costs must be kept low. The
presence of transaction costs deplete the incentive for trading as gains from trade are thin.
High transaction costs and several other barriers are often blamed for the demise of the Fox
River Program. It is also imperative that trading systems be flexible enough to
accommodate new information on environmental consequences, and variable control costs.
In fact, flexibility is an essential feature that makes the emissions trading programs simple
and easy to work with (Cramton, 2000). For example, the lack of flexibility was evident in
both the Lake Dillon and the Fox River Programs, which eventually contributed to a very

low volume of trading.
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2.7 U.S. SO, Emissions Trading Program: A Primer

The passage of the CAAA marked the introduction of the first grand scale tradeable
permits program in the United States, namely the SO; emissions trading program. The
main thrust of the CAAA was to reduce the country’s sulfur dioxide (SO;) emissions from
coal-fuelled electric utilities, the prime precursor of acid rain. When the new provisions
were introduced, these utilities were responsible for over two thirds of the country’s SO,
emissions from point sources, while representing only 1,000 of the 18,000 or so known
sources (Rico, 1995, p.118).

The approach to emissions reductions embodied in the CAAA is straightforward. An
annual ‘cap’ on permissible national SO, emissions generated by coal-fuelled electric
utilities is specified. The cap corresponds to the number of emissions permits issued to
‘sources’ by EPA for that year to ‘sources’, i.e., to electric plants, in order to cover their
emissions. A source carrying a permit is entitled to emit one ton of SO, thus limiting the
total emissions to the number of permits in possession. Permits ‘possessed’ by a source are
those allocated by EPA, as well as those purchased from other sources. By the same token,
if emissions fall short of permits in possession, then the excess permits can be sold in the
market, or can be ‘banked’ for future use. Alternatively, a source may decide to abate
emissions below permissible levels, for example, by adopting new technologies or by
installing scrubbers. In such cases, the sources can sell their additional permits to other
firms. This is an attractive feature of emissions trading, where flexibility in compliance
strategies offers sources the freedom to make choices, so that the overall cost of reducing
emissions is achieved at the lowest possible cost.

The CAAA authorized the implementation of the SO, tradeable permits program in
two phases, namely Phase I and Phase II. Phase I was made operational during the period

1995—-1999, and Phase IT was to follow Phase I. As shown in Table 2.4, the target of Phase
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I was the 263 most SO»-emissions intensive power generating units at 111 plants operated

by 61 utilities, located largely east of the Mississippi River.

Table 2.4

SO- Emissions Trading Program: Policy Targets

Phase Period Plant Size SO, Emissions Reduction Number of
Intensity Target Plants
1 1995 — 1999 > 100 MW > 2.5 Ib/mmBtu * 3.5 million tons 111
I 2000 onwards > 25 MW > 1.2 Ib/mmBtu * 5.0 million tons 1000
* mmBtu: millions of British thermal units. Sources: Lee (1991), Kete (1992)

However, as shown in Table 2.5 (see next page), a large number of other units which
were targeted by Phase I have also opted-in, augmenting the total of generating units
honoring Phase I to 445. Each year during Phase I, EPA allocated each affected source a
specified number of permits related to its share of heat input (i.e., emission intensities as
shown in Table 2.4) during the baseline period (1985-87), plus bonus permits available
under special provisions. Effective in 1996, affected sources were allocated a number of
permits based on their 1980 output.

The expected aggregate SO, emissions reduction was about 5.7 million tons per year
during the period 1995-1999 (Joskow er al., 1998, page 670). However, as shown in Table
2.5, the SO, permits trading program has been able to achieve over 50% reduction in
emissions during Phase I, i.e., the utilities had emitted 10.68 million tons in 1985, which
has been reduced to 5.30 million tons by 1995, or 3.4 million tons lower than the 1995 cap.
This achievement is largely due to a substantial over-compliance by the sources. It is
interesting to note that some 182 units have volunteered to comply with the Phase I

requirements, which explains a major portion of over-compliance during Phase I. As part
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of the voluntary compliance, the utilities have bought some 1.33 million tradeable permits,

boosting the trading activity in the emissions market.

Table 2.5

SO, Emissions Trading Program: Phase [ Statistics

Variables Table A Units ' Substitution Units >  Total Phase I
Number of units 263 182 445
MW capacity 88007 41643 129650
Coal fired units 257 154 411
Pre-1990 scrubbers 1 25 26
Title IV scrubbers 26 0 26
Retired units 7 6 13

SO, emissions (million tons)

1985 9.3 1.38 10.68
1993 7.58 0.97 8.55
1995 445 0.85 5.30

Average SO, rate
(#/millions of British thermal units (Btu))

1985 4.24 1.58 348
1993 3.30 1.67 2.63
1995 2.10 1.21 1.74
1995 permits (millions) 7.22 1.33 8.55

1. Utilities mandated to participate in Phase [
2. Units that voluntary opted-in to Phase I
Sources: Ellerman et al. (1999), EPA (1999)

A robust market of SO, permits trading has emerged, resulting in cost savings
amounting to hundreds of millions of dollars annually, compared to the costs of
conventional command and control approaches (Ellerman et al., 2000). Although the
program had low levels of trading in its early years, trading levels increased significantly
over time (Burtraw, 1996 and Schmalensee et al., 1998). As shown in Table 2.6 below, the

sales of permits in 1998 are roughly thirteen times higher than they were in 1993. A
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overwhelming majority of these permits were exchanged through private transactions, as

compared to EPA auctions.

Table 2.6

SO Program: Permits Sales 1993 — 1998

Permits Sold in Permits Sold in the Total Permits

EPA Auctions Private Market Sales
Through March 1993 150,010 130,000 280,010
April 1993 — March 1994 176,200 226,384 402,584
April 1994 — March 1995 176,400 1,466,996 1,643,396
April 1995 — March 1996 275,000 4,917,560 5,292,560
April 1996 — March 1997 300,000 5,105,924 5,405,924
Total 1,077,610 11,846,864 12,924,474

Source: EPA Allowance Tracking System (http://www.epa.gov).

Concerns have been expressed that government regulators may tend to protect their
local coal industries and that permits trading would be influenced by large coal producers
as Phase II of the SO, program progresses (similar to the ‘bundling behaviour’ of coal
producers as described in Doucet ez al., 1997). Furthermore, economists have shown that
cost-recovery rules of state public utility commissions provide poor guidance for
compliance activities (Bohi & Burtraw, 1992, and Bohi, 1994). On the other hand,
information on the prices of pemits is difficult to obtain, due to the private nature of many
of the transactions. At the annual permits auctions which were set up to help utilities

purchase emissions permits quickly, prices have fallen steadily since 1994. 34

34 A Table containing average monthly prices of SO, emissions permits from the auctions is presented in
Table 2 of Appendix 2.
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Figure 2.4

SO- Program: Permits Prices August. 1994 — March. 2000

Price of Parmils ($)

&84 1294 495 95 12195 4/96 896 1296 4/97 897 12/97 498 898 1298 499 899 12799
Month/Year

* Average Price is the mean prices published by three brokerage firms, namely Emissions Exchange,
Cantor Fitzgerald EBS, Fieldston Publications.
Source: U.S. Environmental Protection Agency (http://lwww.epa.gov)

As shown in Figure 2.4 above, in March 1997, for instance, the clearing price of
permits on the spot market auction, which was $76, exceeded $140 by September, 1994.
The price peaked in April 1999 at $210, and has been declining since then. By March,
2000 it had fallen again to $135. The major factor driving these substantially lower than
predicted prices has been over-compliance, particularly in the early years of the regulation.
Abatement activity through scrubbers (see Table 2.7 below), U.S. rail-rate deregulation,
and contractual commitments to purchase low-sulfur coal from suppliers are responsible
for this over-compliance (Ellerman et al., 1999 and 2000). The reason for higher prices
recorded during 1999 (including the peak price in recorded in April, 1999) is that utilities
were demanding more permits prior to the end of Phase I to hoard (or bank) them for use
during Phase II when the missions caps were going to be tightened. Furthermore, Figure
2.4 shows that permits prices fell below 1998 prices by December 1999, the time Phase II

of the SO, program went into effect.
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Another attractive feature of the SO, program, which helps the program to stand out
among other tradeable property rights regimes, is the lower number of restrictions placed
on permits trading (Bemstein and Farrell, 1994). For example, plant or individual
purchases or sales of permits did not require EPA’s approval. Each state monitors its own
trading activity, and state-wide emissions continued to conform to the overall standards
previously set by EPA. Flexibility of the SO, program was further enhanced by not

subjecting private trading to EPA monitoring.

Table 2.7

SO: Program: Details of Phase I Reductions

Methods/Regions Tons of SO, Removed Percentage of
(10%) Total
Total by Installing Scrubbers 1,754 45.1
e New CAAA Scrubbers 1,734 44.6
e  Other Scrubbers 21 0.5
Total by Fuel Switching 2,133 54.9
e  North Appalachia 205 53
e  Central Appalachia 756 19.5
e South Appalachia 60 L.5
s Midwestern 406 10.4
e Powder River Basin 518 13.3
e  Other Western Coal 146 32
e Imported Coal gg 0' 5
¢ Natural Gas ’
Total 3,888 100.0

Source: Ellerman er al. (1999).

Even though this means that it is difficult to obtain a precise measure of the amount of
trading that had taken place in this market, EPA continues to adopt a laissez-faire approach
towards the trading of permits used by utilities to comply with the policy each year. This

effort by the EPA provides some information regarding the level of trading activity. Since
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March 1994, more than 2,000 permit transactions, involving over 40 million allowances,
have been recorded by EPA. Nearly 90% of participating utilities have been involved in
some kind of private allowance transfer (http://www.epa.gov).

As shown in Table 2.8, methods of compliance and the corresponding average costs
have varied substantially during Phase I of the SO, permits programs. Despite the average
cost of scrubbing, which is about 73% higher than that of fuel-switching, 45% of the

participating utilities have chosen scrubbing as a chief means of compliance.

Table 2.8

SO: Program: Phase I Cost of Compliance

SO, Total Cost of Compliance Average Cost
Method Reduction (1995 $) ($/S0O, ton)
(10° tons)
Fixed Variable Total
Scrubbing 1754 375.0 89.3 464.4 265
Fuel-switching 1709 57.2 204.1 261.3 153
Other 425 0 0 0 0
Total 3888 432.2 293.5 725.7 100.0

Source: Ellerman er al. (1999).

Another important observation to note is the higher fixed cost and lower variable cost
per ton of SO, reduction associated with scrubbing, as compared to fuel-switching. It has
been argued that the potential for scrubbers to last longer, allowing initial capital cost to be
spread over more tons of SO, reductions, has reduced the cost difference between
scrubbers and fuel-switching. Phase II of the U.S. SO, program which started in January,
2000, further tightened the emissions cap, covering all electric generating units in the
United States. Effective in 2000, the EPA will issue nine million permits annually. During
Phase II, certain utilities are expected to be compensated for potential restrictions on

growth, and others, which already meet or exceed the requirements, will also be rewarded.
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As shown in Table 2.9 below, studies completed so far provide substantially different
estimates on cost-per-ton reductions during Phase II. According to these estimates,
marginal costs of abatement are expected to vary between $291/ton to $760/ton. If these
numbers were compared with Phase I permit prices, emissions reductions in Phase II
appear to be costlier on a per unit basis, unless further improvements in power generation
technology would drive down marginal costs. This may not seem totally unexpected, since
Phase II calls for tighter standards which will require significant technological
improvements, because most low cost options, such as the installation of scrubbers have
already been exploited during Phase 1. In other words, the greater the reductions in

emissions the higher the per unit cost of reduction.

Table 2.9
SO- Program: Cost Estimates of Phase I1 (2010)
Study Annual cost Marginal Cost Average Cost
(1995 $ billion) per ton SO, per ton SO,

(1995 $) (1995 $)
Carlson et al. (1998) 1.1 291 174
Burtraw et al. (1998) 0.9 - 239
White (1997) [EPRI] — 436 —
ICF (1995) [EPA] 2.3 532 252
White et al. (1995) [EPRI] 24 -29 543 286 334
GAO (1994) 22-33 -— 230-374
Van Horn Consulting et al. (1993) [EPRI] 2359 520 314 -405
ICF (1990) [EPA] -— 579 - 760 348 —499

Source: Burtraw (1999).

During Phase II of the program, an additional 900 electric utilities with a net capacity
of 2SMW or greater will be added to the Phase I group of the 111 utilities emitting the

highest amounts of SO». This means that Phase II would cover virtually all coal-burning
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electric utilities in the United States. The goal of Phase II is to reduce SO; emissions by an
additional five million tons by the year 2010. If trading permits represent the carrot of the
system, its stick is a penalty of $2,000 per ton of emissions that exceed any year's permits,
in addition to a requirement that such excesses be offset in the following year (Stavins,

1998a and 1998b).

2.8 Tabular Summary of the Analytical Framework

Having discussed the significance of a wide array of economic, political, and social
factors in the evaluation of market-based environmental policies, and having developed a
formal process incorporating different stages of policy formulation, a summary of the
analytical framework presented in Section 2.5 can now be provided. Focussing on the U.S.
SO, program, efforts will be made to (a) identify numerous aspects of this program in
terms of the components of the framework, and (b) demonstrate the significance of these
components in an overall evaluation of the market-based environmental policies. Table

2.10 presents the highlights of this evaluation based on the proposed framework.
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Table 2.10

An Evaluation of the U.S. SO> Program Using the Analytical Framework

ELEMENT

SIGNIFICANCE

IR O <O~C0

Institutional
Structure

Played an extremely important role in setting the zerms of the policy target of
the SO, permits program. For example, in the 1980s, there were more than 70
laws governing numerous regulation directed to the problem of acid rain.

Legislature

U.S. Congress had intense debates over the actual distribution rules of SO,
permits. State representatives tried to obtain the maximum benefits of this
process for their constituents. Indiana and Ohio states, where cost of
electricity was predicted to go up, demanded a cost-sharing with the other
states.

Bureaucracy

Since bureaucrats are eager to see their views accommodated in policies, they
do not favour decentralized policies such as emissions trading, because such
instruments do not require the use of their technical expertise. So
implementation of the SO, program was seen as taking their responsibilities
away. In turn, the need for an agency like EPA arose both to accommodate
the SO, program, and to eliminate state prerogatives for imposing
environmental regulation.

Regulatory
Structure

The regulatory structure governing U.S. environmental standards played a
key role in setting the goals for both Phases of the SO, program. See below.

Environmental
Standards and
Practices

Phase I: 1980 SO, emissions were to be cut in half by the year 2000. 110
plants with emissions intensities of 2.5lb/mmBtu or more were targeted.

Phase II: From January, 2000, all coal-fuelled electric power plants with
emissions intensities of 1.21b/mmBtu or above will be targeted.

Technology-based standards, namely Lowest Achievable Emissions Rate
(LAER), Best Available Control Technology (BACT), and Reasonably
Available Control Technology (RACT) were used as baselines for the choice
of targets of the SO, program.

Interest Groups

At the outset, strong resistance/criticism prevailed, as permits were viewed as
a ‘license to pollute’. At a later stage some influential green activists such as
the Environmental Defence Fund (EDF) ) openly supported the SO, initiative.
The United Mine Workers Union opposed the implementation of the SO,
program, fearing that it would create incentives for a higher use of low-sulfur
coal (which it did), produced largely in non-unionized mines in Wyoming’s
Powder River Basis, as opposed to high-sulfur coal produced in unionized
eastern mines.

Condd...
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ELEMENT SIGNIFICANCE
e Political Aspects | Political factors played a significant role in the design of ‘rules’ concerning
the issues of equity and choice of permit features. See below.
Equity [ssues The argument by Indiana and Ohio to share costs with the other states,

resulted in an implicit subsidy for the dirtiest utilities located in the Midwest.
These utilities were grand-fathered SO, permits effective in 1995, whereas
cleaner utilities were grand-fathered in January, 2000. So, the implicit subsidy
is the value of the five years’ (1995 to 2000) extra permits, whereby the
dirtiest utilities can sell their permits to any other utility, including a cleaner
plant.

Initial Allocation
of Permits

Grand-fathered initial permits on the basis of average fuel-input during 1985—
1987. Since the distribution was based on ‘fuel-input’ rather than historical
emissions, utilities which invested in green technologies, were not penalized
by allocating fewer permits. Changes in fuel usage by plants were averaged
over the three year period 1985-1987. These three years were chosen as no
evidence of a recession existed during this period.

Revenue
Recycling

Midwestern states such as Indiana and Ohio were offered an implicit subsidy
geared to recover increased cost. This allowed a five year (1995 to 2000)
‘amnesty’ for the dirtiest utilities. Effective January, 2000, a quarter million
permits, or 2.8% annually of the total are kept as a Special Allowance
Reserve (SAR), whose price is fixed at $1,500, and indexed to inflation. End
of year left-overs are sold at auctions. These auctions are revenue-neutral as
2% of the sales revenue is redistributed.

Institutional
Aspects

The SO, program is characterized by a high degree of dependence on various
institutional aspects of the design of allocation rules and revenue
redistribution as described below.

Price vs. Quantity
Debate

The political unfeasibility of imposing taxes (a price instrument) and the
increasing cost burden with the command-and-control type of regulation
opened up the debate over the appropriateness of a mix of price and quantity
elements, which gave rise to a ‘safety valve’ as described below.

Emissions Caps /
Standards

The caps placed on permissible limits of emissions (i.e.,, three and half
million tons a year during Phase I, and 5 million tons a year during Phase I
are consistent with the U.S. technology-based standards (LAER, BACT,
RACT).

Contd...
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ELEMENT

SIGNIFICANCE
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Hybrid / Safety
Valve

Both to encourage trading and to prevent excessively high prices of permits,
(thus to avoid permit ‘market failures’), a ‘safety valve’ mechanism was built
into the SO, program. The U.S. congress established a reserve pool where 3%
of the total permit quota was withheld to ensure access to permits by new
utilities. This pool is sold at a predetermined price ($1,500 or twice the
market equilibrium price) or is auctioned by EPA. Any left-over permits from
the pool are sold at auction to the highest bidders.

Product Market
Characteristics

The electricity market is the major product market, and the coal (and oil and
gas markets, to some extent) the major input market feeding the SO, program.

Demand and

Supply
Conditions

The coal share of electricity generation is falling. A high degree of
substitution of low-sulfur coal for high-sulfur coal has taken place in Phase I
and is expected to continue during Phase II. Shifts in demands for coal (based
on the sulfur content), changes in production and demands for other fuels, and
consumer preferences for alternative sources of power generation (in line
with environmental objectives) have changed the market conditions. These
conditions have affected the performance of the SO, program in Phase [, and
will continue to affect it during Phase IT as well. Discussion in the text
contains details of specific effects.

Pre-Existing
Market
Distortions

The electricity industry had been subjected to a number of other regulatory
provisions including taxes and price ceilings (both federal and state) when the
CAAA were enacted through the SO, permits program. (For details, see the
Federal Energy Regulatory Commission Annual Reports). These distortions
are apparently driving a wedge between the ‘achieved’ cost economies (40%
reduction over command and control regulation) and the ‘potential’ cost
economies (70% reduction over command and control regulation) of the SO,
permits program.

Conid...
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ELEMENT SIGNIFICANCE
o Cost Actual cost savings are about 40% lower as compared to ecommand and
Effectiveness control regulation, and the potential for savings is as high: as 70%. Increasing

competitiveness in the U.S. electricity market (as well as : in the Canadian
exports market) has created pressure to further reduce cossts, which also
contributed to further cost savings. While the estimated coost savings in the
literature range from over one billion to only 300,000 dol::lars a year, the latest
conservative estimates indicate that the cost savings attriboutable to Phase I of
the U.S. SO, trading program were between $225 and $3775 million. Permits
were ratcheted down each year; and very few restrictions were placed on
trades. Permits prices have varied substantially, but the acctual prices have
been much lower than many studies had predicted. Highesst actual price per
permit recorded so far is $ 212 (May, 1999) and the lowesst is $ 74 (March,
1996). During the last few months of 1999, when Phase Il was coming to an
end, permit prices appeared to have been increased by utii lities’ demand for
extra permits to cover emissions during Phase II, which sttarted in January,
2000.

Efficiency Gains
/ Technological
Innovations

Market prices have declined substantially due to innovati~ve activity
undertaken in the wake of the SO, program. Low-sulfur czoal has emerged as a
major low-cost means of compliance. Productivity increazses in surface coal
mining led to a 45% decrease in prices of low-sulfur coal during 1993-1998.
Settlements of rail transport problems in the Midwest coumpled with
investments in rail infrastructure and innovative activity, | have reduced coal
transport costs by as much as 50%. New technologies ha-.ve emerged to
improve the blending of low and high sulfur coal while thne cost of scrubbers,
a favourite option for compliance, fell by about 50% in thae early 1990s.

Property Rights
Characteristics

Overall, a very well designed property rights scheme has - emerged from the
SO, emissions trading program, and the critical charactertistics of property
rights, as listed below, appear to have been secured and arre in-tact in this
system. However, the failure to recognize the SO, permitss as property rights
by the CAAA has concerned some economists as to whetl-her this would lead
to some uncertainties during Phase II.

Exclusivity

Apart from the seemingly inappropriate definition of the SO, permits by the
CAAA, exclusivity property is nicely maintained with reggard to other aspects
of permits, since the definitions are based on the emissiorns intensities of
utilities, as categorized under Phase I and Phase II.

Transferability

SO, permits were freely transferable in both private exchaange and auctions at
the on-going market (or equilibrium) price.

Contd...
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Flexibility

Flexibility is a key feature of the program, which substantially contributed to
the success of the experiment. By allowing sources to use a wide array of
options to meet the targets, an incentive was created among them to search
for the least cost abatement option, an effort which, as discussed above,
resulted in productivity gains and technological improvements in power
generation.

Enforceability

High fines and the EPA’s Continuous Emissions Monitoring system (CEMS)
made it highly unprofitable and virtually impossible to breach the system or
to understate emissions. Hence, no need arose for ‘compliance’ reporting.
Violations carried a hefty $2,000/ton penalty in addition to extra emissions
reductions in the years following the violation.

Life-Span

The annual EPA auctions advocate four different types of sales.

(i) Spot market auction. These permits are usable during the year of auction
only.

(ii) Seven-Year advance auction: These permits are usable seven years later.
For example if the purchase was made in 1993, usage would begin in 2000,
after Phase II has started.

(iii) Six-year advance auction for seven-year permits: These permits are left-
overs of (ii) that are sold one year later.

(iv) Private auction: Source to source trading at EPA auctions.

The initial permits allocated at the outset of the program are valid during both
Phase I and Phase II.

Transaction Costs

Transaction costs remained low, since utilities report their permit trades
directly to EPA, which only verifies aggregate annual volumes of trading.
The information on trading volumes and potential market price ranges, along
with other market characteristics, is easily available to all utilities. This
reduces uncertainty at auctions. The price signals from the yearly SO,
auctions yield very low transaction costs. For example, brokerage fees lie
around 5%, which is substantially lower than the average of other trading
permits systems.

Certainty Criterion

Since SO, permits are of high quality (in terms of property rights
characteristics) the transaction costs remained low, which contributed to a
relatively high degree of certainty. The only concern was the failure of the
CAAA to recognize the SO, rights as property rights. Some analysts (for
example Svendsen, 1998) argue that the gap between the realized cost savings
and the potential cost savings may be attributable, at least in part, to
uncertainty accompanied by this definition.

Contd...
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SIGNIFICANCE

Higher demand for low-sulfur coal increased its production, and lowered
high-sulfur production. Some job losses have been recorded. There are other
micro concerns with regard to GDP level, employment, inflation, etc.
Nevertheless, conflicting (and often biased) views exist in the literature on
cost effects and productivity effects. Chapters 3 and 4 will undertake a formal
inquiry into these two important issues.

Substantial reductions in health risks of atmospheric pollutants such as
premature mortality (88% of total health benefits) and reductions in chronic
bronchitis (9% of total health benefits) and the incidence of respiratory
disorders have been achieved (More details are in Table 2.2).

Phase I has recorded an astonishing 40% over-compliance that proves useful
in early ecological recovery by avoiding further environmental degradation.

The SO, Program was designed to avoid the risk of ‘hot spots’. No ambient
standards were expected to be violated since (i) acid rain occurs due to
emissions concentration (as opposed to the annual level of emissions) in the
atmosphere, and because SO, emissions were to be reduced by 50% over a
ten year period (1990-2000), and (ii) dirtier utilities are located in the West,
and their marginal abatement costs are lower than those located in the East,
and wind blows from West to East. However, in May 2000, New York
legislators were considering laws to prevent Eastern utilities from selling
their permits to dirtier utilities in the West, which continue to use these
permits and emit large amounts of atmospheric pollutants, which through
prevailing wind continue to affect the air quality of the East, New York state
in particular (New York Times. Max (09, 20000).
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CONCLUSION

Overall, the U.S. SO, emissions trading program is considered a “huge
success”, which has been categorized as a well-designed and highly efficient
program. Phase II just started with the hope of delivering even more exciting
results. Low transaction costs greatly contributed to high volumes of, and
substantial gains from, permits trading primarily due to cost savings. The
SO, program will serve as a “model” for future endeavours.

Sources: EPA Allowance Tracking System, Ellerman et al. (1999, 2000), Joskow et al. (1997), Svendsen
(1998), Rico (1995), Reed and Stevens (1993), Kete (1992), Lee (1991), and the author’s calculations.

The presentation in Table 2.10 reflects the importance of the elements of the

analytical framework that was developed in Section 2.4. As shown, the areas of success

can be successfully examined in terms of the performance criteria outlined in Figure 2.2.

The SO, program has been chosen to demonstrate what is envisioned as an overall

evaluation of the critical aspects and the virtues of emissions trading programs.
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2.9 Canada’s Limited Experience with Market-Based
Policies, and the Prospects for the Future

Background

The Canadian Environmental Protection Act (CEP’A) provides the legislative basis for
Canada’s regulatory measures designed to protect the environment. CEPA offers a wide
range of powers to both federal and provincial government regulators, which allow them to
implement all ‘necessary’ measures required to prevent pollution and preserve the
environment. Despite the fact that Canada’s southerm neighbour, United States, is the
largest emitter of all pollutants in North America (also the largest emitter of NAFTA), and

3 increasing amounts of

the party responsible for Canada’s trans-boundary pollution,
emissions (as shown in Table 2.11), particularly SO> 36 CO,, NOx and VOCs, being
generated by Canada’s industrial activity have posed a challenge for Canadian policy

makers in recent years.

Table 2.11

Major Pollutants in Canada (inx Kilo tons)

Pollutant 1990 2000 * 2010 *
SO, 3305 2802 2867
NOx 2106 2080 2187
VOCs 2829 2682 2915

*National Air Issues Coordinating Committee (NAICC) Forecast
Source: hup://www.ec.gc.ca

3% For example, more than half of the acid rain (SO, and NOx) in eastern Canada comes from the United

States (http://www.ec.gc.ca).
36 According to the latest regulation of the Government of Ontario, Ontario Hydro, the largest single emitter
of SO, and NOy in eastern Canada, must reduce its SO, emissions to 157,000 tons by the year 2001

(htp://www.ontariopowergereation.com).



Chaprer 2 88

This situation received wider attention after a very recent NAFTA report has rated
Ontario as the third largest polluted region in North America. 37 As a remedy, the
Government of Canada, in compliance with the Canada-United States Air Quality
Agreement, stipulated that seven eastern-most provinces must reduce their total SO,
emissions 8 to 2.3 million tons from 1994 onwards. Furthermore, a permanent national cap
was introduced in 2000 to limit SO, emissions to 3.2 million tons a year. 3 Ppositive
responses have already emerged. With regard to combating acid rain (reducing SO; and
NOx emissions), Canada appears to have made remarkable progress towards the latter part
of the nineties due to proactive efforts by governments and industry to change industrial
processes, to invest in abatement, and to switch fuel sources. Consequently, SO, emissions

in eastern Canada fell by about 56% between 1980 and 1994. 40

Canada’s Experience with Emissions Trading

Canada is no exception when it comes to applications of market-based instruments for
environmental protection. As in many other countries, regardless of the known
inefficiencies of the traditional ‘command and control’ approaches, Canadian policy
makers, up until the late 1980s, had largely disregarded market-based instruments. As a
result, Canada’s experience with market-based instruments to date has been limited to a
handful of initiatives.

The Acid Rain Control Program of 1985 was the first federal program implemented to
reduce the country’s SO, emissions from industrial sources. The program required a uniform

level of reductions in SO, emissions throughout all regions of Canada. Ontario Hydro

37 The information comes from the Commission for Environmental Co-operation, an arm of NAFTA that
compares pollution statistics from Canada, the U.S. and Mexico. The latest report was issued on May 31,
2000 and is based on emissions data from 1997. Also, see National Economic Research Associates (1993).

38 In Canada, about 18% of electricity is generated by coal combustion, as compared to of 50% in the
neigbouring United States.

39 For details, visit http://www.ec.gc.ca.

40 Details are in Environment Canada website: http://www.ec.gc.ca
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dominated limited trading of emissions credits. The Canadian Council of Ministers of the
Environment (CCME) program is another joint federal-provincial initiative implemented in
two phases beginning in 1988. Phase I was geared to reduce NOx emissions in Canada for a
five year period from 1995 through 2000, and Phase II was designed to control volatile
organic compounds (VOC) emissions for an extended five year period from 2000 through
2005. In 1988, Environment Canada introduced another program to reduce ozone-depleting
substances such as CFCs. Under this program, the production and importation of CFCs and
methyl chloroform were banned, and firms using these substances received transferable
permits equivalent their consumption of these chemicals in 1993, which were transferable.
However, only a handful of transactions took place during the period (Haites, 1996). In
1995, Canada distributed tradeable permits for methyl bromide directly to Canada’s 133
users of the substance. Some trades took place among large players. Canada has also
operated a limited HCFC permits scheme since 1996, trying to assure firm compliance
towards the limits specified by the Montreal Protocol.

More recently, federal policy makers introduced two Pilot programs, namely the Pilot
Emissions Reduction Trading (PERT) (led by Ontario) and Greenhouse Gas Emissions
Reduction Trading (GERT) (led by British Columbia). Both initiatives include credit and
banking as fundamental elements of the programs. The PERT, introduced in 1996, has
encouraged emitters in Ontario to voluntarily report industrial emissions reductions beyond
the regulated limits or any achievements through voluntary action. Registered credits of
PERT are transferable between emitters; the pollutants covered include NO, VOC, CO,,
SO, and CO. The GERT project introduced in 1997 was ended in December 1999. It
covered six Canadian provinces, namely Alberta, British Columbia, Manitoba, Nova
Scotia, Saskatchewan and Quebec. Government administrators reserved the right to tighten
emissions reductions specified under GERT. Trading under the GERT required either the
buyer or the seller of credits to be Canadian, and, until 1999, only five trades were

recorded (http://www.pert.org and http://www.gert.org). At the provincial level, in Ontario
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and New Brunswick, some electric utilities were allowed to make inter-plant trades of
emissions, provided that the total allowable emissions were not exceeded.

The Greenhouse Emissions Management Consortium (GEMCo) is another Canadian
initiative to develop market-based approaches to reduce greenhouse gases. GEMCo was

! with a view to reduce

established in 1996 by Canadian energy and hydro companies 4
agricultural CO, emissions and/or to increase agricultural carbon storage, and thereby to
assist Canada's efforts to meet its Kyoto Commitments. The four-year, $2M project
involves measuring the uptake of carbon at 200 locations located across the Prairies. The
project is funded with $0.8M from GEMCo, $0.8M from Agriculture and Agri-Food
Canada and $0.4M from Alberta Agriculture Food and Rural Development. Recent
estimates suggest that as much as 14 million tons of CO, or more can be stored in

agricultural soils in Canada every year for the next 20 years. Trading of CO; credits is yet

to be introduced.

Future Prospects

In recent years, Canadian policy makers have shown a keen interest in market-based
instruments, particularly emissions trading programs, to deal with pressing environmental
concerns. The cost savings and efficiency gains of similar programs in the United States
(notably, the SO, permits program), and the failure of the traditional command and control
regulation to reach anticipated environmental goals, appear to have significantly

contributed to this new impetus towards market-based instruments. As the deadline is fast

4l GEMCo members include B.C. Hydro, Canadian Utilities Ltd. (including Alberta Power, Northwestern
Utilities Ltd., and CU Power International), EPCOR, Nova Gas Transmission, Nova Scotia Power, Ontario
Hydro, SaskPower, TransAlta Corporation, and the Westcoast Energy Group of Companies (including
Centra Gas BC, Alberta and Manitoba, Northeast Pipelines, Pacific Northern Gas, BC, Union/Centra Gas,
Ontario, Westcoast Energy Inc., Westcoast International, and Westcoast Power Inc. which own and operate
over 80% of natural gas transmission and distribution infrastructure, over 90% of independent power
production capacity, and over 50% of electricity generating plant, including the largest coal producer and
four largest generators of coal-based electricity in Canada.
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approaching for Canada to meet its commitments to reduce greenhouse gas emissions by
6% below 1990 levels, as agreed upon at the Kyoto Convention in 1997 (approximately
26% below 1999 levels), debates on the feasibility of a nation-wide emissions trading
program are presently high on the agenda in both political and academic circles.

A number of Canada-wide research projects have already been initiated to explore
future possibilities for drafting emissions trading programs to address Canada’s
environmental concerns, both domestically and internationally. One such comprehensive
study is that of the National Round Table on Environment and Economy, a collaborative
effort among several federal and provincial government departments (Institute for
Research on Environment and Economy, 1999). In addition, a number of economic fora
and workshops have been organized to exchange information among experts of market-
based environmental policies,public policy makers, and legal advisors responsible for the
implementation of such programs in Canada (Environment Canada / Health Canada, 1999).

Recently, the federal government appointed sixteen stakeholders’ panels (known as
Issue Tables) to examine the potential for greenhouse gas mitigation in Canada. This
initiative is part of the implementation of Canada’s commitments to the Kyoto Protocol,
which recommended, among other things, the implementation of a global emissions
trading program to reduce global greenhouse gas emissions. An expert group called the
Tradeable Permits Working Group (TPWG) has just completed preliminary work
concerning the possibility for implementing a Canada-wide emissions trading program.
The TPWG predicts that emissions trading, particularly among electric power plants,
would entail significant cost savings. It would also be easy to monitor the required
reductions in greenhouse gas emissions through to 2010 (TPWG, Options Report, 2000).
Responding to this federal initiative, TransAlta, one of the largest multinational electric
companies based in western Canada, has joined hands with a leading German electric

company, Hamburgische Electricitats-Werke AG (HEW) to trade emissions reduction
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credits amounting to 24,000 tons of CO, (equivalent to 3,000 cars) (Press Release, June 16,
2000, http://www.transalta.com).

Given the limited experience with emissions trading programs, and the increasing
popularity of, and the need for, market-based instruments, Canada can benefit immensely
from the large-scale and highly successful U.S. emissions trading programs. In this regard,
the U.S. SO, program will serve as a ‘model’ or a ‘toolkit' for Canadian policy makers,
whose objective is to address Canada’s pressing environmental needs through cost-

effective and economically-sound means.

2.10 Concluding Remarks

This study presents the elements of a political economy analytical framework in
market-based environmental policy formulation. By defining ‘environmental policy’ as a

process involving three stages, namely the policy target, instrument choice and

performance appraisal, the study developed an analytical framework primarily within the
realms of positive economic theory. The goal of this framework is to provide a logical
basis for the evaluation of market-based environmental policies.

The major emphasis of this study was an examination of the U.S. SO, emissions
trading program made possible by the CAAA. While we touched on all of the major North
American emissions trading programs, we illustrated the significance of our analytical
framework by applying it to the highly celebrated U.S. SO, program. The emphasis on the
U.S. SO, emissions trading program helped us assess the criteria considered essential in
the analytical framework. Our discussion of the promising features of emissions trading
programs suggested the applicability of this instrument in a wide variety of cases, where
market-based actions are warranted to address pressing issues of environmental /
ecological degradation.

Given the conflicting views in the current literature as to which criteria should be used

(and which are the most important) in evaluations of tradeable permits programs, the
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proposed analytical framework should serve as a vehicle for unifying these different
perspectives. This framework has stressed the need for a simultaneous consideration of
issues of political economy before passing judgments on the relative merits of tradeable
permits systems, specially those listed in Figure 2.2.

The main objectives of this Chapter has been two-fold. First, our task was to set the
stage for the empirical analysis in chapters 3 and 4 of the dissertation. These forthcoming
two Chapters will undertake a comprehensive inquiry into cost effectiveness and
technological innovation attributable to the passage of the U.S. SO, emissions trading
program. Specifically, the two chapters will develop appropriate methodologies to
determine empirically the significance of cost savings and efficiency gains of the program.
A data set representing sixty eight of the largest electric utilities operating in the United
States will be used to test the implications of the models.

Second, the objective was to explore all potential dimensions of market based policies
which are geared to achieve environmental goals. Focussing on the political economy view
point, we tried to understand the important determinants of the success of tradeable
emissions programs. The existing gaps in the literature concerning performance appraisal
of market based policies was the motivation for this undertaking. Being aware of the
increasing interest in the on-going initiatives for tradeable permits programs in Canada, the
latter part of the discussion was devoted to elaborate on the important lessons from the
large scale applications of the emissions trading programs of the United States.

It is believed that this study will be fruitful in providing insights for Canadian policy
makers with the design of appropriate market-based policies to deal with environmental
issues at home similar to the ones in the United States. Our focus on the U.S. SO
emissions trading program should serve as a reference, both in terms of the design and
evaluation of future market-based policy initiatives. Given the close proximity of the
United States and the increasing debates over trans-boundary emissions between the two

countries, we believe that the lessons from the U.S. SO, program, should prove particularly
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relevant for Canadian policy makers in meeting international commitments such as those
of the Kyoto Protocol.

While the two important elements of the performance appraisal, namely cost
effectiveness and efficiency gains, as identified in the analytical framework will be carried
forward for further methodological inquiry in Chapters 3 and 4, empirical analysis of the
other important elements is beyond the scope of this dissertation. Nonetheless, it may be an
important area for future research which would help obtain an even richer set of insights

into the actual interactions of these elements in the setting of environmental policy.



AN ECONOMETRIC ANALYSIS OF MARKET
BASED ENVIRONMENTAL REGULATION:
THE CASE OF ELECTRIC UTILITIES

“It can be predicted with all security thar in fifty vears light will cost one fiftieth
of its present price, and in all the big cities there will be no such thing as night.”

J. B. S. Haldane
British Scientist, 1927.

JEL Classification: C33; C51; D21; L51; Q28

3.1 Introduction

The oil crises in the 1970’s led to a major restructuring of the United States’ energy
policy, with new laws being enacted to reduce its dependence on imported oil by
encouraging a greater use of coal for electric power generation. Although the country is
endowed with 31% of the world’s recoverable reserves of coal, and coal accounts for more
than 85% of potential U. S. fossil-fuel reserves, the combustion of coal furnishes only
about 50% of the country’s electricity, while oil and gas together provide some 26%. !
Although the use of coal resources has risen substantially in recent years, further
opportunities to exploit these reserves still exist.

The increasing amounts of coal being burnt by electric utilities appear to be a major
factor responsible for the continuing environmental degradation in the country, as the use
of coal contributes to the causes of acid rain and global warming. Latest statistics reveal
that burning of coal contributes about 70% of the SO, 30% of the NOx, and 35% of the
CO, of the country’s total emissions from all sources of air pollution.2 Thus, coal-fuelled

electric plants are considered one of the leading causes of pollution in the United States.

! U.S. Department of Energy, Annual Report- 1997 & Scientific American, 1991.
2 National Air Quality and Emissions Trends Report (http://www.epa.gov).

95



Chaprer 3 26

In order to cope with the problem, the U. S. government introduced several
Amendments to the Clean Air Act in 1990 (hereafter, the CAAA), setting more stringent
standards on permissible emission levels for combustion of coal by electric utilities. The
CAAA authorized the Environmental Protection Agency (EPA) 3 to launch a nation-wide
program * to reduce air pollution, primarily by overseeing the production activities of the
coal-fueled electric utilities in the country. The salient feature of the program was the
creation of a market for trading emission rights for the first time in the U.S. history. The
concept of emissions trading 5 is an economic, incentive-based alternative to command-
and-control regulation which is designed to achieve pre-specified environmental targets
with minimum costs. Under this scheme, utilities exceeding the set emission limits have
other options to comply with the CAAA, such as investing in abatement capital, improving
existing technology, inventing new environmentally friendly technologies, fuel-switching,
or adjusting the output, i.e., net generation of power. 6

Since their inception, the CAAA have led to a substantial restructuring in power
generating plants. The affected utilities were attempting to accommodate the new
environmental measures through various means of compliance. The recent findings reveal
that such restructuring has come about at a social cost, notwithstanding its social benefits
(Carlson et al., 1998). Nonetheless, “green” activists representing environmental lobby

groups argue that the CAAA were indeed an essential move on the part of the federal

3 The EPA was established as part of an earlier set of Amendments to the U.S. Clean Air Act in 1970.

* The program is implemented in two stages, namely Phase I (started in 1995), and Phase II (started in
January, 2000). 110 utilities have been affected by the Phase I. See Appendix II for details.

5 In an emissions trading program, sources of a particular pollutant (for example, the air pollutants under the
CAAA) are given tradeable permits to release a specified number of tons of the pollutant. Under the
environmental regulatory scheme, the government issues only a limited number of permits consistent with
the desired level of emissions. The firms acquiring permits may either keep them and release the pollutants,
or reduce their emissions and sell the permits. The fact that the permits have value as an item which may be
sold or traded, gives the firm an incentive to reduce its emissions. The analytical framework presented in
Figure 2.2 on page 27 (Chapter 2) shows how these incentives are formed in a political economy setting.

Net generation equals total generation of power minus plant’s usage.
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government. Critics 7 maintain that the new environmental measures are more restrictive
than necessary, and that they have adversely affected the electric utility industry in the
country (Yaisawarng, et al., 1994).

With these divided opinions among researchers, the regulators, particularly those
responsible for the CAAA, have been trying to determine how they should prioritize their
agenda: energy policy or environmental policy. While many economists would agree that
there is a likely trade-off between the two, a clear-cut answer to such a question is not easy
to come by. What is evident though, is the fact that it is essential to have a certain degree of
co-ordination and co-operation between the uses of the two policies. Thus, the primary task
confronting the economist in choosing the appropriate strategy is to ascertain the economic
costs of the CAAA, and to weigh them against the resulting benefits, so that the net social
benefit or cost is known prior to passing any judgment on the merits of the CAAA.

However, despite a number of useful studies, the recent literature on this issue still
lacks an adequate analysis as to whether, when, how, and to what extent the CAAA have
affected the electric utility industry in the United States. Thus this chapter proposes to
undertake an in-depth inquiry into these questions. The approach taken by this study is
essentially an empirical one. A panel data set 8 covering major U. S. electric utilities is
used to examine the effectiveness of the CAAA in terms of their economic impact on the
U.S. electric utility industry. Since the major emphasis is on the ‘cost side’, ° much of the
discussion will be based on the findings of an econometric analysis which consists of
estimating a cost function and a set of cost-share equations.

The remainder of the paper is organized as follows. Following the introduction, a brief

review of the recent literature is presented in Section 3.2. Section 3.3 then discusses the

7 For a critique of the market-based environmental regulation by a non-economist, see Beder (1994).

8 A detailed description of the data set and the other constructed series are presented in Appendix L.

% The third paper of this dissertation employs the Data Envelopment Analysis (DEA) methodology to analyze
efficiency aspects of these utilities.
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choice of a cost function with special emphasis on shadow input prices. Section 3.4
outlines the econometric model. Section 3.5 constructs the testable hypotheses, and Section
3.6 provides a summary of the data used in the analysis. Estimated coefficients of the
model are presented in Section 3.7, which is followed by an economic interpretation of

results in Section 3.8. Section 3.9 concludes the study with a summary of the key findings.

3.2 Review of the Recent Literature

A large body of literature deals with the firms’ cost minimization problem under
different types of regulatory constraints. However, a majority of these previous studies

10 while a handful of them examine

have focused on the rate of return (ROR) regulation,
the problem under environmental regulation. Furthermore, with very few exceptions (e.g.,
Atkinson & Halvorsen, 1984 and 1998), these studies model the problem within a neo-
classical framework, where firms are assumed to be operating under perfectly competitive
market conditions. However, it should be noted that the regulated firms, regardless of the
type of regulation to which they are subject, fail to achieve cost-minimizing outcomes in
production (Averch & Johnson, 1962, Davis, 1973 and Goulder & Parry, 1999). Thus, the
assumption of perfectly competitive market conditions is not suitable for analyzing the
regulatory environment. Moreover, to our knowledge, no comprehensive study has ever

been undertaken, which models the CAAA per se as a particular type of environmental

constraint in order to examine their impact on the profit maximizing behaviour of the

19 Since most of the electric utilities are operating under ROR regulation, a brief description of how they work
in practice deserves mention. ROR regulation, in general, puts a constraint on the maximum rate of return
that a utility could earn on its investment. By establishing a fair return on investment, the regulator in most
cases effectively puts a cap on the price of electricity charged by utilities to their clients, where the term
fair return refers to the maximum permissible return on utility investment. In most cases, ROR regulation
are enforced only during intermittent regulatory reviews, rather than continuously, and the fuel adjustment
clauses accompanied by them sometimes permit utilities to adjust output prices vis-a-vis fuel cost increases
between rate hearings. Economists argue that ROR regulation often induces overuse of inputs beyond the
cost minimizing amounts (Atkinson & Halvorsen, 1986), and thus, utilities tend to adopt non-cost
minimizing input ratios (Averch and Johnson, 1962 and Davis, 1973).
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electric utility industry in the United States. Thus it is believed that the present study will
contribute to filling this important gap in the literature.

Electric utilities are often subject to a number of regulations simultaneously, but the
primary emphasis of this study is on environmental regulation, particularly those
regulations which accompanied the CAAA. The Amendments to the U. S. Clean Air Act
date back to 1970, but the latest set of the Amendments (which came into effect in 1990)
can be considered as a benchmark in the U.S. history of environmental regulation, since it
initiated the use of market-based instruments to protect the environment. Some scholars
have already attempted to explore several dimensions of the Amendments of both 1970 and
1990, and have made several useful observations relevant to the subject matter of this
paper. In what follows, therefore, we provide a brief summary of the most relevant of those
studies along with their observations and key findings.

Barbera and McConnel (1990) consider an industry subject to an environmental
constraint, and attempt to measure any productivity effects by estimating a cost function. In
their model, the regulated firms are endowed with a two-output technology, while
emissions are assumed to be a by-product, with the only option for compliance being to
invest in abatement capital. Applying their model to five manufacturing industries, they
find that the productivity growth in the U. S. manufacturing sector has declined by between
10% to 30% during the 1970s, due to the environmental regulations accompanying the
Amendments of 1970. However, the specification of their cost function cannot be used in
the case of the electric power industry, since utilities now have the freedom to choose from
a number of compliance options such as investing in abatement capital, adjusting output,
use of new technologies, buying emission permits, etc..

Gollop and Roberts (1983) examine the impact of the Amendments of 1970 on the
productivity growth of constrained utilities. Centering their discussion on a firm-specific

regulatory intensity variable, they attempt to shed light on the productivity effects and the
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regulation-induced fuel-switching by electric utilities. They find that the more intensive
regulations the firms face, the more cost they incur due to expensive low-sulfur fuel, or due
to installing scrubbers. Using a data sample of 56 electric utilities over the 1973-79 period,
they show that the Amendments of 1970, on average, have lowered the productivity growth
of regulated utilities by about 0.59% per annum. However, their assumption that each firm
minimizes its production costs is not plausible, because firms confronted with a regulatory
constraint fail to minimize their actual costs of production, and thus the marginal rates of
technical substitution are no longer equal to the ratios of market prices (Atkinson and
Halvorsen, 1998). Thus, if one were to measure the impact of environmental regulation,
such as that of the CAAA, on the productivity of electric utilities, then the estimation of a
total cost function with actual market prices of inputs is not appropriate. t

Atkinson and Halvorsen (1984) perform parametric efficiency tests using a generalized
cost function with shadow input prices to determine whether utilities subject to regulation
actually minimize their production costs, given market prices of inputs. In particular, they
try to measure the effect of the allocative inefficiency of inputs due to regulation on total
costs and input demand. Analyzing a data set (a cross section for the year 1970) for 123
privately-owned utilities, they find that the presence of regulatory constraints indeed makes
the marginal rates of technical substitution between inputs differ from the ratio of market
prices, and that regulations typically cause distortions in the ratios of capital-labour and
fuel-labour, but not capital-fuel. Since they do not consider any environmental constraints,
their model has to be modified if it were to be used in examining the effects of allocative
inefficiency of inputs caused by the CAAA.

Matsukawa et al. (1993) examine the impact of both environmental regulation and

technical change on fuel choice, as well as the effects of price on fuel substitution. They

! This observation reiterates the classic finding of Averch and Johnson (1962). To overcome this difficulty,
shadow input prices will be incorporated into the specification of the cost function.
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use a pooled data set relating to the Japanese manufacturing sector. The empirical results of
their study, based on the estimation of a translog cost function, suggest that environmental
regulation and technical change significantly affect fuel consumption of most
manufacturing industries in Japan. Even though this study makes several useful
observations as to how market-based environmental regulation may lead to technical
change, and affect fuel consumption, its emphasis on the Japanese manufacturing sector
has to be changed substantially if one were to make it applicable to the case of U.S. electric
utilities. On the one hand, the intensity and the nature of the U.S. environmental regulation,
particularly the CAAA governing the electric utility industry, are significantly different
from those in Japan (Fuss and Waverman, 1990). On the other hand, the production
characteristics of power generation by coal-fueled U.S electric utilities are unique in many
respects since they reflect the local market conditions and prices (Goto, 1998). For these
reasons, such a study can only be used in a cross-country comparison analysis.

Lasserre and Ouellette (1994) consider an industry in which firms produce a single
output using a vector of variable inputs and capital as a quasi-fixed input. '2 They construct
a model where firms maximize profits subject to two constraints: a technological constraint
represented by a production function, and a regulatory constraint which dictates that
revenue less operating costs per unit of capital must not exceed a fair rate of return. To
analyze the effects of the ROR regulation they consider the cost minimization problem
(dual to profit maximization) using a two-step procedure suggested by Diewert (1981). 3
Their study is purely theoretical. Besides the elaboration of the two-step procedure in the

context of a cost function, the derivations of this paper, too, are subject to the same

12 For a review of the existing arguments among economists on how to classify inputs as quasi-fixed or
variable, see Appendix III.

13 The first step of the Diewert’s (1981) two-step procedure is to minimize restricted costs (excluding capital
expenditure) with respect to variable inputs (x) subject to the technological constraint only, and then to
minimize total costs (the sum of restricted costs and capital expenditure) with respect to capital (k), subject
to the regulatory constraint. The advantage of this two-step procedure is that it allows one to derive the
implicit price of capital because the restricted-cost function being used is a standard function.
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criticism made by Atkinson and Halvorsen (1998), namely that the presence of regulation
prevents firms from minimizing their actual production costs. Thus, a cost function of the
type considered by Lasserre and Ouellette (1994) is also not appropriate for examining the
effects of the CAAA.

The foregoing discussion highlights the fact that a number of inadequacies exist in the
literature. These should be done away with in order to reap full benefits of the economic
analysis of environmental regulation. In particular, the failure to account for actual market
conditions where utilities are operating under different kinds of regulatory constraints,
stands out as the major weakness in most of the studies. Ignoring this fact and simply
relying on a perfectly competitive market structure often leads to misleading conclusions.
On the other hand, these previous studies lack an in-depth inquiry into the effects of the
CAAA on utility productivity (and cost economies). '4 The need for a fresh analysis is also
evident from the divided stand of observers/researchers on the overall effectiveness of the
newly introduced market-based environmental regulation.

In part, the lack of consensus among observers is due to the dearth of empirical
evidence regarding the impact of the new regulation. To this end, this study uses a new
panel data set covering a ten-year period which overlaps the inception of the 1990
Amendments. It is hoped that this would enable one to examine the impact of the CAAA
on the electric utility industry in the United States. Hence, the present paper contributes to
the existing literature by undertaking a comprehensive econometric analysis of the costs

associated with power generation before and after the introduction of the CAAA.

4 One exception is Yaisawarng and Klien (1994) who considered the effects of SO, regulation on
productivity in the U. S. electric power industry. They found that the productivity has been on the decline
since 1985. However, their investigation is solely based on Data Envelopment Analysis (DEA), the
technique that we consider in another paper of this dissertation.
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3.3 Cost Function with Shadow Input Prices

The cost function is of much significance for this study, since our inquiry into the cost
effects of the CAAA on electric utilities heavily relies on the econometric estimation of a
cost function and a set of cost share equations. As noted above, much of the criticism of the
previous literature has centered on the absence of shadow prices in the theoretical

framework. Thus, we begin by assessing the role of shadow input prices in cost functions.

3.3.1 Shadow Prices

Because the presence of regulation prevents utilities from minimizing their actual
production expenditure, the estimation of a neoclassical cost function with actual market
prices of inputs is not appropriate to analyze the impact of environmental regulation such
as the CAAA. A useful way to alleviate this problem is to incorporate shadow prices into
the cost function, and to replicate the actual behaviour of utilities. However, a problem
arises as to how one should estimate shadow prices in such a way that the cost function
may take into account the actual behaviour of utilities under the regulatory constraint. In

what follows, attempts will be made to address this question.

Let P denote the shadow price of input i:
P =k,P, 3.1

where P, is the market price of input i, and k;, is the factor of proportionality (also known as
the distortion factor) which is input and firm-specific. 15
Because the differences between shadow and market prices of inputs are dual to

differences between unregulated and regulated quantities of inputs, it is essential that the

15 The distortion factor (k) may also be interpreted as a first-order Taylor series expansion of an arbitrary
shadow price function, g,(P,), which has the properties g,(0) =0 and dg (P)/dF, = 0.
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factor of proportionality (k) be specified as a function of variables that may cause such a
divergence between equilibrium quantities. In general, a number of variables are believed
to be driving this wedge between shadow and market prices of inputs. To begin with
consider internal costs of adjustment. This is an important factor that affects equilibrium

16 such as investment in capital equipment. The channel

quantities of gquasi-fixed inputs
through which internal costs of adjustmert affect the optimal behaviour of utilities is the
discount rate (r) (Atkinson and Halvorsen, 1998). Thus, we consider r to be one
determinant of shadow prices. As a proxy for the ‘economic rate of discount’ (r), Moody's
Industrial Bond Yield will be used.

Switching inputs (i.e., between low-sulfur and high-sulfur coal) has been a popular
strategy for compliance among electric utilities affected by the CAAA (Arimura, 1998).
This behaviour tends to change the input-raiix chosen by those utilities, thus, creating a gap
between pre-regulation and post-regulation input prices. Sometimes this gap could be
exacerbated by the strategic behaviour of the coal producing firms (Doucet et al., 1997).
Thus, it seems useful to consider the rates of change in input usage (Az;) as another
determinant of shadow prices. Yet some scholars argue that it is essential to have a time
index as another determinant of shadow prices in order to reflect the fact that the ‘input
mix’ used by utilities varies over time due to various external factors (Carlson ez al., 1998).

It is evident from the foregoing dliscussion that the choice of an appropriate
specification for shadow prices is somewhat arbitrary, and that the researcher must
examine which circumstance-specific parameters should be included in the specification of
shadow prices. At the same time, the resesarcher has to ensure that the parameters chosen
are all justifiable on grounds that each ome plays a particular role in the analysis. After

carefully considering all such factors, the following specification was chosen for the ‘factor

16 Since the categorization of inputs as variable or quasi-fixed is an empirical question, a priori restrictions
will not be placed on any variable in this study. FFor a detailed discussion of this issue, see Appendix III.
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of proportionality’ (k;) in our model:
k,=exp(d,r,+ 8. Az, + 8,T) where i = coal, capital "’ 3.2

where r is rate of discount, Az are annual changes in input usage, and 7 is an index of time.

3.3.2 Choice of Cost Function

To begin with, it is assumed that there exists a cost function that characterizes the

electric utility industry in the United States:

c=c(P,Q,T) 33

where P, is a vector of input prices, Q is output, and T '8 is an index of time.

There are at least three types of flexible functional forms in the literature which are
frequently being used to specify cost functions namely, Translog, Generalized Leontief,
and Symmetric Generalized McFadden Function. ' While each type of function has its
own merits, most of the recent scholars investigating the firm’s cost minimization problem
under regulatory constraints have favoured the translog function. 20

The widespread use of the translog function can be attributed to several factors. Its
easier adaptability to empirical analyses by adding case specific-variables without altering

the theoretical properties stands out as one of its major advantages. The translog function

places far fewer restrictions on parameters than does any other more traditional Cobb-

17 In the case of electric utilities, the cost share of labour is typically very low relative to that of coal and of
capital inputs. Singh (1991) argues that “....since labour is non-substitutable for fuel and capital, the
electric-output is generally treated to be dependent on fuel and capital”. In our sample, the average labour
cost as a percentage of total production expenditure is between 3% and 4%. Thus, without loss of
generality we omit the relatively insignificant labour costs from the analysis.

18 T can alternatively be interpreted as the rate of technical change which reflects the shifts of the cost
function over time (Suer, 1995). In what follows, we discuss this issue in detail.

19 No attempt is made to discuss the properties of all these functions in this paper. Interested readers can
consult Diewert (1971), Diewert & Wales (1987), and Terral (1996) for in-depth discussions.

2 Translog or Transcendental Logarithmic functional form was first proposed by Christensen et al. (1973). 1t
is a second-order Taylor series approximation in logarithms to any arbitrary function.
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Douglas, Leontief, or CES function. For example, implicit in these other functional forms
are constant elasticities of substitution between inputs and homotheticity of technology. In
contrast, generalized cost functions, such as the Translog function, enable testing for
specific characteristics of technology, and do not require any a priori restrictions on
parameters. Furthermore, those other traditional functions steer measures like elasticity of
size and elasticities of substitution to depend on the data, and thus such measures could
vary across samples. In contrast, with the translog function, it is possible to construct and
test various hypotheses that are invariant to the properties of samples.

Since the translog function provides a convenient framework for analyzing the

behaviour of electric utilities, the following specific form 2! was chosen for this study:
In C= 0+ gln @ + X ofn (kL) + 2 v.D, + T + %B eo(ln Q)
+ 3BT+ 52 2 Byin (k:P)in (k7)) + B gln Q In (k.P) 34
+ 2B in (k)T +Bodln Q)T

where Q is output, >* P, is price vector for inputs, D, is a set of dummy variables 2 Tisan
index of time which represents the technology-induced shifts of the cost function over

time, and &, and k ; are factors of proportionality.

2! The translog cost function of the type specified in (3.4) is a non-homothetic function (Berndt, 1991, chap.
9). In Section 3.5, appropriate hypotheses will be established to test whether this function would meet the
relevant criteria. The technical conditions concerning the translog function and the problems encountered in
its empirical applications are discussed in detail in Appendix III.

2 The output is measured in terms of millions of kilowatt hours.

B In empirical analyses, when using panel data like ours, it is essential to have firm and input specific dummy
variables to capture different structures of each cross-sectional unit in the sample. For details, see the
discussion on Qualitative Variables in Section 3.5.5.
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3.4 Econometric Model 24

3.4.1 Theoretical Considerations

Consider a power generating plant faced with the problem of minimizing its total cost

of production. Assume that the plant takes into account the shadow prices of inputs.
Let the total shadow cost (C”) be:
C=XPX=C (P,.', 0, T) 3.5

where P is the vector of shadow input prices. By applying Shephard’s lemma to (3.5), we

derive the input demand functions:

-

x,=9C = (P, 0.7) 3.6

By differentiating (logrithmically) the shadow cost function in (3.4) we obtain:

almc _[kP]) aC” |_
dln (k.P) — [ C ][a(k[_pi)] =0+ ; B 4in (k,.Pj) +Bipln Q+ BT 3.7

Using Shepard’s lemma, the expression in (3.7) can alternatively be written as:

oln C" _|kP | aCc” |_ kPX; 3.8
dnkP) | C |9&P)| C '

where X, are the input demand functions.

In econometric literature, the expression in (3.7) is often referred to as the shadow cost

share of input i. For notational convenience, let us denote it by M, . and rewrite it as:

M=o+ 3 Byn(k P))+BilnQ+ BT 3.9

24 This section draws from Atkinson & Halvorsen (1994 and 1998), and Kumbhakar (1996).
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where * denotes the shadow cost share.

Now combining (3.8) and (3.9), the input demand function for input / can be written as:
X,=MC(kpP)" 3.10

Since data on either C” or M, do not exist, expressions for the actual rotal cost (C) and the

actual cost shares (M,) must be derived.
By definition the actual total cost is equal to:

C=2. PX, 3.11
Substituting (3.10) into (3.11) and taking logarithms, we could obtain:

In C=lnC'+ank,71M' 3.12

The estimable form for the cost function is derived by substituting (3.4) and (3.9) into

(3.12):
In C =04+ Opln @ + 2 aln (k) + X v,D+ T

+ 380010 €)'+ 3BreT*+ 3T X Byln (kiP)in (k,7)

3.13
+2 BpinQn(kP)+ X B in(kP)T
+Bo(ln Q)T +1n| X k;‘(a,. +2.B,n (k7)) +Bioln Q + BrrT)
Similarly, an estimable form can also be obtained for the actual cost shares:
M, = PX; 3.14

C

Substituting for X, and C using equations (3.10) and (3.12), respectively, we obtain:
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= -1
=Mk 3.15
2 Mk,

Replacing M, using (3.9) we obtain:

[a,.+2j) B in (kP;) + B oln Q + B T |k;'

3.16

M. =

t

% (ai+2j: Byin (kP;) +Boln 0 + B,T)k;‘

3.4.2 Conceptual Issues

In order for the model to be consistent with economic theory, it is necessary to place
certain restrictions on the parameters in both (3.13) and (3.16). The first restriction has two
components to it, which together ensure that the cost function is homogeneous of degree
one in input prices.

a=1 = o+, =1 3.17

ZBij:ZJ:Bij:ZB@:O 3.18

By expanding conditions (3.17) and (3.18) we obtain:

Bu+Bxn=0
Brot+Bn=0
B,+B.=0 3.19
Ba+P=0
Bio+B2p=0

The symmetry of the Slutsky matrix of cross-derivatives of the cost function implies

that ;= ; fori # j. Thus:
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B 2= le 3.20

Now (3.19) and (3.20) together imply that restrictions in (3.18) can be satisfied by setting:

Bu=Bn and PB=—Py 3.21

In addition to the above parameter restrictions, several other conditions must also be
verified because the translog function need not always be well behaved for all input price
combinations. For example, to reflect the fact that an increase in an input price must lead to
an increase in total costs, the cost share equations derived from (3.4) must be non-negative
at each and every data point in our sample. Checking for the non-negativity of cost share
equations is often referred to as checking for monotonicity or positivity.

It is possible to check for monotonicity of the cost function by testing whether the

estimated shadow cost shares (M , ) are all positive, i.e., g%> 0, which implies that:
aQ'*'BQanQ’*'Z Biln (kipi)'*'BQTT >0 3.22

In addition, the cost function should also satisfy a set of concavity conditions. % This

requires that the Hessian matrix %6 should be negative semi-definite.

(Bu+ () - ma5) (B trinss)

7= (BZX"’MZ.MI.) (Bzz'*‘(M;)z—Mz‘)

There are a few other minor technical requirements as well. First, we must append a
classical disturbance term to each of the equations to account for random errors in

optimization (Berndt, 1991, Chapter 9). Such disturbance terms are presumed to be

3 In the case of the translog cost function, the concavity condition is a local property and can be imposed
only locally (Wiley, et al., 1973).
26 The Hessian matrix, in this context, is the matrix of derived-demand elasticities (Chambers, 1988).
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intertemporally independent, multivariate normal with zero mean and non-zero
contemporaneous covariances. Furthermore, one of the cost-share equations should be
dropped from the system of share equations in order to avoid the contemporaneous
covariance matrix for the disturbances being singular. 27 This is because the adding-up
constraints imply cross-equation dependency in error terms. One other requirement for
translog cost functions with shadow input prices is that they must be homogeneous of
degree zero in k; 2 and thus one of the k, must also be normalized by setting it equal to
unity (Atkinson and Halvorsen, 1998). Accordingly, it is set that k, =k, = | making ita
numeraire.

In addition, we examined carefully the other typical econometric problems which arise
in estimating production and cost functions using panel data. Questions of sample
selectivity, serial correlation due to unobserved firm effects, and endogeniety were
addressed. In places where such problems appear to exist, we discuss the remedial

measure(s) adopted in this study.

3.4.3 Model Specification

The model consists of a cost function and a set of cost-share equations. After taking
into account the parameter restrictions (3.17) through (3.21) and the other technical

conditions, the final estimable form of the translog cost function can be written as:

¥ Dropping one of the cost share equations is necessary to prevent the system of cost-share equations from
summing up to unity at every sample point. Even though the choice of the cost-share equation to be
dropped is arbitrary, estimation results would be independent of the equation being dropped if the standard
assumptions on the error structure are maintained, and if the iteration procedure is used in estimation
(Bernd and Savin, 1975). For example, if the Iterative Zellner method (we employ this method) is used, the
estimation results would be invariant to the choice of equation being dropped (Berndt, 1991). Thus, as an
experiment, we attempted the estimation procedure first by dropping the coal-share equation, followed by
the capital-share equation, and the result was that the estimated coefficients are invariant to the cost-share
equation being dropped.

28 This is also true for all of the cost share equations derived from the translog functions (Halvorsen, 1977).
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InC=0q+0gnQ+ain(kP) +(1 - )In(k:P) +¥,Dr+ 4T +1Bofing)+ 18 -7

2

+%Bl{(ln(klﬂ))z-;-(ln(kzl’z))- +Bdn(kP) In(k.P) +Blanq n(k,P) -1n(k2Pz)]

3.24
+BAn(k, )T +BAin(kP)T+B{In Q)T

+In

le(ax +Buin(k,P) +B dn(k:P) *Blan"'Ber) '*'k?((l —O‘x) +B dn(k,P) +B (k2P —BIQIHQ+BZI'T)

where subscripts 1 and 2 denote coal and capital inputs respectively.
Similarly, the cost share equation for coal can be derived from (3.16) by incorporating

all of the parameter restrictions:

o, +B yln (k,P,) + B ialn (P) + Bioln Q + B, T)
( 1 15 2 Q T 3.25

M, =
(al+Bxll“(klpl)‘*'szl“(Pz) +6lanQ+BlTT)+(l—al+BlZln(klPl)+Bllln(P2)_BlanQ+B‘2TT)k[

3.5 Testable Hypotheses

The econometric model developed above provides the basis for testing a number of
hypotheses. It is essential to investigate not only the nature and the magnitude of the
effects of the CAAA, but also the significance and the robustness of the coefficient
estimates of our model. A number of hypotheses are established to examine various

dimensions of the behaviour of electric utilities under the CAAA.

3.5.1 Properties of the Equilibrium

Even though the testing of the model’s equilibrium properties is not a prime objective

of this study, the construction of several other hypotheses (to be described below) requires
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that we examine whether the model has met the standard properties of equilibrium. Thus,
we begin with the tests of static equilibrium properties that are based on the comparison of
shadow and actual market prices of inputs.

In this model, full-static equilibrium is attained if the total actual cost of producing the
output is minimized in each period, i.e., if all marginal rates of technical substitution
(MRTS) are equated to the corresponding ratios of actual input prices. Partial static
equilibrium is attained if MRTS are equated to the ratios of actual input prices for some, but
not all, pairs of inputs. In terms of economic theory, the assumption that utilities minimize
total shadow cost implies that MRTS will be equal to the corresponding ratios of shadow
prices. Thus, the static equilibrium requires the equality of shadow and actual input price
ratios.

From (3.1) and (3.2), we can derive a shadow price ratio for coal (i) and capital (j) in
terms of actual market prices:

P, [k, [P
L a4 [ & 3.26
e 7]

Jt

Expression (3.26) implies that full static equilibrium will be attained if k, =k for
both coal and capital, whereas partial equilibrium will be attained if &, = k ; for either coal
or capital, but not both. As it is necessary that the total actual cost equation and the actual
cost share equations are homogeneous of degree zero in the k,, the &, are identifiable only
up to a constant of proportionality, and the estimation requires that one of them be
normalized. Estimates of the relative values of the k,, as well as all other parameters, are
invariant to the choice of which k, to normalize and its assigned value (Atkinson and
Halvorsen, 1998). Since we have set k, =k, =1 making it a numeraire, using (3.2),

k... = k,, can be written as:

k,= exp(ﬁlrr, +8,Az,, + SITT) 3.27
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Full static equilibrium is attained if k,, = k,,. Given k,, =k, = 1 (i.e., normalization),
the condition for full equilibrium is k,=k_,=1, and the corresponding parameter

restriction is:
5,=08,=8,,=0 3.28

where subscript / denotes coal input.

If the condition for full-static equilibrium given in (3.28) # is rejected, further light
could be shed on the source of rejection by constructing an alternative hypothesis which is
often referred to as the dynamic equilibrium. This is one of the cases where testing of the
equilibrium properties of the model is essential to proceed further. As argued before, one of
the roles played by both the discount rate (r) and the changes in the quantities of inputs
(Az,) included in the specification of shadow prices (3.27) is that together they account for
any divergences between actual and static equilibrium quantities of inputs in the presence
of internal costs of adjustment. 30 Thus, the empirical relevance of the dynamic equilibrium
specification can be examined by testing the joint significance of the discount rate and

changes in the quantities of inputs:

§,=8,.=8,=8,=0 3.29

I
-

Furthermore, in this framework, the likely effects of the CAAA can be interpreted as a
departure from static equilibrium and can be examined by testing whether the other terms
included in shadow price proportionality factors are consistent with static equilibrium. The

corresponding parameter restriction is:

8ir=8,=0 3.30

29 Notice that since two inputs exists, the full static equilibrium coincides with the partial static equilibrium in

this particular case.
%0 See, in particular, Atkinson (1980), Chambers (1988), and Atkinson and Halvorsen(1986).
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Testing for homotheticity and homogeneity is required in order to verify if the model is
consistent with economic theory. Since our estimation does not constrain the structure of
production to be homogeneous or homothetic, we test these restrictions statistically. A cost
function is homothetic, if and only if it can be written as a separate function in output and
input prices, i.e., (@, P) =h(@)C(P). Homotheticity 3 of the production function is tested by

imposing the following parameter restrictions on the cost function (3.24).

BIQ=BZQ=O 3.31

Conditional on the acceptance of homotheticity, a production structure is homogeneous
if and only if the elasticity of cost with respect to output is constant. Homogeneity is tested

by imposing the additional restriction:

3.5.2 Technological Change

The investigation into the technological change induced by the CAAA involves
several steps. First, we identify the narure of the technological change, if any, its bias
towards input use, and finally, its magnitude.

We begin by using the estimated coefficients of the model in order to determine the
nature of the technological change by testing for its types. Two generic types of

technological change, namely Hicks’ neutral and Harrod’s neutral are considered.

Hicks’ neutral technological change requires that:

3t Another way to view homotheticity is to recognize the fact that it requires that all inputs be normal and that
input ratios be independent of the level of output. Based on this observation, a crude test for local
homotheticity can be constructed on the elasticity of input demand with respect to scale:

ho= %‘% =0y +Bogn O+ B ,Q[m (k:P)~1n (k ‘Pl)] + B T- Homotheticity requires that k>0 .
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611':627':0 3.33

Harrod’s neutral technological change requires that:

Bir+Br=0 3.34

It may also be possible that no technical change has occurred due to the CAAA. We

test the hypothesis of no technical change by imposing the following restriction: 32

0r=Bg=0 3.35

The second way to determine the rate of technological change (T) induced by the
CAAA is to use the resulting parameter estimate of the index of time (7). Using the

translog cost function in (3.24) we can define T 3 as:

T=-— alg—tc =—|otr+ BT+ B gin (k,P) + Byln (k,P5) + B orln Q@ + (ﬁ—”—zkfl—'ﬁ—zl) 3.36

where

A =le(al +Byln (klpl) +Bpln (Icsz) +BlanQ+BlTT) + kzl(l - +fln (klPl) +Byln (kZPZ)_BlQInQ+BITT)

In this formulation o, measures the rate of neutral technological change (TC), whereas
B ,r and B, account for the rates of price-induced TC. Furthermore, B 7, >0 implies
that TC is input-using while B 7, B .y < 0 suggest that it is input-saving.

Finally, we divided (3.36) into three components in order to consider the nature of the

32 The sample in hand also provides information on land and land rights, structures and improvements, and
equipment costs, which add up to the total value of capital assets at the end of each year. Since the
difference between any two consecutive years is the net investment which the utilities have undertaken, the
possibility of constructing another hypothesis was considered in order to test the likely effects of the CAAA
on utility investment. However, as utilities simultaneously invest in both productive and abatement capital,
it was necessary to identify each component separately. However, the limitations of the data set did not
permit such a scenario.

33 In this context, T can alternatively be interpreted as the rate of cost reduction resulting from technological
change (Pescatrice and Tarapani III, 1980).
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technological change, namely pure (PTC), factor-biased (FTC), and scale-augmenting
(STC) technological change: 34

PTC=0;+B T 3.36a
FTC = B lTll’l (klP[) + B ZTln (k'.’.PZ) 3.36b
STC=Byln Q 3.36¢

3.5.3 Economies of Scale

Economies of scale can be defined as the relative increase in output resulting from a
proportional increase in all inputs. Hanoch (1975) demonstrates that often it is more
relevant to measure scale economies by using the relationship between total cost and output
along the expansion path. In the present context, rwo concepts of returns to scale are
relevant. The relationship between total actual cost and output corresponds to the usual
definition of returns to scale, and is relevant for evaluating the optimum scale of utilities
from a public policy (i.e., environmental regulation) point of view. On the other hand, the
relationship between total shadow cost and output is a relevant concept for evaluating the
optimal scale of utilities from their own point of view, because it is shadow cost, rather
than total actual cost, that the utilities will presumably minimize.

Next, we set up a hypothesis to test whether the production technology used by utilities

exhibit constant return to scale. The parameter restrictions used to test this hypothesis are:

ap=1,B1p=B2p=Boe=Ber=0 3.37

The elasticity of total actual cost (€,) with respect to output is derived from (3.4):

34 Recently, a similar procedure was adopted by Okunade and Suraratdecha (1998) in order to examine the
nature of the technological change in the pharmaceutical sector in the United States.
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) 1 —k,)8,
Eco =%= Ctg + B goln @ + X B oln (kP +BQTT+((_T')—E) >

where

A= k-l-l(al'*'Bllln (klPl) +Bln (k2P2)+BlQInQ+ﬁlTT) + kzl(l —o;+Bpln (klPl)+Bllln (klPZ)_BlanQ+BZTT)

The formula for the elasticity of total shadow cost with respect to output differs from
(3.37) in such a way that it does not include the last term of equation (3.37). Since this term
may be either positive or negative, the elasticity of total shadow cost may be either smaller
or larger than the elasticity of total actual cost. The elasticity measures described above can

be translated into scale economies (SE) by defining them as: 35

—10_9InC «_1n_90InC
SE=1.0 3n O and SE =1.0 g 3.38a

Scale economies are independent of factor prices if and only if the production function
is homothetic. The production function is restricted to be homothetic if and only if the
shadow cost function can be written as a separable function in prices and output. In
addition, the production function is further restricted to be homogenous if and only if the

elasticity of cost with respect to output is constant. 36 37

3.5.4 Elasticities of Substitution and Prices

The estimates of elasticities of substitution and prices are extremely valuable both as a

description of technology and as a means of comparison. They are alternate, conceptually

35 Multiplication by 100 yields estimates of scale economies expressed as percentages.

3 As part of the discussion of the ‘Technical Considerations’ above, the parameter restrictions necessary to
test both the homotheticity and homogeneity of the production function will be specified.

3 Okunade and Suraratdecha (1998) show that economies of scale can also be defined (at the mean point of

expansion) using: ESCALE=1 — dln C) A pegative (positive) estimate of ESCALE indicates diseconomies
dln 0 g

(economies) of scale, whereas a zero estimate implies a constant cost. These results are the same as 3.37).
For another viewpoint, see Blackorby and Russell (1989).
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different ways of measuring substitution possibilities among inputs. The most commonly
used are two types of elasticities, namely the Allen Partial Elasticity of Substitution (AE)
and the Morishima Elasticity of Substitution (ME). 3 The difference between the two
measures can best be understood in the context of cost-minimizing behaviour.

The AE, (denoted by E;) is the own-price elasticity of demand for factor i. It measures

the responsiveness of factor i to changes in its own price and can be measured as:

E;= E'%SE;SL 3.39

where S; and §; are cost shares.

The AE; (denoted by E;) is the cross-price elasticity of demand for factor ¢ with
respect to the price of factor j, divided by the jth cost share. It measures the responsiveness
of factor i to changes in the price of factor j (in terms of logarithmic derivatives) and is
symmetric (E; = E ;):

E - B,+SsS;

i 5SS 1#] 3.40

i
where §; and S are cost shares. 39

The ME; (denoted by M ;), on the other hand, measures the responsiveness of the ratio
of the demand for factor i and j to a change in the price of the i™ factor. Since M 5 measures

the responsiveness of the ratio of demands to changes in the 7™ price, it is not symmetric.40

38 In general, inputs are classified as substitutes if the elasticity of substitution is positive, and as complements
if it is negative. As we will see, input classification may not always be independent of the choice of the
elasticity measure.

3 There is an alternative way to verify the concavity of the cost function. Notice that the price elasticity of
input demand for production (€ ;) can be directly calculated from the AES as: g, = E;S . Once the estimate
X =[E,] is obtained, the matrix of the price elasticity of input demands (8) can be calculated as: 8=2XS.
Then, the necessary and sufficient condition in order that the translog cost function to be concave is that all
the eigen values of matrix ¥ be non-positive. In other words, the matrix of Allen elasticity of substitution
is negative semi-definite.

4 For a more detailed discussion of partial elasticities of substitution and the differences between AES and
MES, consult Chambers (1988), pp. 27-36, 93-100.
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ME; is defined as a logarithmic derivative of a quantity ratio with respect to a marginal rate

of substitution or a ratio of input prices:

_ Bij+Sl‘S'j_ Bu+SI-S;
g S S

M i j 3.41

J i
where S; and S ; are cost shares. *'
The MES; can also provide complete information about relative factor cost shares in

response to a change in factor prices (Huang, 1991). This measure can be written as:

n;=1-M; 3.42

y

The relative cost share is decreasing (increasing) if the MES ; is greater (less) than one.

3.5.5 Qualitative Variables

To examine the relationship between ‘utility-specific’ characteristics and the likely
effects of the CAAA, several qualitative variables are considered in the form of dummy

variables. 4?

3.5.5.1 Size of Utility

A dummy variable representing size is introduced to account for the scale of operation
of the affected utilities. Using installed megawatt capacity as a proxy for ‘size’, each utility
is classified as large or small, where large utilities are those with an installed capacity

which exceed the industry-median, while the rest are considered small utilities. The

4! The AES measures are the most commonly presented elasticity measures in the literature. They are useful
for verifying whether the estimated functions satisfy the regulatory conditions required for well-behaved
cost functions because these conditions can be expressed as relatively simple functions of AES. However,
in cases where more than two inputs are considered, the MES measure is preferred, since, in such cases, the
AES measure fails to account for the curvature properties of the isoquants and the relative cost shares, and
hence, the resulting marginal rates of substitution become questionable (Blackorby and Russell, 1989).

42 Ag noted before, some of these dummies (for example, firm-specific dummies) are essential in order to
capture different structures of each cross-sectional unit in our panel data set (Johnston, 1984).
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objective is to examine if the likely effects of the CAAA are variant to the ‘capacity’ of
utilities. Some scholars (e.g., Kumbhakar, 1993b) have shown that the scale of operation at
which utilities function, can be used to draw inferences about economies of scale and the
characteristics of production technology. Thus, we integrate our findings here with those of

the scale hypotheses to examine what they could offer with regard to the new regulation.

3.5.5.2 Pre-regulation period versus Post-regulation period

This dummy variable is central to our analysis as it accounts for the likely effects of
the CAAA across two time periods. The ten-year 43 period (1985-94) covered by the
sample is divided into two periods, namely the pre-regulation period (1985-89) and the
post-regulation period (1990-94). 4 The goal is to determine if there has been any

significant change in the behaviour of electric utilities following the passage of the CAAA.

3.5.5.3 Location Characteristics

Sometimes geographical factors could also influence the production activities of the
utilities. We use three dummy variables in order to distinguish the location of each utility.
The dummy variables represent the three regions of the United States, namely Midwest,
Northeast, and Southeast. The choice of these three regions is to reflect a “even”
distribution of utilities (included in the sample) across the country. The resulting
coefficient estimates will be used to examine the significance of location as another factor

influencing the behaviour of utilities.

43 The sample covers an eleven-year period from 1984 to 1994. However, because the construction of some
variables in the model required the data to be lagged one year, a ten-year period from 1985 to 1994 was

chosen to ensure a ‘balanced’ panel data set.
4 As an experiment, the model was also estimated by redefining this dummy variable as one that takes on the

value of 0 for years 1985-89 and / for years 1990-94. The results are presented in Table 1 in Appendix III.
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3.5.5.4 Firm-Specific Dummies

Since a panel data set is used, it is essential that we account for cross-sectional
variations in the sample. Ignoring such variations would give rise to biased parameter
estimates (Atkinson and Halvorsen, 1998). Thus we introduce into our model 68 utility-

specific dummy variables to capture the different structures of each cross sectional unit.

3.5.6 Tests for Special Cases

The null hypothesis that factors of proportionality (k;) do not vary over time, is tested

by imposing the following restrictions:

8,7=08,r=0 3.43

If this hypothesis is rejected, failure to incorporate the time variable as part of the distortion
factors will cause a bias in measuring the total rate of technological change.

To test if the utilities attain cost efficiency of inputs, we must test whether k; =k ;=1
(where i = coal and j = capital), as assumed in Gollop and Roberts (1983). The relevant

parameter restrictions are:
=8,,=8,,;,=8,;=0 3.44

If the hypothesis in (3.44) 4 cannot be rejected, then it can be concluded that utilities
minimize their actual costs of production. Otherwise, it will be possible to confirm the
argument that the use of a neoclassical cost function gives biased estimates concerning the

true characteristics of the production function. 46

%5 Notice that this hypothesis has similarities with (3.25), which tests the properties of the static equilibrium.
4 Equation (3.44) is of particular importance for next chapter (Chapter 4) which is based on Data
Envelopment Analysis (DEA), where we explore the efficiency aspects of the CAAA.
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3.6 Data Sources and Definitions
3.6.1 Sources of Data ¥’

The data set used in this dissertation is compiled from the Federal Energy Regulatory
Commission (FERC), the national institution which oversees federal regulation governing
the electric utility industry in the United States. FERC has established a number of standard
forms to collect data from coal-fired electric utilities on both a monthly and an annual
basis. Most of our data are from the FERC Form 1, 8 the mandatory annual report
submitted by coal-fired electric utilities. The sample includes both cost and production data
for 68 leading coal-fueled 49 U. S. electric utilities over the ten-year period from 1985 to
1994. °° Of these power generating plants, 53 are investor-owned, and 15 are publicly-
owned utilities. The sample include eight of the twelve most polluting power plants owned

by power utility companies in the United States (http://www.epa.gov).
3.6.2 Definitions

The cost of production (C) is the total cost of generating electricity. Output (Q) is the
net generation of electricity measured in thousands of kilowatt hours. The raw data on the

price of coal (P.) represent the delivered price per ton of coal at plant sites. To make it

47 A detailed description of the data set and the other constructed series is provided in Appendix L.

% A specimen of the FERC Form No. 1 is attached to Appendix L.

4 These utilities (or plants) remained as coal-fuelled utilities throughout the sample period, i.e., 1985-1994.

%% Since the primary goal of this study is to examine the effects of the CAAA, the length of the time series has
been chosen to enable meaningful comparisons between pre- and post-regulatory periods. It should be
noted, however, that the data set used in this study has been compiled as part of another research
assignment, and that the budgetary limitations did not permit us to update it beyond the year 1994.
Nevertheless, most recent studies examining the U.S. SO, program (Schmalensee, er al, 1998 and Stavins,
1998a) find that the utilities affected by the CAAA had started responding to the new environmental
measures as early as 1991, despite the fact that Phase I of the CAAA had been scheduled to begin only in
1995 (See in particular, Ellerman et al., 2000). These studies further show that such behaviour is consistent
with both inter-temporal optimization and the long-term nature of the investment contracts agreed upon by
the utilities. Thus, we believe that our data set is extensive enough to shed light on the behaviour of electric
utilities affected by the CAAA.
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applicable to this study, we adjusted the price of coal by using the Bru content as a
weighting factor, where the Bru factor is also taken from the FERC’s Form 1.
The price of capital (P) (i.e., implicit rental price) was calculated using a method

developed by Jorgenson (1963) and Coen (1968). They define the user cost of capital (P,)

as Pk=[g(8+s)(l —uB)]/(l-u), where g is cost per unit of capital, & is economic rate of

depreciation, s is rate of return, u is corporate income tax rate, and B is the present value of

the tax depreciation allowed for one dollar's investment: 13=§':l df1 +s)". For g, we chose

the ‘Handy-Whitman Price Index’ taken from the Moody's Nation Wide Survey of Public
Utility Progress, while d = 0.045 was adopted from Christensen ez al. (1980). 3! For the rate
of return (s), Moody's Industrial Bond Yield was selected. Following Coen (1968), the
useful life of a utility for tax purposes (/) was taken to be 18 years, and it was assumed that
the government permits utilities to write off its plant(s) in 18 years by equal instaliments.
Moody's Industrial Bond Yield 52 was used as a proxy for the rate of discount (r).
Changes in the quantity of input usage (Az,) are absolute changes in the quantities of inputs

(i.e., Az, =z, —z,_,). Time (7) is an index representing each cross-section of the sample.

3.6.3 Sample at a Glance

Some descriptive statistics of the data set concerning the pre and post regulation
periods are presented in Table 3.1 below. All values reported are adjusted for inflation,
where appropriate, using the relevant price indices, namely the U.S. coal price index and

the U.S. GDP deflator.

5! In Christensen et al. (1980), it was calculated using the 1.5 diminishing value method, assigning 33 years of

cconomic life for utilities.
52 Miller and Modigliani (1966) have found that for the electric utility industry, Moody's Industrial Bond
Yield is far superior to a weighted average yield on bonds.



Chaprer 3 125

Table 3.1

Some Descriptive Statistics % of the Sample

ANNUAL VARIABLE MEAN ST.DEV. MINIMUM MAXIMUM
AVERAGE

1985-89 Cost of Production ($ millions) 84.785 78.830 1.9276 427.00

Output (MW millions) 3.8733 4.0003 0.0328 21.690

Price of Coal ($ per ton) 36.84 7.95 19.87 68.99

Price of Capital (user cost per $) 0.1009 0.0090 0.0927 0.1178

Rate of Discount (real r) 0.0959 0.0074 0.0911 0.1106

Capital Stock ($ millions) 196.03 208.13 8.1627 950.00

Quantity of Coal (tons) 1680.0 1702.3 16.00 8455.0

1990-94 Cost of Production ($ millions) 90.179 87.042 1.8784 490.00

Output (MW millions) 4.0562 4.2642 0.0277 21.883

Price of Coal ($ per ton) 34.60 8.052 13.02 57.69

Price of Capital (user cost per $) 0.0853 0.0087 0.0727 0.0983

Rate of Discount (real r) 0.0819 0.0070 0.0714 0.0919

Capital Stock ($ millions) 220.95 219.90 8.3468 1020.00

Quantity of Coal (tons) 1707.6 1765.5 10.00 8570.0

33 A more detailed year-to-year version of these statistics is presented in Table 4 of Appendix L.
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3.7 Estimation Results

The dual system consisting of the cost function (3.24) 4 and the cost share equation
(3.25) has been estimated using Zellner's Non-Linear Iterative Seemingly Unrelated
Regression (NLISUR) method. 55 For ease of reference, we have reproduced the complete

dual system (i.e., cost function %6 and cost share equations together) below.

5 There is a debate among scholars, particularly those studying the behaviour of electric utilities, as to how
the owtpur variable is to be treated, i.e., as exogenous or endogenous, in econometric models. Due to the
nature of regulation under which electric utilities operate, most economists (for example, Barbera and
McConnell, 1990 and Rose er al., 1992) argue that it is necessary to treat output as exogenous. In part, their
argument is based on the fact that, in reality, regulators offer very little freedom to utilities to adjust output
frequently, rather they successfully manipulate the output of each utility through regulation. However, some
economists (for example, Atkinson & Halvorsen, 1998) argue that the production decisions of utilities have
been changed in recent years, and that currently utilities have more freedom to make their own decisions on
output. Thus, it is necessary to treat output as endogenous. After a careful consideration of both viewpoints,
we decided to follow the former, by treating output as an exogenous variable in our econometric model. In
part, the complications that arise when trying to model output as an endogenous variable, and the negligible
effect that the latter approach has on the issue in hand, led to favouring of the former approach. A detailed
discussion of this issue is presented in Appendix II.

55 Zellner's Non-Linear Iterative Seemingly Unrelated Regression (see Zellner, 1962) estimates are obtained
by estimating a set of nonlinear equations with cross-equation constraints imposed, but with a diagonal
covariance matrix of the disturbances across equations. These parameter estimates are used to form a
consistent estimate of the covariance matrix of the disturbances, which is used as a weighting matrix when
the model is re-estimated in order to obtain new values of the parameters. These estimates are consistent
and asymptotically normal, and, under some conditions, asymptotically more efficient than the single
equation estimates. The seemingly unrelated regression method is a special case of generalized least
squares with a residual covariance matrix of a particular structure: V=35 ® I;. This procedure is often
referred to as Zellner's method, since it was originally proposed for linear models by Arnold Zellner, or
also as the Aitken estimator (which is a special case).

56 In early stages of this research, a suggestion was made that we should decompose our data set into two
components to coincide with the pre-regulation (1985-90) and the post-regulation (1991-94) periods and
run two separate regressions without including the regulation-dummy variable in the cost function. It was
proposed that an appropriate test (for example, the Wald test) could be used to examine whether there has
been any 'structural break’ in the early 1990s, supposedly due to the CAAA. We considered this scenario
and computed the appropriate Wald statistic following the procedure outlined in the Limdep 7.0 Manual on
pp. 137-43. We rejected the hypothesis that: CAAA have significantly affected the cost of producing
electricity in the United States, which is consistent with the corresponding results obtained with the relevant
dummy variable. The regression and test results are presented in Table 2 in Appendix II.
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Cost Function
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k, =exp(8,r, + 8. Az, + 8T) where i = coal, capital

The estimated coefficients >’ are presented in Table 3.2 below.

57 We attempted several combinations of initial parameter values to verify convergence of the model. It
turned out that the model is converging to the same set of parameter values regardless of the initial values
being assigned, implying stability of the model’s structure. In addition, we also tested for heteroskedasticity
(using Breusch et al., 1979) across ten cross-sections of the data set, but could not find any evidence of its
presence. We also adopted the new technique suggested by Anderson and Vahid (1998) to test for
heteroskedasticity in the case of pooling the cross-sectional and time-series data. This method also
confirmed that our estimates are not prone to heteroskedasticity. Going a step further, the regulation
dummy (D,) was redefined: a value of zero was assigned for the period from 1985-89 (as opposed to 1985-
90) and the value 1 was assigned for the period 1990-94 (as opposed to 1991-94). The objective was to
examine whether there has been any ‘delayed effect’ of the reforms accompanied by the CAAA, and to
verify if such an effect, if any, is substantive enough to change the parameter estimates of the model. It is
evident from these estimated parameter values presented in Table 1 of Appendix II that they are invariant to
either definition of the regulation dummy.
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Table 3.2
VARIABLE PARAMETER COEFFICIENT VARIABLE PARAMETER COEFFICIENT
NAME ESTIMATE NAME ESTIMATE
14.436 0.5235
Constant o (13.865) Plant3 Y3 (2.1229)
Output -0.4385 Plant 4 0.5530
P %o (-2.5710) Ya (1.8660)
Price of Coal o, 0.1684 Plant5 Ys 0.55594
(2.1660) (2.2159)
Rate of Discount ) 3.3051 Plant 6 Yo 0.37085
" (2.0677) {1.5055)
Annual Change 571 0.000275 Plant 7 a 0.64558
in Coal Usage ) (2.7631) (2.1801)
Time trend of 51 -0.0160 Plant 8 Ys 0.32370
Input Prices (-3.2771) (1.3127)
Regulation 0.0097 Plant 9 0.50775
Dui‘mmy Oreg (0.48081) Yo (2.0589)
Capaci 0.57844 Plant 10 0.071896
Duium?, B (2.3421) Yio (0.32385)
Regional ) 4.8274 Plant 11 Yu 0.06068
Dummy 1 (MW) m (7.8832) (0.27648)
Regional 4.4134 Plant 12 0.0441
Du%lnmyz(NE) O (7.1819) Y12 (0.23538)
Regional 4.4205 Plant 13 -0.02568
Dug,;my3(55) O (6.9715) Vi3 (-0.1376)
adratic 0.07733 Plant 14 -0.03051
%tput Boo (6.4181) Vis (-0.13845)
adratic 0.00262 Plant 15 0.16049
?’:nehldex Brr (1.6276) Yis (0.7309)
adratic-Price 0.06076 Plant 16 0.3674
S?Inputs Bu (5.0655) Vi (1.9627)
Cross-Price B s 0.00009 Plant 17 Yir -0.6555
Of Inputs 2 (0.00580) (-2.9661)
Price of Coal 0.03217 Plant 18 0.7046
And Output Bio (6.1235) Yis (3.7803)
Price of Coal B T -0.00871 Plant 19 Y19 0.04166
And Time (-1.9731) (0.18966)
Price of Capital -0.00034 Plant 20 -0.00379
Ar:ld Time P! Bar (-2.04337) Y20 (-0.02031)
Output and -0.00506 Plant 21 -0.10244
Tmtﬂ Index Bor (-2.0164) Ta (-0.46535)
Index of -0.03325 Plant 22 -0.14807
Time %r (-1.92875) V2 (-0.66722)
Utility-Specific 0.2794 Plant 23 0.21745
Dum?;ypl (Plant 1) iy (1.1312) Y23 (1.1673)
0.7697 Plant 24 0.95116
Plant2 T2 (3.0904) an V2 (5.0121)
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VARIABLE PARAMETER COEFFICIENT VARIABLE PARAMETER COEFFICIENT
NAME ESTIMATE NAME ESTIMATE
Plant 25 Yas (01.-37234;59) Plant 47 Yer (ol'_30899 6‘26)
Flant 26 Yas (Z0712107) Flant 48 Ve (0.23548)
- T R R
Plant28 Y2 (o 3'.667 012931) Plant 50 ¥s0 (02'.‘ 33210821)
Plant29 Y2 (o 2'.‘ 3‘635589) Plant51 Y51 (°1°.s 4027 9800)
Flant 30 Y30 (.—OJ.O.2 27317677) Plant 53 V52 (3132§Z§>
Plant 31 Y31 (o 3..51982 0895) Plant 3¢ ¥s3 (:g :g:gég)
Plant 32 Vs (--02'.3 070‘2705) Plant 54 ¥s4 (o 1'.‘ 26332016)
Plant 33 V33 (.—02.‘307052‘90) Plant 55 ¥ss (o 4'.843415015)
Plant 34 VY34 (- -02-.5836691: ) Plant 56 ¥s6 (g t égigg)
Flant 35 ¥ss (.—01..2 47753646) Plant 57 Ys7 (03..645819300)
Plant 36 Y36 (-00'.000379? 63) Plant 58 Vs (04..7 1865 3238)
Plant 37 Y31 (- —01'.3 029‘8597) Plant 59 ¥so (01..3963047013
T T T N CRN -
Plant 39 Y39 (0 2'.6279815; Plant 61 Yol (04'.868730219)
Plant 40 Y0 ( :‘1{ . gg’; Z ) Plant 62 Yz ?2.-5609284053
Plant 41 Yar (02..872940532) Plant 63 Yes (02..513766064)
Flant 42 Ya2 (- -01'.2 18:1‘5ts) Plant 64 Yes ( g '11133 )
Plant 43 Va3 (- -02..666208673) Plant 65 Yes (-—02. 5 79174247)
Plant 44 Yas (;38;: ) Plant 66 Yes (—_02.'555389221)
Plant 45 Yas ( ;: gggg) Plant 67 Yo7 (.-03'.7 4?9179)
Plant 46 Yas (o 1'.305064‘12) Plant 68 Yes (.-oo'.l'lslasass)

* t-values are in parentheses.
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3.8 Analysis of the Results

3.8.1 Evaluation of the Model

The estimated coefficients of the model, along with the relevant z-statistics, are shown
in Table 3.2 above. It turns out that all parameter values lie within permissible magnitudes
and meet their expected signs. Hence, they are consistent with economic theory. To verify
if they are invariant to different ‘starting values’, we re-estimated the model with different
combinations of initial values. Interestingly, the model converges to exactly the same set of
parameter values given in Table 3.2, confirming the robustness of our coefficient estimates.

We also verified whether the structure of the model and the estimated coefficients
meet all of the required technical conditions considered above. In particular, we checked
for the regularity conditions namely, monotonicity and concavity. To satisfy monotonicity,
estimates of shadow cost shares (3.22) should be positive. To satisfy concavity, the Hessian
matrix (3.23) should be negative semi-definite. All 680 observations in the sample satisfied
monotonicity. All but six observations satisfied concavity. In addition to providing
statistical rigour to the model, these conditions together ensure that our inquiry into the
effects of the CAAA on production cost, input demand, and scale economies of electric
utilities is consistent with economic theory (Jorgenson & Fraumeni, 1982, and Daly & Rao,
1985), and is therefore empirically sound.

As anticipated, substantial variations were apparent across most of the cross-sections.
It justifies our move to incorporate utility-specific dummy variables into the model. It

turned out that 42 of the 68 utility-specific dummy variables are statistically significant.

3.8.2 Tests of Hypotheses

The results of the hypothesis tests are reported in Table 3.3 below. Unless otherwise

stated, all tests are Wald tests with a significance level of 95%.
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Table 3.3

A Summary ol the Hvpothesis Test Results

Hypothesis Wald Statistic %2 Critical Value
(c.=0.05)

Properties of Equilibrium

- Full static equilibrium 25.8623 7.8147

- Dynamic equilibrium 12.7883 5.9915

- CAAA as a departure

from static equilibrium 10.7395 3.8415

Production Characteristics

- Homotheticty 37.4978 3.8415

- Homogeneity 41.1914 3.8415
Geographical Factors

- Midwest vs Northeast 3.8671 3.8415

- Northeast vs Southeast 0.0003 3.8415

- Southeast vs Midwest 1.1773 3.8415

- No geographical effect 62.9727 7.8147
Scale Economies

- Constant Returns 24.1256 11.0705

- Megawatt capacity of plants 5.4854 3.8415
Regulatory Effects

- CAAA (with definition I) 0.2312 3.8415

- CAAA (with definition 2) 0.3615 3.8415
Technological Change

- Hicks’ neutral 2.8781 5.9915

- No technological change 6.1167 5.9915

- Properties of Equilibrium

Equilibrium properties of the model are tested using three hypotheses namely, full static
equilibrium (SE), dynamic equilibrium (DE), and the CAAA as a departure from static
equilibrium (ADE). The SE hypothesis (3.28) is rejected. The relevant Wald statistic is
25.8623 against a critical y? value of 7.8147. This result reaffirms a well-established fact
that firms subject to regulation, regardless of its type, fail to minimize their costs of

production, and that the marginal rates of substitution are no longer equal to the ratios of
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actual market prices. Thus the result justifies our move to incorporate shadow input prices
into the translog cost function. The DE hypothesis (3.29) is also rejected with the computed
Wald statistic of 12.7883 against a critical ¥ value of 5.9915. It implies, therefore, that
both the discount rate () and the annual changes in input consumption (Az) may influence
the cost of power generation. Together, they bring about a divergence between the actual
and the static equilibrium quantities of inputs used by the utilities. Thus, in the case of
electric utilities, we cannot reject the alternative hypothesis of dynamic equilibrium subject
to internal costs of adjustment.

The importance of these findings is that they help us examine whether the divergence
has in fact been caused by the CAAA. This is done by testing the ADE hypothesis.
Interestingly, the ADE hypothesis is rejected with the computed Wald statistic of 10.7395
against a critical x? value of 3.8415. It appears, therefore, that the CAAA have contributed
to the divergence despite the fact that additional information is needed (because electric
utilities are subject to several regulations simultaneously) in order to single out the extent
to which the CAAA have caused such a divergence between the actual and the static
equilibrium quantities of inputs. As argued by Carlson et al. (1998), this could result from
the distortions of the cost minimizing ratios of inputs due to the swirching of inputs (i.e.,
from high-sulfur coal to low-sulfur coal) by the affected utilities in attempting to comply

with the new regulation.

- Production of Characteristics

The hypothesis that the production technology used by electric utilities is homothetic
(3.31) is rejected; the Wald statistic is 37.4978 against a critical x> value of 3.8415. As a
result, homogeneity, which is conditional upon the acceptance of homotheticity, is also
rejected. The relevant Wald statistic is 41.1914 against a critical x* value of 3.8415. These

results reinforce our earlier assertion that the relevant translog cost function is non-
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homothetic. In general, however, these two technical conditions have a little economic
content, except that they provide useful information concerning the technology being used

in power generation.

- Geographical Factors

To examine the role of geographical factors in power generation, we considered
several hypotheses. The United States was divided into three regions namely, Midwest
(MW), North East (NE) and Southeast (SE), and identified each utility as being located in
one of these regions. The hypothesis that there is no difference in costs between ‘MW and
NE’, is rejected. The Wald statistic is 3.8671 against a critical x> value of 3.8415.
However, the other hypotheses that no difference in costs exists between ‘NE and SE”, and
‘SE and MW’ cannot be rejected; the computed Wald statistics are 0.0003 and 1.1773
respectively against a common critical x> value of 3.8415. The joint hypothesis, that there
is no overall effect of location factor on the cost of production, is also rejected with the
computed Wald statistic of 62.9727 against a critical x> value of 7.8147.

These results together imply that the cost of producing electricity could vary across
regions. In particular, the relevant parameter values shown in Table 3.2 reveal that the per-
unit-cost of electricity in the Midwest region is slightly higher than the rest of the country.
58 While this observation is important for our analysis in the next paper, where we use the
Data Envelopment Analysis (DEA) to measure the production efficiency of these utilities, it
also provides useful information for regulators who are concerned about the state-specific

performance of the federal regulations such as the CAAA.

58 Exploring why such a difference exists in the Midwest is beyond the scope of this paper.
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- Scale Economies

The hypotheses that production technology exhibits constant returns to scale is
rejected, because the relevant Wald statistic is 24.1256 against a critical ¥* value of
11.0705. It turns out, therefore, that the technology being used for power generation should
be one of either decreasing returns to scale, or of increasing returns to scale. Furthermore,
our hypothesis that the size of the plant does nor affect the cost of production is also
rejected. The relevant Wald statistic is 5.4854 against a critical x* value of 3.8415. This
means that the megawatt capacity of plants also matters, causing the cost per unit of
electricity to vary across utilities. These observations, as a whole, imply that the existing
plant capacities and the scale characteristics of the technology could also influence the
compliance strategies preferred by the utilities. This could be due to the fact that scale
economies are reflected in the cost minimizing behaviour. 3 They effectively determine the
ways in which a particular utility is going to comply with the CAAA. We will give further

consideration to this issue later in the discussion.

- Regulatory Effects (The Clean Air Act Amendments of 1990)

The important hypothesis that the CAAA have affected the cost of power generation is
rejected; the computed Wald statistic is 0.2312 against a critical x* value of 3.8415. In
other words, this study provides no significant evidence to support the view that the cost of
producing electricity by coal-fuelled utilities has been affected by the new environmental

regulation. At a glance, this result appears to be in contradiction to several earlier studies

% 1t is shown above that non-homotheticity of the cost function is determined by the magnitudes of the
parameters B, and B ,, of our model. The effect of the coal price interacting with output is positive since
B 1o > 0, whereas the effect of the cost of capital interacting with output is negative f3,, <0. In general,
positive (negative) values of B, indicate that an increase in the corresponding input price leads to lower
(higher) scale economies. However, in our case as the magnitudes of B,, and 3,, cancel each other out,
the net effect of price changes would not alter scale economies.
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that investigated similar types of environmental regulation such as the first set of
Amendments to the U.S. Clean Air Act enacted in 1970. One of the major conclusions of
these earlier studies was that the environmental regulation had created an additional burden
on the cost of power generation.

Nonetheless, a number of very recent empirical studies which examined the effects of
a wide variety of market-based environmental regulation have found that most of those
earlier studies had failed to account for all of the elements, as a whole, that are critical to
the underlying benefits and costs. As a consequence, those early studies had grossly
underestimated the overall effectiveness of market-based environmental regulation,
particularly the SO, tradeable permits program accompanied by the CAAA. Among the
most useful of the very recent studies are Gray and Shadbegian (2000), Heyes (1999),
Berman and Bui (1998), and Albrecht (1998).

As a whole, the findings of these studies provide substantial evidence to support that
market-based environmental regulation, particularly tradeable permits programs, have the
potential for bringing about both cost-effective and environmentally-appealing solutions to
complex environmental problems. Since market-based regulation, particularly tradeable
permits, provides incentives to firms to continually update and improve their abatement
methods, productivity could actually increase under this type of regulation. It is essential,
therefore, that all of the aspects be carefully taken into account when assessing the overall
effectiveness of market-based regulation. In this context, the findings of this study appear
to be consistent with the recent empirical literature, and hence, are a reflection of the actual
behaviour of utilities which are trying to comply with the CAAA in the best possible way.

To add more flesh to this important finding, two definitions for the dummy variable

representing the CAAA are considered. The idea is to examine the robustness of the

% A detailed discussion of these studies will be provided in Section 4.5.2 of Chapter 4.
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relevant parameter estimate. Because the CAAA came into effect in 1990, the dummy
variable was defined to take on the value of O for the years 1985-1990 (inclusive) and the
value of I for the years 1991-1994 (inclusive). Then, it is redefined as one taking on the
value of O for the years 1985-1989 (inclusive) and I for the years 1990-1994 (inclusive).
We estimated the complete model under each of these definitions and found that the
estimation results are invariant to either definition. ®

These findings, taken together, provide enough evidence to support the conclusion that
the implementation of the CAAA has caused only a negligible impact on the cost of
producing electricity by coal-fueled utilities in the United States. This argument, in turn,
calls into question some of the results found by previous researchers. For example,
Kendrick (1997) and Yaisawarng and Klein (1994) have argued that the CAAA exerted an
additional burden on the cost of power generation, causing a decline in the overall
productivity of the industry. However, this argument is flawed in that it completely ignores
the technological progress that may have occurred as a consequence of the new regulation.

In contrast, our findings suggest that the pressure from the CAAA on the cost of
production has been diluted, as the affected utilities were both able to simultaneously
improve their existing technology and to contribute to higher productivity due to the cost
economies that resulted. These improvements to the existing technology (innovations)
seem to have resulted in lower emissions. The lower the emissions, the lower the cost of
buying permits, or the lower the need for switching to more expensive inputs. Thus the
technological improvements bring about a cost saving which could be considered as an

increase in the overall cost-efficiency, notwithstanding the regulatory impact on the cost.

6! 1t should be noted, however, that the coefficient estimates reported in Table 3.2 are based on the first
definition of the dummy variable and for comparison purposes, the corresponding estimates under the
second definition are reported in Table | of Appendix II.
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The implication of this observation is that it favours the highly debated Porter
hypothesis 62 which asserts that environmental regulation may lead to the use of new and
more energy-efficient technologies, and thus, firms would be better off in the long run. One
can further investigate the plausibility of the Porter Hypothesis by examining the

technological parameters of this model.

- Technological Change

Our investigation into the technological characteristics in power generation involves
several steps. To examine the nature of the techmological change (TC), we have
constructed three hypotheses which we discuss in this section. The bias of TC towards
input use and its magnitude will be considered in Section 8.3.

The hypothesis that the technological change is Hicks’ neutral cannot be rejected. The
computed Wald statistic is 2.8781 against a critical x* value of 5.9915. The hypothesis that
no technological progress has occurred is rejected. The relevant Wald statistic is 6.1167
against a critical x2 value of 5.9915. These findings together imply that the production
technology used by the utilities has improved in the Hicks’ neutral fashion during the

period of our sample. In particular, the estimated coefficient of the index of time used as a

62 There has been considerable debate among analysts that the increasing stringency of environmental
regulation in the United States will put home-based industries at a competitive disadvantage in international
markets (See for example, Bernard er al., 2000). According to this view, the increased costs that
accompany more stringent controls will mean that domestic firms must confront their competitors abroad
while being subject to an “unfair” burden. This seemingly straightforward contention has recently been
disputed by Michael Porter (1995) who claims that stringent regulations need not be a disadvantage, but
rather they can actually work in favor of the domestic industry and enhance its competitive position in
international markets. This view is often referred to as the Porter Hypothesis. Porter (1995) limits his claim
to regulations that are outcome-oriented, instead of technology specific, and which thereby provide the
flexibility to encourage firms to seek out new technologies as a means of compliance with new regulations,
such as the CAAA. Even though the electric utility industry does not directly compete with foreign firms,
the Porter hypothesis is significant for this industry to the extent that the United States imports part of its
electricity needs from Canada, where the environmental regulation is perhaps less stringent, as compared to
the USA. However, exploring such an issue is beyond the scope of this paper, and thus, we simply search
for some evidence that helps us support or refute the Porter Hypothesis based on the empirical results.
Interested reader can consult Albrecht (1998) and Xepapadeas (1999).
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proxy for the technological change (see Table 3.2) shows that the average improvement in
technology is about 3% per year during this period, or put differently, the utilities have
been able to achieve a cost-efficiency of about 3% per year. Thus, once again, we find that
the CAAA have induced utilities to organize power generation more efficiently.

A somewhat puzzling question concerns why utilities fail to achieve this improvement
in technology in the absence of any regulation such as the CAAA. A couple of plausible
explanations can be offered. First, it has been argued that there is a gaming aspect (i.e.
strategic behaviour) to environmental regulation that is largely ignored by the earlier
studies, and that utilities may attempt to pre-empt regulators from choosing a higher
technology standard by introducing new abatement technologies for adoption. This practice
may be used by a utility for at least two reasons: (a) to reduce the uncertainty of future,
possibly more stringent, regulations, and (b) to impose costs on existing competitors or on
entrants. This argument presumes that the incumbent utilities, as well as their competitors,
are all subject to the same type of regulation, which is consistent with the CAAA. Thus,
even if the technology is productivity enhancing, the capital costs associated with the new
technology may be high, and this may prevent other utilities from voluntarily adopting that
technology.

One other explanation can be offered based on the option theory of investment. We see
that utilities face two types of regulatory uncertainty: uncertainty regarding future
regulatory levels of stringency, and uncertainty regarding the efficacy of 'undiscovered’
abatement technologies. Since abatement capital costs are high, the utilities would prefer to
wait as long as possible before making any abatement investment. Since it is more
advantageous to be a follower rather than a leader in the adoption of abatement technology,
this means that the required rate of return on their abatement investment would have to be
"large' enough to compensate them for the additional uncertainty that they face. So, if they

believe that the existing regulations (those in effect prior to the passage of the CAAA) are
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not the 'most stringent' regulation to implement, they may wait to see how successful the
new abatement technology is, before adopting it themselves, provided that the technology
proves to be productive enough, and that it results in a high enough rate of return.

Thus, the findings of this study cast doubts on the commonly held view that the
productivity of the electric utility industry in the United States has been adversely affected
by the passage of the CAAA. On the contrary, it seems that there are two facets to the
likely impact of the new regulation. First is our earlier finding that there has not been any
significant effect of the new regulation on the cost of power generation. Second is the
recorded gain in cost-efficiency of about 3% per annum. These two findings together imply
that the ner effect of the CAAA on productivity might have been positive, in spite of earlier
studies which indicated the contrary. 3 While these results are consistent with the latest
research findings cited above, one will have a clearer picture once if the other aspects of
the observed technological progress and the scale economies were explored. This is the

task of the next section.

3.8.3 Non-Parametric Tests of Technology and Scale Economies

To examine the nature of input-bias in the recorded progress in power generating
technology, we considered the measure, T, given by (3.36) above. It turns out that both of
the relevant parameters B, and B ,; are negative, implying that the technological progress
made during the period is input-saving. This means that the optimal input-mix used prior to
the regulation has been changed, either in response to the new regulation, or due to fact that

the achieved progress in technology has necessitated more energy-efficient ways to use

63 A similar observation has been made in modern labour economics literature, contrasting the conventional
view that regulations, in general, lead to inefficient outcomes. In particular, the very recent research into
minimum wages has revealed that the new regulatory provisions governing minimum wages have, in some
cases, led to more employment and a higher labour productivity in fast-food sector in the United States. For
details, see Card and Krueger (1995).
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inputs, particularly in the case of coal. Although it is not easy to find with certainty which
factor is primarily responsible for the change, this observation confirms that the utilities
have undoubtedly benefited from the change, for it is input-saving. This outcome can be
considered a secondary economic effect of the CAAA.

Next, the recorded technical progress was decomposed into three components in order
to examine its bias towards input use. The computed statistics are presented in Table 3.4.
To make the comparison easier, the relevant measures have been calculated separately for

the pre-regulation (1985-89) and the post-regulation (1990-94) periods.

Table 3.4
Elements of Technological Progress
Type of Technological Annual Average
Change 1985-89 1990-94
pure 233 % 1.27 %
factor-biased -3.18% -3.79 %
scale-augmenting 4.10 % 6.39 %
overall 325% 387 %

As conjectured earlier, all elements of technological progress (TP) appear to be strong,
significant, and show substantial variations between the two periods. Moreover, the
breakdown of the TP presents a clearer picture as to how the overall progress of 3% has
been achieved during the sample period. The pure component of the TP has declined from
2.33% to 1.27%. The factor-biased component shows an increasing trend with 3.18% and
3.79% respectively between the two periods. The scale-augmenting factor seems much
higher during the post-regulation period, accounting for about 6.39% of the recorded 7P,
as opposed to 4.10% during the pre-regulation period. As a whole, the results show that
the optimal scales of power plant operations have been changed by the regulation. Clearly,

the technology used by the utilities exhibits varying degrees of scale and the ‘optimal
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scales’ of power generation appear to have ‘mmoved’ to the regions of increasing returns in
response to the new regulation. The results also show that the average annual progress in
technology prior to the regulation, i.e., 3.25%, has increased during the post-regulation
period up to 3.87%, implying that the pace oef innovative activity has been higher after the
regulation, perhaps as a result of the new limiits set on the permissible emissions.
Furthermore, the exploration of scale ecconomies is useful for any empirical analysis,
particularly those trying to infer technwmlogical characteristics from the available
information on cost of production. For this meason, the knowledge of scale characteristics
of the utilities should facilitate our inquiry into production technology and the
corresponding compliance strategies of the afffected utilities. The scale economies typically
measure the relative changes in output whern the cost of production changes, while input
prices are being held constant. They are :sometimes expressed as reciprocals of cost
elasticities with respect to output. In Table :3.5, we present the elasticity of output along

with the corresponding measure of the scale eeconomies for each of the periods.

Tablle 3.5

Scales of "Operation

Measure Annual Average
1985-89 1990-94
Elasticity of
Output 0.61104 0.6031
Scale
Economies 0.3895 0.3968

It is evident that the estimated average sscale elasticity measure has roughly remained
constant around 0.6 for the entire period of i the sample. The fact that it is less than unity,

suggests that the underlying technology exhitoits increasing returns to scale.
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3.8.4 Factor Substitution Possibilities and the CAAA

The Allen and Morishima partial elasticities of substitution (the averages for each

period over the entire sample) are presented in Table 3.6.

Table 3.6

Measures ot Input Substitution

Elasticities of Substitution Annual Averages
1985-89 1990-94

Allen Measures

£, - 1.2925 - 1.6278

€' 1.0012 1.0015

e -2.3057 -2.4156
22

Morishima Measures
€ 0.8322 0.7986

Ex 0.7166 0.6981

f Bysymmetry €, =€,

Recall that the Allen elasticity measures account for the responsiveness of one input to
changes in the price of another input, whereas the Morishima elasticity measures
approximate the responsiveness of the ratio of the demands for two inputs to a change in
the price of one input.

The results shown in Table 3.6 predict a certain degree of substitutability between
capital and coal used by the utilities. This is clear from the computed Allen measures of
elasticities. ®* Thus, it turns out that the new regulation, by making coal usage more

expensive (because every unit of coal burnt increases the number of permits required) for

% The fact that own-price elasticities of demand are all negative implies that the model is consistent with
economic theory.
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the utilities, has induced a higher use of capital being substituted for coal in power
generation. In other words, an incentive has been created among the affected utilities to
move towards more environmentally-friendly (i.e., less polluting) technologies. This result
% is consistent with our earlier finding that the optimal input-mix has changed after the
CAAA were enacted. Morishima measures, on the other hand, reinforce these results by

showing that the demands for inputs, i.e., coal and capital, are highly responsive to changes

in prices.

3.9 Concluding Remarks

Using a generalized cost function, this chapter modeled and analyzed the production
cost structure of the coal-fuelled electric utility industry in the United States. The primary
task of this chapter was to examine the cost aspects of the SO, emissions trading program,
which accompanied the CAAA. A secondary objective of this research was to single out
the effects of this regulation on utility productivity, scale of operations, and more
importantly, to shed light on the technological change induced by the CAAA. In order to
facilitate the empirical inquiry into these issues, the analysis was centered on an
econometric framework, which was supported by a panel data set covering the production
activities of the leading U.S. electric utilities. The results of this study help draw the
following broad conclusions.

Contrary to the views held by some previous researchers, who examined the impacts
of environmental regulations, including the 1970 and 1990 Amendments to the U. S. Clean
Air Act, this study finds no significant evidence to believe that the passage of the CAAA
has increased the cost of power generation by the coal-fuelled electric utilities in the United

States. Nonetheless, it was evident from the observed changes in the optimal input mix,

5 The findings of Newell er al. (1998) who examined how regulation-induced innovation leads to energy-
saving technological change are also consistent with this result.
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that the new regulation, i.e., CAAA has caused some distortions to the profit-maximizing
behaviour of these utilities. Such changes might have been triggered by the exercised
options for compliance.

It was also evident from the underlying parameter estimates, that these utilities have
been able to achieve substantial efficiency gains in power generation during the post-1990
period. Thus, it seems that the likely pressure of the CAAA, if any, on the cost of power
generation would have been offset by these efficiency gains achieved through the
technological improvements. Since such gains are instantly reflected in costs, it appears
that the ner effect of the CAAA on production cost should, on the whole, have been
favourable to the industry.

This study also provides a number of insights for policy makers, particularly those
responsible for federal regulations. For example, the finding that the cost per unit of
electricity varies across states, and that the installed capacities of power generating plants
influence the compliance strategies would provide guidance in designing both socially and
economically efficient market-based policies in the future.

As a whole, the econometric analysis of the impacts of CAAA contained in this
chapter will help to shed light on the general nature of the interactions between the CAAA
and the power generation activity of the coal-fueled electric utilities in the United States.
More importantly, these findings will guide us in the next chapter (Chapter 4), where linear
programming techniques are combined with econometric methods to explore efficiency

aspects of the CAAA.



MARKET-BASED ENVIRONMENTAL
REGULATION AND FIRM EFFICIENCY: AN
APPLICATION OF DEA AND TOBIT ANALYSIS

“Efficiency is concerned with doing things right: Effectiveness is doing the
right things.”

Peter F. Drucker
Management: Tasks, Responsibilities. Practices
Harper & Row, New York, 1974.

JEL Classification: Cl4; C34; D21; L51; Q28

4.1 Introduction

Economists have long been advocating the use of market-based instruments for
protecting the environment. They argue that the absence of well-defined property rights
gives rise to most environmental problems (Dales, 1968), and they often recommend the
use of a market for trading environmental rights as a cost-effective way to achieve
regulatory objectives. However, such arguments were largely neglected by regulators until
the U. S. government decided to enact several Amendments to the Clean Air Act in 1990
(hereafter the CAAA). The CAAA ! endorsed the establishment of a market for trading
emission rights, and the federal Environmental Protection Agency (EPA) was entrusted
with the task of monitoring the consequences of new measures.

The primary target of the CAAA was the U. S. electric power industry, whose
hundreds of coal-fueled utilities were responsible for most of the emissions of criteria air

pollutants 2 in the country. In 1997, they accounted for 57% of the nation’s production of

! The CAAA consist of two Phases, namely Phase I and Phase II. See Appendix I'V for details.
2 The U.S. EPA has identified six criteria pollutants, namely sulfur dioxide (SO2), nitrogen dioxide (NO-),
carbon monoxide (CO), particulate matter of 10 microns or less (PMq), 0zone (Os), and Lead (Pb).

145
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electricity, while contributing about 70% of the SO3, 30% of the NOy, and 35% of the CO;
of the total emissions from all sources of air pollution in the United States. > To cope with
the burgeoning problem, the CAAA called for each utility to adhere to a pre-specified limit
of emissions. Any emissions above this limit required the utility to purchase additional
permits. 4 In addition to buying permits, several other options were also available to the
utilities for complying with the new regulation, namely investing in pollution abatement
equipment (e.g., scrubbers), improving existing power generation technologies, adopting
new technologies, and/or adjusting output.

When the CAAA were first enacted in 1990, many observers viewed them as an
experiment to search for a cost-effective remedy for environmental problems. Now that
several years have passed since their inception, analysts are trying to ascertain the
effectiveness of the experiment. Some economists argue that the CAAA have led to an
increase in the cost of electric power generation, and thus, caused a decline in the overall
productivity of the electric utility industry. Their arguments are largely based on the
observation that the annual average growth rate of 2% in the electric utility sector during
the 1985-90 period slumped to 1% during the 1991-1996 period. ° Given the annual
average GDP growth of 2.5% which was steady throughout both periods, ¢ and the annual
average growth of 0.23% and 0.27% in the energy sector during the respective periods, 7
they claim that the decline in productivity is due to the adverse effects brought about by the
CAAA. However, others maintain that the CAAA have indeed been successful as a cost-
effective means of achieving environmental objectives, and that they stimulated the

introduction of new ‘environmentally-friendly’ technologies for power generation. Their

Annual Report, Energy Information Administration (1997) (http://www.eia.doe.gov).
Presently, one permit permits one ton of emissions.

U.S. Department of Energy, Annual Report (1997) (http://www.doe.gov).
Congressional Budget Office (1997) (http://www.cbo.gov).

Energy Outlook (1997) (http://www.doe.gov).

L I - YV T N P
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arguments are based on the latest EPA statistics of the recorded cost savings in monitoring,
and the lower aggregate emission levels attained following the passage of the CAAA.

It appears, however, that all the arguments made above are largely based on casual
observation, and that they lack theoretical or empirical justification. Thus, it is essential
that one looks into the facts more formally before passing any judgment on the actual
effects of the new regulation on the electric utility industry in the United States. As
advocates of the CAAA, economists have a special role to play in determining whether
their prescriptions have in fact been effective, and whether the anticipated gains have been
realized. In particular, it is essential to examine the ways in which the CAAA have affected
the production efficiency of these utilities. The term efficiency, in this context, refers to
productivity gains emanating from lower per-unit-costs of power generation. These gains
may result from improvements to existing technology, use of new technologies, and/or
efficient allocation of inputs, all of which are potential secondary effects of the CAAA.

The measures of efficiency bear a particular significance in any formal study
attempting to examine the actual impact on the affected utilities. On the one hand, if
production efficiency has been hampered, then the potential gains of the CAAA, such as
lower cost of enforcement and fewer emissions, have to be discounted against the loss in
efficiency. On the other hand, if the new regulation has led to a higher level of efficiency in
those utilities (in addition to the other benefits), then the potential gains should be added to
the net efficiency gain accrued from the CAAA. In either case, therefore, efficiency gains
should be accounted for when assessing the overall effectiveness of the CAAA.

Moreover, the present study can effectively be used to assess the plausibility of the
highly debated Porter Hypothesis, which claims that stringent environmental regulations
such as the CAAA, can actually work in favour of industries, by encouraging firms to seek
out new technologies as a means of compliance. In particular, the study will help determine

if the firms’ incentive to innovate has grown through the establishment of a market for
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permits that provided them with the freedom to choose between permits and other means
of abatement in order to comply with the regulation.

In the literature, a handful of studies have examined some aspects of the first Clean
Air Act Amendments that came into effect in 1970. The thrust of these Amendments was
to create an incentive for electric utilities to substitute low-sulfur coal for high-sulfur coal
in their power plants. % In an early study, Atkinson and Halvorsen (1976) present evidence
that the 1970 Amendments have, by encouraging the use of lower sulfur coal content, led
to an increase in the cost of production. Kendrick (1997) argues that investing in abatement
capital equipment (e.g., scrubbers) typically draws resources away from the production of
other goods and services, affecting the productivity of ‘goods’ production. Barbera and
McConnel (1990) claim that restricting SO, emissions had reduced the rate of productivity
growth of electric utilities between 10% to 20% per annum in the 1970s. Among the few
studies examining the CAAA, Yaisawarng and Klein (1994) find that there was a
slowdown in the productivity of the U. S. electric utilities in the early 1990s. Winebrake ez
al. (1995) find that the CAAA adversely affected the electric utility sector, because the
costs of compliance had added to the cost of producing electricity.

However, none of these studies undertook a formal inquiry into the effects of the
CAAA on the production efficiency of the utilities. Perhaps, limitations on data and
apparent complexities ? associated with modeling electric utilities have prevented analysts
from examining the issue more formally. Therefore, there exists a gap in the literature as to
how one could account for efficiency effects brought about by the CAAA. It is this
observation which motivated this study. The use of the linear programming technique
known as the Data Envelopment Analysis (DEA), to examine the efficiency effects of the

CAAA on the U.S. electric utility industry, will contribute to the literature in two ways.

8 See Blair (1973) for details of the Clean Air Act Amendments of 1970.
9 The fact that electric utilities are subject to several regulations simultaneously is one such complexity that
restricts analysts® ability to model cost minimizing behaviour under perfect market conditions.
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First, it will extend the scope of the previous studies by undertaking a theoretical and
empirical inquiry into the efficiency aspects of the utility regulation. Second, it will allow
us empirically to estimate the relevant efficiency measures by using a new panel data set
spanning a ten-year period (1985 through 1994) and covering 68 leading electric utilities
operating in the United States.

The rest of the paper is organized as follows. Following the introduction, in Section
4.2, the DEA methodology and the concepts of efficiency are discussed. Section 4.3
presents the formal DEA model and describes the methods used in the calculations of the
efficiency measures. The sources of data and the procedures adopted are discussed in
Section 4.4. Section 4.5 presents the empirical results, and finally, Section 4.6 provides a

summary of the major findings.

4.2 Data Envelopment Analysis (DEA) and the Concepts
of Efficiency

4.2.1 What is DEA ?

Data Envelopment Analysis (DEA) 10 is a technique being used to explore efficiency
aspects of production activities. It is an empirical tool based on linear programming
methods, designed for estimating non-parametric efficiency frontiers under conditions of
multiple inputs and outputs (Charnes er al., 1994). The efficiency frontiers estimated
represent the maximum output attainable from each input level and are depicted by linear
piece-wise (i.e., curves made up of linear segments) loci based on input/output
combinations attained by firms. The efficiency measures are defined in terms of deviations

from the frontiers, and, for a given firm, they depend on the characteristics of the linear

10 pioneering work by Farrell (1957) laid the foundation for DEA, which is often referred to as activity
analysis. Further research by Fare et al. (1983, 1986 and 1996) led to the development of a wide range of
powerful DEA techniques which are frequently used by modern scholars. For good discussions of the
modern economic applications of the DEA, see Cooper et al. (2000) and Coelli et al. (1998).
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function that is selected (Ali er al., 1995). Thus, the efficiency measures of the DEA refer
directly to an individual firm’s performance, rather than to population averages. For this
reason, the DEA is particularly useful in this study because it allows us to estimate the
magnitudes of (in)efficiency for each utility (or plant) by direct calculations. A single
aggregate performance measure for each utility can then be established through systematic
comparisons to quantitatively similar (reference) utilities. The fact that the DEA measures
of efficiency compare individual utilities to reference plants on the frontier means that they

' rather than on central tendency estimates, as in

are based on revealed best practice,
statistical analyses. The measures also include plant-specific estimates for desired changes
in inputs or outputs (costs) for projecting inefficient plants on the efficiency frontier. As
such, the DEA techniques operationalizes the concept of production efficiency developed
in economics (Farrell, 1957), and they provide the analyst with techniques that facilitate the
econometric estimation of production frontiers (Greene, 1993).

The DEA approach has been adopted by some scholars to examine a wide array of
characteristics of energy production facilities (Fare et al., 1996). Nonetheless, this study is
the first attempt use this approach to examine the efficiency effects brought about by the
CAAA in a framework where DEA methodology is combined with econometric methods
(Chapter 3) to facilitate a comprehensive inquiry. In this study, the focus is on efficiency
gains or losses resulting from the joint production of electricity (good) and emissions
(bad). The emphasis is on the problem of measuring efficiency in the context of a firm
producing a single output (i.e., electricity) using several inputs (i.e., capital and coal). The
term efficiency refers to the conversion mechanism of physical inputs, such as capital and

fuel, into outputs, and is defined as the degree to which the observed use of resources to

' A firm is said be a best practice firm (or efficient, for that matter) if it operates on the production frontier.
Thus, firms which do not operate on the frontiers are considered inefficient. The term best practice refers to
the set of management and work practices that results in the highest potential, or optimal, quantity of output
for a given quantity and combination of inputs, i.e., productivity.
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produce output of a given quality matches the optimal use of resources to produce the same

output with the given quality.
4.2.2 DEA Concepts of Efficiency 12

Threc primal measures of efficiency are considered namely, technical efficiency,
allocative efficiency, and economic efficiency, where thes measure of economic efficiency is
the product of the other two measures. It is assumed ghat the technology used in power
generation is one with constant returns to scale (CRS). Later in the analysis, this
assumption is relaxed by allowing for variable returns to scale (VRS) technology, in which
case the technical efficiency measure is split into two other components, namely scale and

pure technical efficiency.

!

~ ALLOCATIVE
_EFFICIENCY (AE)

v v

PURE TECHNICAL SCALE
EFFICIENCY (PTE) EFFICIENCY (SE)

Figure 4.1: Structure of the Efficiency Measures

12 This section has benefitted from Cooper et al. (2000), Coelli er «l. (1998), and Kumbhakar (1992, 1993a,
and 1993b).
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As depicted in Figure 4.1, the economic efficiency (EE) measure is composed of two
generic measures of efficiency, namely technical efficiency (TE) and allocative efficiency
(AE). The technical efficiency measure is defined as the difference between the observed
ratio of combined quantities of the firm’s output to input and the ratio achieved by best
practice firm in the industry (Cooper et al., (2000), Coelli et al., 1998). The allocative
efficiency(AE) measure shows, for any level of production, whether inputs are used in the
proportion which minimizes the cost of production, given input prices. In the case where
‘variable returns to scale’ technology is allowed the TE measure is split into two other
components namely, scale efficiency (SE) and non-scale efficiency or pure technical
efficiency (PTE).

The SE measure reflects the extent to which an organization can take advantage of
returns to scale by altering its size towards optimal scale, which is defined as the region
where the relationship between outputs and inputs is characterized by constant returns to
scale. The measure of non-scale technical efficiency estimates the proportion of technical
efficiency which cannot be attributed to divergences from the optimal scale (scale
efficiency). It is sometimes referred to as managerial efficiency or pure technical efficiency
(Kumbhakar, 1993a). It should be noted that both of these measures are independent of
prices and costs. Finally, the central measure, economic efficiency 13 refers to a production
process where a firm is both rechnically and allocatively efficient, and thus, produces a
given quantity, quality, and mix of outputs at a minimum possible cost, given the existing
production technology. The efficiency measures considered above can best be described
with the aid of a simple diagram as in Figure 4.2.

Figure 4.2 depicts the case where a utility is using two inputs, namely capital (x,), and
coal (x,), to produce electricity (¥). It is assumed that its production technology is

characterized by ‘constant returns to scale’. The isoquant labeled ‘I’ is a unit isoquant

13 The economic efficiency measure is sometimes called cost efficiency in the DEA literature.
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representing the fully efficient production. It is also the locus of points requiring the ‘lowest
possible’ amount of each input to produce onc unit of electricity (say one kwh). If a utility
is operating on this isoquant to produce one kwh, that firm is referred to as a fully efficient
firm, whereas if the utility uses the input bundle denoted by M to produce the same amount
of output, the technical inefficiency of its production is given the distance LM. In other
words, it is the amount by which all inputs can be proportionally reduced without a

reduction in output (y).

x/y ,
I .
x, -capital
x, -coal
M y -output
R
L
K
P
I
0 >
S x,/y

Figure 4.2: Graphical Hlustration of the Efficiency Measures

In the DEA literature, the degree of inefficiency is typically expressed as a ratio or as a
percentage. Thus, the technical inefficiency measure should be expressed as the ratio
LM/OM, which demonstrates the percentage by which all inputs should be reduced to

accomplish technically efficient production.
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Formally, the measure of technical efficiency (TE) can be written as:

_ oL
TE, = 537 4.1

which, by construction, is equal to 1 — % 14

It is easy to see that all numerical values resulting from (4.1) are bounded by zero and
one. The values measure the degree of technical inefficiency of each utility, where a value
of one indicates that a utility is fully technically efficient, and the input-mix lies on the
isoquant. In other words, then the utility is operating at a point such as L in Figure 4.2.

A careful examination of the technical efficiency (TE) measure reveals that it
essentially captures under-utilization of inputs by the utility, i.e., inefficiency resulting
from operating in the interior, instead of on the boundary, of the isoquant. Since point M in
Figure 4.2 (where the utility is assumed to be operating) is clearly interior to the unit-
isoquant, measuring TE is equivalent to determining whether the observed inputs yield the
maximum obtainable output, i.e., whether individual observations are ‘efficient’ relative to
the given technology. Hence, the TE measure enables us to compute the percent by which
output can be increased, given the observed inputs of the particular observation. In other
words, it allows one to determine the ratio of actual output to ‘potential’ or efficient output,
where ‘efficient’ output is defined as 1.0 minus the ratio of observed to potential output
(e, 1-ED).

The second measure of efficiency is allocative efficiency (AE). Using the data on input
prices, it is possible to compute the input price ratio given by the iso-cost line (RS). Then it

will be possible to examine whether a particular utility is allocatively efficient or, put

differently, whether that utility is operating at a point such as P in Figure 4.2.

Formally the allocative efficiency (AE) measure for this utility can be defined as:

14 The subscript i denotes that the technical efficiency measure is input-oriented. A similar diagram can also
be constructed in input/output space, and the resulting measure would then be called output-oriented.
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= 0K
AE;= 57 4.2

Notice that the distance KL is the reduction in production costs that would occur if
production were to take place at the allocatively (and technically) efficient point P, instead
of at the technically efficient, but allocatively inefficient point L. Thus, the measure AE
given by the ratio (OK/OL) verifies whether a utility has chosen its input mix (for a given
level of output and input prices) to minimize the cost of production (i.e., electricity),
assuming that the utility being examined is already fully technically efficient. Like TE, the
measure AE denoted by this ratio verges upon a value of 1.0, when the utility’s chosen mix

of inputs is cost minimizing.
In Figure 2, the economic efficiency (EE) measure is given by:

= 0K
EE,= 3y 4.3

where the reduction in cost of production is given by the distance KM. Notice that the
measure EE can alternatively be defined as the ratio between the minimum cost and the

total actual cost, where the product of technical and allocative efficiency measures gives

us the economic efficiency measure:

xar = OK _
TE*AE, = gy = EE; 44

A utility will be economically efficient only if it is both technically and allocatively
efficient. Thus a utility whose economic efficiency score (ratio) is 1.0, has achieved 100%
efficiency in production.

Finally, consider the measures of scale efficiency (SE) and pure technical efficiency
(PTE). SE refers to the scale of operations, and shows the extent to which a utility can

adjust its scale by altering its size towards optimal scale, where optimal scale is defined as
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the region in which production technology is characterized by constant returns to scale.
Thus, the measure SE is defined only when the production technology exhibits variable
returns to scale. This shows the potential of DEA for identifying the true scale of
operations of each utility. Furthermore, the DEA techniques can be used to decompose the
measure TE into two parts (i-e., SE and PTE), in cases where the optimal scale of operation

is found to be either decreasing or increasing returns. 13

4.3 Modelling and Empirical Estimation of Efficiency

The approach to explore efficiency aspects of the new market-based environmental
regulation is centered on a linear programming method called Data Envelopment Analysis
(DEA). The DEA techniques, in general, are being used in a variety of policy-oriented
research. '¢ In this study, the major advantage of the DEA is its potential for exploring the
efficiency aspects of firms. Empirical studies based on the DEA techniques consider a set
of case-specific non-parametric measures that are particularly useful in examining firm-
specific variations vis-a-vis the relative performance of firms or an industry. The present
study extends this convention by integrating the DEA (primary model) into an econometric
framework (secondary model). The discussion proceeds in two stages. In the first stage, a
number of efficiency measures will be computed under each of the CRS and VRS
assumptions.

In the second stage, a Tobit model is constructed to further investigate the qualitative
features embedded in the DEA efficiency scores. This approach is the first of its kind to
study market-based environmental regulation. Moreover, this two-stage modelling
procedure would suit the objectives of this study better in that the relative performance of

each utility subjected to the CAAA can be judged not only on the basis of the computed

'3 By construction, the PTE measure is equivalent to the difference between the TE and the SE measures.
16 For example, see Perelman (1995) and Yunos et al. (1997).



Chaprer 4 157

efficiency scores, but also in terms of how they interact with other qualitative factors

affecting the profit maximizing behaviour. 17

4.3.1 The DEA Model 18

To motivate the analysis, consider the U. S. electric utility industry as having N
firms."® Suppose that each firm uses capital (x,) and coal (x,) to produce electricity (y)
measured in kilowatt hours (KWh), and that all firms face a common price for capital, but a
firm-specific price for coal in the market. 2 To begin with, assume that the production
technology of this industry is characterized by CRS technology.

Let the inputs for the i utility be represented by a column vector X, and the output by
a scalar y,. Also, let 2*N input matrix be X, and the output vector Y for the industry. Now

define the DEA ;s model for the U. S. electric utility industry as:
e e
subject to
4.5
-y, +YA20
Ox,— XA =0

A=0

where 0 is a scalar, and A is a N*I vector of constants. The value of 6 obtained will be the
efficiency score for the i™ utility in the industry. It will satisfy the condition: 6 < 1, with a
value of 1 indicating a point on the frontier and hence, a technically-efficient firm. As

noted before, the CRS assumption is appropriate only when the utilities are operating at an

'7 Grafton ez al. (1999) employed a similar procedure to address efficiency issues in fisheries.

18 This section draws from Coelli er al. (1998) and Kumbhakar (1993a and 1993b).

19 11y the DEA literature, firms are sometimes referred to as Decision Making Units (DMUs).

2 The assumption that coal price is utility specific corresponds to the actual beahviour of the firms in the
energy sector. In practice, each utility has contractual agreements with the supplier, and thus, the quoted
prices of coal vary accordingly.
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optimal scale. Thus, in cases where industry-specific characteristics, such as imperfect
competition or constraints on investment, cause utilities to deviate from their optimal scale,
the DEA estimation under the CRS assumption results in measures of technical efficiency
which are confounded by scale efficiencies. In such circumstances, the technology used by
the industry should be considered as one exhibiting VRS. To account for VRS, the DEA ¢

model in (4.5) should be modified, by adding the convexity constraint, N1’A = 1.
TN e

subject to
4.6

-y, +YAZ=20
Ox,—- XA =0
NI'A=1

A20

The presence of the convexity constraint (i.e., N1’A = 1) in (4.6) guarantees that any
inefficient utility is compared only against counterparts that are of similar size. In other
words, the projected coordinates (for a particular utility) on the DEA frontier will be a
convex combination of observed firms. Since this convexity restriction is not present in the
CRS case, utilities may not be distinguishable vis-a-vis their size (i.e., capacity of plants).
Thus the constraint is necessary to add rigour to the DEA model under the VRS assumption.

The empirical analysis begins with the assumption of CRS technology, and three
(primal) measures of efficiency, namely rechnical efficiency, allocative efficiency and
economic efficiency, will be calculated for the entire sample. Then, assuming VRS
technology, a scale efficiency measure for each utility is derived by estimating both the
DEA s and the DEA .5 models simultaneously. The technical efficiency measure obtained

under the CRS assumption will then be decomposed into two components, namely scale
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efficiency and pure technical efficiency. If the technical efficiency measure is found to be
different between DEA . and DEA, for any of the utilities, it indicates that the
technology used by that particular utility is subject to scale (in)efficiency where the degree

of scale (in)efficiency is equal to the difference between the two measures.

4.3.2 The Econometric Model

It is possible sometimes that the efficiency scores estimated by the DEA model are
influenced by other utility-specific characteristics. Cases in point are location, ownership
differences (i.e., public vs private), scale characteristics, and various government
regulations. These factors which are qualitative in nature, and typically exogenous to
production activities of the utilities, affect the profit maximizing behaviour of firms, and
thus, they are reflected in the production strategies of utilities. 2! Thus, it is essential to
extend this analysis beyond the scope of the DEA model in order to account for such
effects. This will help strengthen the inquiry of this study in two ways. First, with the use of
an appropriate econometric model, it is possible to verify whether the computed efficiency
scores are dependent upon any of the qualitative factors. Second, the econometric results
may provide a guide to policy makers who are concerned with the efficiency aspects of
regulation.

The Tobit model ** seems particularly suited to the issue in hand. Because the
efficiency scores to be represented by the limited dependent variable are continuous and
bounded by zero and one, and the explanatory variables of the model are represented by a

set of binary variables, the Tobit model provides a convenient framework for analyzing the

2l gee Atkinson & Halvorsen (1986), Platt & Welch (1989), Singh (1991), and Kumbhakar (1996).

2 In the literature, there is an alternative type of models called the Marker Response Models (MRM) which
are sometimes being used in cases where the dependent variable is strictly non-negative (e.g., sales).
However, in this case, the Tobit model was found to be more appropriate since all of the explanatory
variables are dichotomous (i.e., dummy variables) in nature, and vary between O and /. For an excellent
review of the MRM, see Hanssens et al. (1990).
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effects of the qualitative factors on the electric utility industry in the United States. The
Tobit model also enables one to construct several standard hypotheses (to be discussed
below) to asses the extent(s) of such effect(s). 23

A few technical aspects of the Tobit model are worth considering. Tobit models with
limited dependent variables are classified into two general categories as censored and
truncated models. These categories are defined on the basis of whether or not the values of
explanatory variables for the missing dependent variable data are known. In general, a
censored sample refers to a data set in which some observations of the dependent variable,
corresponding to known values of the independent variable(s), are not observable, whereas
a truncated sample refers to a data set in which the values of the independent variable(s)
are known only when the dependent variable is observed. As such, the series of efficiency
scores representing the dependent variable in the Tobit model do not directly fall into either
category, because the data set does not have any missing observations either for the
independent variable(s) or the dependent variable. In contrast, a series which is bounded
(or censored at) by zero and one exists. Hence, the dependent variable has to be truncated
at 0 from below (the lower bound) and 1 from above (the upper bound) in the estimation.
Following the practice of economists who have dealt with similar situations, the series of
efficiency scores will be considered as censored samples. 24

One other technical issue is whether a fixed or random effects structure would be more
appropriate for the Tobit model chosen for our purpose. A common formulation of the
fixed effects model assumes that the intercept varies across cross-sectional units and/or
across time periods. In contrast, the random effects models are based on an overall

intercept and on an error term consisting of two components where one is the traditional

B For an excellent discussion of dummy variables in the context of Tobit models, see Maddala (1987).
2 For excellent discussions of the theoretical arguments governing Tobit models, see Amemiya (1985,
Chapter 10), Green (1993), and Kennedy (1992).
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error term unique to each observation,, and the other is an error term representing the extent
to which the intercept of the i™ cross-sectional unit differs from the overall intercept.

Several arguments exist in the literature which facilitate the choice of appropriate
structure for Tobit models. In spite off the fact that most of the arguments are ad hoc, and
offer very little guidance on the ‘righry’ choice of the structure, it appears that there is some
agreement among economists that & random effects structure is more appropriate for
models with qualitative and limited clependent variables. Since the panel data set used in
this study has ten cross-sectional unitts, it is possible to save many degrees of freedom if
only the mean and variance were esstimated using a random effect model. Moreover, if
inferences were to be made about tine population from which these cross-sectional data
came, it has been shown that random effects models (as compared to fixed effects models)
are more appropriate (Kennedy, 199:2). Confirming Kennedy's view, Maddala (1987, p.
335) notes that "All in all, estimatiion of random effects models appears to be more
advantageous”. Furthermore, since scome time-invariant observations exist in our data set
(such as installed capacity and locatiion), the Tobit model with random effects structure
appears to be more appropriate for thes present study (Hausman ez al., 1981).

Hausman (1978) proposes a test - which can effectively be used to facilitate the choice
under specific circumstances. A test srtatistic, known as the Hausman statistic, is computed
using the estimated coefficients and :the variance-covariance matrices resulting from two
regressions, one run under the asswmption of fixed effects and the other under the
assumption of random effects. The null hypothesis (H,): ‘random effects structure is
appropriate’ is tested using the Hausrman statistic which is distributed as chi-square with
one degree of freedom. This test is used to facilitate the choice made in the present study.
The Hausman test results (see Table & of Appendix IV) imply that the null hypothesis (H)
cannot be rejected for any of the regzressions in the Tobit model. Hence, the appropriate

model shall be the one with a ranclom effects structure, where the limited dependent
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variable (i.e., the efficiency score) is truncated at 0 and / (i.e., the lower and upper bounds
respectively).

To conclude the discussion on technical aspects of the Tobit model, it is worth
considering the circumstances under which a constant term should be appended to a Tobit
regression. 5 In cases where a particular qualitative variable is represented by two separate
dummy variables in the Tobit model (say, for example, two separate dummies
corresponding to the pre-regulation period and post-regulation period), no constant term
should be included in order to prevent the estimation procedure from breaking down, since
such ‘dual’ dummy variables together form a unit vector. In all other cases, where each
qualitative variable is represented by a single dummy variable, a constant term should be
appended to the regressions. Since all of the Tobit regressions belong to the latter, a
constant term is included in the regressions. 26

A number of qualitative variables are considered. First is the size of the utility as
measured in installed megawatt capacity. For the entire sample, a median value for the
installed capacity of the industry is established, and, is used to distinguish utilities as small
(below median) and large (above median), where the relevant dummy variable takes on the
value of 0 and 1 respectively. Second, a regulation dummy is introduced to capture the
effects of the CAAA on the overall economic efficiency of utilities. The relevant dummy
takes on the value of O for years 1985 through 1989 and I for years 1990 through 1994. An
interaction dummy variable which is defined as the product of the size of the utility and the
regulation dummy is also considered. The aim is to investigate whether the effects of the

CAAA vary across small and large utilities. 2

3 One other important exception with respect to Tobit models is that it is sometimes possible that the log-
likelihood function is positive (Greene, 1995, page x).

% For details, see Maddala (1987) and Kennedy (1992).

27 1 addition, the entire data set of 68 utilities was grouped into rhree regions, namely Mid West (42), South
East (18), and North East (08), and separate dummy variables representing each region were also included
in the regressions. However, because of their poor performance in the estimation (i.e., insignificant
coefficient estimates) such dummies have been omitted from the regressions.
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The Tobit model which incorporates all of these qualitative variables 8 consists of

four regressions. It can be written formally as:

yi = BX it E&;
4.7
y=y if 0<y <1
By expanding (4.7), the four regressions of the Tobit model could be derived:
TE = 85 + 8. (size) + 8, ,(re) + 8, (size*reg) 4.7a
AE = 8%, + 81(size) + ng(re) + 82 (size*reg) 4.7b
SE = 83, + 82 (size) + ng(re) + 82 (size*reg) 4.7c
EE =8}, + 8}.(size) + 8} (re) + 8,(size*reg) 4.7d

where TE is technical efficiency, AE is allocative efficiency, SE is scale efficiency, and EE

is economic efficiency.

4.4 Sources of Data

The primary data set used in this study is from the Federal Energy Regulatory
Commission (FERC), the national institution which oversees the federal regulation
governing the electric utility industry in the United States. The FERC has established a
number of standard forms used to collect data from coal-fired electric utilities on a monthly

as well as an annual basis. Most of the data are from the FERC Form I, the mandatory

2 In the early stages of this research, a suggestion was made that GDP per capita should also be included as
an explanatory variable in the Tobit model. This possibility has been explored very carefully. It was found
that such a variable cannot be considered when the model consists of a dependent variable which is
truncated between 0 and I while all other explanatory variables are (qualitative) dummy variables
(Maddala, 1987). One way to overcome this difficulty is to translate GDP per capita into an index varying
within 0 and /. See Appendix I'V for details.

¥ A specimen of the FERC Form No. 1 is attached to Appendix L.
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annual report submitted by coal-fired electric utilities. The sample includes cost and
production data 30 for 68 leading coal-fueled U. S. electric utilities over a ten-year period,
from 1985 to 1994. 3! Since these data are used to examine the effects of the CAAA, it is
expected that the time period chosen will be sufficient to undertake meaningful
comparisons between pre- and post-regulatory periods, and to assess the effectiveness of

the CAAA. *? Summary statistics of the sample are presented in Table 4.1 below.

Table 4.1

Summary Statistics of the Sample

ANNUAL VARIABLE MEAN ST. DEV. MINIMUM MAXIMUM
AVERAGE

1985-89 Cost of Production ($ millions) 84.785 78.830 1.9276 427.00

Output (MW millions) (y) 3.8733 4.0003 0.0328 21.690

Price of Coal ($ per ton) 36.84 7-95 19.87 68.99

Price of Capital (user cost per $) 0.1008 0.0090 0.0927 0.1178

Rate of Discount (real r) 0.0959 0.0074 0.0911 0.1106

Capital Stock (§ millions) (xl) 196.03 208.13 8.1627 950.00

Quantity of Coal (tons) (xz) 1680.0 1702.3 16.00 8455.0

1990-94 Cost of Production ($ millions) 90.179 87.042 1.8784 490.00

Output (MW millions) (y) 4.0562 4.2642 0.0277 21.883

Price of Coal (s per ton) 34.60 8.052 13.02 57.69

Price of Capital (user cost per $) 0.0853 0.0087 0.0727 0.0983

Rate of Discount (real r) 0.0819 0.0070 0.0714 0.0919

Capital Stock ($ millions) (xl) 220.95 219.90 8.3468 1020.00

1707.6 1765.5 10.00 8570.0

Quantity of Coal (tons) ()

30 A detailed discussion of the data set is provided in the Appendix I.

3! Budget limitations have precluded from extending the data set beyond 1994.

32 Some of the most recent studies examining the U.S. acid rain program (Schmalensee, et al., 1998, Joskow,
et al., 1998, and Burtraw, 1999) find that the utilities which were affected by the CAAA had started
responding to the new environmental measures as early as 1991 despite the fact that Phase [ of the CAAA
had been scheduled to begin in 1995. These studies further show that such behaviour is consistent with both
the intertemporal optimization and the long-term nature of the investment contracts agreed upon by the
utilities. Thus, it is believed that the data set is broad enough to shed light on the behaviour of the electric

utilities affected by the CAAA.
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The estimation of the DEA model requires five data series: output, capital, coal, price
of capital, and price of coal. Output is the net generation of electricity measured in millions
of kilowatt hours. Capital input is measured in terms of installed megawatt capacity of each
utility, while coal input represents actual usage of coal adjusted for British thermal units
(Btu) content. Price of capital is the user cost of capital, calculated using a formula

developed by Jorgenson (1963) and Coen (1968): PF&'([L)_““)"—“‘”, where g is cost per unit

of capital, § is economic rate of depreciation, s is rate of return on investment, u is
corporate income tax rate, and B is the present value of tax depreciation allowed for every
dollar’s worth of investment, i.e., B=l§ d,(l +s)". As a proxy for g, the ‘Handy-Whitman
Price Index’ will be used, which is compiled from the Moody's Nation Wide Survey of
Public Utility Progress. Following Christensen et al. (1980), d = 0.045 was calculated by
using the 1.5 diminishing value method given a 33-year economic life for plants. Moody's
Industrial Bond Yield ** was used as a proxy for the rate of return on investment (s).
Following Coen (1968), the useful life of a utility for zax purposes (/) was taken as 18
years. Furthermore, it was assumed that the government has allowed utilities to write off
their plant(s) in 18 years, by equal installments. Price of coal is the f.0.b. price per ton of

coal paid by each utility.

4.5 Empirical Results
4.5.1 The DEA Model

The DEA s model (4.5) was estimated and the technical, allocative and economic
efficiency measures were obtained for all 68 utilities for each year covering the entire

sample. The efficiency scores are presented of Table 2 in Appendix IV. Under the

33 Miller and Modigliani (1966) have found that for the electric utility industry, Moody's Industrial Bond
Yield is far superior to a weighted average yield on bonds.
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alternative assumption, the DEA .., model (4.6) was also estimated, and the scores of scale
efficiency for each utility were obtained. These scale efficiency measures, along with the
classification of each utility in terms of its verified scale of operation, namely constant-
returns (CRS), increasing-returns (IRS), or decreasing returns to scale (DRS) are shown in
Table 3 in Appendix IV.

Attempts were made to determine the role, if any, of geographical factors in the
observed variations of production efficiency achieved by the utilities. The efficiency scores
have been averaged across states, as well as within three regions, namely North-East,
South-East, and Mid-West. The computed values are shown in Tables 4 and 5 (sce
Appendix IV). Next, the variations in scales of operation between the pre-regulation and
the post-regulation periods were examined by grouping each utility according to its verified
scale, namely CRS, IRS, or DRS. The details are shown in Table 2 of Appendix IV. To
facilitate this analysis further, a number of Figures have been produced, which show
variations in the relevant efficiency scores across regions, and between the ‘pre-regulation’
and the ‘post-regulation’ periods. These Figures are presented in Appendix IV.

The estimated efficiency scores, in general, suggest that the ‘operating scales’ of many
utilities have been changed noticeably between 1989 (prior to regulation) and 1994 (after
the regulation). For example, the total of 47% of the IRS utilities in 1989 has increased to
58% by 1994. In contrast, the 47% of all utilities which were operating at DRS in 1989,
declined to a meager 9% by 1994, following the passage of the CAAA. As a result, the
total number of utilities operating under CRS increased from 6% to 20% between 1989 and
1994. These findings together show that following the passage of the CAAA, most utilities
have moved their production levels to ‘regions’ (i.e., segments of the production function)
where the technology is characterized by either IRS or DRS.

Figure 1 in Appendix IV shows that both technical and economic efficiency scores

recorded a substantial drop in 1987. This is true for all regions of the country. Since the
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drop had occurred before the CAAA, the real GDP growth rates for the mid-1980’s were
analyzed to examine whether they are consistent with the average growth rates of overall
economy. The ‘correlation coefficient’ for the two series, namely real GDP growth and the
average technical efficiency measure for the period 1985-1988, was 0.91. Thus, the drop in
efficiency may well simply reflect the country’s overall economic activity, but may not be
due to any other factor peculiar to electric utility industry (See Figure 2 in Appendix IV). 34

The averages of the efficiency scores over regions (Tables 4 and 5) together with the
corresponding figures, suggest that the efficiency gains may be subject to geographical
factors. This observation provides further support to the earlier finding in the econometrics
paper that the location affects the cost of production, regulation notwithstanding.
Furthermore, Figure 3 in Appendix IV shows that after 1991 there had been a downward
pressure on all elements of efficiency with the exception of technical efficiency. One
explanation could be that the CAAA would have caused such pressure, because there is no
evidence of any other ‘utility-related’ event that had taken place in the early 1990s. In such
a case, the CAAA seemed to have motivated the affected utilities to improve their existing
technologies, or to invest in new methods of power generation. However, the slower pace
in other efficiency scores, particularly after 1991, suggests that the gain in technical

efficiency has come about with an additional cost.

4.5.2 Econometric Model

The regression results of the Tobit Model are presented in Table 4.2 below. Before
interpreting the results, it should be noted that every 1% increase in the dependent variable
implies that a utility could raise its output by 1%, given the same level of inputs, because

the dependent variable of the Tobit Model is expressed in terms of efficiency.

34 This observation will be investigated further in Section 4.5.2 below, as the results of the qualitative factors
of the Tobit model are analyzed.
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To begin with, consider plant size or the capacity of the utilities. Recall the distinction
in size, i.e., plants with a capacity of 665 MW (the median value of the industry) or more,
are considered as large, while the rest, i.e., those below 665 MW are considered as small.
This analysis shows that both the allocative and scale efficiency measures vary with the
installed capacity of plants. In particular, it appears that when a utility is large, it is
allocatively more efficient than a small one. In other words, the marginal rates of technical

substitution (MRTS) in the case of large utilities are closer to the price ratio of inputs than

are those of small utilities.

Table 4.2

Tobit Model Regression Results

Limited Dependent Variable
Technical Allocative Scale Efficiency Economic
Efficiency (TE) Efficiency (AE) (SE) Efficiency (EE)

Constant 0.7809* 0.8209* 0.8925* 0.5896*

(80.761) (21.623) (97.824) (46.797)
Plant Size 0.0006 0.0165* 0.0561* 0.0141
(large vs small) (0.071) (4.060) (4.348) (1.392)
Regulation 0.0259* 0.0639* 0.0042 0.0273*
Dummy (2.755) (15.107) (0.0322) (2.731)
Size*Regulation 0.0248* -0.0196* -0.0072 0.0053
Dummy (2.302) (2.933) (0.0394) 0.415)
Notes: . All explanatory variables are dummy variables.

1

2. Tobit model is truncated at both tails at O and 1.

3. t-ratios are in parentheses.

4. * indicates that the parameter estimate is statistically significant at 5%.
5. Results are generated using LIMDEP 7.

The relevant parameter estimate shows that utilities which are large, as opposed to
which are small, could raise its output by approximately 1.6 % using the same level of

inputs. 3 This implies that the technology used in power generation is characterized by

35 This argument presumes that large utilities are able to adjust their output freely, other regulations

notwithstanding.
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variable return to scale (VRS). The VRS argument gains further strength from the estimated
measure of scale efficiency, which implies that large utilities operating under VRS have the
potential for increasing their output by about 5%, using the same level of inputs and by re-
adjusting the scale of operations. Thus, it is possible that the plant size of a utility could
lead to variable efficiency levels in the allocation of inputs and in the scale of operations.

Next, consider the key variable of the analysis, namely the regulation dummy. The
relevant parameter estimates suggest that the passage of the CAAA has substantially
affected the production efficiency in the U. S. electric utility industry. The estimated
measures of technical efficiency (TE) are positively correlated with the regulation. Thus, it
is evident that the CAAA have led to a substantial technical efficiency of about 2.5% in
power generation in the United States. If put differently, this implies that the potential for,
or net generation of coal-fuelled electricity has increased by about 2.5%, despite the
stringent environmental measures brought about by the CAAA. Notably, this result stands
in contradiction to similar findings of some previous studies, which emphasized that the
environmental regulations, by and large, create an additional burden to the production cost,
and thus, results in a negative effect on productivity.

However, as discussed below, very recent studies have challenged this view. 36 1t has
been argued that the actual costs of market-based environmental regulation had been
grossly over-estimated in most previous studies, mainly due to their partial consideration of
the underlying effects. These recent studies provide empirical evidence to demonstrate that,
in reality, the net impact on production cost of the regulatory measures would indeed be

negligible or in some cases, even favourable. Let’s consider a few of these studies.

36 A similar observation has been made in the modern labour economics literature, contrasting the
conventional view that regulations, in general, lead to inefficient outcomes. In particular, the very recent
research into minimum wages has revealed that the new regulatory provisions governing minimum wages
have, in some cases, led to more employment and a higher production efficiency in the fast-food sector in
the United States. For details, see Card et al. (1995).
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Gray and Shadbegian (2000) examined the environmental regulation affecting the U.S.
paper industry. They found that the choice of technology has been influenced by
environmental regulation in such a way that paper plants had increasingly employed less
polluting (or greener) technologies. In another study, Berman and Bui (1998) examined the
oil refinery industry of Los Angeles, which is heavily regulated by air pollution regulation.
Their objective was to determine the regulatory impact on refinery productivity. They
discovered that the gross costs of environmental regulation in the industry are far greater
than the net cost, as abatement has been productive. Their study casts doubts on some of
the earlier studies, as they present evidence to show that during the post-regulation period
(i.e., early 1990s), the productivity of the oil refinery industry has in fact been increased,
and then has remained stable. Yet another study by Albrecht (1998) reveals that
environmental regulations lead to improved competitiveness, particularly when regulation
is linked to specific products. Heyes (1999) draws a similar conclusion based on his study
that examined how environmental regulations can afford “secondary” benefits to firms
through product design and corporate morale. Another somewhat earlier study by Jaffe ez
al. (1995) recognizes the need for taking into account all the benefits when assessing the
costs of market-based environmental regulation, because such regulations induce utilities
to be more efficient. If one were to generalize the implications of these studies, particularly
those of Heyes (1999), Berman and Bui (1998), and Albrecht (1998), then an argument can
be made in favour of the Porter Hypothesis, which postulates the long term benefits of
environmental regulation. Moreover, these recent findings, as a whole, are consistent with
the results of this study which explored the actual behaviour of the electric utilities in

attempting to comply with the CAAA in the best possible way. 3

37 Recall the findings of the econometrics paper (Chapter 3), where the pure cost effects of the CAAA were
found to be negligible, and that the per-unit-cost of producing electricity remained largely unaffected. The
finding here confirms those earlier econometric results by showing that the regulation-induced pressures on
cost, if any, have obviously been diluted by the gains in technical efficiency.
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A similar but stronger argument can be made in favour of thes effects of the CAAA on
allocative efficiency of the affected utilities. The estimated pararmeter value suggests that
there has been a positive effect of about 6% on allocative efficiemcy due to the CAAA. It
appears that the CAAA have also induced utilities to use their inputs more effectively,
thereby enabling them to achieve higher efficiency with the curre=nt level of inputs. Given
the attributes of the CAAA and their likely impact on electric wntilities, this result is not
surprising. Some of the very recent investigations into this issue (for example, Carlson ez
al., 1998) reveal that these affected utilities have adopted fueR-switching as the major
option for compliance. Thus, the findings of this study are consis=tent with the observation
of Carlson et al. (1998), and suggest that such a move has enabled utilities to find more
efficient ways to mix their inputs, so that the increasing production cost, due to higher
prices of low sulfur coal, is kept at a minimum. It is evident, thserefore, that the attained
improvement in allocative efficiency has brought about a positiwe impact on output. The
important lesson to be learnt here is that it is essential that ome takes into account all
efficiency gains, and then weigh them against any unfavourable efffects, before passing any
judgment on the overall impact of the CAAA on electric utilities.

The interactive dummy variable (i.e., size*regulation) unveils yet another dimension of
the CAAA. As for technical efficiency, the regression results conzfirmed that the effects of
the new regulation vary across utilities, depending on the plant saize. It is found that large
utilities had the potential for increasing their output by about 2% wising the same amount of
inputs. Thus the production capacities owned by the utilities offier one explanation as to
why the effects of the CAAA on production efficiency vary acrosss utilities. It has also been
found that large utilities have the potential for ‘larger’ gain in efficiency relative to small
utilities. However, this finding suggests that small utilities are moore efficient in allocating

(mixing) inputs. Perhaps, the easier adaptability to different en.gineering standards may
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explain why small utilities have become allocatively more efficient in responding to the
new regulatory measures.

To broaden the scope of this investigation, it has been looked into if the production
activities of electric utilities displayed any observable pattern in the computed scores of
efficiency, particularly after the passage of the CAAA. The data set, which spans a ten-year
period, has been decomposed into two segments, 1985-89 and 1991-94. The annual
average efficiency scores have been computed for each period across regions as well as
states. These aggregate measures of efficiency are presented in Tables 3, 4 and 5, while the

corresponding figures are founded in Appendix IV.

Table 4.3

Wald Tests Results for Regulatoryv Effects

H , : pre-reg. period = post-reg. period

Efficiency Measure (1985-89) (1990-94)
Wald Statistic Reject H  (Yes/No)
Technical Efficiency (TE) 37.1439 Yes
Allocative Efficiency (AE) 60.0539 Yes
Economic Efficiency (EE) 41.4035 Yes
Scale Efficiency (SE) 16.0206 Yes

Notes: 1. All hypothesis tests are Wald tests where N = 680.
2. Degrees of freedom for upper and lower bounds are given by the number of equality
restrictions plus one (g + /), and the number of equality and inequality restrictions (p)
respectively. In this case, the df for both lower and upper bound critical values is equal to 4.

For details see Kodde and Palm (1986).
3. Critical value at 5% level (taken from Table 1 of Kodde and Palm, 1986) is 10.384.

The Tables, together with the corresponding figures, show that the aggregate efficiency
scores are subject to variations between the two periods. This observation has been proved
by constructing a number of Wald tests. The resulting test statistics were compared with

the critical chi-square values to test the null hypothesis (H,) that: “the estimated efficiency
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scores are not significantly different between two time periods”. The test 3 results are
presented in Table 4.3.

It is interesting that the null hypothesis (#,) cannot be rejected for any of the four
cases. The implication is that the production activities of the U. S. electric utilities have
been subject to regulatory effects brought about by the CAAA. In particular, the findings of
this study suggest that such effects have been efficiency-enhancing. This observation is
consistent with the findings in the econometrics paper (Chapter 3), indicating that the
CAAA have had no significant effect on the cost of power generation. Furthermore, the
scale efficiency measure displays a variation between the two periods, that reconfirms the
earlier finding that the optimal scales of operation of these utilities have been changed
significantly as a result of the CAAA. This observation, in turn, adds rigor to another
argument made earlier as part of the DEA analysis, namely the detection of significant

variations in efficiency measures after 1990.

4.6 Concluding Remarks

This chapter conducted an economic inquiry into the efficiency aspects of the regulated
coal-fuelled electric utility industry in the United States. A number of efficiency measures
were considered, namely the technical, allocative, economic and scale efficiency measures
in order to determine whether the 1990 Amendments to the U.S. Clean Air Act have
caused any significant effect on the production efficiency of this industry. The empirical
analysis, based on DEA methodology and a Tobit model, offers some guidance as to how
and to whatr extent such regulation may have affected this industry. The study provides a
number of insights that are useful for regulators in assessing whether or not their policy

objectives have been met.

38 Construction of Wald tests for testing non-linear hypotheses are discussed in Lafontaine et al. (1986).
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The study presents substantial evidence to suggest that the CAAA have affected the
production efficiency of the U.S. electric utility industry. Even though the effects are mixed
- some are adverse and others favourable - all in all, the CAAA, in addition to being a cost-
effective alternative for achieving a cLleaner environment, are proved to be efficiency-
enhancing. In particular, the study finds that utilities have been successful in securing a
substantial improvement in efficiency ira power generation. As a result, the cost pressures
that were alleged to have been generated as a result of the new regulation have been offset
by the efficiency gains. Therefore, the findings of this study challenge the conventional
view, particularly of those who conducted earlier studies, that environmental regulation

always harms industry productivity, and therefore, it is thus counter-productive. Moreover,

3 and

the findings of this study are consistemt with those of the very recent literature,
provide a basis for questioning the plausibility of those earlier studies which, in most cases,
had been found inadequate in accounting for both the cost and efficiency aspects of the
CAAA simultaneously.

Furthermore, our findings suggest that several qualitative factors such as ‘size of
plants’ and ‘regions where utilities are located’ have been responsible, in part, for variable
effects of the CAAA. Consequently, these effects have led to variations in efficiency
potential across utilities, the federal guidelines governing the CAAA notwithstanding.
Nonetheless, it appears that a substantial majority of utilities has attempted to overcome
this problem, by altering the scales of operation.

Our major finding that any unfavorable effects of the CAAA, if any, on production
cost are being offset by the simultameous efficiency gain in the power generating
production technology proves to be particularly interesting. According to our study, these

gains in production efficiency are attributable to two major factors; (1) the changes in input

mix, and (2) the induced-improvements. to the existing technologies, or due to the use of

3% See Section 4.5.2 for details.
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new ones. In this context, the findings of this study provide some support for the Porter
Hypothesis, which asserts that environmental regulation would be beneficial for firms in
the long run. Thus, this analysis based on linear programming and econometric methods
contributes to a key debate in the field of environmental regulation.

Before concluding the discussion, several limitations of the present study deserve
mention. First, it should be noted that the DEA method and the data set employed in this
study do not account for differences in the quality of inputs across plants. For example, no
distinction was made between high- and low-sulfur coal, and no sufficient information on
all capital equipment was available. Also, no readily usable data on pollution equipment
such as scrubbers were available. Thus, the findings of this study may be improved by
employing additional data that are useful to distinguish utilities further in terms of their

individual characteristics.



CONCLUSION

“The beginning of wisdom is: Acquire wisdom,
And with all yvour acquiring, get understanding.”

Proverbs 4:7

This dissertation contributes to an important debate in environmental policy: the role
of market-based instruments in environmental protection. In particular, by focussing on
tradeable permit programs, this research explored the potential of such programs to provide
lasting solutions to environmental problems. Our empirical analysis is built on the central
tenets of positive economic theory, and is supported by a comprehensive analysis based on

econometric and linear programming techniques.

5.1 Lessons Learned

The political economy approach to market-based instruments introduced in the first
paper (Chapter 2) helped us understand the significance of political and institutional factors
on the feasibility of market-based policies. We also found how such factors influence the
performance of public policies being implemented to achieve environmental objectives.
The discussion of the central tenets of political economy unfolded a wide array of critical
factors that affect the way environmental goals are set by policy makers. Moreover, we
discovered how the institutional, regulatory and political factors interact with actual market
conditions (i.e., markets with pre-existing distortions), affecting all stages of public policy
formulation in democratic societies.

In the second paper (Chapter 3), we used a generalized cost function to model and
analyze the production cost structure of the electric utility industry in the United States.
The primary objective of this chapter was to assess the cost effectiveness of the new

market-based environmental regulation enacted by the Amendments to the U. S. Clean Air
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Act of 1990 (CAAA). A secondary objective of the study was to single out the effects of
this regulation on utility productivity, scale of operations, and more importantly, the use of
technological improvements induced by the regulation. To facilitate our investigation into
these issues, we employed an econometric framework, and made use of a panel data set
covering production activities of the leading U. S. electric utilities that came under the
purview of the CAAA. This research leads to the following broad conclusions about the
effects of this new regulation on the electric utility industry in the United States.

First, contrary to the views held by some previous researchers, we find no significant
evidence to believe that the passage of the CAAA has created an additional burden to the
cost of producing electricity by the coal-fired electric utilities in the United States.
However, it was evident from the observed changes in the optimal input mix, that the new
regulation has caused some distortions to the profit-maximizing behaviour of these
utilities. Such changes might have been triggered by the exercised options for compliance.

Second, it was evident from the underlying parameter estimates, that the utilities have
been able to achieve substantial gains in the efficiency of their production technologies
during the post-regulation period. The findings imply that the likely pressure, if any, of the
CAAA on the cost of electricity generation would have been surpassed by the productivity
gains achieved through these technological improvements. Since these productivity gains
are instantly reflected in costs, the net effect of the CAAA on production cost should have
been favourable to the industry.

These findings proved to be particularly useful in examining the efficiency aspects of
the CAAA, the task that we performed in the third paper (Chapter 4). In this research, the
definition of efficiency included a number of important measures, namely fechnical,
allocative, economic and scale efficiencies. Our goal was to examine whether the new
environmental regulation has brought about any significant impact on the production
efficiency of the electric utility industry. This component of our inquiry was based on the

Data Envelopment Analysis (DEA) and the econometric methods. While our findings offer
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guidance as to how this new regulation has intervened the production technology, they also
provide a number of insights that are useful for regulators in assessing whether or not their
objectives have been met.

Our inquiry reveals that the CAAA have undoubtedly influenced the production
efficiency of the U. S. electric utility industry through changes in technology. This was
clearly evident from the relevant parameter estimates of the model. Even though the
realized effects are mixed - some are adverse and others favourable - all in all, we find that
the CAAA, in addition to being a viable alternative for achieving a cleaner environment,
are proving to be efficiency-enhancing. Furthermore, we find that several qualitative
factors such as plant size and location are important in understanding the post-regulation
behaviour of many of these utilities. The relevant parameter estimates suggest that the
effects of the CAAA at the micro-level have varied substantially due to these qualitative
factors. Consequently, these effects have led to variations in efficiency across utilities, the
federal guidelines governing the CAAA notwithstanding. In cases where cost pressures
were imminent, a fairly large number of utilities have attempted to overcome such
problems affecting efficiency, by adjusting their scales of operation.

We also find that utilities have been successful in attaining a substantial improvement
in technological efficiency at the plant level. This gain has helped utilities to balance the
cost pressures from the new regulation. Hence, our findings challenge the traditional view,
particularly of those who conducted earlier studies, that environmental regulation always
harms industry productivity, and is thus counter-productive. It is gratifying to note that our
findings are consistent with those of the very latest research (for example, Berman & Bui,
1998 and Albrecht, 1998) and hence, provide a basis for questioning the plausibility of
those earlier arguments. One shortcoming of these earlier studies appears to lie in their
inappropriate accounting for efficiency effects induced by the CAAA. Often, they have
examined only one aspect of this issue: either cost or efficiency. One implication of our

finding is that unfavourable effects, if any, on production costs seem to be diluted by the
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efficiency gains attained on the technology side. This gain in efficiency results from
improvements made to existing technologies and from the adoption of new ones.

As a corollary, our study provides some support for the Porter Hypothesis, which
asserts that with environmental regulation, electric utilities are better off in the long run
because the incentive to use new low-emission technologies would generate substantial
efficiency gains, which are likely to outweigh the cost pressures brought about by the
regulation. In this sense, our research unveils yet another new dimension in the debate of

environmental regulation.

5.2 Policy Implications

Our research into the cost and efficiency aspects of the regulated electric utility
industry in the United States provides a number of insights for policy makers. First, our
finding of cost-per-unit variations in electricity across various regions in the United States,
and the close affiliation of installed capacities of power generating plants with compliance
strategies, should provide guid.ance for policy makers in shaping this policy for future
applications, particularly those proposed for Canada. Another significant feature of our
analysis is that we find no evidence to support the commonly held view that the newly
introduced market-based regulation has adversely affected the productivity of the electric
utility industry in the United States. This finding should help enhance confidence in future
considerations of tradeable permit programs, not only in the United States, but also in other
countries. In particular, this finding should prove comforting to policy makers and other
experts in Canada who are currently engaged in debates over the possibilities of
implementing tradeable permit programs in order to fulfil international commitments, such
as the Kyoto Protocol.

More importantly, our finding that the overall impacts of the CAAA on power
generation in the United States are two-fold, i.e., the effects on cost, and the effects on

efficiency, should prove encouraging, because the failure to recognize the technological
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progress induced by the new regulation has led many previous researchers to conclude that
the CAAA was ineffective or even counter-productive. It became apparent in our second
approach to the tradeable permit programs based on the DEA and Tobit analysis that this
reasoning was misleading. On the contrary, we found that most of the affected utilities, in
attempting to comply with the regulation, were able to either improve the efficiency of
their existing production technologies, or to adopt alternative environmentally-friendly
technologies in power generation, or both. Overall, this dissertation presents strong
evidence to support the concept that tradeable permit programs, if devised appropriately,

can help provide sustainable solutions to many environmental problems.

5.3 Suggestions for Further Research

This study introduced a logical approach to assess the overall effectiveness of market-
based regulations, particularly the emerging tradeable permits programs. Unlike most of
the previous studies, the approach taken by this study involved a simultaneous inquiry into
several critical elements of tradeable permits, namely the institutional, cost and efficiency
aspects. This inquiry helped determine the role of each element which collectively
influence environmental policy goals. Despite the fact that the findings offered
overwhelming support for tradeable permit programs, this study should nor be considered
as advocating tradeable permits as the wltimate solution to all environmental problems. On
the contrary, this study demonstrates the potential of market-based instruments for
achieving both economically and socially efficient solutions to many environmental
problems. Whether or not this potential is invariant to the unique circumstances of the
environmental issue in hand, has yet to be examined. In particular, it is imperative to
explore the virtues and pitfalls of tradeable permits systems when they are applied to
different types of pollutants, and when they are implemented in conjunction with other

market-based and non-market-based regulatory instruments.
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1. Introduction

The empirical analyses in Chapters 3 and 4 of this dissertation are based on the cost and production data
relating to sixty eight of the largest coal-fueled electric plants located in the United States. The analysis
covered a ten-year period, from 1985 to 1994. ! The power plants included in the sample are a subset of the
110 largest emitters regulated under Phase I of the Amendments to the U.S. Clean Air Act of 1990 (CAAA).
With respect to their ownership, fifty-three are investor-owned and fifteen are publicly-owned. Publicly
owned plants include eight of the twelve ‘dirtiest’ plants (i.e., largest emitters) owned by the U.S. electric
utility companies (http://www.epa.org).

2. Sources of Data

Plant output (i.e., power generation), prices, inputs, installed capacity, and market values of boilers have
been obtained from various publications of the Federal Energy Regulatory Commission (FERC). The FERC
is the national institution overseeing the federal regulation governing the electric utility industry in the United
States. A majority of the data series is from the FERC's Form 1 } the mandatory annual report submitted by
‘large-scale’ coal-fuelled U.S. electric utilities. A utility is considered a ‘large-scale’ if it exceeds one million
MWHh of total annual sales, 100 MWh of annual sales for resale or 500 MWh of gross interchange out, or 500
MWh of wheeling for other utilities (http://www.ferc.fed.us).

The economic data including interest rates, sulfur intensities of coal, and other data relating to the U.S.
electric power generation have been compiled from various publications of the U.S. General Accounting
Office (http://www.gao.gov), the U.S. Department of Energy (http://www.doe.gov), the Energy Information
Administration (http://www.eia.doe.gov) and the National Regulatory Research Institute of the State
University of Ohio (http://www.nrri.ohio-state.edu). Discount rates and returns on utility investment are from
the Annual Reports of the Moody’s Nation Wide Survey of Public Utilities (http://www.moodys.com/). 4

3. Targetted Utilities

The FERC data set consists of the following power generating plants.

Table 1
STATE TARGETTED PLANT PARENT COMPANY
Alabama E. C. Gaston-5 Alabama Power Co
Florida Big Bend Tampa Electric Co
Crist Gulf Power Company
Smith Gulf Power Company
Georgia Bowen Georgia Power Co

! The original data set covered 103 power plants regulated by the Amendments to the U.S. Clean Air Act of 1990.
However, to avoid analytical problems and to create a balanced data set, the utilities with missing data were omitted.

2 In the United States, investor-owned utilities account for 76% of the total power generation, while publicly-owned
utilities produce about 10% (http://www.eia.doe.gov).

3 A specimen of the FERC Form No. 1 is attached to this Appendix.

4 URLSs for data sources are shown for information purposes only. Publications containing the data are available at the
libraries of the University of Ottawa, Carleton University, and the National Research Council (NRC).
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STATE TARGETTED PLANT PARENT COMPANY
Hammond Georgia Power Co
J. McDonough Georgia Power Co
Wansley Georgia Power Co
Yates Georgia Power Co
Illinois Baldwin Illinois Power Co
Coffeen Central Illinois Public Service Co
Grand Tower Central Illinois Public Service Co
Hennepin Illinois Power Co
Joppa Steam Electric Energy Inc.
Kincaid Commonwealth Edison Co
Meredosia Central Illinois Public Service Co
Vermilion Ilinois Power Co
Indiana Bailly Northern Indiana Public Service Co
Tanners Creek Indiana & Michigan Electric Co
Breed Indiana and Michigan Electric Co
Cayuga Public Service Company of Indiana/ PSI
Clifty Creek Indiana-Kentucky Electric Corp
F. B. Culley Southern Indiana Gas and Electric Corp
Gibson Public Service Co of Indiana
H. T. Pritchard Indianapolis Power and Light Co
Michigan City Northern Indiana Public Service Co
D. H. Mitchell Northern Indiana Public Service Co
R. M. Schahfer Northern Indiana Public Ser. Co.
Petersburg Indianapolis Power and Light Co
R. Gallagher Public Service Company of Indiana/ PSI
Wabash River Public Service Company of Indiana/ PSI
Iowa Burlington Iowa Southern Utilities Co
George Neal-3 Midwest Power Systems Inc
Prairie Creek1-3 Iowa Electric L & P Co
Prairie Creek-4 Iowa Electric L & P Co
Riverside Towa-Illinois Gas and Electric Co
Kentucky Reid Big Rivers Electric Corp
Coleman Big Rivers Electric Corp
E. W. Brown Kentucky Utilities Co
Pineville Kentucky Utilities Co
Ghent Kentucky Utilities Co
Green River Kentucky Utilities Co
Tyrone Kentucky Utilities Co
Maryland Chalk Point-1&2 Potomac Electric Power Co
Wagner Baltimore Gas and Electric Co
C.P. Crane Baltimore Gas and Electric Co
Morgantown Potomac Electric Power Co
Missouri Asbury The Empire District Electric Co

Labadie

Union Electric Co




Appendix [

208

STATE TARGETTED PLANT PARENT COMPANY
Sioux Union Electric Co

New Jersey B. L. England Atlantic City Electric Co
Deepwater Atlantic City Electric Co

New York Greenidge NYSEG
Milliken NYSEG

Ohio Conesville-1-3,5&6 Columbus Southern Power Co
Edgewater Ohio Edison Co
Muskingum River Ohio Power Co
Gen J. M. Gavin Ohio Power Co
Kyger Creek Ohio Valley Electric Corp
Niles Ohio Edison Co
W. H. Sammis Ohio Edison Co
R. E. Burger Ohio Edison Co

Tennessee Allen Duke Power Co
Lee Duke Power Co

Wisconsin Edgewater-4 Wisconsin Power and Light
LaCrosse Genoa-3 Dairyland Power Co-op
Nelson Dewey-1&2 Wisconsin P&L
Pulliam-Total Wisconsin Public Service Corp

4. Sample Geography

Geographical distribution of power plants included in the sample is presented in Table 2.

Table 2
State Number of Plants
Alabama 01
Florida 03
Georgia 05
Illinois 08
Indiana 14
Iowa 05
Kentucky 07
Maryland 04
Missouri 03
New Jersey 02
New York 02
Ohio 08
Tennessee 02
Wisconsin 04
TOTAL 68
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5.

Employed Data Series

The data series are discussed under three headings:

e Series: Directly from Sample
e Series: Constructed
e Series: Secondary

5.1 Series: Directly from Sample

5.2

Total Capacity of Plants
Denotes the maximum generation capacity of the plant(s) measured in Kilo Watt
hours (KWh)

Net Power Generation
Output of the plant measured in KWh

Average Cost of Fuel per Unit Burned
Actual cost in dollars per short ton of coal

Average Cost of Fuel Burned per KWh
Ratio of the cost per ton of coal and the actual generation of electricity (KWh )
per ton of coal.

Cost per KWh of Installed Capacity
The ratio between total cost of production and the total capacity of the plant in
terms of KWh.

Series: Constructed

User Cost of Capital (P)

Cost of production is the cost of power generation. Output is given by the ner generation of
electricity (‘000 of KWh). Price of coal is the delivered price (including the cost of transportation)
per ton of coal at plant sites. The price of capital (i.e., implicit rental price) is computed using a
method developed by Jorgenson (1963) and Coen (1968). 5 The user cost of capital (P is

Pk=[g(8+s)(l —uB)]l(l—u) where g is cost per unit of capital, § is economic rate of

depreciation, s is the rate of return, « is the corporate income tax rate, and B is the present value of
the tax depreciation allowed per one dollar investment: B = ,Zl d,(l + s)-l.

5 See Jorgenson, D.W. (1963), “Capital Theory and Investment Behavior,” American Economic Review, 53(2), Papers

and Proceedings of the Seventy-Fifth Annual Meeting of the American Economic Association, May, pp. 247-259; and
Coen, R.M. (1968), “Effects of Tax Policy on Investment in Manufacturing,” American Economic Review, 58(2).
Papers and Proceedings of the Eightieth Annual Meeting of the American Economic Association, May, pp. 200-211.
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o  Cost per unit of Capital(g)

‘Handy-Whitman Price Index’ was taken from the Annual Reports of the Moody's Nation Wide
Survey of Public Utility Progress of the United States.

®  Rates of Depreciation (d)

d = 0.045 was adopted from Christensen et al. (1980) 6 where it was calculated using the
diminishing value method, assigning 33 years of economic life for power plants.

®  Rates of of Return on Ultility Investment (s)

‘Moody's Industrial Bond Yield® is used as a proxy. It was taken from the Annual Reports of the
Moody's Nation Wide Survey of Public Utility Progress of the United States.

o Life of a utility (1)

Following Coen (1968), the useful life of a utility for tax purposes (/) was taken to bel8 years, and
it was assumed that governments allow utilities to write off the power plant(s) in 18 years, by
equal installments.

5.3 Series: Secondary

Data series in nominal terms have been converted to real terms using the following indices:

¢  GDP Deflator
e Coal Price Index

6. The CAAA and the Forward-Looking Behaviour of Electric Utilities

Recent studies ' examining the U.S. emissions trading program find that the utilities affected by the
CAAA had started responding to the new environmental measures immediately following the passage of the
CAAA, despite the fact that Phase I was scheduled to begin in 1995. This behaviour is clearly evident from
Table 3 below, which shows that the utilities had already mitigated their emissions by about 45% (as
compared to the Phase I targets) by the time the CAAA went into effect in 1995. The observed behaviour
which is consistent with economic theory is a reflection of both the inter-temporal optimization and the long-
term contractual commitments on utility investment. This observation has been confirmed by the latest EPA
information (see http://www.epa.gov) shows that the FERC data set used in this dissertation is broad enough
to shed light on both ex ante and ex post behaviour of electric utilities affected by the Amendments.

$ Christensen, L.R., F.M. Gollop, and R.E. Stevenson (1980), “Estimates of Capital Stocks and Capital Services Flows
for Privately-Owned Electric Utilities in the United States, 1950-1975,” University of Wisconsin-Madison, May.

See for example, Burtraw, D. (1999), “Cost Savings, Market Performance and Economic Benefits of the U.S. Acid
Rain Program,” in S. Sorrell and J. Skea ed., “Pollution for Sale: Emissions Trading and Joint Implementation,”
Edward Elgar. Cheltenham, United Kingdom, pp. 43-62; Schmalensee, R. P., L. Joskow, A. D. Ellerman, J. B.
Montero and E. M. Bailey (1998). “An Interim Evaluation of Sulfur Dioxide Emissions,” Journal of Economic
Perspectives, 12(3), pp- 53-68; and Stavins, R.N. (2000), “Experience with Market-Based Environmental Policy
Instruments,” Discussion Paper 00-09, Resources for the Future, Washington, DC.
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Table 3

SQs Emissions from Coal-Fuelled Electric Utilities: 1985 through 1995

Total SO, Emissions
(Millions of Tons)
GW Capacity 1990 1994 1995 % Change
1990 - 1995
Phase I Units 1309 9.7 8.0 53 -45%
Non-Phase I Units 333.2 59 6.3 6.6 +11%
Total 464.1 156 14.3 11.9 -23%

Sources: “1995 Compliance Results, Acid Rain Program,” U.S. EPA and EIA, Form 767.

7. Summary Statistics

Annual average values for the key variables used in the econometric and DEA models are presented in
Table 4 below. ® The values reported have been adjusted for inflation where appropriate, using the xelevant
price indices, namely the U.S. coal price index and the GDP deflator.

Table 4

Descriptive Statistics of the Sample

YEAR VARIABLE MEAN ST. DEV. MINIMUM MAXIMUM
1985 Cost of Production ($ millions) 88.12 84.00 1.93 427.00
Output(MWmﬂ]_ions) 3.82 3.98 0.05 20.94
Price of Coal ($ per ton) 39.03 8.98 22.55 65.51
Price of Capital (user cost per $) 0.12 o 0.12 0.12
Rate of Discount (real r) 0.11 o 0.11 0.11
Capital Stock ($ millions) 187.24 204.94 8.16 926.00
Quantity of Coal (tons) 1679.10 1719.80 16.00 8385.00
Investment ($ millions) €.37 5.99 0.01 29.27
1986 Cost of Production ($ millions) 84.35 79.94 2.09 422.00
Output(Mij]_ﬁons) 3.78 4.05 0.04 21.17
Price of Coal ($ per ton) 37.98 8.47 23.36 68.99
Price of Capital (user cost per $) 0.09 0 0.09 0.09
Rate of Discount (real r) 0.09 ] 0.09 0.09
Capital Steck ($ millions) 196.36 209.94 8.34 931.00

8 A concise summary of the data set concerning the pre- and post-regulation periods are presented in Chapters 3 and 4.
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YEAR VARIABLE MEAN ST.DEV. MINIMUM MAXIMUM
Quantity of Coal (tons) 1620.00 1685.90 24.00 8033.00
Investment ($ millions) 5.82 10.00 0.03 51.44

1987 Cost of Production ($ millions) 81.71 76.62 2.32 396.00
Output (MW millions) 3.74 3.97 0.06 21.50
Price of Coal ($ per ton) 36.65 7.16 23.23 55.40
Price of Capital (user cost per $) 0.10 ] 0.10 0.10
Rate of Discount (real r) 0.09 0 0.09 0.09
Capital Stock ($ millions) 198.20 212.74 8.32 943.00
Quantity of Coal (tons) 1652.10 1723.60 32.00 8253.00
Investment ($ millions) 6.06 12.40 0.01 82.54

1988 Cost of Production ($ millions) 83.83 77.29 1.95 405.00
Output (MW millions) 3.99 4.06 0.04 21.69
Price of Coal ($ per ton) 35.61 6.72 22.98 51.08
Price of Capital (user cost per $) 0.10 o 0.10 0.10
Rate of Discount (real r) 0.09 o 0.09 0.09
Capital Stock ($ millions) 197.52 208.98 8.34 945.00
Quantity of Coal (tons) 1727.70 1717.20 26.00 8455.00
Investment ($ millions) 5.32 8.42 0.01 32.89

1989 Cost of Production ($ millions) 85.93 78.29 1.99 391.00
Output (MW millions) 4.03 4.05 0.03 20.70
Price of Coal ($ per ton) 34.95 7.72 19.87 53.60
Price of Capital (user cost per $) 0.09 o 0.09 0.09
Rate of Discount (real r) 0.09 0 0.09 0.09
Capital Stock ($ millions) 200.86 209.89 8.34 950.00
Quantity of Coal (tons) 1720.90 1712.80 17.00 8019.00
Investment ($ millions) 12.04 36.91 (] 293.00

1990 Cost of Production ($ millions) 86.87 79.83 3.39 400.00
OQutput (MW millions) 4.00 4.07 0.03 20.78
Price of Coal ($ per ton) 35.28 7.81 14.16 50.40
Price of Capital (user cost per $) 0.10 0 0.10 0.10
Rate of Discount (real r) 0.09 0 0.09 0.09
Capital Stock ($ millions) 206.73 211.93 8.35 952.00
Quantity of Coal (tons) 1725.20 1703.50 19.00 8135.00
Investment ($ millions) 8.28 13.90 o 98.76

1991 Cost of Production ($ millions) 92.13 95.27 2.34 490.00
Output (MW millions) 4.06 4.42 0.03 21.88
Price of Coal ($ per ton) 35.08 7.89 13.95 49.42
Price of Capital (user cost per $) 0.09 0 0.09 0.09
Rate of Discount (real r) 0.09 0 0.09 0.09
Capital Stock ($ millions) 212.27 214.58 8.47 961.00
Quantity of Coal (tons) 1680.20 1798.70 10.00 8570.00

6.11 7.00 0.06 35.72

Investment ($ millions)
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YEAR VARIABLE MEAN ST. DEV. MINIMUM MAXIMUM
1992 Cost of Production ($ millions) 85.82 79.93 1.88 367.00
Qutput (MW millions) 3.95 4.21 0.03 20.90
Price of Coal ($ per ton) 34.55 8.31 13.02 51.87
Price of Capital (user cost per $) 0.08 0 0.08 0.08
Rate of Discount (real r) 0.08 0 0.08 0.08
Capital Stock ($ millions) 220.13 219.47 8.38 970.00
Quantity of Coal (tons) 1713.20 1802.20 15.00 8142.00
Investment ($ millions) 8.08 9.72 0.05 36.58
1993 Cost of Production ($ millions) 90.04 84.27 2.62 400.00
Output (MW millions) 4.11 4.26 0.06 20.57
Price of Coal ($ per ton) 3¢.19 8.01 13.71 47.82
Price of Capital (user cost per $) 0.07 o 0.07 0.07
Rate of Discount (real r) 0.07 0 0.07 0.07
Capital Stock ($ millions) 228.15 227.98 8.36 1020.00
Quantity of Coal (tons) 1701.10 1763.80 12.00 7958.00
Investment ($ millions) 8.80 13.93 0.01 84.90
1994 Cost of Production ($ millions) 96.04 86.57 2.57 437.00
Output (MW millions) 4.16 4.48 0.05 21.44
Price of Coal ($ per ton) 33.95 8.38 13.56 57.69
Price of Capital (user cost per $) 0.08 o 0.08 0.08
Rate of Discount (real r) 0.o8 0 0.08 0.08
Capital Stock (3 millions) 237.48 230.14 8.37 994.00
Quantity of Coal (tons) 1718.50 1809.40 28.00 8215.00
Investment ($ millions) 12.32 16.71 0.01 75.73

8. FERC Form No. 1

In order to provide some guidance for the reader concerning the type of data that was used in this
dissertation, excerpts from the FERC Form No. | (by courtesy of http://rimsweb2.ferc.fed.us and
http://www.utility-info.com) are attached to this Appendix. FERC Form No. 1 is the Mandatory Annual
Report submitted to the Federal Energy Regulatory Commission (FERC) by all leading electric utilities
operating in the United States.



214

Appendiv {

T681] (oHi2a13) $9816UD UoRuBlIsaAU] pud ABAINg Wiield

[rd

5| B

T€ 28T siessy Kioweinbey o410}

oee

2 291) 51500 AprIg AOjeNbey pue 1UB]d PeiarodeIuf

3] 8

"EEEE
EEEE

ote

(1'¢81) s08507 d Aieujpiorlix3|

{191 68suSdXa 1G0Q PEZIIOWEUN

3 2

11630 Q34H3430

011 808

T1S Ful 12 S84} 10 [5101) 5165V poruady PUe JUalng E 23

(vZ1) 51085V PONJOOY PUE JUBLNY eNOGURIBISIA] 19

(£1) senuoasy Aliin parudoy] 08

{21) e1qeNBOeY S1UeH]  6Y

(1L1) ejqeajpoet spuspia] pue 1saleiul] Bt

TI51-3917 58D 10) seoueApY] ¥

(591) slowAedeid oy

(€ v91-C ¥a1) BUssadald 10] POH/DAIOIS S8 [AINIEN Peyjendn} o

. T1%91) Wan) - punalbiepun peiolg seey vy

577 £91) pOIqUISPUN @5Uedx3 66J0IS] B
- SODUEMOY O U0 WBNNOUON (550 1)
[G2z-62e {2°691 PUG | 83)) SOOUBMOI V]
J573 TZS17 05 10} PIGH STeHGIEN JEefonNy|
JF+3 BG1) 56110ANG PUE S[EUGTeN J6UI0)
122 1551) espueqoion
V573 Tv51) se11ddng BupwIsag PUe S[ERBIEy 108)g
122 ENPOld POISRIIXa Pue (06[3) 61enpieey)
Ize {23t] peINqUISHUN $o5UGaNT ¥I0IS 1N
V73 TIS1) ¥30IS 18Ny

T9v1) SO[UBAL0;) 0085y WO 6[qBAIe38Y S1UNodTY]

(Syr1) sepu D) POIBO0SSY WOJ] BIQBAI80aY SBI0N|

Thv 1) UPBIS-130Y S{GRI8IIOIUN 10} ‘ADId WNOJV (5801

TEv1) O1quAIBIEY SIUNOITY JOUI0)

~ (2v1) G[qEAIBD8Y BIUNOI0Y JBWOISNO)

(1) 81qeA|008Y E0ION

X | W00 lletjusey] w2
61356V GINHIIV ONV INJHEND (57
0K | 00K T1261 Z1-¥} 50U} SIIBWISBAU| PUB Kpedold Jeq0 TV.10L
KAXAX X0
00X %0000 {v21) SIueWIsaAU| Jey
WK | 00X | 822-828 SOIUEMOITY J0 UORIOd WBLNJUON] 61
(2v oull 722 968 010U00] 895 | £} 1UNGI0Y [0 1500 103
0K | X0X | Seevee
000X 300X
00K | 30000 Z21) oWy pug 1
[ 000 | 000K 122 T121) Aiedoid AuINUONT i
SINIW1S3ANI GNV ALE3dOUd BIHI0 e
000 |00 (211} WeiinouoN-puncsliepun peiois sep] &b
o000 | 30000 713 191 L) sjuslsnlpy 1eid Ainn] 1+
oK | 0000 T6 PUE 9 56U jO 101 J9IUT) Weid Kump 16N|  OF
o 18 5501 Z U]l JO (010 Jeiug) jond JeopnN eN| 6
00 [ 3000 Z T021) SAINLASSY (9] [ONN O WOUlY 10} Adlg Wnaoy (650)| B
300K | WO | 602202 9021 v 021-t 0al) 1onJ JeopnN|  Z
30006 | 00K TG 569|  6Uj) {0 (B10) 39103) Weld AN 1BN] @
WX | 00X | 102-002 TGT1 14+ '801) 1d0Q oWy 1daq 1] ‘AOld sﬂﬂ S
T T PUB 2 50U} |0 2101 JOIUS] 1UBld AAN V101) v
%0k [ 00X | 102008 12017 ssaiboig U] oM UONUISU0D] €
0o | %0 [ §02-008 it 201-101) ueid Kipn| ¢
INV1d ALNLIN 1
(p) (o)
swepjo] smeAp | (@)
pu3  [OuuuiBeg|oN ebed (e) ‘ON
®° U] ‘loy JUNOAY JO Bptt eun
souejeg| ecueeg
(511930 HIHLO GNV S13SSV) 133HS IINVIVE JALLYEVINOD
bE4 % 014 0Bed | uno4 OHI4
XXXX 'L ‘08 ‘ONI HIMOd NYOIHIWNY HLHON :Alliin (0 sweN

(9g 1) siuew)seau| ysed Lejodwe |

EEEECECEECEECECEEEELEELEEE

ggﬂ%égaﬂﬁﬂaggg#ﬂﬁygsaaéﬁgéa

ﬂ&&l&SSﬁS&&B“SSSBSS#

{5e 1) epun3 Buppion]

SIHNNLN D1¥13313 YJOrvIN 40 104N TYNNNY

| “ON WY04 D¥34




215

Appendiv 1

o0 | o000 €9 U Zy WUl 0 (VIOL) SIPeID) paleeQ WIOL|  ¥S [0 | oon | 1529 (o2 $Pucg pamboee (69e 1
Yoo | 300K 115211090 PeaRbag9Y Uo UD PeTousun] 29 Yoot | w00t | 192982 iz 9l
oo | oox | 8g Tvs2] vemmiavT) Aiorenbey @0] 19 | _ 1830 WH3L-BNOY sl
e AT IRL TR Ty Yo [ 0000 et o ¢ v8u 10 (W01 miides Awiepdoid V1oL ¥h
=000 | 000 73 000 wox | 152052
00 |00k | 1929982 592) SUDRID) XL {UGISBAU| peLI9}8Q POIRINLGTY] 87 ..WS X Jeiie
$110360 03563930 7y el Mol L0521
00K | 000 Tv¥ FUL 2C S9UTT] SORMGNTT POTUOY PN WUND TW101]  Sv oo 100 .
o | o el
oo | oo Jooox 1 Yoo : v
o [ | e [ ew UFpRd ] L
R T 0000 | 0000 . (2021 ¥30iS mde) uo Wniue; 9
e Yook | Yook S
00| 00K 00X ] 000K >
BTN B - A T T 00 | 00 | 162092 TvOz) pones| O0IS PALO/I €
B R I R Woo | 00 | 152068 . T102) Penss| H00I5 UouAoD| €
e WIIavO ABVLIUd0ud i
Bl YA
J000¢ 000t . () *
Bl M e - o
—So00r | 00K 3 ouereg | eousieg
SILNIEYI G3NBOOV ONV INSEEND 3 (8LI034O UIHLO ANV SILLMIGV) 133HS ONVIVE JALYHVANOD
o163 0 2 4N 10 O L) SRRARRTY TR0 T80 VIO 0 €11 w241 e8ed | uiod uad
3000( 0006
30000 Y00t
3000 W00
Y000 3000¢ T1'922) ouUwNau] K1eG0ig J0] UOISI0Id pHELnady]  S2 |
000 | 000K (Z22] WeLNJUOH - $85%e-) BIIV0) J8pUN SUOTBIG0] | ¥2
S3ILNIGVH INSGENONON H3H10 T |
30000 WXKK 2 |
0000 000
000X 000 .
00X | woxX | JG295C rzzTiaeq uus BuoT W0| 61
WOX | 000 | 262982]  \C22) SHUNOLI0D) PeIeposey Walj S60U 8l




216

Appendix |

50|QEAIBIOY U| 0588108 (0586J0U[) 10N

TIoN] iUeWisHIDY WPeID X1 JUGWISoAT

TioN] soxe] owoou] pasiejeq)

‘EERERE

okng Apoqued (K|1eaS) O UOHTBZRIoWTY]

enuBABY Pafaun

"BWe3U) O} (571paJD)) 860J8YD USEOUON

8l

117 68ed UO gZ 6Ur] 6Wwodu) 1oN]

TSOINIDY BUNEIB00) UI0I] MO[J UseD) 10N

$ (q) wnowy

{8) uonduoseq

%g - & o] @] v] o] ®} & 2| =

SMOL UsE) JO WsNES

121 01 02| sebd | U0 OHI4

XXXX

XUXX

AXKX

oo | xxxx 1 o0t

62,858%5912 ,'_
80ed Woyj piamo| peiLe

awoau) Bupesedo AN Jen|

G2

XXXX

XXXX

XXXX

XX | xxxx {3000t

(€2 8501 2 BUJ| O (910
swosu) Bunesedo AN 10N

[£4

XXXX

XXXX

XXXX

000t | XxXxXX | 000t

(81 vyl
t seui jo [eloL ) sesuedx3
Bunesedg Anipn W10

1%

XXXX

XXXX

XXXX

00X | Xxxx | 000t

(6°) 1ty) seourmO|lY]
10 uopsods|Q) WoJ) 508507

e

XXXX

XXXX

XXXX

000 ] XxRx | x00

(8'1 1) s8oUBMO|IY 1O
vop|sodsiq wosj sufep (559

12

XXXX

XX%XX

00X | XXXX § XXX

(L'1ip) weg
Aynn o ‘dsiQ wios) 88880

02

XXXX

XXXX

XXXX

oo | xxxx | 000t

{9 LiIp) weld Ann
10 'dsiq woyj supep (sse

6l

XXXX

Xxxx

XNXK

woot | xxxx | oo} 9gz

{(r'1Lp)1eN
- fov wpes) xe) _5535__

8l

oot § 3000 | oo | oot §oxxex Faoooe | ke | oo | 222 (101t} sexe]|
-2 'veg]  "oul pauejeq Joj LoiSIACI Ot
axxx {000 | xoot | so00e | xxxx oot | xxxx | oo | £92-292 (s'60p) sep0{ St

oo oot | xxe § oo | xxxx | xoae | xxxx | oo | £92-292 {1°60¥'
[eiepa4 - soxuy ewoduf ¢4

xxx fsoooe | oood |soooe | ooood | oooe | xxxe § o0 ) £92-202 {1'g0%) soxu]]
ewoauy tey] Jeyio sexsl] ¢l

xxxx | 000t | xxxx | 000t | wexx | ook | ooxxx | 0oox . (' Lob)
sipasp Lojeinbey (sse) 21
xooex oo | xxxs | oo | xxxx oo | xxxx | ooy (' L0¥) suqeq AsoieinBetd (1

o oo | x| soooe | oxxxx | sooae | xxxx | oot (Lot) sesuedx]
UojstaAUOD jo “Uoury] O

(£0%) 51900 Aprug AsoreinBeyy

xxxx § 000 | x| 0000 ] xxxx | oot xxxx | soocg PUB JUB|d PEIBAOIRIUN
‘s08507] Auedaud 10 ‘wowy] 6

wux | s000¢ | xxxx | s000¢ ] xxex ooae | xxxx | ooy | gee-06€ {90%) o]
"bav weld Alnn jo ‘wouv 8

XXxX |00t | xxxx | ook foxxxx § oot | xxxx Kxxx 8CE-9EE AOOYQO?
weid Aunn jo ‘deq 9 ‘woun] £
xxxx {000t | oo | sooo | sxxx | sooox b frooot | ee-966 | (€0) esuedx3 vojeoeidegt 9
xxex | soooe | xooxx | soooe | | oo | xxxx § sooc | g26-02¢ | (201) sesuedxy eaueueiuepd S
xxxx oo | xxxx [ aooo | oxxxx | xooe | xxxx ey § £26-026 1 (10b) sosuedx3 uopmedy ¢
sesuadxy Bupwedot €
x:x_g_ﬁxx_xxxx_xxi_aﬁx_xix_anx__om.oon_ {oot) senueasy Bupetedoy 2
HNOINI ONILYHIdO ALITILN I
Ofpjwi@lnjelmiai @ ®) oN
190 | 1004 | 1804 |seep | seop |reex | 1o |seea| ON'd Wno%oy oun

aig Jung| aid | mp ] e g g eid | unn] iey

XXXX

AXXX

XXXX

oot | xxxx | oot} 222

212 'vee

:;:%o.asﬁass
palisjaq Joj UojsiAald (8507

Ll

ALAUN ALAUN
H3H10 SVO

ALALLA
omloznz | WioL

1usiwe)ns BLI0)
L1101 91| sabed | w04 D43




217

!

Appendiv

=
000 VoSUBGXT PIUDOY PUB SRIQUAR ] U] (PS0RIORQ)) SSR0I0UI BN| T3
000K UGREFI080S 10} 1oy Seousmony] 29 |
000K U] sveaionq (VWU WN| 19
Y0000 KI010eAU) Ut #se0eQ (0sweioul) 10N 09
00K SOIqEAO0RY] U] #5V6I08(] (#SVI0U]) | 6V |
000X 9G] U0 SUORORO LY
7000( PSRN 10 SRR SUSOY B
oo 06 300X SONOeS TUGUITSSAU] O SOOS W] SpRSO0IT]  GY
oo ] Y000 SOINOS IUSWISOAU] 10 OS6UINg| ¥
] ER TOIVOWI0) KIIDRanG DUV PSRROISY]  oF |
TO1 SOOURADY PUS) Uj SSLTSeAU] 1O UOROTHO] TP
ER 000K TORAI0) KVIDIWIG DUS O0STY W03} SI0URATY PUY SIOWFIDOD] OF |
w00 KR 30000 o HIANS PUV D0FSY O SIUNADY DUV U BIOSLISRATY 6T
KR Y0008 T BWRtY WALITIUON |0 (F000%] WoJ| opeeddidl  I¢
000X 001G UOUALIG) UO SPUPPIN 10 %008 Teey USLTOUON JOWO 10 UORMINGoY] 96
o5 0TS PALORIZ U5 Oenii] 08 o TES T3 6% 5900 o WDL) Wowig 107 SROIRO | V%
000 108( WIG1-HOUS Ul 0391000 N QL 00K [ BT
Y00 0G0 8L Y00 0c
W00 WO0IG Uowwoy]  OL 00K 57
0o YO0IG peLepId VL oo 72
30000 10 Wt 7] Y000¢
10 WeWAIHeY J0] seukua 2L 00K
3000 (65 101 15 98U[) 0 (W10 1] S80S SPRING AQ PRPPOId Geu] 0L oo
30000 L BT 0000
00K W80 WLE1-POUS Ul #5eeiou] N 99 | 0K
300K P BT 100K
000K WOOIS UOUALOD} €9 | 00X T Eetey WAIN) IO J0R0| 81
0000 Yo0I5 eI 20| 000K Wasj sBuure3 peinquispun (swel  Z1
Y600( qeg wie ooy 19 000K TCRONISU0) BURNG POW( SPUNJ MI0) J0] SOUEwORY (6o01] 01
10 GOURTTES| WI] 58830 09 | Y00 SORIHAUT 1 AIOIFNDEY JOO Ut (0500ionql] 5veiou| N|  S1
"SI0V BURUVULJ WaJ] SMOd 69 100X — wesvy RGIGNBeY 0G0 U] 65081000 (SSVeIU) ON|  ¥1
0000 153w ve weull o woL] 29 o0 SSUATRT POV PUS SOITERN J U] (e790106q) SVReRGi W] C1
SORIAIOY BUNGOAL] (U] Pes() Aq PPIAOId 4se0 epy 99 000K ~TiGiGeAL] SGIUTMONY U] S5#aIoE [65Weiou]) 1




218

Appendix |

00K ] YK | Y00KK ] 00K | 3000 | 300KX UBWdnbS oplo813 Al0sseodY (b2e]] 12 YoOK] 1000 [R R %] KRR K poood 00K oo UOREZI 62
[ 3000¢ | 000 | J000¢ | 100X | 0K | 100X ®IUN JojBleUeBogin (cze)] 02 TOOK | 30008 [ R RR K| % 52X [000q 30000 Uonereideq] 62 |
30000 | 3000 | 1000K | 000K | 300K | 3000C wewdinb3 We|d JoieeH (zze)| 64 a5 einin 0] Plev| 22

000 | 000K | 00 | 1000 ) 300K | 300K S1UBLUSACITRL| pUR SAIMDNVIS (L2 8 YO0K] 300K [ XX F R KA 3000 Joood (G2 PUB p2 SaU JO [810)) SI8WO O} pasee V101l o
[T3000K | 000 | 1000¢ | 100X | 000K | 300X I4BId pue) pue pue [02e)] 4t 000K | 1000 | K [ % 5 000K [0k UoT0[0Q PUB UOREZIIOWN G2

usid UOfI3NPOId JeedNN ‘] o1 [3000(] 300K |32 %3 % | 32 %X % |po00q 3000 100t UopeeIdag| vz
[T3000x | 100K | 160X | 1000 ] %000 Tvt - @ 58UJ] ) 1UB}d UOIONPOIJ Weelg W101] St "800 0} pesee ] £¢
Bl o XK 00K [XXKR[RR% X 3000¢ POod] 12 TUygi g} £9U]| {0 (8101) 698G Uj V1011 22
300 | 3000 | 300 ] 0000 | 00X | YooK| 100K [ XK 7] R % poond 100K oo UBld AR 190 10 Vo] 12

YOO § J00CK | 1000 | 000¢ | 3000 | WO [ Y00 | XRXK xxxx_.looQ 300K [30001 PUv) pUB pUT ) S0EI0Ig PUNGIBIBPUN O ‘HOWVY] 03 |
3000, | 000K | 3000 ] 7000C | 100K | X0 YOK| 00K | XXX K| % %X X hooad 1000 [oad - pue U] Sep) T8N BURNPOld [0 [0eq Pus Howry] 61
73000 | 1000C | 300X | 1000C | J00KK | 000K YO0O(| 000K | X X% X| X% X % [3000q 3000K ,89.* uonee:deq) g1

3000C | J00KK | 300K | 1000¢ § 3000¢ | 3000( BJUBWIBACIdW| pue seImonig (1 1e)l 6 eNeG Ul 2}

00 | 00K | 000c | 100X |00 | Wex [ SO puei pus pue loie)| 8 HO04 SNOISIAOHd G31V INWNOOV 30 V13| 91

TUWd UOHINPOid WS V| TR 300X [R KA Frew 3008 [po0 Tv1 586 €| 8Ull 10 1610 1) 1Uuid KNIRM 10N] ST

9 O Bl EERE xxxyﬁﬂmﬂg 06Q § T LOWY "106q 10] AOld WMoVl ¥1

7 3000( ] J000( | 100K | 100X ] Y00 | XXXK | PUB '€ ' Seul JO [¢101) iUeld ejqioueiu] 1v101] S YOO | 100K | KRR R | R |00 000K 21 ™y § 6607 J0 [8101) 1Ueig A V.101] £}
300K | 1000 | 30000 | 1000¢ | 00K | 100K W08]d 81q0uTIU] SHOBUEIIOIE (C0R| ¥ oK | T00K JRR R R 5o 1000 10008 1000k SIUBUIENPY UORISINGOV] 21

00K ] 000( | 1000C | 1000 | 300KK | J00KK SIUGSLO)) pue sos[youRid (208)] © SR (R 33 x] 000K 000 580380J Uj YWOM UONIMISUODE 11

| I000( | 00X | I000C | 000X | 000K | 300K UONeziUetio (10E)} ¢ X0tK| 00K | KREX[RRRR Y000 @501 81NN JO) PO O

1 000¢] 100X PHRXXX[HREXX 3000¢ ’ieyiQ o1 pesea| 6
@ [F0R| 600 | X 30% K[ X % X [1000q 300K [1000( {Znuyrg seuj jo L] IO @
ol @ o | o] e . 0K ]| 30008 | X K3 %] X KR % [000q 100 Poood PoysseRuN 1Ue]d [ewyedxa] £ |
jopug| we ) swo 1 swe | suo :_oo ) oN YO | 3000 | XEX X XXX X 3000 1000k poood PeyIsse|d 10U Lonanuisuod pelejdwod] 9
ey fursnipw] wase nopv] 1098 Junosoy &n — [___ i

loouueg - XOK| 00K [ RRXR|XXKK 00K PI0S JO peseqaing 1eid| §

3000 ] 2000¢ [ XRKX[XXXX] 000K €058 80 Jepun Avedaid| t
S«R...»Sﬂa.ﬂ&-ﬁeﬂh—u:owwu 0K | J00K | XKR K| XRRX Y000K P00k TSSEI0) SofNIeg sﬁu_m €
INVId AL L

s|s|s|s|slsl]s ® oN
WlO®|] 0| ®je} 6] wei( oury

o . . _ vl €| & | & |sen] o w_aj

WOK | J00K | RERR[XKKR 00K o0 SUOISIAOI] POTBIMLNOY V101] €6 wody ipeds) ieds) 1oedg| 1808}

ol el 35 R 00K JoooK TUBUNSNIPY UORISINDOY jUB|d O UORBZIIOWY] 2C | o .osov_.oso

e [0 0 e ] R SRRRAT T oS S ool

Y000(| 30000 | XXX % | X% %% |1000q 3000 |5000 (62 PUB g2 S0U)| O [€i01) 05 8ImnJ 10} Pfer V101l 0% 102 - 002 sebeg | w04 oYY




EEEEEEEEEELE
EEEEEEEEEEEE

EEEEEEEELEEERL
EEEEEEEERRERE

g 8 8 &
HEEE

.CCECECECEELE

EEEEEEEEEEEEE

'EEE

EEEEEEEELELERE

LCEEECCECCELE

EEL

LEEECEELECELE

"EEEEEEEEEEE

EEEEELEEELLE

EEEEE
'EEEE

LEL

LEEL

J000(

g| El 13

it

on Customes Premises 1000(

373) Strest Lighting and Sianal Systems

fines 65 thu 68)

an (i

Equip

364) Poles, Towers, and Fixtures

dermground Conduit
371) Instaliations on Customer Premises

365) Overhead Conductors and Devices

370) Meters

389) Land and Land Rights

69 [TOTAL Distribution Plant

63
64
65
668
67
68

70 | 3. GENERAL PLANT

t

391) Office Fumiture and Equip
on Equip
393) Stores Equipment
op and Garage Equip
Propeity

390) Structures and Impeo
394) Tools,

83 [TOTAL General Plant (Total of kines 81 and 82!

84 [TOTAL (Accounts 101 and 106)

82 }399) Other Tangib

.
87 }{103) Experimental Plant Unclassitied
n

Appendiv 1 219

'EEEEEEL

"EEEE

3000
000
YOO

ELEE

.LEE

EEEEEEE

EEEEE

]

DEEEE

EEL

20000 ] 000 | 0008
000 | ooce

'EEEEELE

EEECEEREEEEEE

'EEL

'EEEEEEE

EECEE

'EEE

' EEEEEEE

EEE

"EEEE

" EEEEEEEEE

00001000 | 000
0000 ] 0006 | 000¢ I 0000
30000 1000 | 00X | 000§ 000K | 000

'EEEELEE

'ELEL

'EEEEL

'EE

00 ] 0000 | 0006 | 000 | 000X b 000¢

t

Production Plant

330) Land and Land Rights

or Wheels, Turbines, and Generators
cessory Electric Equipment

331) Structures and Improvements
332) Reservoirs, Dams, and Waterways

333) Wat
334)

23 ITOTAL Nuclear Prod. Plant (lines 17 thru 22)

22 325) Misc. Power Piant Equip

24
25
26
27
28

41 [TOTAL Other Production Plant (Total of lines 34

53 [TOTAL Transmission Plant (iines 44 thru 52) 20008

54 | 4. DISTRIBUTION PLANT

55 K360) Land and Land Rights
(T




220

Appendix |

XXX 000K (2€ ruys $2 seujj jo reioL) cowlm._oao IO, €€
XXX XXX sjuay (529 (3
YAXX 0K §05UBAX3 J0MO JBO[ONN ENOBUBIIGISH (b2 1€
XXXX Y00( AEEEETEL )
XXXX YOO “1)-paliejsuBl] weelg (2zg) (5587 62
YR Y00 SOANO0S 18I0 WOJ) WEeIS (129)] 82
XXX 00X
XXXX 000K
WXXK X0
WXHK 300X BupisauiBUT pUB UOJsiABdnS Uoneredo i) ve
XXXX Y000 TMOJ LIE01S-68sU0dXS UOONPOId JoM0d V101l 12
XXXX 0K (61 Uy G s8u)| Jo [BI0LJBOUBUBIUIBIN IVLOL] 02
XK 00K 1UB|d WEelg SNOBUE|/O0SKY JO BOUBUBIVIBH (F1G
XXXX 00K WEB|d 91108[3 |0 8aueUeiUeW (1S
[ oo 0K JUB|d J01)0g O BIUBUBIUIBYY ()G
[~ o "I000¢ SAININUIG (0 BOUGURIUEH (11S)] 9}
XXX “X000¢ BupeoUBu3 pue UO[sIAIedng 6oUBUBIUeW 101G G
XXX 00K (21 ruy & seu|| 0 (@10 L) LojRIEd] VL0, €l
XXXX 00K | $00UEMOITY (609, I3
XAAX X000 swey (209)] W1
XXXX 000K SO5UBAXT JBMOd WeelS noaue|edsKy (905) [}
XXX Y000 S06UBAXT OPIO8|3 (GOG 6
BT W0 “I)-PaLIe|SURI [ WIBe)S (pOG) 18501 8
XRXK YO0 $OAIN0G JOI0) WOJ] WeelS (603N £
XKKX KK 9
XXXX 000 S
XXXX 000K [Z
€
UO[IRIBUSD J0MOd WeeS Y| 2
SISNIdXI NOILONAOHd HIMOd 3
190 %NV_SE agﬁvo:ao Ehwg oﬂﬂ
Jojjunoury | Joj Junowy
sasuedx3 SOUBLNUINW PUR UONIRISAO 910813
£2¢ - 025 980ud | W04 DU

oK [ 100X | senusned BUNeied0 onoel3 V101 22
0K | 30000 5enUsABY BURBIBA0) J6GI0 W10)] 92 |

XK | 100K SONUBAY OP9IT 10RO (85P) 12
YRR | 30000 SiUey] [e1eWLE0eIBI] (SSVY 02 |

XNXX | 00K Kuodaid oproe13 Wadj ey (ySvY 61

XX | 100K | JomOd J6T8 M PUB JOI9M |0 SO[S (ESYY 6F

XXXX a%lg:mv I

XXX | 10008 ~ S1Un038I0 PeNepOd (05vY 91
"senusAeY Buneiedo G0 | G1

XXXX 00K XXXX 000K YXXX ] 100 | spunjey 10} ‘Adid JO senueAey 101l v

XXX 30000 XX | 000K | XXxx_ | 00X | spunjey] ejey 0] ‘A0Xd (3 6¥p) (6se 1) €1

WHXX 3000 ok ] 00X | X0k T 3000 aw%um._(ho.r 2b

3333 X XAXX 00N XXXX 000¢ gﬁ: it

XXXX 00X XXXX | 000X | XXX [ 000( |  SIGWNSUGY) BIBWAK OF $HBS V101l OF

XXX WX XKXK | 00K | XXKX | 300K SO[eS [e1UeWRdopIoi| (v VA 6

XXXX W00XK XXXX 00XX XXXX 100K BM|[BY pue speoljeY Ol seeS (9t 8

XXX 00K XXXX | 100K | XXX | %000( | SOnHOUINY Jiangd Of S1eS 1600 (GovN £

XXXX 000X XXXX 0 XXXX | 000 BOnyBrT AemuBid oand (bvvd 9

XXX 00K XXKK ] 0K | XXXX | 3000 (emsnpu| 10) eBe g g

XXX 00K YRXK | 300X | XX | %000 (Ereuxoy) 10 rewst v |

SH€5 [S11$nPU| PUS [FRINEII0D (TN | €

XXXX 00K¢ XXXX _ 300X _ XXX _ 88._ $6{8G jenuepisey (0PN ¢

Rpiowa psess| |

(6} (o) (0} @

J8OA n JeOA (p) :%wwi 1e0) ) ‘oN
go_u_oi “Me\,ﬂ gwﬂwi m”w& 8 o) “m_c_,_o 1unoooy jo epLL oun
loquiny unowy WNowyY

HINOW
H3d SHIWOLSNO | G10S SHNOH S3NN3IA3H
40 H3GWNN LIYMYO3W ONILYHI40
JOVHIAVY

sanusasy Bupesed oudel3
10€ ¥ 00¢ sebud | WLo4 DY




221

Appendix 1

566A0j0w3 AJRIOOWG] pUs W] -Hed B0 ]]

XXAX

XXXX

XXXX

8 8

XXXX

XXXX

XXX

XXXX

EEEEEEEEEEEEEREEEE

AXAX

AAAX

XXxX

XXX

XXX BUpG6UIBUT pue Uo[sIedng uoReIedo (088Y €01
XXX 166 PUS 16 60U} j0 (810 606UBIXT UO[SOAUSUBIL V101|001
XX 186 041 £6 50U]l [0 (610 1) GOUBUONIEN W1O1| 66
XXXX G]d UOSBRUSUE)] SNOGUR[I0JSYY (O OJUBUBIUIEN (BLG, 86
XXXX saury punastisepun jo edueuslulen (2SN L6
XAXX 'SOU[] PEBLIBAQ JO OOUBUBIUIEN (1G] 96
7T 000K TUBUIG|AD UOREIS JO eDUBUSIUI (0ZG) 66
XXXX XXKK SQINJONNG JO 80UBUSIU[EN (698)]  ¥6
XXXX 000K BupieeuiBug pue UOISIAIOGNG BOUBUBIUIGH (999 €6
T O (06 Tud g seuy jo [eio]) uoyesedo W10l 16
XXXX YK siuey (£95 06
XXX Y00 OO AQ RPUI06[T [0 UO[SSRUSUBIL (Gg9 88
XXXX 00K '$85U80X3 eur punosluepun (+ag, 18
XXXX 0000 585UBdX3 OUl PEayIoAD (695 98
XXXX 30OXK 886UBdX3 UONEIS (299 G8
XXX 000K Buigedeia peo (195 v8
XXXX 0K BupesuBu3 pue uojsiwedng uopeied( (083! €8
WXXK 000K So5UBAX3 UOIINPald 16M0d V101 08
XRXX 000K TULE §Z $8U|| O [B101]865U80X3 KddnG 16w0d 1040 W1OL| 64
XXX 000K S05UBGX3 10410 (ZGS)| 6L
XHAK Y00 BUIIoedsIq PeoT pus IIU0g Wershg (9531 22

XXAX

T8MOJ JBIQ- SasUBANT UORINPalg 10Mod TVI0Ll VL
oo T2Z T 69 5641 10 [510.) 630SUSTPN WIOY]  £L

XXXX

UG1RJ8UAE) JOMOJ JBUI0) BNOBUB|IBISHY JO GIURLBILIEYY (FS0

XXXX

TUB]d OVI3013 PUe DUREIEUSD) [0 GAUGUBIUEH (ESS

NAXX

SBINNNG J0 GIUBUBIUIEN (255

XXXX

BULGBUIBUT PUB UOISTAIBANG BOUGUGIIIBN (169

XXXX

{99 Ut 29 euy 10 [B101 J0jUT) UONBIBA0 VL0

XXXX

XXXX

XXXX

XXXX

XXXX

XXXX

03 seujj) 19M0 JNRIPAH-685UBCXT UOHINPOL 18M0d TVLOL

XXXX

(29 ruy) £ 80U 10 [8101) GIUEBUSIUEBW TV10L

XXX

1UB|d HINBIPAH SNOBUEB|IETSIN JO 6oUBUSIUTEW (GHT

XXXX

EEEREEREEEEREREREEL

Y|4 001083 0 BAUBURIUIBN (DS

XXXX

BMIBIUM, PUE 'SUWiE(] T8I[OAIBSE JO BOUBLBIUIEN (EVG

XXXX

SOININIIG [0 BOUBUOIIEYS (3PS

AXXX

Bupeau|BUT PUB UO(SIAIGANSG BOUBUBIUIEW (11,

XXX

{6¥ uut pi seuy) 10 [B101) UOHRIBAQ TVLO.

XXXX

siued (ovS

XXXX

Sosuadx3 UONRIAUBE) 10MOJ JNEIPAH SNOGUBIIOISHY (6CC

XXXX

se 3 oU1de|3 (9ES

XXXX

3 JNeIPpAH LLES

XXXX

FEEEEREE

10M0d JO| 1018 19EG

XXXX

|

HBGUIBU3 PUB UORSIAIBONG UOTEIB00 (569

TUORENG0)

AXXX

ToMO G0N -505UBART UOTIoNpOId 10M0d V101,

XXXX

(6€ TULR GE SaUY| jO 810 JOI3) BIUBUBILEHN TV LOU]

XAXX

TUe1d JEOPNN SOBUTIIBIBI [0 BIUBUOIIEH (269

XXXX

ue|d op10e|3 jo eduBUalufe {1EG

XXXX

XXXX

EERERER

XXXX




B &

peseneg | €10

e t————

peasoey cio

10eBUBOX] MOg 110

seseyang 010

{6 Tl ¢ SeUI[ W0 1] UORIEUSD) 18N 600

oHiRIIS pedling-0IpRH

BYO [1

Budang 10} ABIeU3 (s5a7) 800
00

EEEEEERE

Q) ym

(o) weyy

WNO0Y Afseu3 2003
1oy e8ed | o OU34

06y efed | w04 o434

000t 1000¢ 000¢ 00t 0000 s92:004d Uj spopM Logoruisuo) | 6
y000( Y000t You0¢ 3000t 3000 (L i seun)viol | 8
000¢ 0000 00X 000¢ 000¢ SNOBUENEISIN | L
woot | 000 Y000t %000( 000t Ayoedes wweid evopopy | o
000t 000¢ %00t 000t 000t «0p ogeytsy | g
wox | 000 To00¢ 1000¢ 30000 Wowdnb3 uewereqy esioN | ¢
000X 1000¢ 00K 00 000K §1500 [esodsiq wsempIOS | €
Y00t 000 000K %000t 00K SRR (0AUOD UOANKOG JMEM | 2
000 000t 00t 000t 000t SONNIN4 |0UOD UOAWOd MY ]

s ) s | s@
s (0) 100, | SWewnsnipy | Susweiney |suonopy] () ‘ON

._Kﬁ ﬂﬂm HV3A DNIHNG SIONVHD 100 R LORARIRO *n

SORIIE] UORINOLY (EIUSWLONALT

2 ™ gz S8uri 10 W10 TVLOL

KR
TR RL | 220 |
%0 |
R
V|
% |

T6r v el 'vi 01 '6 58U VLIOL

wvicy

NI Wk UOUALOD)

weid

W bognquisiy

Weid UO[SSRUSUR) ||

W4 UORONPOJd J8UI0y

S Nd-WRid UORINDOI] IINIPAH|

[RUOAUBAUOD- IR UORINROId N

Ueld UORINPOId JeROnN

Weid LOKINPOIJ WeeS

T8990 WOGI) Aq UORSRIUIL

we|d #1qiounu

{217+ 91 1) WO 10} UOIssISUSI] N

PRISATOQ BUBOUM

HEEEEEEEEEERE

$ (a) (€0 o0V}
esuedxy

(v)
UOREYHSSHD RUOOUN

52 -] o] of 2| ©] o] ~] ®] &} 2] =




[
(")

APPENDIX II

Highlights of the Clean Air Act Amendments of 1990
(CAAA)
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Allocation of Emissions Permits under the
Clean Air Act Amendments of 1990

The primary goal of Title IV of the Clean Air Act Amendments of 1990 (hereafter the CAAA) is to
reduce SO, emissions by 10 million tons below 1990 levels by 2000. To achieve these SO, reductions, the
CAAA introduced a rwo-phase approach (namely Phase I & Phase II) involving the trading of annual SO,
permits that gradually tightens the restrictions placed on fossil fuel-fired power plants. Phase I began in 1995
and affected 110 mostly coal-burning electric utility plants located in the eastern and mid-western states.
Phase II, which started in January 2000, will further tighten the annual permissible SO, emissions.

PHASE I: Permits are being allocated by EPA for each year beginning in 1995 in a way that each unit’s
allocation is equivalent to an emission rate of 2.5 pounds of SO¥/mmBtu (million British thermal units) of heat
input, multiplied by the unit's baseline mmBtu (the average fossil fuel consumed from 1985 through 1987).
These permit allocations are listed in Table A of the CAAA. Alternative or additional permit allocations are
also made for various units, including affected units in Illinois, Indiana, and Ohio, which will be allocated a
pro-rata share of 200,000 additional permits each year from 1995 to 1999. The total SO, (from all sources)
and allocated Phase I permits by state are listed in Table 1.

TABLE 1

SO. EMISSION AND ESTIMATED PERMIT ALLOCATIONS BY STATE(PHASED

TOTAL SO, PERMITS
STATE TOTAL SO2
EMISSIONS ' AMOUNT ALLOCATED AS A % OF TOTAL
(tons) (tons) EMISSIONS
Alabama 526,452 230,940 43.87
Florida 593,873 133,130 2242
Georgia 989.946 581,600 58.75
Illinois 988,669 394,256 39.88
Indiana 1,423,835 717,063 50.36
Iowa 196,584 40,290 20.50
Kansas 131,838 4,220 3.20
Kentucky 796,652 278,250 3493
Maryland 234,111 139,540 59.60
Michigan 427,799 42,340 9.90
Minnesota 117,298 4,270 3.64
Mississippi 104,375 54,610 52.32
Missouri 953,965 352,990 37.00
New Hampshire 72,581 32,190 44.35
New Jersey 92,301 20,780 22.51
New York 397.517 150,980 37.98
Ohio 2,243,991 960,200 42.79
Pennsylvania 1,154,185 534,140 46.28
Tennessee 806,882 386.430 47.89
West Virginia 942,784 497,870 52.81
Wisconsin 381,184 143,380 37.61
USA (Total) 16,158,813 5,699,469 35.27

Sources: Clean Air Act Amendments of 1990, Table A, Rose et al (1992), and the author’s computations.

! Note that total SO, emissions represents the total emissions of all the utilities regulated by Phase II, which is broader
than the 110 utilities included in Phase I of the program.
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Table 1 shows that the state-wise allocations (see column 4 percentages) have been made differently
despite the fact that individual allocations within each state have supposedly been made on the basis of the
plants’ emission levels during the 1985-1987 period. The prevalent market prices of permits during Phase [
are shown in Table 2.

Table 2
SO- Program: Permits Prices 8/1994 — 3/2000
Month/Year Avg. Price * Month/Year Avg. Price *

8/94 148 6/97 91
9/94 149 7/97 88
10/94 147 8197 90
11/94 145 9/97 99
12/94 139 10/97 104
1/95 139 11/97 107
2/95 135 12/97 100
3/95 133 1/98 97
4/95 132 2/98 101
5195 132 3/98 107
6/95 131 4/98 135
795 130 5/98 142
8/95 130 6/98 191
9/95 127 7/98 193
10/95 125 8/98 199
11795 119 9/98 173
12/95 108 10/98 180
1796 95 11/98 192
2/96 78 12/98 196
3/96 74 1/99 207
4/96 81 2/99 208
5/96 81 3/99 214
6/96 81 4/99 209
7/96 82 5/99 212
8/96 82 6/99 211
9/96 87 7/99 205
10/96 89 8/99 192
11/96 92 9/99 188
12/96 92 10/99 180
1/97 97 11/99 164
2/97 102 12/99 151
3197 112 1/00 137
4/97 114 2/00 137
5197 97 3/00 136

* ‘Average Price’ is the mean price of three prices published by three brokerage firms, namely Emissions
Exchange, Cantor Fitzgerald EBS, Fieldston Publications (http://www.epa.gov).

PHASE II: Began in January, 2000. During Pahse II, the limits imposed on Phase I plants are tightened. In
addition, emissions limits will also be imposed on smaller and relatively cleaner units. Permit allocation
calculations are made for various types of units, such as coal- and gas-fired units with low and high emissions
rates or low fuel consumption. In Phase II, EPA will allocate permits to each unit at an emission rate of 1.2
pounds of SO2/mmBtu of heat input, multiplied by the unit's baseline. During Phase IT, the CAAA place a cap
at 8.95 million on the number of permits issued to units each year. This effectively caps emissions at 8.95
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million tons annually and ensures that the mandated emissions reductions are maintained over time. 2 In
addition, I was also able to collect utility-wise allocations of permits (planned) for Phase II from the U.S.
department of Energy database and noticed that there will be a significant difference in the distribution
mechanism for Phase II as compared to Phase I. The distribution of permits under Phase II was made
according to the following formula:

1.2 pounds / mmBTU (based on mid-1980s fuel use unless specified otherwise)

To get a better picture of what has been occurring at the plant-level, I also collected data relating to
plant-wise allocations of permits under Phase I, which are given in Table 3 below. These figures (except in
the case of Illinois, Indiana, and Ohio where the pro rata share of 200,000 bonus permits have also been
allocated) add up to the state-wise aggregate allocations shown in Table I above.

TABLE 3

PLANT-SPECIFIC ALLOCATIONS OF SO, PERMITS (PHASE D)

STATE PLANT NAME GENERATOR PHASE |
PERMITS
13,570

15,310
15,400
15,410
37,180
18,100
18,540
18,310
19,280
59.840
28,410
27,100
26,740
19,200
31,680
56,320
54,770
71,550
71,740

8,780

9,220

8,910
37,640
19,910
20,600

Alabama Colbert

E.C. Gaston

Florida Big Ben

Crist

Georgia Bowen

Hammond

J.M. McDonough
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2 Visit http://www.epa.gov.
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STATE

PLANT NAME

GENERATOR

PHASE I
PERMITS

Wansley

70,770

65,430

Yates

7.210

7,040

6,950

8910

9.410

24,760

21,480

Hlinois

Baldwin

42,010

44,420

42,550

Coffeen

11,790

35,670

Grand Tower

5910

Henepin

18,410

Joppa Steam

12,590

10,770

12,270

11,360

11,420

10,620

Kincaid

31,530

33,810

Meredosia

13,890

Vermilion

8.880

Indiana

Bailly

11,180

Breed

15,630

Cayuga

18,500

33,370

34,130

Clifty Creek

20,150

19,810

20,410

20,080

19,360

20,380

E.W. Stout

3,880

4,770

23,610

F.B. Culley

4,290
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16,970
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STATE PLANT NAME GENERATOR PHASE |

PERMITS
F.E. Ratts 1 8,330
2 8,480
Gibson 1 40,400
2 41,010
3 41,080
4 40,320
H.T. Pritchard 6 5,770
Michigan City 12 23,310
Petersburg 1 16,430
2 32,380
R. Gallagher 1 6,490
2 7,280
3 6,530
4 7,650
Tanners Creek 4 24,820
Wabash River 1 4,000
2 2,860
3 3,750
5 3,670
6 12,280
Warrick 4 26,980
Towa Burlington 1 10,710
Des Moines 7 2,320
George Neal 1 1,290
M.L. Kapp 2 13,800
Prairie Creek 4 8.180
Riverside S 3,990
Kansas Quindaro 2 4,220
Kentucky Coleman 1 11,250
2 12,840
3 12,340
Cooper 1 7,450
2 15,320
E.W. Brown 1 7,110
2 10910
3 26,100
Elmer Smith 1 6,520
2 14.410
Ghent 1 28,410
Green River 4 7,820
H.L. Spurlock 1 22,780
Henderson [I 1 13,340
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STATE PLANT NAME GENERATOR PHASE |
PERMITS
2 12,310
Paradise 3 59,170
Shawnee 10 10,170
Maryland Chalk Point 1 21,910
2 24,330
C.P. Crane 1 10,330
2 9,230
Morgantown 1 35,260
2 38.480
Michigan J.H. Campbell 1 19,280
2 23,060
Minnesota High Bridge 6 4,270
Mississippi Jack Watson 4 17,910
5 36,700
Missouri Asbury l 16,190
James River 5 4,850
Labadie 1 40,110
2 37,710
3 40,310
4 35,940
Montrose 1 7,390
2 8.200
3 10,090
New Madrid 1 28,240
2 32,480
Sibley 3 15,580
Sioux 1 22,570
2 23,690
Thomas Hill 1 10,250
2 19,390
New Hamp. Merrimack 1 10,190
2 22,000
New Jersey B.L. England I 9,060
2 11,720
New York Dunkirk 3 12,600
4 14,060
Greenbridge 4 7,540
Milliken | 11,170
2 12,410
Northport 1 19.810
2 24,110
3

26,480
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STATE

PLANT NAME

GENERATOR

PHASE |
PERMITS

Port Jefferson

10,470

12,330

Ohio

Ashtabula

16,740

Avon Lake

11,650

30,480

Cardinal

34,270

38,320

Conesville

4,210

4,890

5,500

48,770

Eastlake

7,800

8,640

10,020

14,510

34,070

Edgewater

5,050

Gen. J.M. Gavin

79,080

80,560

Kyger Creek

19,280

18,560

17,910

18,710

18,740

Miami Fort

760

11,380

38,510

Muskingum River

14,880

14,170

13,950

11,780

40,470

Niles

6,940

9.100

Pickway

4,30

R.E. Burger

6,150

10,780

12,430

W.H. Sammis

24,170

39,930

wmiNlajwn|lwul sl o]l —=|l &L= A&V =]~ AN SV = &L =N —] O] W AW

43,220

W.C. Beckjord

8,950
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STATE

PLANT NAME

GENERATOR

PHASE |
PERMITS

23,020

Pennsylvania

Armstrong

14,410

15,430

Brunner Island

27.760

31,100

53,820

Cheswick

69,170

Conemaugh

59,790

66,450

Hatfield's Ferry

37,830

37,320

40,270

Martins Creek

12,660

12,820

Portland

5.940

10,230

Shawville

10,320

10,320

14,220

14,070

Sanbury

8,760

11,450

Tennessee

Allen

15,320

16,770

15,670

Cumberland

86,700

94,840

Gallatin

17,870

17,310

20,020

21,260

Johnsonville

7,790

8,040

8,410

7,990

8,240

7,890

8,980

V(00| ]| ] ] W D] meb B W N ] D] =t W N = B BN ] N N =] W] R N == W N =] N =] O

8,700

7,080

—
o

7,550

West Virginia

Albright

w

12,000
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STATE

PLANT NAME

GENERATOR

PHASE |
PERMITS

Fort Martin

41,590

41,200

Harrison

48,620

46,150

41,500

Kammer

18,740

19,460

17,390

Mitchell

43,980

45,510

Mount Storm

43,720

35,580

42,430

Wisconsin

Edgewater

24,750

La Crosse/Genoa

22,700

Nelson Dewey

6,010

5,220

N. Oak Creek

5,140

5370

6,320

7,510

Pulliam

9,670

S. Oak Creek

12,040

N WA 0o AW N = ] = W PA]W N = ] =] W] ] W N =] N -

16,180

15,790

~ A Scientific Review ~

U. S Clean Act Amendments of 1990

The original U. S. Clean Air Act was passed in 1963, but the national air pollution control program is
actually based on the 1970 version of this act. The 1990 Clean Air Act Amendments revised the 1970 version
further. The overall goal of the 1990 Amendments is to reduce air pollutants by 56 billion pounds a year - 224
pounds for every person in the country - by the time the provisions are fully implemented in 2005. The 1990
Amendments build on both the strengths of the Clean Air Act of 1970 and the country’s environmental
lessons learned over the past 20 years.

Whar Doces the Clean Air Act Cover?

Two groups of air pollutants are regulated under the Clean Air Act.

There are six in the first group, which are called criteria air pollutants, namely ozone, carbon monoxide,
nitrogen dioxide, sulfur dioxide, lead, and particulate matter (PM), which are found in relatively large
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quantities in the lower atmosphere, particularly in populated areas. They threaten human health and the
environment across broad regions of the country. All of the criteria pollutants, except ozone, are directly
dischargsd (or emitted) into the air from a wide variety of sources, such as industries, motor vehicles, and
other human activities. Ozone is not directly discharged, but is formed in the presence of sunlight by a
photochemical reaction between nitrogen dioxide, and volatile organic compounds (VOCs) which are fumes
from oil-based paints and solvents. The Environmental Protection Agency (EPA) sets national standards for
each of the criteria pollutants, based on health risk studies. All states must take action to ensure the standards
are met. The EPA recently revised the standards for ozone and particulate matter, based on the findings of
new health risk studies. Failure to meet the standards for criteria pollutants is called non-artainment. Many
urban areas are classified as non-attainment areas for at least one of the criteria air pollutants. Areas which
meet the standards are said to be in attainment.

The other group of pollutants - and there are hundreds in this group - are known as hazardous air
pollutants (or "air toxics"). These pollutants are immediately hazardous to human health and are associated
with specific sources. These air toxics cause a wide variety of health and environmental problems. The threat
is higher for people living near large industrial facilities or in heavily polluted urban corridors. The list of
toxics emitted into the air is a long one including benzene found in gasoline and mercury found in trace
amounts in coal.

Reguirements of the Clean Air Act

Areas of non-attainment for criteria pollutants have been classified according to the extent of pollution.
The five classes range from marginal (relatively easy to clean up quickly) to extreme (needs a lot of work and
a long time to clean up). The CAAA use these classes to tailor cleanup requirements to the severity of the
pollution and set realistic deadlines for reaching cleanup goals. If deadlines are missed, the law allows more
time to clean up, but usually a non-attainment area that has missed a cleanup deadline must meet the stricter
requirements set for more polluted areas. Individual states do most of the planning for cleaning up criteria air
pollutants, using a system of permits and inspections to ensure that power plants, factories, and other
pollution sources meet their cleanup goals. A variety of cleanup methods are required in non-attainment areas,
many of which involve motor vehicles. Cleaner fuels, cleaner new vehicles, better maintenance programs for
vehicles on the road, and mass transportation may be required. Also, as pollution gets worse, more pollution
controls are required for smaller sources of pollution.

The regulatory program for air toxics in the CAAA reflects an entirely new approach. The new law
names 189 toxic air pollutants. Typically, they are carcinogens, mutagens (substances that can cause gene
mutations), or reproductive toxins, and their sources are usually specific industries. The EPA designate major
sources of these chemicals and then develop maximum achievable control technology (MACT) standards for
each category over the next 10 years. These standards are based on the best control technologies that have
been demonstrated in these industrial categories. State and local air pollution agencies bear the primary
responsibility to ensure that industrial plants meet the standards. In setting the MACT standards, the EPA
looks at only pollution control equipment and pollution prevention methods, such as substituting non-toxic
chemicals for toxic ones currently in use. The 1990 law favours setting standards that industry must achieve,
rather than dictating equipment that industry must install. This flexibility allows industry to develop its own
cost-effective means of reducing air toxic emissions and yet still meet the goals of the act. The law includes
unique incentives for industries to reduce their emissions early, rather than waiting for federal standards.
Sources that reduce emissions by 90% or more before the MACT standards go into effect, have six additional
years to comply with them. Other sections of the CAAA establish a program for the prevention of accidental
release of air toxics from industrial plants through the Chemical Safety Board.

Enforcement
The CAAA established enforcement methods, which are used to make polluters obey the laws and

regulations. Enforcement methods include citations, fines, and even jail terms for violators of the law. The
intentional violation any of the requirements is now a felony offense. EPA and state and local governments



Appendiv 1] 234

are responsible for enforcement of the Clean Air Act, but if they do not enforce the law, members of the
public can sue EPA or the states to initiate action. Citizens also can sue violators apart from any action taken
by EPA or state or local governments. Before the CAAA, all enforcement actions had to be handled through
the courts. Now, in some cases, EPA has the authority to fine violators without going to court first. The
purpose of this new authority is to accelerate compliance with the law and to reduce court time and cost.

U.S. Coal Industry at a Glance

It takes a little less than one pound of coal to produce one kilowatt-hour of electricity.
Approximately 55% of U. S. electricity is generated from coal burning utilities. Approximate totals for
other fuels: nuclear, 21%; hydroelectric, 10%; natural gas, 9%; and petroleum, 4%.
e Nearly 60% of the country’s coal production comes from mines in Illinois and other states east of the
Mississippi River.
Coal represents more than 80% of known recoverable fossil fuel reserves in the U. S..
The U.S. has S00 billion tons of coal accessible through current production methods. These deposits are
sufficient to meet demand at current levels for at least 300 years.
e The 500 billion tons of U.S. coal have an energy value equal to about two trillion barrels of crude oil -
more than triple the world’s known oil reserves.
e Inenergy content, on1¢ ton of bituminous coal equals approximately:
- 24 million British thermal units (Btus)
- 4 barrels of oil
- 24,000 cubic feet of natural gas
- 189 gallons of gasoline
e Coal is the lowest priced fossil fuel which is used for running utility company turbines. Coal’s price
decreased 40% in real terms from 1980 to 1990.
e Increases in coal-usage by U.S. electric utilities have saved the equivalent of nearly 3.2 million barrels of
oil per day since 1973.
e The coal industry, with a value of approximately $23 billion, ranks among America’s leading basic
industries.
e Some 3,430 coal mines employ approximately 130,000 miners in the U.S.
e CAAA revised regulations to reduce sulfur dioxide emissions associated with the burning of fossil fuels.
In order for coal-burning utilities to comply with the CAAA, they have a variety of options to select
from, including allowances, technologies, closing plants or switching to low sulphur coal.

Consulted References

Air and Waste Management Association (1991), Air and Waste Management Association. Environmental
Resource Guide: Air Quality. Pittsburgh, PA.

Bryner, Gary C. Blue Skies (1992), Green Politics: The Clean Air Act of 1990. Washington, DC, CQ Press.

Klaber, K. A., K. N. Weiss, and J. W. Gallagher (1993), “Charting a Course through the Clean Air Act
Amendments,” National Environmental Journal, November.

Scott, Geoff (1992), “Cleaning Up Our (Air) Act (Clean Air Act of 1990),”, Current Health, 18, April, p. 22.

U. S EPA (1993a), Office of Radiation and Indoor Air: Program Description. Washington, DC, Office of Air
and Radiation EPA/402/K-93/002.

U. S EPA (1993b), Plain English Guide to the Clean Air Act. Washington, DC, EPA/400/K-92/002.

Nore: Statistical information is from the Illlinois Department of Commerce and Community Affairs, the U. S.
Department of Energy, the National Coal Association, and the National Energy Information Center.



235

APPENDIX III

Translog Function
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Some Technical Aspects of the
Translog Function

There are a number of technical aspects that one should consider in the empirical estimation of a
translog cost function. In what follows, attempts will be made to address some of these aspects

Using Output (Q) as an Fxplanatory Variable:

In general, the cost function depicts a locus of points corresponding to a certain level of output (Q) for
given input prices (p;). However, in empirical studies, a question arises as to how Q should be treated, i.e.,
exogenous or endogenous. It has been the common practice in the literature to treat output as exogenous,
including in the case of regulated electric utilities. The rationale is that the price of output is set by the
regulator and that utilities have to sell whatever the quantity that is demanded at that price. This tradition had
been formalized following a seminal paper by Engle, Hendry, & Richard (1983). They argued that as long as
output (Q) satisfies the property of weak exogeneity, it also satisfies the properties of a regressor, and thus, it
can be treated as exogenous in any econometric models.

In the case of electric utilities, however, optimal output (Q) is generated through the standard cost
minimization problem corresponding to each period of time. Thus, data on electric power generation can be
interpreted as a locus of optimal quantities produced during a certain period of time, thus by satisfying the so-
called property of “weak exogeneity”. In order to verify the empirical relevance of this property, we consulted
several leading experts in the field, including those who are actively involved in environmental policy
formulation in the United States.

As it is known, most of the public utilities are subject to a number of reguiations simultaneously.
Most common of all is the rate-of-return regulation which regulates the price that utilities could charge to
their customers. Until the early 1970s (according to Dr. Burtraw at the Resources for the Future) each utility
was liable, under traditional cost-based regulation, to serve customers living in a specific geographical area.
This means that utilities had very little ability to change their output, and thus, it was considered exogenous.
However, after the passage of the first set of Amendments to the U.S. Clean Air Act in both 1970 and 1990,
this situation has somewhat changed. These two sets of Amendments were intended, among other things, to
enhance competition among public utilities, and as a result, utilities were given some ability to adjust their
production of electricity. However, the price was continued to be regulated by the government. Furthermore,
discussions with Dr. Rose (the leading researcher at the National Regulatory Research Institute) revealed that
the decision to produce how much electricity would also depend on the relevant state regulations.

In view of the changing regulatory framework in which electric utilities operate, some researchers have
formed different opinions on how to treat utility output inn empirical analyses. Some scholars believe that it is
more appropriate to treat output parametrically (technically speaking as exogenous), while others have
adopted the practice of treating output endogenous. One of the complexities of treating output as endogenous
is the problem of computationally difficult estimation of instrumental variables in non-linear frameworks.

Calculation of Shadow Prices using the Factor of Proportionality ( k,):

The need for “shadow prices” of inputs arises when firms subject to regulation, fail to minimize its
actual production cost and hence, the marginal rates of technical substitution are no longer equal to the ratios
of relevant market prices (Atkinson & Halvorsen, 1984).This means that the estimation of a neoclassical cost

function using the actual input market prices is nor appropriate. Atkinson & Halvorsen (1984) specified
shadow prices as:

P =k.P Alll1

where P, is the market price of input / and k jis the factor of proportionality.
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However, Atkinson & Halvorsen’s formulation in (A.IIL.1) is general. Therefore, the exact functional
form for the distortion factor (k,) should be specified by the researcher on the basis of the particular
circumstances. For the purpose of their study, Atkinson and Halvorsen (1998) define k, as:

k,=exp (8,, +8,r+2 Si:Az) AIll2

where 8" is the firm specific dummy, r is the discount rate (e.g. the real interest rate), and Az are the rates of
change of all inputs. In a series of recent papers, Kumbhakar (1992, 1993a, and 1993b) presents an
alternative expression for k ;:

Ic,.=(1-f-[?»,.+B,.,T-i»[3,7.,.Tz)z AIL3

where B , is the firm specific dummy, and T is an index of time.

However, Kumbhakar’s formulation in (A.IL.3) is likely to become problematic (primarily due to multi-
collinearity) in econometric estimation if the index of time (7) is also an argument of the cost function, and if
it has been interpreted as a proxy for measuring technological change. Since a particular attention is paid in
this dissertation to technological change in electric utility industry, it was decided not to consider time as a
factor driving a gap between actual and shadow prices of inputs. Since shadow prices of inputs are
proportional to their market prices (because of differences between shadow and actual market prices of inputs
which result from the gaps between “constrained” (i.e., regulated) and “unconstrained™ (i.e., unregulated)
equilibrium quantities of inputs), it seems appropriate that the factor of proportionality for each input (k) be
specified as a function of variables that may cause its actual quantity to diverge from its unconstrained
equilibrium quantity.

More often, inputs such as capital are considered to be quasi-fixed, i.e., they are affected by the discount
rate (r), the rate that determines the flow of some inputs (such as investment) over time. Some authors refer to
it as the “price of capital”. With regulations in effect, the quantities of other variable inputs (such as coal)
demanded by firms are further constrained. As a result, the divergence between regulated and unregulated
quantities of variable inputs is affected by the induced rates of change in quasi-fixed inputs such as capital.
Furthermore, it is often argued that the “input mix™ of utilities is subject to change over time as a result of
other external factors such as technical change. Thus, an index of time also seems essential in any dynamic
specification of shadow prices to capture primarily the technological change over time.

In view of the above arguments, for the purpose of this study, shadow prices of all inputs were defined
as functions of the rate of discount (r), the rates of change of all inputs (Az ), and an index of time (7):

k,=exp(8,r, + 8, Az, +8,T) for i = coal, capital Alll4
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TABLE 1

Estimation Results for the Alternative Specification of the Reggulation Dummy:

1985-89: 0 and 1990-94: 1

VARIABLE PARAMETER COEFFICIENT VARIABLE PARAMET ER  COEFFICIENT
NAME ESTIMATE NAME ESTIMATE
15.908 0.77858
Constant (o (13.910) Plant 2 Y2 (3.0981)
Output -0.48647 Plant 3 0.52584
P Qo (-2.5253) Y3 {2.1280)
Price of Coal oLy 0.21857 Plant 4 Ya 0.45581
(4.2519) (1.5320)
Rate of Discount o 0.78143 Plant 5 Ys 0.55355
r (3.7123) (2.1971)
Annual Change 5_1 -6.7340 Plant 6 Ye 0.36062
in Coal Usage - (-2.7775) (1.4606)
Time trend of 81 -0.00916 Plant 7 Y+ 0.54409
Input Prices (-2.6745) (1.8285)
Regulation 0.022018 Plant 8 0.31699
Dufnulmy 8"8 (0.99978) Ve (1.2826)
Ca ad 0.48440 Plantg 0.50777
Dufnmt)zr 5 2 {1.9565) Yo {2.0541)
Regional 3.8506 Plant 10 0.12711
Dfr;my 1MW) S, (6.0147) Y10 (0.57084)
Regional 3.4918 Plant 11 0.11713
Du%lnmyZ(NE) 5, (5.4710) Yu (0.53298)
Regional 3.5564 Plant 12 0.0014915
Dugr;myS(SE) S, (5.4303) Yi2 (0.007916)
adratic 0.078097 Plant 13 -0.070624
gtput BQQ {5.6858) Yi3 (-0.37606)
drati 0.007917 Plant 14 0.039429
'?"::e[nde B" (4.7966) Yis (0.17856)
oss-Price of 0.09417 Plant 15 0.22224
Efputs riceo Bu (12.802) Yis (1.0100)
Price of -0.007796 Plant 16 0.33616
(Iffgi riceo B {-0.6161) Yis (1.7836)
Price of Coal 0.02602 Plant 17 -0.60830
a:;%urgut P (6.6227) Yo7 (-2.7427)
ice of 0.011573 Plant 18 0.67523
::;?rhngoal B (3.7180) Yis (3.5975)
: ita -0.0078742 Plant 19 0.10570
::;%?;Sapl ! Bar (-2.7800) Y19 (0.47956)
Output and -0.0002937 Plant 20 -0.050246
Timtz‘;ndex p or (-0.17974) Y20 (-0.26778)
-0.033361 Plant 21 -0.047749
_Irniie:of oy 02503 Ya1 (-0.21649)
litv-Specifi 0.26785 Plant 22 -0.090872
Utility-Specific i (1.0815) Y22 (~-0.40762)

Dummy 1 (Plant 1)
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VARIABLE PARAMETER  COEFFICIENT VARIABLE PARAMETER  COEFFICIENT
NAME ESTIMATE NAME ESTIMATE
ms v QERS 0 e e @
T AR SR =
Plant 25 Y25 Q 1'.2582%349) Plant 48 Yas (00-.00161034308)
Plant 26 Y2 (0 b 15607) Plant 49 Yao (01’.354597979)
Plant 27 Yz (_-Oo'.01379946815) Plant 50 Y30 (02'.319012895)
Plant 28 Yo (03'.643290815) Plant 51 Ysi (01'.4 24551490)
Plant 29 Yo (02..410443268) Plant 53 ¥s2 ( 8 ) '212?1 gg )
Pt 30 Ya o SEMe Mews yn o ue
Plant 31 L£] (03'.506388161) Plant 54 Ys4 ( o ggg% )
Plant 32 V32 (_—02'.410574420) Plant 55 ¥ss (0 4’.820634678)
Flant 33 Y33 (-02'.309843067) Plant 56 ¥s6 (00-.03645666082)
Plant 34 Y34 (-03-.507439583) Plant 57 ¥s7 (0 3'.620245267)
Plant 35 ¥3s (_-01'.360384135) Plant 58 Vss (0 3'.795307272)
Plant 36 Y36 (_-oo'.02447929464) Plant 59 Yso (0 st
Flant 37 ¥a7 (_—01'.442367557) Plant 60 Yoo (oo'.03657969871)
Plant 38 Y38 (_-00'.00166880045) Plant 61 Yo (04' .845867610)
Plant 39 Y39 (01'.599804648) Plant 62 Yo (02' .456081383)
Plant 40 Yao ( - i- ;i gg , Plant 63 Y3 (02-.-’13631025)
Plant 41 Yar (02..754012986) Plant 64 Yos ( g . 23333 )
Plant 42 Ya2 (_-01'.218314574) Plant 65 Yes (_-02' .544766235)
Plant 43 Yas (‘_02-.565593517) Plant 66 Yes (—_02. ‘429575470)
Plant 44 Yas ( 12832 ) Plant 67 Yer (—_03.-721127934)
Plant 45 Vas (02'.839600581) Plant 68 Yes % Sesoy

* t-values are in parentheses.
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Table 1

TE - Technical Efficiency, AE - Allocative Efficiency, EE - Economic Efficiency

1985 1986 1987 1588 1989
Firm TE AE EE TE AE EE TE AE EE TE AE EE TE AE EE
1 0.852 0819 0697 0818 0884 0724 0715 0897 0.642 0888 0.886 0787 0878 0868 0762
2 0.786 0814 0639 0738 0897 0662 0666 0890 0593 0920 0793 0729 0823 0866 0.712
3 0.720 0891 0641 0694 0960 0666 0652 0897 0585 0822 0866 0713 0778 0871 0678
4 0.806 0795 0.641 0787 0.860 0677 0687 0884 0.607 0895 0832 0745 0795 0866 0688
5 0.885 0802 0710 0863 0881 0761 0750 0.892 0669 0951 0837 0796 0890 0867 0.771
6 0.822 0816 0671 0788 0887 0699 0566 0894 0506 0911 0846 0770 0841 0868 0.730
7 0798 0800 0638 0790 0.886 0699 0688 0891 0613 0856 0842 0721 0832 0869 0723
8 0.836 0792 0662 0778 0.874 0679 0694 0890 0618 0.884 0834 0737 0815 0865 0705
9 0.743 0835 0621 0709 0899 0637 0661 0895 0592 0789 0.882 0696 0856 0877 0.751
10 0780 0790 0616 0719 0.874 0628 0619 0894 0553 0.790 0.839 0663 0733 0873 0.641
1 0.658 0839 0553 0622 0901 0560 0549 0907 0497 0693 0883 0.612 0676 0875 0592
12 0.601 0981 0589 0668 0913 0610 0611 0940 0575 0681 0958 0652 068 0895 0614
13 0.833 0774 0649 0741 0864 0640 0634 0893 0.566 0797 0845 0673 0745 0.874 0.651
14 0.807 0795 0642 0730 0889 0649 0.615 0900 0553 0810 0859 0696 0757 0.869 0.658
15 0.623 0829 0516 0562 0930 0522 0509 0916 0466 0668 0.866 0.579 0616 0880 0.542
16 0.604 1000 0604 0634 0999 0634 0.616 0932 0574 0703 0954 0671 0702 0900 0632
17 0.559 0991 0554 0570 0993 0566 0.509 0982 0500 0656 0994 0652 0588 0948 0.557
18 0.602 0925 0556 0726 0926 0673 0697 0899 0627 0879 0838 0736 0775 0873 0677
19 0.610 0995 0607 0650 0990 0644 0.579 0999 0579 0685 0998 0684 0716 0911 0652
20 0.809 0706 0571 0777 0753 0585 0684 0768 0525 0790 0792 0.626 0857 0.797 0.683
21 0712 0809 0647 0709 0945 0670 0670 0914 0613 0766 0901 0690 0796 0890 0.709
2 0.580 0996 0.578 0546 0991 0541 0534 1000 0533 0611 0956 0585 0642 0904 0.580
23 0.73¢ 0788 0578 0660 0916 0605 0.597 0904 0540 0768 0.826 0634 0702 0873 0613
24 0.902 0683 0616 0888 0709 0630 0.816 0685 055 0887 0766 0679 0889 0735 0654
25 0.544 0996 0.542 0564 0994 0561 0517 0972 0502 0604 0998 0603 0626 0922 0577
26 0.598 0998 0.597 0582 0998 0581 0566 0945 0535 0718 0981 0705 0822 0801 0.741
27 0.799 0762 0.608 1000 0852 0852 0661 0832 0550 0841 0799 0672 0766 0855 0655
28 0.856 0725 0621 0712 0854 0608 0658 0835 0550 0820 0.802 0657 1.000 0867 0867
29 0745 0762 0567 0651 0860 0560 0604 0875 0529 0769 0801 0616 0760 0807 0614
30 0.808 0906 0733 0738 0939 0692 0670 0918 0615 0839 0884 0742 0806 0871 0.702
31 0.692 0805 0.558 0575 0957 0550 0558 0906 0506 0709 0.852 0604 0973 0881 0857
32 0789 0727 0573 0679 0854 0579 0622 0837 0521 0799 0797 0637 0718 0866 0.622
33 0.616 0941 0580 0620 0921 0571 0555 0915 0507 0695 0902 0626 0587 0890 0.523




Appendiv TV

242

1985 1986 1987 1988 1989

Firm TE AE EE TE AE EE TE AE EE TE AE EE TE AE EE
34 0715 0837 0598 0675 0902 0609 0603 0898 0542 0573 0808 0463 0583 0967 0.564
35 0731 0729 0533 0761 0802 0610 0664 0817 0543 0547 0797 0436 0734 0868 0637
36 0453 0962 0436 0416 0992 0413 0448 0984 0440 0579 0996 0577 0558 0897 0.557
37 0895 0773 0692 0730 0852 0622 0617 0888 0549 0.839 0813 0682 0755 0872 0658
38 0635 0995 0631 0612 0995 0609 0603 0953 0575 0698 0998 0.697 0757 0917 0.685
39 1.000 0.650 0650 1.000 0671 0671 1000 0609 0609 1.000 0743 0743 0798 0872 0.695
40 0562 0974 0547 0580 0966 0.570 0540 0982 0531 0637 0981 0625 0604 0999 0.604
41 0502 0.896 0450 0526 0926 0487 0469 0954 0447 0075 0994 0074 0564 0915 0516
42 0529 0928 0491 0517 0948 0491 0256 0967 0247 0614 0977 0600 0051 0971 0.049
43 0538 0849 0457 0547 0863 0472 0472 08901 0425 0.153 0966 0.148 0534 0896 0478
44 0869 0800 0695 0828 0872 0722 0741 0887 0658 0958 0835 0800 0869 0864 0.752
45 1000 1.000 1.000 0973 1.000 0973 1000 0882 0882 1.000 0784 0.784 0988 0871 0.860
46 0758 0999 0757 0809 0985 0796 0758 0920 0697 0855 0933 0798 0916 0883 0.809
47 0766 0997 0764 0932 0995 0927 1000 1.000 1000 1000 1000 1000 0712 0874 0622
48 0674 0833 0561 0632 0917 0580 0556 0902 0501 0665 0856 0570 0588 0885 0.521
49 0866 0737 0638 0779 0.831 0647 0684 0852 0583 0.873 0806 0704 0788 0867 0683
50 0788 0708 0558 0872 0715 0623 0790 0688 0544 0786 0760 0598 0854 0693 0.592
51 0893 0983 0878 0978 0981 0960 0936 0990 0827 1000 0996 0996 1000 1000 1.000
52 0384 0992 0391 0498 0930 0493 0989 0980 0969 0729 0997 0726 0426 0916 0.391
53 0619 0982 0608 0625 0968 0605 0549 0975 0535 0811 0894 0725 0668 0998 0.667
54 0749 0936 0701 0977 1.000 0976 0734 0905 0664 0898 0889 0799 0882 0875 0772
55 0853 0713 0608 0760 0.811 0616 0628 08683 0555 0868 0782 0678 0825 0793 0654
56 0577 0997 0575 0587 0995 0584 0500 0979 0483 0607 0999 0606 0650 0924 0.601
57 0954 0668 0637 0952 0689 0656 0607 0649 0393 0920 0756 0696 1.000 0672 0672
58 09086 0695 0685 0977 0735 0718 0868 0729 0633 0893 0778 0772 0964 0.769 0.742
59 0990 0696 0689 0956 0727 0695 0804 0704 0566 0963 0770 0741 0958 0.739 0.708
60 0636 0976 0621 0658 0961 0.632 0632 0917 0579 0754 0914 0688 0756 0.888 0.671
61 0761 0.789 0601 0695 0878 0610 0614 0894 0549 0745 0839 0625 0707 0874 0.618
62 1000 0684 0684 0875 0711 0694 0911 0685 0623 0993 0764 0758 1.000 0.730 0.730
63 0965 1.000 0964 1000 1000 1000 0707 0922 0652 0839 0831 0780 0835 0877 0.733
64 0898 0983 0883 0803 098 0792 0594 0997 0592 0720 0997 0.718 0727 0943 0.686
65 0645 0885 0635 0669 0979 0655 0639 0918 0587 0762 0834 0712 0749 0883 0.661
66 0578 0979 0566 0518 1.000 0518 0616 0847 0584 0696 0961 0669 0.675 0.898 0.606
67 0594 0995 0592 0585 0995 0582 0545 0981 0534 0634 0999 0634 0688 0910 0.627
68 0598 0.996 0595 0697 0997 0695 0513 0949 0487 0623 0998 0622 0636 0.899 0.572

mea 0737 0863 0626 0726 0904 0650 0652 0892 0576 0769 0882 0671 0754 0.876 0.655
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Table 1 (contd...)
TE - Technical Efficiency, AE - Allocative Efficiency, EE - Economic Efficiency
1990 1991 1992 1993 1994

Frm  TE AE €E TE AE EE TE AE EE TE AE €E TE AE EE
1 0845 0842 0712 0940 0931 0875 0931 0887 0825 0852 0933 0794 0956 0842 0805
2 0828 0820 0679 0916 0902 0826 0898 0881 079 0840 0903 0758 0807 0832 0755
3 0741 0866 0642 0815 0937 0763 0844 0890 0751 0801 0933 0748 0809 0880 0712
4 0789 0838 0661 0839 0889 0790 0886 0871 0772 0845 0902 0762 0888 0830 0737
§ 0879 0819 0719 0975 0801 0879 0962 0884 0851 0922 0920 0849 0998 0841 0840
6 0846 0831 0702 0714 0985 0704 0850 0950 0807 0464 0937 0435 0777 0956 0743
7 0852 0819 0697 0902 0806 0817 0912 0887 0809 0906 0919 0833 0974 0858 0837
8 0790 0816 0644 0972 0904 0878 0879 0880 0773 0857 0911 0780 0902 0854 0770
9 0773 0841 0650 0768 0971 0746 0805 0927 0746 0786 0940 0740 0738 0952 0703
10 0722 0831 0600 0797 0908 0724 0793 0888 0705 0705 0943 0665 0799 0855 0683
11 0644 0850 0548 0747 0932 0696 0729 0891 0649 0693 0942 0653 0746 0854 0637
12 0562 0939 0528 0742 0976 0724 0685 0970 0665 0706 0954 0673 0728 0920 0670
13 0713 0827 0589 0903 0921 0831 0818 0895 0732 0829 0940 0780 0791 0872 0690
14 0789 0806 0636 0863 0894 0772 0812 0875 0710 0746 0806 0676 0704 0842 0593
15 0617 0834 0515 0632 0963 0609 0652 0911 0594 0620 0942 0584 0668 0800 0.601
16 0557 0999 0557 0734 0998 0732 0690 0982 0678 0774 0959 0742 0702 0954 0670
17 0518 0988 0512 0639 0983 0628 0637 0984 0627 1000 0947 0947 0580 0986 0573
18 0748 0819 0613 0778 0989 0769 0815 0880 0717 0782 0806 0709 0828 0837 0694
19 0582 0988 0575 0737 0972 0716 0014 0990 0014 0019 0872 0018 1000 1.000 1.000
20 0765 0772 0591 0837 0862 0722 0844 0843 0711 0845 0845 0714 0870 0806 0702
21 0742 0875 0649 0851 0956 0813 0831 0918 0764 0793 0968 0768 0833 0910 0758
22 0553 0967 0535 0671 0998 0670 0698 0967 0675 0610 0978 0597 0686 0962 0660
23 0702 0817 0574 0773 0892 0689 0762 0882 0672 0756 0805 0684 0701 0837 0587
24 0845 0736 0623 0889 0849 0755 0896 0826 0740 0896 0811 0727 0838 0795 0666
25 0557 0998 0556 0661 0994 0657 0650 0998 0648 0661 0971 0642 0637 0967 0616
26 0704 0867 0681 0848 1.000 0847 0809 0999 0808 0745 0961 0716 0722 0837 0676
27 0776 0787 0611 0857 0872 0747 0845 0857 0724 0839 0871 0730 0863 0823 071
28 0739 0782 0578 0813 0867 0705 0810 0855 0693 0940 0845 0795 0933 0806 0752
29 0769 0777 0598 0830 0863 0717 0822 0845 0695 0807 0837 0675 0446 0808 0.360
30 0816 0826 0674 0849 0954 0810 0852 0924 0787 0839 0937 0786 0916 0872 0.798
31 0702 0812 0570 0783 0.897 0702 0769 0885 0680 0753 0924 0696 0788 0849 0669
32 0701 0794 0556 0734 0872 0640 0687 0855 0587 0752 0875 0658 0748 0827 0619
33 0556 0809 0450 0610 0898 0547 0609 0875 0532 0647 0935 0605 0641 0870 0.557
34 0575 0981 0564 0592 0990 0586 0522 0996 0520 0453 0969 0439 0437 0967 0422
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1990 1991 1992 1993 1994
Firm TE AE EE TE AE EE TE AE EE TE AE EE TE AE EE

35 0701 0794 0556 0702 0876 0.615 0616 0870 0535 0679 0875 0584 0783 0822 0643
36 0483 0989 0478 0618 0990 0612 0632 0983 0625 0.614 0980 0.601 0685 0969 0.664
37 0796 0793 0631 0762 0881 0672 0812 0877 0712 0816 0894 0730 0857 0838 0.719
38 0630 0999 0630 0798 0.995 0795 0760 0996 0.757 0.786 0974 0765 0773 0.964 0745
39 1000 0674 0674 1000 0817 0817 1000 0777 0777 0801 089t 0803 1000 0787 0.787
40 0569 0964 0549 0678 0955 0647 0668 0962 0643 0668 0988 0660 0.624 0995 0.621

41 0515 0912 0469 0609 0.836 0509 0621 0891 0554 0604 0997 0602 0590 0965 0570
42 0532 0955 0508 0158 0877 0.139 0336 0762 0256 0671 0990 0664 0.613 0980 0.600
43 0526 0866 0455 0628 0766 0481 0628 0812 0511 0574 0909 0522 0587 0878 0515
44 0782 0878 0687 0954 0924 0882 1.000 0876 0.876 0969 0870 0843 0999 0.825 0825
45 0983 0887 0873 0994 0956 0950 0973 0919 0894 0938 0854 0801 0928 0831 0864
46 0834 0910 0759 1000 1.000 1000 0996 0962 0958 1.000 0950 0950 1000 0948 0948
47 1.000 1.000 1000 0623 0949 0591 1.000 1000 1.000 0.891 0955 0851 0923 0954 0.881

48 0527 0952 0501 0619 0912 0565 0577 0887 0512 0575 0942 0542 0624 0861 0537
49 0801 0789 0632 0827 0878 0726 0756 0860 0650 0731 0887 0643 0758 0825 0.625
50 0823 0728 0600 0896 0.850 0762 0889 0831 0739 0835 0809 0675 0745 0805 0599
51 0781 0985 0770 0942 0982 0925 0838 098 0.826 0876 0974 0853 0888 0995 0884
52 1000 0976 0976 0341 0994 0339 0273 0998 0273 1000 1000 1000 0721 0995 0717
53 0647 0977 0633 078 0970 0763 0763 0982 0750 0834 0986 0822 0641 0957 0613
54 0865 0843 0735 0980 0933 0914 0641 0911 0584 0544 0896 0488 0992 0905 0898
55 0794 0776 0616 0870 0872 0758 0882 0846 0746 0885 0835 0739 0904 0802 0725
56 0549 0898 0548 0670 0991 0664 0669 0994 0665 0660 0985 0651 0747 0993 0741

57 0945 0709 0671 0953 0833 0794 0972 0803 0780 1000 0783 0783 0969 0785 0.761

58 1.000 0767 0767 0967 0.857 0829 0982 0837 0822 0989 0834 0825 0987 0797 0786
59 0.865 0766 0662 0951 0856 0814 0939 0832 0782 0945 0820 0775 0934 0793 0740
60 0702 0.896 0629 0783 0966 0756 0.805 0930 0748 0771 0861 0741 0766 0917 0702
61 0743 0810 0602 0835 0912 0762 0799 0884 0707 0750 0926 0695 0804 0854 0687
62 0936 0744 0696 1000 0.852 0852 1.000 0831 0831 1000 0813 0813 0899 0796 0795
63 0814 0853 0694 0831 0999 0.831 0897 0912 0818 0878 0927 0814 0947 0846 0802
64 0645 0996 0642 0815 0981 0.800 0783 0994 0778 0801 0964 0772 0770 0976 0751

65 0677 0903 0611 0749 0998 0748 0809 0933 0755 0700 0950 0665 0742 0909 0675
66 0611 0957 0585 0725 0999 0724 0725 0946 0686 0961 0973 09835 0836 0969 0810
67 0534 0998 0533 0641 0995 0638 0637 0996 0634 0590 0975 0576 0837 0966 0615
68 0581 0969 0563 0682 0999 0682 0719 0960 0690 0596 0969 0578 0624 0926 0578

mea 0728 0869 0625 0786 0928 0727 0771 0907 0696 0772 0922 0708 0793 0.883 0.701
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Table 2
CRSTE - CRS Technical Efficiency, VRSTE - VRS Technical Efficiency, SCALE - Scale Efficiency
1985 1986 1987 1988

# CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmik CRSTE VRSTE SCALE Rmk
1 0852 0862 0988 RS 0818 0819 0999 - 0715 0718 0996 OAS 0888 0891 0897 IS
2 0786 0822 0955 DRS 0738 0764 0966 DRS 0666 0813 0819 DRS 0920 0938 0981 ORS
3 0720 0731 0984 IRS 0694 0701 093 DRSS 0652 0678 0962 ORS 0822 0828 0994 DRS
4 0806 0878 0918 RS 0787 0855 0921 (RS 0687 0739 0929 (RS 0.895 0918 0975 IAS
5 0885 1000 0885 DRS 0863 1000 0.863 ODRS 0750 1.000 0750 DRS 0951 1.000 0951 DRS
6 0822 0834 0986 IRS 0788 0790 0998 /RS 0.566 0568 0997 [AS 0911 0914 0996 ORS
7 0798 0829 0962 (RS 0790 0817 0966 IS 0688 0694 0991 RS 0.856 0.865 0990 IAS
8 0835 0842 0993 RS 0778 0779 0998 RS 0.694 0746 0930 DRS 0884 0891 0991 DRS
9 0743 0744 0998 /RS 0709 0715 0991 ORS 0661 0747 0884 OAS 0789 0799 0988 DRS
10 0780 0824 0946 DRS 0719 0750 0958 ORS 0619 0752 0824 DAS 0790 0814 0970 DAS
11 0659 0676 0975 RS 0622 0630 0988 IS 0549 0555 0989 /RS 0693 0698 0992 RS
12 0601 0915 0656 I[RS 0668 0.888 0753 (RS 0611 0991 0617 /RS 0681 1000 0681 S
13 0839 0909 0923 RS 0741 0822 0901 /S 0634 0715 0886 /S 0797 0834 0955 MRS
14 0807 0812 0994 RS 0730 0731 0999 DRS 0615 0617 0998 ODRS 0810 0812 0999 DAS
15 0623 0631 0987 RS 0562 0563 0999 DAS 0509 0513 0992 RS 0668 0668 1000 -

16 0604 0682 0886 I[RS 0634 0682 0930 (S 0616 0655 0941 RS 0703 0765 0920 RS
17 0559 0570 0981 [RS 0570 0579 0985 (RS 0.509 0541 0941 RS 0656 0748 0877 RS
18 0602 0688 0874 [RS 0726 0780 0931 /RS 0697 0716 0874 /RS 0879 0891 0986 IRS
19 0610 0616 0991 RS 0650 0658 0987 /RS 0579 0599 0968 IRS 0685 0725 0944 RS
20 0809 0825 0980 /RS 0777 0790 0984 [RS 0684 0694 098 /RS 0790 0795 0993 IRS
21 0712 0811 0877 DRS 0709 0793 0894 DRS 0670 0835 0803 DRS 0766 0.823 0931 DRS
22 0580 0589 0985 /RS 0546 0566 0964 (RS 0534 0558 0957 RS 0611 0620 0986 IRS
23 0734 0791 0927 IRS 0660 0743 0888 RS 0.597 0660 0904 RS 0768 0786 0977 IRS
24 0802 1000 0902 DRS 0888 1000 0888 DRS 0.816 1000 0816 DRS 0887 1000 0887 DARS
25 0544 0633 0861 /RS 0564 0627 0800 /RS 0517 0604 0855 RS 0604 0773 0781 /RS
26 0598 0603 0993 /RS 0582 0582 0999 RS 0566 0573 0987 RS 0718 0723 0994 IRS
27 0799 0803 0994 AS 1000 1.000 1000 - 0661 0791 0835 DRS 0.841 0857 0982 ODAS
28 0856 0926 0924 [AS 0712 0831 085 RS 0658 0757 0870 /RS 0.820 0875 0936 IRS
29 0745 0768 0969 RS 0651 0682 0955 (RS 0604 0609 0891 AS 0763 0771 0997 [RS
30 0808 0824 0981 /RS 0738 0741 099 ODRS 0670 0675 0993 /RS 0.839 0840 0998 IRS
31 0692 0733 0945 RS 0575 0637 0903 /RS 0558 0582 0959 /RS 0709 0724 0978 IRS
32 0789 0999 0790 /RS 0679 1.000 0.679 (RS 0622 0918 0678 RS 0798 1.000 0793 IRS
33 0616 1000 0616 IS 0620 0970 0639 RS 0.555 1.000 0555 (RS 0695 1.000 0635 IRS
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1985 1986 1987 1988

# CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rembe CRSTE VRSTE SCALE Rmi
34 0715 0918 0778 RS 0675 0893 0756 IARS 0603 0838 0720 MRS 0573 0757 0757 RS
3 0731 1000 0731 RS 0761 1000 0761 IRS 0664 1000 0664 RS 0547 1.000 0547 IRS
3 0453 0551 0823 RS 0416 0527 0790 RS 0448 0593 0.755 /RS 0579 0.801 0723 RS
37 0895 0945 0948 RS 0730 0785 0930 /RS 0.617 0664 0930 /RS 0839 0852 0985 RS
38 0635 0637 0997 RS 0612 0620 0988 DRSS 0603 0627 0962 DARS 0698 0.699 0999 DRS
39 1.000 1.000 1.000 - 1.000 1.000 1.000 - 1.000 1.000 1.000 - 1.000 1.000 1.000 -

40 0562 0574 0979 RS 0590 0606 0974 RS 0540 0544 0993 /RS 0.637 0.704 0905 [AS
41 0502 1.000 0502 /S 0526 1000 0526 RS 0469 1000 0469 RS 0075 1.000 0075 [RS
42 0529 0634 0834 RS 0517 0626 0827 RS 0256 0402 0636 /RS 0.614 1000 0614 /RS
43 0538 0735 0732 RS 0547 0770 0.711 RS 0472 0702 0.671 IRS 0.153 0848 0.180 RS
44 0869 1000 0869 RS 0828 0949 0872 RS 0741 0856 0866 RS 0958 1.000 0958 RS
45 1.000 1.000 1.000 - 0973 1.000 0973 DRS 1.000 1.000 1.000 - 1.000 1.000 1.000 -

46 0758 0773 0981 DRS 0809 0892 0907 DRS 0758 0874 0867 DRS 0855 0916 0934 DAS
47 0766 0772 0992 RS 0.932 0934 0998 MRS 1.000 1.000 1.000 - 1.000 1.000 1.000 -

48 0674 0776 0868 RS 0632 0751 0842 JAS 0556 0656 0847 RS 0665 0722 092 RS
49 0866 0905 0957 DRS 0779 0816 0954 ODRS 0.684 0888 0771 DRS 0873 0897 0974 DAS
50 0788 0853 0924 RS 0.872 0899 0870 /RS 0790 0837 0843 /RS 0.786 0810 0.971 IRS
51 0893 0901 0992 RS 0978 0981 0997 /RS 0936 0951 0984 DAS 1.000 1.000 1.000 -

52 0394 0410 0961 S 0498 0520 0958 /RS 0.989 1000 0989 /RS 0.729 0896 0813 RS
53 0619 0631 0881 [RS 0625 0652 0959 /RS 0549 0554 0989 /RS 0811 0908 0894 RS
54 0749 0820 0913 RS 0977 1000 0977 /RS 0734 0755 0972 /RS 0898 0919 0977 IRS
55 0853 0877 0973 RS 0760 0798 0953 /RS 0628 0675 0930 /RS 0868 0873 0994 /RS
56 0577 0724 0797 RS 0587 0722 0813 RS 0500 0660 0757 IRS 0.607 0869 0699 IRS
57 0954 1000 0954 DRS 0952 1000 0952 DRS 0607 0628 0966 DAS 0920 1.000 0920 ODAS
58 098 0993 0993 [RS 0977 0978 0999 ODRS 0868 0912 0952 DAS 0993 0997 0997 DARS
59 0990 0899 0990 (RS 0956 0958 0998 ODRS 0804 0831 0967 DRS 0963 0966 0897 ORS
60 0636 0750 0849 IS 0658 0741 0888 |IRS 0632 0674 0938 IS 0754 0819 0920 RS
61 0761 0805 0946 (RS 0695 0744 0934 |IRS 0614 0640 0960 /RS 0745 0762 0978 RS
62 1.000 1.000 1.000 - 0975 1.000 0975 ORS 0911 1000 0911 ORS 0993 1.000 0993 ORS
63 0965 1.000 0965 RS 1.000 1.000 1.000 - 0707 0732 0966 (RS 0.839 0.867 0968 IRS
64 0898 0934 0962 RS 0803 0842 0954 RS 0.594 0666 0.891 IRS 0720 0906 0.794 IRS
65 0645 0694 0930 /RS 0669 0686 0976 RS 0639 0655 0976 /S 0762 0783 0974 RS
66 0578 0628 0920 (RS 0518 0551 0940 /RS 0616 0647 0853 RS 0696 0734 0949 RS
67 0594 0607 0980 RS 0585 0599 0977 RS 0545 0594 0917 /RS 0634 0727 0873 RS
68 0598 0611 0978 RS 0697 0705 0989 RS 0513 0547 0938 /RS 0623 0683 0911 IRS
:: 0.737 0.803 0.921 - 0.726 0792 0.922 - 0652 0.738 0.892 - 0.769 0.857 0.902 -
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Table 2 (contd...)
CRSTE - CRS Technical Efficiency, VRSTE - VRS Technical Efficiency, SCALE - Scale Efficiency
1989 1990 1991 1992

H# CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk
1 0878 0886 0991 DRS 0845 0843 0995 RS 0940 0947 0993 RS 0931 0946 0985 DRS
2 0823 0885 0929 DAS 0828 0887 0934 DRS 0916 0921 0994 DRAS 0898 0922 0974 DRS
3 0778 0785 0891 DRS 0741 0744 0996 RS 0815 0820 0994 RS 0.844 0858 0984 DRS
4 0795 0803 0991 RS 0789 0836 0944 RS 0.889 0906 0980 /RS 0.886 0.891 0995 DORS
5 0890 1000 0890 DRS 0879 1000 0879 DRS 0975 1.000 0975 DARS 0962 1.000 0962 DRS
6 0841 0853 0986 ORS 0846 0848 0997 /RS 0714 0734 0974 RS 0850 0850 1000 -

7 0832 0835 0996 DRS 0852 0864 0986 /RS 0902 0913 0988 /RS 0912 0821 0990 ORS
8 0815 0852 0957 DRS 0790 0791 0999 (RS 0972 0975 0997 RS 0.879 0895 0982 DRS
9 0856 0865 0990 DRS 0773 0781 0989 DARS 0768 0774 0993 RS 0.805 0809 0995 DRS
10 0733 0777 0944 DRS 0722 0759 0951 DRAS 0797 0797 1000 - 0793 0.811 0979 DRS
11 0676 0681 0993 DARS 0644 0652 0987 RS 0747 0755 0990 /RS 0729 0738 0988 ORS
12 0686 0791 0867 IRS 0562 0745 0755 RS 0742 0882 0842 /RS 0685 0889 0771 RS
13 0745 0756 0985 RS 0713 0761 0937 /RS 0903 0935 0965 /RS 0818 0836 0979 RS
14 0757 0793 0954 DRS 0789 0793 0995 DRS 0863 0865 0998 RS 0812 0827 0882 DORS
15 0616 0621 0993 ORS 0617 0619 0997 /RS 0632 0640 0988 RS 0652 0.655 0994 DRS
16 0702 0723 0971 RS 0557 0614 0908 /RS 0734 0769 0954 /RS 0690 0732 0943 MRS
17 0588 0612 0960 /S 0518 0533 0972 /RS 0639 0649 0986 /RS 0637 0650 0979 RS
18 0775 0777 0998 ORS 0748 0768 0973 /RS 0778 0829 0939 /AS 0815 0824 0990 ORS
19 0716 0720 0994 RS 0582 0591 0985 /RS 0737 0752 0981 /RS 0014 0130 0111 MRS
20 0857 0879 0975 DRS 0765 0771 0992 /RS 0.837 0842 0995 [AS 0844 0845 0999 ORS
21 0796 0853 0933 DRS 0742 0835 0888 DAS 0851 0860 0990 DAS 0.831 0850 0978 DRS
22 0642 0644 0997 IRS 0553 0567 0976 RS 0671 0679 0988 RS 0.698 0700 0998 RS
23 0702 0705 0996 /RS 0702 0732 0959 /RS 0773 0788 0980 /RS 0762 0764 0997 DRS
24 0889 1000 0889 DAS 0845 1000 0845 DRS 0.889 1.000 0889 ORS 0896 1.000 0896 DAS
25 0626 0668 0936 /S 0557 0626 0890 /RS 0661 0702 0941 /RS 0650 0710 0915 RS
26 0822 0825 0997 DAS 0704 0709 0892 RS 0848 0856 0991 /RS 0809 0811 0897 RS
27 0766 0838 0914 DRS 0776 0792 0981 DRS 0857 0857 1000 - 0845 0854 0990 ODRS
28 1000 1000 1000 - 0739 0793 0932 /RS 0813 0853 0953 /RS 0810 0859 0942 RS
29 0760 0799 0952 DRS 0769 0772 0996 /RS 0830 0833 0997 /RS 0822 0826 0995 DRS
30 0806 0813 0991 DAS 0816 0817 0999 RS 0849 0858 0990 RS 0.852 0.854 0998 DRS
31 0973 0976 0997 ORS 0702 0717 0978 RS 0783 0793 0987 RS 0769 0775 0992 DRS
32 0718 093 0767 /RS 0701 0931 0752 /RS 0734 0941 0779 RS 0687 0909 0756 IRS
33 0587 0732 0802 RS 0556 0707 0786 (RS 0610 0770 0792 RS 0609 0760 0800 /RS
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1989 1990 1991 11992

# CRSTE VRSTE SCALE Remik CRSTE VRSTE SCALE Renk CRSTE VRSTE SCALE Rmk CRSTE VRSTES SCALE Rmk
34 0583 1000 0583 /RS 0575 1000 0575 RS 0592 1.000 0592 IS 0522 1.00C) 0522 RS
35 0734 1.000 0734 /RS 0701 1.000 0.701 IR§ 0702 1.000 0702 RS 0616 1.0000Q 0616 I[RS
36 0558 0667 0837 RS 0483 0541 0894 /RS 0618 0661 0935 /RS 0632 0.685 0921 IRS
37 0755 0755 0999 DRS 0796 0814 0978 RS 0762 0774 0984 RS 0812 081~ 0994 DRS
38 0757 0761 0994 DRS 0630 0643 0980 DRS 0798 0800 0998 /RS 0760 0.7644 0995 ORS
39 0798 0850 0939 ORS 1000 1.000 1.000 - 1.000 1.000 1.000 - 1.000 1.0000 1.000 -
40 0604 0620 0973 RS 0.569 0569 1.000 - 0678 0688 0985 RS 0668 0680 0982 IRS
41 0564 1000 0564 RS 0515 1000 0515 /RS 0609 1.000 0609 (RS 0621 1.00Q 0621 IRS
42 0051 0290 0174 RS 0532 0608 0876 [RS 0.158 0348 0455 RS 0336 1.000 0336 IRS
43 0534 0653 0817 /RS 0526 0696 0756 [RS 0.628 0777 0.807 RS 0.628 08084 0782 IRS
44 0869 0884 0984 RS 0782 0816 0959 [ARS 0954 1000 0954 /RS 1.000 1.00 1.000 -
45 0988 1.000 0988 ORS 0983 1000 0983 DRS 0994 0997 0996 [ARS 0973 0982 0991 DORS
46 0916 0945 0969 DORS 0834 0927 0900 DRS 1.000 1000 1.000 - 0996 1.000 0.996 DRSS
47 0712 0717 0993 DRS 1000 1.000 1.000 - 0623 0630 0988 /RS 1000 1.0000 1.000 -
48 0589 0601 0980 /RS 0527 0559 0943 [AS 0619 0657 0942 RS 0577 060 0954 RS
43 0788 0891 0885 DAS 0801 0844 0949 DRS 0827 0830 0997 ODRS 0756 O0.76A7 0.985 ORS
50 0854 1.000 0854 /RS 0823 0863 0954 [AS 0896 0930 0963 /S 0889 09400 0945 (RS
51 1.000 1.000 1.000 - 0781 0.782 1.000 - 0942 0947 0995 RS 0.838 0.84T1 0996 IRS
52 0426 0446 0956 /RS 1.000 1.000 1.000 - 0.341 0357 0954 RS 0273 03055 0896 IRS
53 0668 0.676 0988 RS 0.647 0647 1.000 - 0786 0.796 0988 RS 0.763 0.77C0 0992 RS
54 0882 0884 0998 /RS 0865 0890 0973 /RS 0980 0998 0982 RS 0641 0.654 0980 RS
55 0825 0839 0984 ODRS 0794 0805 0987 (RS 0.870 0879 0990 /RS 0882 0883 0999 DRS
56 0650 0719 0904 RS 0.549 0641 0856 (RS 0670 0746 0899 /RS 0669 0763 0877 IRS
57 1.000 1.000 1.000 - 0945 1000 0945 ODRS 0953 1000 0953 ORS 0972 1.00Q0 0.972 DAS
58 0964 0981 0983 DRS 1.000 1.000 1.000 - 0967 0970 0998 (RS 0.982 0.98=3 0999 ORS
59 0958 0961 0997 ODRS 0865 0869 0995 RS 0951 0954 0997 /RS 0939 0.94tT1 0999 RS
60 0756 0767 0985 /RS 0702 0753 0932 /RS 0783 0825 0949 J/AS 0805 08311 0969 IRS
61 0707 0708 0998 ODRS 0743 0762 0975 [RS 0.835 0852 0980 /RS 0799 0.8085 0.993 DRS
62 1.000 1.000 1.000 - 0936 0968 0967 DRS 1000 1.000 1.000 - 1.000 1.00Q0 1.000 -
63 0835 0.837 0998 /RS 0814 0831 0980 (RS 0.831 0864 0962 /RS 0897 06988 0999 DAS
64 0727 0772 0942 IRS 0645 0671 0.961 IRS 0.815 0.837 0974 [AS 0783 0799 0.980 IRS
65 0749 0751 0997 IRS 0677 0699 0969 /RS 0749 0769 0974 [ARS 0809 08171 0998 RS
66 0675 0684 0986 RS 0611 0642 0953 /RS 0725 0752 0963 RS 0725 073825 0987 RS
67 0688 0704 0977 RS 0534 0557 0959 /RS 0641 0652 0984 I(AS 0637 06688 0953 RS
68 0636 0649 0980 /S 0581 0611 0950 /RS 0682 0708 0963 /RS 0719 0732 0982 RS

0.754 0804 0.933 - 0728 0.782 0.934 - 0.786 0.831 0944 - 0.771 082886  0.927 -

ER
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Table 2 (contd...)

CRSTE - CRS Technical Efficiency, VRSTE - VRS Technical Efficiency, SCALE - Scale Efficiency

1993 1994 1993 1994
H# CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmk H# CRSTE VRSTE SCALE Rmk CRSTE VRSTE SCALE Rmi
1 0852 0858 0993 RS 0956 0956 1.000 - 35 0679 1000 0679 (RS 0783 1000 0783 IRS
2 0840 0872 0963 DRS 0907 0908 0999 DRS 36 0614 0683 0899 RS 0685 0745 0920 IRS
3 0.801 0.804 0997 /RS 0.809 0.809 1.000 - 37 0816 0832 0980 /RS 0.857 0857 1.000 -
4 0845 0887 0952 RS 0.888 0.888 0.999 - 38 0.786 0786 1.000 - 0773 0774 0999 IRS
5 0822 1000 0922 ORS 0998 1000 0998 ORS 39 0901 0924 0974 DARS 1.000 1.000 1.000 -
6 0464 0479 0969 /RS 0777 0796 0976 IRS 40 0668 0.671 0996 ODRS 0.624 0625 0998 IAS
7 0906 0925 0979 RS 0974 0975 1.000 - 41 0604 1000 0604 RS 0590 1000 0590 /RS
8 0857 0859 0997 /RS 0802 0902 1.000 - 42 0671 0745 09801 RS 0.613 0709 0863 [RS
9 0786 0791 0994 [ARS 0.738 0.746 0989 IRS 43 0574 0813 0707 RS 0.587 0838 0700 I[RS
10 0705 0722 0977 ORS 0799 0799 1.000 - 44 0969 1.000 0969 (RS 0999 1000 0999 IAS
11 0.693 0699 0991 IRS 0746 0746 1.000 - 45 0938 0943 0995 /RS 0.928 0928 1.000 -
12 0706 0942 0750 RS 0.728 0922 0790 I/RS 46 1.000 1.000 1.000 - 1.000 1.000 1.000 -
13 0823 0907 0914 RS 079t 0839 0943 RS 47 0891 0.899 0991 MAS 0923 0931 0991 IRS
14 0746 0747 0999 RS 0.704 0.704 1.000 - 48 0575 0625 0920 /RS 0.624 0643 0970 [RS
15 0620 0625 0992 RS 0.668 0688 1.000 - 49 0731 0738 0990 DRS 0.758 0.758 1.000 -
16 0774 0805 0961 RS 0702 0747 0940 IRS 50 0835 0883 0939 /RS 0745 0767 0972 IRS
17 1.000 1000 1.000 - 0.580 0611 0950 IRS 51 0876 0894 0979 DARS 0888 0920 0966 DRS
18 0.782 0.797 0981 IRS 0.828 0.829 1.000 - 52 1.000 1.000 1.000 - 0.721 0733 0975 IRS
19 0019 0.146 0128 RS 1.000 1.000 1.000 - 53 0834 0851 0980 DARS 0641 0644 0994 IAS
20 0845 0.852 0.991 RS 0.870 0.870 1.000 - 54 0544 0568 0959 /RS 0992 1000 0892 IRS
21 0793 0825 0961 DARS 0833 0834 0999 DRSS 55 0.885 0893 0990 [AS 0804 0904 1.000 -
22 0610 0621 0982 IS 0686 0700 0980 IRS 56 0660 0825 0800 (RS 0747 0919 0813 /RS
23 0756 0783 0966 RS 0701 0702 0.999 - S7 1.000 1.000 1.000 - 0969 1.000 0.969 DRS
24 0896 1000 0896 DRS 0838 1.000 0838 DRS S8 0989 0993 0996 /RS 0987 0987 1.000 -
25 0661 0704 0940 RS 0637 0700 0910 IRS 59 0945 0950 0995 RS 0934 0934 1.000 -
26 0745 0753 0989 RS 0722 0726 0994 [RS 60 0771 0815 0946 |IRS 0766 0807 0949 I[RS
27 0839 0842 0995 ORS 0863 0863 1.000 - 61 0750 0775 0968 RS 0.804 0805 1.000 -
28 0940 0982 0957 RS 0933 0940 0992 IRS 62 1.000 1.000 1.000 - 0999 1000 0999 DRS
29 0.807 0810 0996 /RS 0446 0446 1.000 - 63 0878 0.899 0977 [ARS 0947 0948 1.000 -
30 0839 0842 0996 RS 0916 0916 1.000 - 64 0801 0835 0959 /S 0.770 0819 0840 IRS
31 0753 0770 0977 RS 0788 0788 1.000 - 65 0700 0715 0980 /RS 0742 0747 0894 IARS
32 0752 0972 0774 RS 0748 0895 0.836 [AS 66 0961 0981 0979 /RS 0836 0882 0870 IRS
33 0647 0819 0789 IS 0641 0750 0854 IRS 67 0590 0615 0961 /RS 0.637 0668 0954 [RS
34 0453 1000 0453 RS 0437 1000 0437 RS 68 0.596 0614 0970 [RS 0.624 0636 0982 IRS
AVG 0772 0827 0928 - 0.793 0837 0.951 - AVG 0772 0827 0.928 - 0.793 0.837 0.951 -
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1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

1985
1986
1987
1988
1989
1990

1992
1993
1994

AB
0.852
0.818
0.715
0.888
0.878
0.845
0.940
0.931
0.852
0.956

AB

0.819
0.884
0.897
0.886
0.868
0.842
0.931
0.887
0.933
0.842

AB

0.697
0.724
0.642
0.787
0.762
0.712
0.875
0.825
0.794
0.805

0.771
0.740
0.668
0.879
0.799
0.786
0.873
0.876
0.829
0.868

0.833
0.906
0.890
0.830
0.868
0.841
0.909
0.881
0.913
0.847

FL

0.640
0.668
0.595
0.729
0.693
0.661
0.793
0.771
0.756
0.735

0.817
0.786
0.672
0.878
0.847
0.828
0.866
0.882
0.787
0.878

GE

0.809
0.885
0.892
0.848
0.869
0.825
0.933
0.906
0.925
0.892

GE

0.660
0.695
0.600
0.744
0.736
0.682
0.805
0.797
0.727
0.779

0.684
0.656
0.583
0.725
0.688
0.640
0.757
0.727
0.759
0.715

iL
0.875
0.920
0.921
0.800
0.889
0.884
0.947
0.925
0.942
0.898

0.590
0.601
0.536
0.650
0.611
0.561
0.715
0.670
0.715
0.640

Table 3

EFFICIENCY SCORES
Averages Across States

Technical Efficiency

IN
0.714
0.698
0.629
0.763
0.795
0.714
0.798
0.744
0.735
0.790

Allocative Efficiency

IN
0.854
0.906
0.889
0.871
0.863
0.852
0.926
0.905
0.909
0.872

Economic Efficiency

0.599
0.625
0.555
0.659
0.684
0.602
0.737
0.666
0.661
0.689

10
0.661
0.630
0.578
0.639
0.636
0.603
0.651
0.613
0.629
0.659

10
0.839
0.894
0.890
0.860
0.918
0.873
0.925
0.917
0.927
0.891

10
0.544
0.556
0.511
0.548
0.581
0.521
0.600
0.560
0.579
0.581

KT
0.666
0.646
0.565
0.574
0.580
0.653
0.662
0.689
0.717
0.721

KT

0.866
0.889
0.893
0.925
0.920
0.880
0.875
0.868
0.949
0.915

KT

0.560
0.560
0.483
0.510
0.528
0.559
0.580
0.601
0.678
0.651

MD

0.848
0.886
0.875
0.953
0.871
0.900
0.893
0.992
0.950
0.963

MD

0.949
0.963
0.922
0.888
0.873
0.919
0.957
0.939
0.907
0.914

MD

0.804
0.855
0.809
0.846
0.761
0.830
0.856
0.932
0.861
0.880

MS

0.776
0.761
0.677
0.775
0.744
0.717
0.781
0.741
0.714
0.709

MS

0.759
0.821
0.814
0.807
0.815
0.823
0.880
0.859
0.879
0.830

MS

0.586
0.617
0.543
0.624
0.599
0.578
0.684
0.634
0.622
0.587

NJ
0.644
0.738
0.963
0.865
0.713
0.891
0.642
0.556
0.938
0.805

NJ

0.988
0.986
0.985
0.897
0.958
0.981
0.988
0.992
0.987
0.995

NJ

0.635
0.727
0.948
0.861
0.696
0.873
0.632
0.550
0.927
0.801

0.684
0.801
0.642
0.855
0.775
0.756
0.883
0.702
0.689
0.817

NY

0.959
0.984
0.840
0.892
0.937
0.913
0.952
0.947
0.941
0.931

NY

0.655
0.791
0.600
0.762
0.720
0.684
0.839
0.667
0.655
0.756

OH

0.845
0.820
0.696
0.855
0.858
0.817
0.879
0.881
0.875
0.889

OH

0.777
0.813
0.805
0.825
0.799
0.808
0.892
0.870
0.870
0.842

OH

0.638
0.651
0.548
0.696
0.675
0.649
0.779
0.760
0.753
0.742

0.932
0.902
0.651
0.780
0.781
0.730
0.823
0.840
0.840
0.859

0.992
0.993
0.960
0.964
0.910
0.925
0.990
0.953
0.946
0.911

0.924
0.896
0.622
0.749
0.710
0.668
0.816
0.798
0.793
0.777

WS

0.604
0.617
0.578
0.679
0.687
0.601
0.699
0.723
0.712
0.710

ws

0.989
0.993
0.949
0.973
0.898
0.957
0.998
0.959
0.967
0.943

wSs

0.597
0.613
0.548
0.659
0.617
0.573
0.698
0.691
0.689
0.670
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1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

US AVG

North
East

0.725
0.808
0.826
0.891
0.786
0.849
0.806
0.750
0.859
0.861

TE
South
East

0.807
0.778
0.654
0.800
0.777
0.768
0.833
0.844
0.805
0.856

Table 4

EFFICIENCY SCORES
Averages Across Regions

Mid
West

0.714
0.697
0.623
0.739
0.735
0.682
0.761
0.738
0.737
0.745

AE
North South
East East
0.965 0.864
0.978 0.911
0.949 0.907
0.925 0.891
0.923 0.887
0.937 0.863
0.966 0.928
0.959 0.899
0.945 0.933
0.947 0.882

Table 5

Mid
West

0.849
0.891
0.878
0.873
0.864
0.866
0.928
0.906
0.816
0.879

North
East

0.698
0.791
0.786
0.823
0.725
0.796
0.775
0.716
0.814
0.812

AVERAGE EFFICIENCY SCORES ACRQSS PERIODS
1985/89 vs. 1990/94

Tech. Efficiency (TE)

1985/89

0.830
0.771
0.800
0.667
0.720
0.629
0.606
0.887
0.746
0.784
0.751
0.815
0.809
0.633
0.746

1990/94

0.905
0.846
0.848
0.720
0.756
0.631
0.688
0.939
0.732
0.766
0.769
0.868
0.818
0.689
0.784

Alloc. Efficiency (AE)

1985/89
0.871
0.865
0.861
0.901
0.877
0.880
0.899
0.919
0.803
0.983
0.942
0.804
0.964
0.960
0.895

1990/94
0.887
0.878
0.896
0.919
0.893
0.807
0.898
0.927
0.854
0.589
0.837
0.856
0.945
0.965
0.911

EE
South
East

0.696
0.709
0.588
0.704
0.686
0.656
0.774
0.759
0.750
0.749

Mid
West

0.592
0.610
0.540
0.639
0.628
0.580
0.702
0.664
0.670
0.651

Econo. Efficiency (EE)

1985/89
0.722
0.665
0.687
0.598
0.624
0.548
0.528
0.815
0.594
0.773
0.705
0.641
0.780
0.607
0.663

1990/94
0.802
0.743
0.758
0.660
0.671
0.568
0.614
0.872
0.621
0.756
0.720
0.737
0.770
0.664
0.711
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Table 6

RETURNS TO SCALE FOR 68 ELECTRIC UTILITIES

State Constant Returns Increasing Returns Decreasing Returns
to Scale to Scale to Scale
1989 1994 1989 1994 1989 1994
Alabama (01) - o)1 - - 01 -
Florida (03) - 02 01 - 02 01
Georgia (05) - 02 - 02 05 o1
Hiinois (08) - 03 04 04 04 o1
Indiana (14) 01 05 04 07 09 02
Iowa (05) - - 05 05 - -
Kentucky (07) - 01 04 05 03 01
Maryland (04) - 02 0l 02 03 -
Missouri (03) - - 02 02 01 01
New Jersey (02) 01 01 01 01 - -
New York (02) - - 02 02 - -
Ohio (08) 02 02 02 04 04 02
Tennessee (02) - 01 02 01 - -
Wisconsin (04) - - 04 04 - -
TOTAL (68) 04 (6%) 20 (29%) 32 (47%) 39 (58%) 32 (47%) 09 (13%)
Table 7
HAUSMAN TEST: Random Effects vs Fixed Effects
Dependent Calculated Hausman Statistic Reject (H )
Variable (Yes/No)

TE 42.59 No

AE 5.17 No

EE 12.29 No

Notes: 1. H: The random model is appropriate.

2. The Hasuman Statistic is distributed as a chi-square with one degree of freedom.

3. At 5% level, critical value is 3.841.
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FIGURES

Figure 1: EFFICIENCY SCORES
(Averages Across States)
1985 - 1994

Technical Efficiency Scores

Allocative Efficiency Scores
Averages Across States
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Economic Efficiency Scores
Averages Across States
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Figure 2: Efficiency Scores
(Averages Across Regions)
1985 - 1994
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Figure 3

REAL GDP GROWTH AND TECHNICAL EFFICIENCY
IN POWER GENERATION

e N ——
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Source: U.S. Budget Office, Wasghington D.C. Source: Author’s calcualtion

Figure 4

COMPARISON QF THE EFFICIENCY SCORES
1985/89 vs. 1990/94

Technical Efficiency
1985/89 vs 1990/94
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WS US AVG

Appendiv IV

TN

OH

NJ  NY

MS

ML

U.S. State

KT

ﬂn

1985/89 vs 1990/94

10

Economic Efficiency

1985/89 vs 1990/94

Allocative Efficiency

N

LA
G

o o
0100g Aouaiolyy

= o
81028 Aous|oly3

‘black’ bars, and the period 1990/94 is

U.S. State

v’ bars.

‘arev’

In all three graphs, the period 1985/89 is represented by

represented by

Note:





