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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON D.C. 20460

March 11, 2004 OFFICE
OF
THE ADMINISTRATOR
EPA SCIENCE ADVISORY BOARD
Note to the Reader:

The attached draft report of the Advisory Council on Clean Air Compliance Analysis
Special Council Panel for the Review of the Third 812 Analysis (COUNCIL) is still undergoing
discussion and review. Once discussed by the COUNCIL at a public session, and after approval,
it will be transmitted to the EPA Administrator and become available to the interested public as a
final report.

This draft has been released for general information to members of the interested public
and to EPA staff. The reader should remember that this is an unapproved working draft and that
the document should not be used to represent official EPA or Council views or advice. Draft
documents at this stage of the process often undergo significant revisions before the final version
is approved and published.

The SAB is not soliciting comments on the advice contained herein. However, as a
courtesy to the EPA Program Office that is the subject of the review, we have asked the Program
Office to respond to the issues listed below. Consistent with SAB policy on this matter, the
Council is not obligated to address any responses it receives.

1. Has the Committee adequately responded to the questions posed in the Charge?
2. Are any statements or responses made in the draft unclear?
3. Are there any technical errors?

For further information or to respond to the questions above, please contact:

Dr. Angela Nugent, Designated Federal Officer
EPA Science Advisory Board (1400A)

US Environmental Protection Agency

1200 Pennsylvania Avenue, NW

Washington, DC 20460-0001

(202) 564-45462 Fax: (202) 501-0323

E-Mail: nugent.angela@epa.gov
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[Date]
OFFICE OF THE ADMINISTRATOR
SCIENCE ADVISORY BOARD

EPA-SAB-COUNCIL-ADV-XX-XXX

Governor Michael Leavitt
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Review of the Draft Analytical Plan for EPA's Second Prospective
Analysis - Benefits and Costs of the Clean Air Act, 1990-2020: An Advisory by the
Advisory Council for Clean Air Compliance Analysis

Dear Governor Leavitt:

The US EPA Science Advisory Board’s Advisory Council for Clean Air
Compliance Analysis Special Panel (the Council) presents in this document a review of
the Draft Analytical Plan for EPA's Second Prospective Analysis - Benefits and Costs of
the Clean Air Act, 1990-2020.

The Draft Analytical Plan reflects the Agency’s design for the second prospective
“812 analysis.” The series of Section 812 reports produced by the Agency are the
flagship examples of benefit-cost analysis of environmental regulation in the U.S. These
analyses have assisted the Agency in developing methods used in quantifying benefits for
rules issued by EPA pursuant to the 1990 amendments to the Clean Air Act. Those
benefits have been recognized by OMB as constituting the majority of quantified benefits
attributable to federal regulation over the ten-year period, October 1, 1992 to September
30,2002. (OMB 2003 Report, Informing Regulatory Decisions: 2003 Report to
Congress on the Costs and Benefits of Federal Regulations and Unfunded Mandates on
State, Local, and Tribal Entities).

Congress established the Council to review the data and methodologies to be used
for the 812 Analyses and make recommendations on their use. Section 812 of the Clean
Air Act Amendments of 1990 also requires the Council to review the findings made in
reports developed under Section 812, and “make recommendations to the Administrator
concerning the validity and utility of such findings.”

The 812 analyses were initially mandated as ongoing biennial reports to Congress.
The Council understands that the 1995 Reports Elimination and Sunset Act removed the
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requirement for the Agency to report to Congress. However, the Council strongly
advocates that the Agency continue to conduct these important benefit-cost assessments
as Clean Air regulations continue to evolve. These analyses provide a rigorous example
for other regulatory impact assessments and serve an important educational role for the
Agency. Information requirements identified in the 812 Analysis stimulate important
research both inside and outside the Agency.

The Council emphasizes that the 812 analyses are not merely a perfunctory
accounting exercise, but an ambitious and difficult enterprise that pushes the Agency to
the frontiers of science in many different disciplines. To an extent unmatched in almost
any other benefit-cost assessment, these analyses require the creative synthesis of
knowledge across many interrelated fields--from engineering to atmospheric chemistry to
meteorology to epidemiology and ecosystems science to toxicology to economics and a
number of other specialties.

A significant portion of the value of the 812 Analyses lies in the extent to which
they can shape future regulations and legislation. Their role is not limited merely to
assessment of the 1990 Clean Air Act. For example, the Agency learns much from the
812 Analyses that can guide strategic planning for the programs of the Office of Air and
Radiation.

In this report, the Council has highlighted several technical points that deserve the
Administrator’s attention. These include the notion of a “Section 812 Learning
Laboratory,” scenario development, mortality risk valuation (which is both important and
controversial), the role of Quality Adjusted Life Years (QALYSs) in assessment of the
benefits of implementing the Clean Air Act, uncertainty analysis and characterization,
computable general equilibrium (CGE) modeling for capturing indirect costs and
benefits, and approaches to discounting. Highlights for these topics and others are
presented in our Executive Summary.

The Council received 37 formal charge questions from the Agency concerning
technical questions related to data and methodologies to be used in the Second
Prospective Analysis. This report addresses overarching questions of the analytical
framework for the analysis and detailed questions related to economic analysis. This
report is supplemented by auxiliary reports from the Council’s Air Quality Modeling
Subcommittee (Advisory on Plans for Emissions Estimation Presented in the May 12,
2003 Analytical Plan: An Advisory by the Air Quality Modeling Subcommittee of the
Advisory Council for Clean Air Compliance Analysis, EPA-SAB-COUNCIL-04-001) and
the Health Effects Subcommittee (Advisory on Plans for Health Effects Analysis in the
Analytical Plan for EPA’s Second Prospective Analysis — Benefits and Costs of the Clean
Air Act, 1990-2020: An Advisory by the Health Effects Subcommittee of the Advisory
Council for Clean Air Compliance Analysis, EPA-SAB-COUNCIL-ADV-03-00X). A
third subcommittee, the Ecological Effects Subcommittee (EES) is only just being
constituted. Its perspective and advice will be available for future consultations.
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We appreciate the opportunity to review the Analytical Plan and to provide you
with advice on the design of the Agency's approach so that the resulting study will have
the most validity and utility for the Agency and Congress. The Council would be pleased
to expand on any of the findings described in this report and we look forward to your
response.

Sincerely,

Dr. Trudy Ann Cameron, Chair
Advisory Council on
Clean Air Compliance Analysis
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NOTICE

This report has been written as part of the activities of the EPA Science Advisory
Board, a public advisory group providing extramural scientific information and advice to
the Administrator and other officials of the Environmental Protection Agency. The Board
is structured to provide balanced, expert assessment of scientific matters related to
problems facing the Agency. This report has not been reviewed for approval by the
Agency and, hence, the contents of this report do not necessarily represent the views and
policies of the Environmental Protection Agency, nor of other agencies in the Executive
Branch of the Federal government, nor does mention of trade names or commercial
products constitute a recommendation for use.

Distribution and Availability: This EPA Science Advisory Board report is provided to the
EPA Administrator, senior Agency management, appropriate program staff, interested
members of the public, and is posted on the SAB website (www.epa.gov/sab).

Additional copies and further information are available from the SAB Staff [US EPA
Science Advisory Board (1400A), 1200 Pennsylvania Avenue, NW, Washington, DC
20460-0001; 202- 564-4533].
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1. EXECUTIVE SUMMARY

EPA requested that the Council provide detailed advice on 37 technical questions
related to the planned Second Prospective Analysis. Overall, the Agency’s general
approach to this major benefit-cost analysis has become much more mature and complex
with this third undertaking. The Council’s response to each charge question begins with
a set of bulleted points that highlight the key issues in the discussion. Here, we
summarize our most important recommendations for strengthening the Agency’s plans
for conducting the 812 analysis. The points are ordered roughly in terms of the Council
Special Panel’s sense of the importance of the topic.

The first three issues highlighted below—the “Learning Laboratory,” uncertainty,
and issues of integration and consistency—are pervasive. Related to them, several other
issues have importance of special note: (1) discounting; (2) the indirect costs revealed by
Computable General Equilibrium models; (3) the Value of a Statistical Life; and (4)
development of methods for assessing benefits associated with ecological effects and
regulation of air toxics. These controversial issues have posed challenges in past 812
analyses and will likely reappear in the course of future benefit-cost analyses by the
Agency. They will continue to demand the Agency’s close attention.

The Learning Laboratory: The series of 812 studies, if they are to incorporate the
state of the art in relevant disciplines, must involve auxiliary activities that can be
collected under an umbrella that might be termed the “812 Learning Laboratory.” The
Council reviews the overall validity and utility of the data and models used in each 812
analysis and, while it generally expects the Agency to have peer reviewed its methods
and to have provided a coherent technical rationale for the choice of data and methods, it
recognizes that there will not always be fully vetted methods and data for all important
aspects of the analysis. Where there are important methodological and data gaps or other
important uncertainties, the Council recommends research priorities to the Agency. It
also believes, in addition, that the management of changes and improvements in methods
should be institutionalized by an ongoing process of formal evaluation of proposed
enhancements. The Council advises the Agency to develop a public and expert process
to carefully review new data and methods for the 812 Studies and to evaluate the
rationale for incorporating them in subsequent studies. When warranted, these
approaches can then be moved into the next 812 analysis, replacing less suitable data or
methods used in previous studies. Candidates for the Learning Laboratory process
include broadly cross-cutting issues that will have implications not just for the 8§12
analyses, but for many other benefit-cost analyses conducted at the Agency and
elsewhere, including a number of the issues itemized directly below.

Uncertainty: The Second Prospective Analysis should address the pervasiveness
of uncertainty in its cost and benefit estimates. Those elements that are both highly
uncertain and have a significant impact on the results should be the focus of sensitivity
analyses. Sensitivity/uncertainty analysis needs to be an iterative process to identify and
assess the significance of key uncertainties in each step of the assessment. Only a
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selected set of the most influential uncertainties should be quantitatively followed all the
way through to the final results. The Council advises the Agency to develop its
uncertainty analyses with reference to the recommendations in reports of the National
Research Council (2002) and OMB (2003). It also advises the Agency to use the list of
“key uncertainties” from the first Prospective Analysis as a framework.

In the Executive Summary of the planned prospective analysis and in the body of
the text itself, the Agency should report the “base case” as the central estimate.
Alternative cases should be associated with likelihoods of these cases and any provision
of a “low” alternative estimate should be balanced by a corresponding “high” alternative
estimate. Pivotal assumptions should be clearly identified and the need for additional
research on these issues should be emphasized.

Issues of Integration, Consistency, and Validation: As the 812 Analyses has
become a more complex modeling enterprise, and as the focus of public and OMB
scrutiny increases on federal efforts to use modeled information as a policy tool, the
Council Special Panel emphasizes the importance of choosing consistent and compatible
modeling assumptions across all components of the analysis. Especially important issues
arise in this regard in the areas of discounting and CGE analysis. The Council also
advises the Agency to consider approaches for assuring data quality and providing
intermediate information about analytical results that will improve the quality of the
overall analysis and increase the transparency of the benefit-cost exercise, while not
resulting in substantial costs to the Agency.

Discounting: The Prospective Study is concerned with arriving at discounted
values of the benefits and costs from the Clean Air Act. Such discounting should be
performed using a ““social discount rate” throughout the analysis. The Council
commends the Agency’s having drawn attention to the challenges and uncertainties
associated with the choice of social discount rate. The Council urges the Agency to
employ a range of values — perhaps between 3 and 7 percent, with a central case of 5
percent — for the social discount rate in its assessments.

Indirect Costs and Use of Computable General Equilibrium Models:
Incorporation of indirect, “spillover” costs of air quality regulations is important and
these costs should continue to receive close attention. CGE models have the capability to
reveal spillovers of air quality regulations into unregulated sectors, not just to better
estimate the direct costs of regulation on regulated sectors. The current Analytical Plan
describes CGE methods only for “post-processing” and relegates them to secondary
status compared to engineering estimates of compliance costs. General equilibrium
modeling should enjoy similar status to direct cost calculations, even though each of the
main CGE models which are proposed for use in the 812 Analysis has some limitations.
CGE models and econometric models for costs are not competing methods, but
complementary methods. Indirect costs should be defined and itemized more clearly in
the Analytical Plan, and ongoing comparisons of the predicted and actual costs of air
quality regulations will be important to the evolution of the ongoing Section 812
Analyses.
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Value of Premature Mortality and Morbidity Associated with Reductions in Air
Pollution: Uncertainty analysis with respect to Value of a Statistical Life (VSL) values
requires information about the distribution of VSL estimates corresponding to risks and
populations that are similar to those relevant for the CAAA. The marginal distribution of
all empirical VSL estimates derived across all contexts is unlikely to be appropriate for
this purpose, as is any arbitrary convenient assumption about distributional shape.

The Panel recommends a primary focus, at this juncture, on the Viscusi-Aldy
estimates of VSLs based on U.S. studies. The Agency should not rely exclusively on the
Kochi et al. meta-analysis, which has not yet been peer-reviewed and published.

The Council Special Panel does not support an effort by the Agency to comply
with the OMB requirement for cost-effectiveness analysis by utilizing Quality-Adjusted
Life Year (QALY) as the measure of effectiveness. Too many other classes of benefits
besides human health benefits must be taken into consideration. A workshop on
appropriate cost-effectiveness approaches for this application may be helpful, but its
scope would need to be very carefully defined and the differences between cost-
effectiveness analysis in the typical health context versus cost-effectiveness for specific
human health benefits of the Clean Air Act (CAA) would be an important dimension of
the discussion.

Concerning morbidity, the Agency should continue to use Willingness-To-Pay
(WTP) estimates for morbidity values, rather than COI estimates, should these be
available. Where WTP is unavailable, COI estimates can be used as placeholders,
awaiting further research, provided these decisions include suitable caveats. The Dickie
and Ulery study is a valuable addition to the repertoire of empirical results concerning
WTP for acute respiratory illnesses and symptoms, although it is not so superior as to
supercede all earlier studies.

Ecological Effects: Human health risk reductions may be the most substantial
benefit from the CAAA, but they are not the only important benefit. Benefits to
ecosystems and other welfare benefits such as visibility are likely to be substantial and
are still receiving limited attention. The Council nevertheless recognizes substantial
challenges in quantitative assessment of these benefits. The greater heterogeneity in
ecosystems services makes it even more difficult to produce estimates of the benefits
from their protection than for the protection of human health. The input of the new
Science Advisory Board Committee on Valuing the Protection of Ecological Systems and
Services (CVPESS) and a new Council Ecological Effects Subcommittee (EES) may be
able to stimulate the development of greater expertise on this issue than is presently
available. Ecological effects to be valued must be limited to those effects for which there
is a defensible, rather than just speculative, link between air emissions and service flows.
The Council strongly objects to using inappropriate or unsupported placeholder values in
the absence of better information.
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Hazardous Air Pollutants: Appropriate methods for measuring the benefits of
reducing hazardous air pollutants continue to present a challenge for the 812 analysis.
Great uncertainty about the character and magnitude of health effects at ambient exposure
levels will continue to hamper valuation efforts, but the potential importance of this
category of benefit necessitates continued careful attention to this task.




2. INTRODUCTION

2.1. Background

The purpose of this Advisory is to continue the Council's advice to the Agency in
developing the third in a series of statutorily mandated comprehensive analyses of the
total costs and total benefits of programs implemented pursuant to the CAA. Section 8§12
of the Clean Air Act Amendments (CAA) of 1990 requires the EPA periodically to assess
the effects of the 1990 CAA on the "public health, economy and the environment of the
United States" and to report the findings and results of the assessments to Congress.
Section 812 also established the Council and gave it the following mission: "to review the
data and methodology used to develop the 812 Study and to advise the EPA
Administrator concerning the utility and relevance of the Study." EPA has, to date,
completed two assessments and received the advice of the Council on them: The Benefits
and Costs of the Clean Air Act: 1970 to 1990 (published 1997) and The Benefits and
Costs of the Clean Air Act, 1990 to 2010 (published 1999).

In this document, a special panel of the Council provides a review of the May 12,
2003 Analytical Plan for the study, and revisions to that plan dated July 8, 2003. The
Analytical Plan is more formally titled Benefits and Costs of the Clean Air Act 1990-
2020: Revised Analytical Plan for EPA's Second Prospective Analysis. The Analytical
Plan reflects earlier advice that the Council provided in September 2001 in its earlier
Advisory concerning a draft version of the Analytical Plan (EPA-SAB-COUNCIL-ADV-
01-004).

In the course of the review of the 2003 Analytical Plan, the Council will review
the Agency’s major goals, objectives, methodologies, and analytical choices for the
Section 812 Study before the analysis is implemented. In its review of the Analytical
Plan, the Council and its panel and subcommittees are guided by the charge questions as
identified in the CAA of 19901

a. Are the input data used for each component of the analysis sufficiently
valid and reliable for the intended analytical purpose?
b. Are the models, and the methodologies they employ, used for each

component of the analysis sufficiently valid and reliable for the intended
analytical purpose?

C. If the answer to either of the two questions above is negative, what
specific alternative assumptions, data or methodologies does the Council

! Specifically, subsection (g) of CAA §312 (as amended by §812 of the amendments) states: [(g) The Council shall --
(1) review the data to be used for any analysis required under this section and make recommendations to the
Administrator on the use of such data, (2) review the methodology used to analyze such data and make
recommendations to the Administrator on the use of such methodology; and (3) prior to issuance of a report required
under subsection (d) or (e), review the findings of such report, and make recommendations to the Administrator
concerning the validity and utility of such findings.”
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recommend the Agency consider using for the second prospective
analysis?

The Agency provided the Council with additional detailed charge questions for its
consideration. These detailed charge questions were initially provided to the Council in
May 2003 and then revised and resubmitted in July. The final set of 37 charge questions
is included in Appendix A. Appendix A also indicates charge questions that have been
addressed in detail by the Council’s two subcommittees and documented in their two
reports, which have been reviewed and finalized by the Council.?

2.2. Process for Developing this Advisory

To address the charge questions identified by the Agency regarding the Analytical
Plan, the SAB Staff Office, with the advice of the Council Chair, formed a Special
Council Panel for the Review of the Third 812 Analysis to provide the Council with
additional expertise in the areas of expert elicitation, uncertainty analysis and statistical
and subjective probability. The Staff Office also issued a call for new membership on the
Council's Air Quality Modeling Subcommittee (AQMS) and its Health Effects
Subcommittee (HES).

The Council Special Panel held a public teleconference on May 28, 2003 to plan
its approach for providing advice. Those members participating in the teleconference
voted to cancel a planned face-to-face meeting during June 11-13, 2003, pending more
information about those portions of the Analytical Plan that were to be revised. The
majority of these revisions were completed and submitted to the Council on July 8. The
Council held one teleconference on July 11 and another on July 15, where a subset of the
charge questions considered most urgent by the Agency were addressed. Those charge
questions were 1, 2, 3, 7, 8, and 9. Teleconferences on September 23 and September 24
continued this discussion and also addressed charge questions 32 and 33. A
teleconference on October 23 reviewed the draft report on discussion to that point.
Discussion of question 1 (Project Goals and Analytical Sequence), question 3
(Alternative Pathways) and question 9 (Discounting) raised the need for additional
information from the Agency, so discussion was deferred to November 5-6 when the first
face-to-face meeting of the Panel was held in Washington, D.C. Subsequent
teleconferences were held on December 19 and December 22.

In addition to the advice provided in this document, the Council's AQMS has met
to address issues concerning the Agency's plans for estimating emissions and the HES
has met to address the Agency's plan to assess health effects. The advice developed by
these Council Subcommittees is provided in separate reports.

* EPA-SAB-COUNCIL-04-001 Advisory on Plans for Emissions Estimation Presented in the May 12,
2003 Analytical Plan: An Advisory by the Air Quality Modeling Subcommittee of the Advisory Council for
Clean Air Compliance Analysis, and EPA-SAB-COUNCIL-ADV-04-001 Advisory on Plans for Health
Effects Analysis in the Analytical Plan for EPA’s Second Prospective Analysis — Benefits and Costs of the
Clean Air Act, 1990-2020: An Advisory by the Health Effects Subcommittee of the Advisory Council for
Clean Air Compliance Analysis.
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3. PROJECT GOALS AND ANALYTICAL SEQUENCE

3.1. Charge Question 1

Does the Council support the study goals, general analytical framework,
disaggregation plan, analytical sequence, and general analytical refinements defined in
chapter 1? If there are particular elements of these plans which the Council does not
support, are there alternatives the Council recommends?

3.2. Summary of Council Response

The series of 812 studies, if they are to incorporate the state of the art in
relevant disciplines, must involve auxiliary activities that can be collected
under an umbrella that might be termed the “812 Learning Laboratory.” Of
course, the main policy analysis in each cycle must be based upon fully vetted
methods and data. However, the expectation of changes and improvements in
methods should be institutionalized by an ongoing process of formal
evaluation of proposed enhancements. As enhancements are carefully
reviewed and the reasons for them thoroughly understood, they can be moved
into the next main policy analysis, replacing inferior approaches used in
previous studies. Candidates for the Learning Laboratory process include
broadly cross-cutting issues that will have implications not just for the 812
analyses, but for many other benefit-cost analyses conducted at the Agency
and elsewhere.

Disaggregation is a very desirable strategy which should be pursued to the
extent that analytical resources permit, subject to the constraints imposed by
nonlinearities and general equilibrium effects. The Council supports EPA’s
plans to report costs and benefits disaggregated by major economic sectors as
an important addition for the Second Prospective study.

Air toxics remain an important issue in the 812 Analysis. The benzene case
study is a good start, but much more work is still necessary. Case studies are
merely a beginning.

Human health risk reductions may be the most substantial benefit from the
Clean Air Act, but they are not the only important benefit. Benefits to
ecosystems and other welfare benefits such as visibility are likely to be
substantial and are still receiving limited attention. The Council nevertheless
recognizes substantial challenges in quantitative assessment of these benefits.

Chapter 1 of the 812 study should address the pervasiveness of uncertainty in
cost and benefit estimates, but then identify the methods EPA will use to
identify the most important areas of uncertainty. Those elements that are both
highly uncertain and have a significant impact on the results should be the
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focus of sensitivity analyses. Sensitivity/uncertainty analysis needs to be an
iterative process to identify and assess the significance of key uncertainties in
each step of the assessment. Only a selected set of the most influential
uncertainties should be quantitatively followed all the way through to the final
results.

3.3. Section 812 Analysis as a Learning Laboratory

The Council emphasizes that the Agency’s Prospective Analyses address
important policy questions with a very broad audience. As a result, these analyses attract
significant public attention. This status poses challenges for the Agency’s efforts to
continuously innovate and reflect new research insights. Any recommendations to
modify existing methodologies in order to take advantage of the most up-to-date insights
from the relevant literature may be viewed with suspicion by different groups of
stakeholders if their interests are affected by these methodological changes. To protect
the Agency’s credibility, there is a need to balance innovation in methods against the
appearance of manipulation of results to achieve some implicit predefined objective.

These concerns seem to require that the long term Analysis Protocol for the
Prospective Reports distinguish three separate classes of Agency activities:

a. "Policy Evaluations" - These activities are based on established and fully
vetted methods, even if the inputs are somewhat less than ideal (e.g. they
may be identified as resorting to the best available approximations for
some needed measurements).

b. "Satellite or Experimental Evaluations" — These activities use proposed
methods and new techniques that have not yet been fully vetted. The
models currently used in Policy Evaluations may embody some
assumptions that can actually be rejected, either by the data, or a priori on
the basis of theory. The need for improved models may be readily
acknowledged, and exploratory Satellite/Experimental Evaluations will
address this need.

In the evaluative activities above, the Agency would parallel the Bureau of
Economic Analysis (BEA) satellite accounts for the national income and product
accounts, or the provisional or unofficial price indexes developed by Bureau of Labor
Statistics (BLS). In each of these analogous classes, the research staff of the relevant
agency develops and publishes results designated as exploratory. These exploratory
results are carefully documented and are intended for general review and criticism.
However, they are not used for policy making at this stage.

c. "Formal Review and Discussion" — These activities will precede the
development of Satellite/Experimental Evaluations. The Agency needs to
make a commitment to involving the research community in discussions
that assess possible new methods through workshops or conferences,
detailed and comprehensive reviews of unofficial analyses, and evaluation
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of their implications in working papers and published articles. For
example, this approach has been taken in price index development at the
BLS.

All three classes of activities should probably be ongoing, on all the time. This
formal process would institutionalize the recognition that methodological innovations
over time are a natural and expected part of progress on this front. This process would
also emphasize that changes in methodology require full disclosure and discussion of the
implications of new methods — both their strengths and their weaknesses. The disclosure
and discussion process is not simply a matter of refereed publication followed by Agency
adoption of new methods. Instead, it is one of attaining broad public understanding of
the assumptions involved in different approaches and acceptance of the reasons for
changes in methodologies.

At present, this tiered approach to methodological innovation is not an established
component of EPA’s research in support of policy, although there have been occasional
instances. The Council Special Panel recommends that this component be given serious
consideration. It is only through a commitment to internal but widely circulated public
efforts to review, evaluate and understand new methods that the Agency can promote
necessary analytical innovations yet avoid the appearance of strategic manipulation of the
process.

3.4. Disaggregation

The Council applauds the Agency’s willingness to disaggregate, something that
the Council has recommended for some time. In an ideal world, the disaggregation
would be at the level of individual regulatory decisions so that the Agency, Congress, and
society would know whether each regulation should be tightened or loosened. Effort
toward disaggregation to the level of individual sectors is an important step. The next
steps beyond sectoral disaggregation might be limited regulation-by-regulation
disaggregation and/or some cautious region-by-region disaggregation (although this is
likely to be more feasible for selected benefits than for costs).

There remain some important constraints on the task of disaggregation. The
Council understands that it is often impossible to separate the benefits or costs of abating
one pollutant versus another. Analytical resource constraints must also be
accommodated. The Council also warns that the benefits and/or the costs associated with
different sectors, regulations, or regions may not be additively separable because of
nonlinearity or interaction effects among the disaggregated entities. In addition, general-
equilibrium adjustments may shift incidence among sectors and regions. These
complications make the process of disaggregating benefits and costs more difficult.
However, decision makers often are interested in sectoral and regional effects. Providing
disaggregated estimates wherever possible will increase the usefulness of the analysis in
policy making.
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The Council suggests that the Agency consider disaggregating by region or
program on a case-by-case basis, where costs are significant or other policy needs are
well articulated, and then evaluating the result.

3.5. Air Toxics

The planned attempt to address the particular benefits and costs of abating toxics
is a step forward and the Council applauds the Agency for this effort. While the
proposed case study on benzene will be very helpful, however, the effort should not be
expected to stop there. For example, Congress mandated maximum achievable control
technology (MACT) for a list of chemicals, but the chemicals on this list were not
identified by any rigorous systematic analysis. This mandate has imposed substantial
costs on the economy without any formal assessment of either its benefits or its costs.

The Agency is entering a period when it must examine the residual risk after
MACT to determine whether more stringent regulations are required in some cases. One
role of the Section 812 analyses is to explore new methods relevant to the assessment of
environmental management strategies. This is a good reason for the Second Prospective
Analysis to address the task of benefit-cost analysis with respect to the control of air
toxics. The Agency is likely to find that MACT is justified for some chemicals and
unjustified for others. These insights will be important to the Administrator, to Congress,
and to society more generally.

The benzene study was recommended in the last round of Council advice
primarily because of the relatively greater availability of data on this hazardous air
pollutant (HAP). It would be useful to have the Agency propose some other target
examples for case studies. Whether these can actually be pursued in the context of the
Second Prospective Report is questionable, but assessment of HAPs should be a priority
among longer-term assessment tasks facing the Agency. Perhaps additional resources
could be made available for this “sidebar” enterprise that will have to take place
contemporaneously with the Section 812 evaluation.

As a starting point for future analyses, perhaps the Agency should pick at least
one chemical that is likely to have regulatory benefits exceed costs, and at least one
chemical that will have costs exceed benefits. This would constitute a useful
demonstration exercise that could reveal what resources are required for this type of air
toxics analysis. Alternatively, some argument can be made that it would be preferable to
see a more representative sample of HAPs being analyzed, for example, those from
relatively small sources, such as perchlorethylene from dry cleaning establishments, or
chromate from plating operations. These tend to be from isolated sources, rather than
major sectors, and to be common in urban areas.

Are case studies really useful in the formal benefit-cost analysis of the Section
812 study? Perhaps not directly, but the Council advocates these exercises as part of
“progress toward a goal,” rather than suggesting that they represent any intermediate or
final input to the current benefit-cost analysis. More-complete and more-formal analysis
of air toxics is certainly needed as the Section 812 analytical process matures. As in the

10
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case of certain aspects of the calculation of non-market economic benefits, the air toxics
tasks fall into the category of methods development, or contributions to the evolution of a
body of knowledge—efforts that are relevant to the ongoing Section 812 analytical
activity. Fostering valuable new research is a tangential goal of the 812 process.

3.6. Non-health benefits

Mortality risk reduction benefits are about 90% of total benefits in the previous
Section 812 analyses. But it is likely to be implausible to most people (and most
members of Congress) that non-mortality health benefits are small, or that benefits other
than human health benefits are tiny or immeasurable. The Analytical Plan touches on
visibility as a non-health effect. More contentious, and potentially very important, are the
benefits from protection of the natural environment (ecosystems) stemming from the
CAA.

In the first round of advice from the Council to the Agency concerning the Second
Prospective Analysis (EPA-SAB-COUNCIL-ADV-01-004), the Council emphasized that
the Costanza et al. (1998) method was an inappropriate way to approach the task of
ecosystem benefits estimation. However, the Agency cannot ignore this category of
benefits or continue simply to characterize their valuation as intractable. Certainly the
planned case study is too little. Delays in bringing online the SAB CVPESS and a new
subcommittee of the Council, the EES, may lead to corresponding delays in any advice
that can be provided to the Agency concerning the challenges presented by valuation
needs in this area. Nevertheless, the insights from the Special Panel’s deliberations will
be very important to the 812 process.

3.7. Uncertainty

Uncertainty will be addressed much more comprehensively in the Council’s
discussion of Chapter 9 of the Analytical Plan. However, with respect to the overview of
the Agency’s goals in Chapter 1, it would be helpful to see more attention to the
pervasiveness of the problem of uncertainty, especially where linearity assumptions are
crucial and tenuous. Uncertainty analysis is something that needs to be ongoing
throughout the assessment process. Informed judgments need to be made about what
might be the key sources of uncertainty, and the potential consequences of this
uncertainty, in each step of the assessment.

However, this does not mean that every alternative model and alternative
assumption needs to be tracked all the way through the assessment to the bottom line.
The Council does not wish to lead the Agency down an intractable path of including so
many alternative models and alternative assumptions that the assessment loses its focus
and coherence. For example, it is vitally important that the electric utility cost analysts
do some assessment of how sensitive the cost results are to different assumptions about
the future price of natural gas on general economic growth, and some discussion of this
exploration should be reported in the Second Prospective Analysis. However, only those
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elements that are both highly uncertain and have a significant impact on the results need
to remain at center stage throughout the formal uncertainty analysis.
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4. SCENARIO DEVELOPMENT AND ALTERNATIVE PATHWAYS

4.1. Agency Charge Questions

Charge Question 2: Does the Council support the choices for analytical scenarios

defined in Chapter 2?7 Are there alternative or additional scenarios the Council
recommends EPA consider for inclusion in the analysis?

Charge Question 3: Does the Council support the alternative compliance pathway

estimation and comparison methodology described in chapter 2, including the
specification of alternative compliance pathways which may not reflect precisely constant
emissions or air quality outcomes between scenarios due (primarily) to the non-
continuous nature and interaction effects of emission control options?

4.2. Summary of Council Response

Agency Charge Question 3 was made largely obsolete by revisions in the
Analytical Plan that were made clear to the Council at its November 4-5, 2003
meeting and thus this Council report does not address the question.

The evolving baseline assumptions for the 812 Analysis need to be carefully
benchmarked against realized values of key forecasts from previous editions
of the analysis, and sensitivity analysis with respect to key assumptions will
be important.

Care must be taken to ensure that key assumptions affecting different
components of the overall 812 Analysis (discount rates, income growth
projections, substitutability) are consistent across all the models used in the
analysis.

The “with CAAA” and “without CAAA” scenarios are neither observable nor
likely to materialize exactly as described. They are artificial constructs.
However, they should at least be internally consistent.

The Agency should make it very clear to the audience for the 812 analysis to
what extent the post-2000 benefits of the CAAA are expected to stem from
the prevention of deterioration in air quality versus absolute improvements
from 1990 conditions.

The evolutionary nature of regulations pursuant to the CAAA means that it is
difficult to forecast future benefits and costs based solely on knowledge of the
shape of current regulations. The Agency needs to be clearer about how
feedback and regulatory evolution will be modeled.

Finally, the Council applauds the Agency’s transition to short-turn-around air-
quality models that will enhance opportunities for sensitivity analyses.

13



25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

4.3. Benchmarking and sensitivity analysis

First, the Council recommends changing the description of the different scenarios
from “pre-CAAA and post-CAAA” to “with CAAA and without CAAA.” This simple
change will eliminate confusion between differences over time and counterfactual
differences over alternative scenarios, which is the intended distinction.

To evaluate the implications of the proposed update of the 1990 Baseline
Emissions assumptions, it would be helpful to have an explicit comparison of how the
proposed update to the 1990 baseline differs from the earlier 1990 baseline. The Second
Prospective Analysis should compare the ambient pollution concentrations implied by the
1990 baseline used in the First Prospective Analysis versus the new baseline, and each
ambient concentration should be compared with the 1990 actual monitored values for
each pollutant. This could be done for targeted metropolitan areas (e.g., the Los Angeles
air basin).

The description in the First Prospective Analysis suggests that a scaling factor
was used to adjust the projected ambient quality in 2000 and 2010. This scaling factor
was apparently derived by taking the ratio of modeled target year to modeled base year
and applying this ratio to scale base year concentrations (whether monitored directly or
estimated using e-VNA) to get the projected target year concentration. This type of
benchmarking, of backcasted simulations to actual observed outcomes in 1990 and 2000,
should be possible in the Second Prospective Analysis. It would help policy-makers
understand the sensitivity of the results from r quality models to changes in the emissions
profiles used in the analysis.

4.4. Consistency: economic activity and incomes

At the time the analysis was done for the First Prospective Analysis, expectations
for economic activity were completely different than the realities experienced between
1999 and 2003. There is no discussion of how the recent slowdown in economic activity
is being incorporated into the projections for 2000, 2010, and 2020. There must be some
discussion of this linkage. A component of the uncertainty analysis will have to consider
the status of the aggregate economy, including any assumptions about when there may be
a return to a more robust growth pattern. Otherwise, the exercise might seem foolish.

There should be some explicit discussion of the connections between assumptions
about economic activity at the aggregate level and the corresponding assumptions about
household income growth that underlie the benefit measures. These assumptions should
be consistent throughout the analysis. The Agency needs to make its “central case”
economic assumptions clear, although the Council notes that there will continue to be
considerable uncertainty about the nature of the relationship between economic activity
and emission rates. Even a well-defined central case assumption about future levels of
economic activity will not lead to an unambiguous forecast about pollutant emissions.

There is a need for sensitivity analysis concerning any assumptions about the
baseline level of overall macroeconomic growth. However, the need to understand
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uncertainty about baseline growth rates for the economy as a whole is distinct from the
need to understand the uncertainty about any differences in growth rates across individual
sectors of the economy. It is possible that assessments of the behavior of particular
sectors are excessively dependent upon the predictions of just a small set of models.
These models are, in general, rather highly aggregated and have been developed for
different purposes than those for which they are being used in the Second Prospective
Analysis. The Agency should use alternative models and solicit expert judgment on these
issues, perhaps via a workshop. Rather than starting with the predictions of these models,
it is important to step back and evaluate each model’s assumptions and the sensitivity of
its predictions to these assumptions.

Consistency is also an important issue in several other places in the Analytical
Plan. For example, there is some discussion of meta-analysis with respect to the value of
a statistical life to be used in the analysis. In the context of this discussion, there is
mention of the prospect of making adjustments to VSL estimates to account for
differences in income levels. How do these proposed income adjustments correspond to
the income changes that are part of the general equilibrium consequences of the effects of
air quality regulations on costs of production and therefore upon factor demands?

Finally, the underlying assumptions of different types of models used in the
Analysis must be compatible. Most procedures for benefits assessment based on revealed
preferences of individuals hinge crucially upon non-separability between pollution levels
and observable behaviors. It is highly inconsistent to require non-separability in support
of the valuation portion of the analysis that supports the benefits estimates, yet to
preclude it in the general equilibrium assessment of cost estimates. How are the insights
from Williams (2002, 2003) concerning health effects and optimal environmental policy
to be incorporated as adjustments? Will there be scenarios to test the sensitivity of the
cost estimates to these adjustments?

4.5. Artificiality of scenarios

Scenarios are being developed for the Second Prospective Analysis for 1990,

2000, 2010, and so forth. Obviously, some of the analysis needs to be done well before
the point in time when the outcome levels for all activities in all periods are known. The
First Prospective Analysis was done in 1997. At that time, the scenario data for 1990 was
presumably based on actual levels of economic activity and actual emissions. In 1997,
however, the scenario for 2000 could not have been based on realized levels of economic
activity or emissions. There will have been a number of important variables intended to
capture the consequences of the CAAA by 2000 that would have needed to be forecasted.

From the perspective of 2004, how well do the 1997 ex ante levels assumed for
the year 2000 for these “with CAAA” values of the variables compare to the levels
actually realized now that the data for 2000 are available? If what we observed when the
actual data for 2000 became available was different from what was assumed in 1997 for
the “with CAAA” scenario, what were the reasons and what were the differences? The
Agency needs to be concerned with level of economic activity, and with the levels of
emissions resulting from that level of economic activity. If there are any important
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“lessons” from the 1997 analysis, what do they imply for the Second Prospective
Analysis, in terms of accuracy in forecasting the level and mix of economic activity with
and without the CAAA regulations in place?

In forecasting future conditions under the “with CAAA” and “without CAAA”
scenarios, a number of concerns may be relevant. For example, some non-attainment
areas will remain out of attainment. It is also difficult to fully anticipate all of the general
equilibrium consequences of the CAAA regulations. Looking into the future, both the
Baseline and the Control cases are based on hypothetical scenarios defined to meet the
specific mandates of the CAAA. All of these scenarios involve some necessary
simplification, so that neither the baseline nor the control scenarios is intended to be an
exactingly accurate forecast of future real conditions. Conceding the need to simplify,
however, it is still not clear from the description of the different scenarios how a couple
of important issues are to be addressed:

a. If firms are currently minimizing costs, increased emission controls imply
higher costs and, under the assumptions of most CGE models, higher
prices. These price increases will change the distribution of economic
activities by sector and the resulting levels of emissions from each sector.
How are these general equilibrium consequences of emissions controls to
be handled? Shouldn't there be comparisons that allow uncertainties in
aggregate economic activity and technical change to be described,
especially as one attempts to forecast activity levels and emissions further
into the future (e.g., beyond 2010)?

b. What is the nature of the feedback loop to measure changes in household
incomes in response to these policies? At a minimum, one should be able
to deal with Hazilla-Kopp, Jorgenson-Wilcoxen type computations of the
effects of policy on their measures of costs. The price vectors derived
from these models include wages and returns to capital, so it should be
possible to evaluate the implied changes in household incomes. This type
of interconnectedness is very relevant to the process of scenario
development. It is not clear in the Analytical Plan whether there are
inconsistencies across components in the different assumptions about how
economic activity affects the outcomes.

It is a daunting task to fully accommodate all of the general equilibrium
interactions in the economy that will ensue from environmental regulations with the
scope and impact of the CAAA. The abilities of researchers to build sufficiently complex
models are still evolving. The Agency, however, should stay focused on the fundamental
importance of the fact that the level and mix of activity in the US economy is a function
of CAAA implementation. We cannot hold fixed the level and mix of economic
activities, independent of the regulatory regime. Thus, it is not relevant to consider “with
CAAA” and “without CAAA” scenarios that do not reflect the endogeneity of economic
activity. For smaller and more local regulatory interventions, it might be a reasonable
approximation to assume that the level and mix of economic activities would not be
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affected by the presence or absence of the regulation, but this assumption almost certainly
cannot be made for the CAAA.

In an extreme example, imagine that clean air regulations mandated the
installment of equipment that was expensive to both purchase and operate. But suppose
that this equipment was completely ineffective at reducing air emissions of pollutants.
The pollution control equipment itself would contribute nothing to the reduction of
emissions. However, by affecting marginal and fixed costs and output prices, and
therefore altering the output and shut-down decisions of firms and the incomes of factor
owners, these regulations would have a measurable effect on total emissions.

The description of the proposed analysis could be enhanced if the Agency could
provide a clearer specification of its plans in terms of selecting the levels and mixes of
economic activities under the different regulatory scenarios. The issue of the level and
mix of economic activity needs to be presented separately from the discussion of
aggregate emissions. If only emissions are presented, we cannot benchmark the baseline
and control scenarios in terms of what they imply for the levels of economic activity.

4.6. Trajectories after 2000: preventing deterioration

The Council now understands that the shapes of the time profiles in Exhibit 2-1 of
the draft Analytical Plan are not factual, and that the diagram is merely a schematic
designed to identify the different reference periods. However, the “without-CAAA” and
“with-CAAA” trajectories in this diagram, if at all realistic, suggest to readers that for
2010 and 2020, the benefits of the CAAA may result to a significant degree from how
high emissions would have risen without it. It will be important to communicate to
policy makers that a significant share of the benefits that the Second Prospective analysis
is likely to identify for 2010 and 2020 stem from the prevention of air quality
deterioration that would otherwise have occurred.

4.7. The moving target problem

The inventory of new regulations and changes since the first prospective study
(pages 2-9 and 2-10) highlights the fact that the Clean Air Act was designed to be an
evolving regulatory process (e.g., with periodic reviews of the NAAQS). This adaptive
evolution allows for adjustments and/or additions to the arsenal of regulations and
emission control strategies in response to new scientific or engineering knowledge and
technological innovations.

Some previous regulations have precipitated technological innovations (e.g. as
with automobile emission controls) that have allowed the achievement of greater
emissions reductions, at lower costs, than were originally expected. At the same time,
most standards have been held the same or tightened due to new information that some of
the human health and environmental effects of air pollution are worse than originally
thought. All this means that assessing the future costs and benefits of the CAAA is like
trying to hit a moving target. There is no remedy for this, but it remains a limitation of the
entire assessment exercise that should be emphasized to policy-makers.
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The National Ambient Air Quality Standards (NAAQS) are a complication in
forecasting scenarios for the Section 812 Analysis. Are the emission controls currently in
place and those expected to come on line in the future, under the CAAA, going to be
sufficient to meet the NAAQS? If not, then more emissions limits or control requirements
will presumably have to be implemented. These modifications will be driven (or
constrained) by NAAQS attainment schedules and SIP schedules.

The discussion on page 1-3 of the Analytical Plan seems to imply that there will
be some mechanism in the analytical process to periodically assess progress toward
meeting the NAAQS under a particular scenario. If the growth in emissions is larger than
anticipated, this assessment could potentially trigger feedback in the form of additional
emissions reductions requirements (with their associated costs and benefits). However, it
is not as clear in Chapter 2 of the Analytical Plan that this feedback will be incorporated.

One of the most important scenarios may be the “additional controls” scenario
(i.e. going beyond current CAAA requirements). This scenario is likely to be more
relevant than the alternative pathways scenarios initially suggested in the current Plan. It
is listed as a scenario in the current Plan, but little detail is provided (Chapter 2). This
scenario seems important because it may stimulate discussion about what the alternatives
may be for different emissions source categories, and may suggest least-cost directions
for future policy.

4.8. Treatment of NAAQS Compliance

At the November 5th meeting of the Council, Mr. James Neumann of Industrial
Economics presented new information on the planned treatment of NAAQS compliance
in the construction of the post-1990 control scenarios. The bullets on the relevant slide
said:

"The 1997 revisions to the Particulate Matter (PM) and Ozone National
Ambient Air Quality Standards (NAAQS) will not be included in the Post-
CAAA scenario because of the uncertainty associated with the continuing
development of implementation plans. EPA intends to use the ‘beyond-
the-CAAA’ federal-level control scenarios to inform development of the
implementation plans for 1997 NAAQS revisions. This approach will
help the Agency determine the air quality shortfalls in individual non-
attainment areas to comply with the NAAQS revisions.”

The Council recognizes the computational convenience of the baseline of no-
additional-PM/Ozone NAAQS compliance measures. Presenting intermediate results on
this basis can be seen as part of measures EPA is taking to increase the transparency of its
calculations.

However, the Council is very concerned that this incomplete-NAAQS compliance
baseline does not correctly represent the full actual legal requirements of the 1990
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CAAA. Use of this baseline alone to represent the Post-CAAA scenario will predictably
understate the legally-required reductions in PM exposures, and therefore both the costs
and benefits of the real Post-CAAA mandates as they are likely to be implemented
without additional legislation. At the same time, use of the no-additional-PM/Ozone
NAAQS compliance measures baseline will predictably overstate both the costs and
benefits of the “beyond-the-CAAA” federal level control scenarios (e.g., the “Clear
Skies” initiative), relative to a baseline that fairly includes measures needed to achieve
compliance with the PM and ozone NAAQS on an appropriate schedule compatible with
the existing CAA.

The Council urges EPA to calculate and present its final results for the post-
CAAA scenario in terms of full likely implementation of the Post-CAAA requirements.
Because the details of what will be needed for this “full implementation” are not fully
defined at present, the Council urges EPA to consider a range of plausible
implementation scenarios to bracket the likely range of PM and ozone NAACS
compliance pathways. Utilizing this bracketed range the baseline, some effects of the
“beyond-the-CAAA” federal level control scenarios may then be seen in part as
displacing the need for some of the higher-cost NAAQS compliance measures and in part
as achieving PM and ozone control beyond that formally required for NAAQS
compliance.
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5. COST ESTIMATES

5.1. Charge Question 7

Does the Council support the plans for estimating, evaluating, and reporting
compliance costs described in chapter 4? If there are particular elements of these plans
which the Council does not support, are there alternative data or methods the Council
recommends?

5.2. Summary of Council Response

The Council generally supports the Agency’s plans and makes several important
recommendations to improve the Agency’s approach.

Econometric models for abatement costs are limited by their incomplete
coverage but they can sometimes offer insights not available from engineering
estimates of compliance costs, in particular, with respect to the impacts of
abatement activity on total factor productivity. Econometric models are one
important source of the stylized facts about economic relationships that are
used to calibrate CGE models.

Indirect costs should be defined and itemized more clearly in the Analytical
Plan.

Comparison of the predicted and actual costs of air quality regulations will be
important to the evolution of the ongoing Section 812 Analyses.

Assumptions about the effect of learning on abatement costs need to be
carefully thought-out and supported by the literature in this area. A
distinction can be made between learning and technological changes in many
cases. And, both learning and technological change effects are likely to be
heterogeneous across sectors and processes. The Agency should employ the
best information currently available about learning effects, limit the use of
speculative estimates, and clearly identify additional research needs in
qualifying the approach used in the current analysis. It will be appropriate to
tailor the level of detail to the significance of the sector. For example, it will
be important to evaluate carefully how the Agency plans to handle learning
for the electrical generating unit (EGU) sector and for the mobile source
sector.

The IPM model appears to be a reasonable choice for modeling emissions and
costs from the utility sector. However, if policies in certain regions prevent
efficient pricing, or if emissions allowances in some scenarios are not
grandfathered, there would have to be some adjustment to the results. Also,
the way changes in prices in the energy sector will affect the demand for
electricity through the IPM model is not clearly explained.
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e Future conditions in energy markets may have strong implications for realized
abatement costs. Sensitivity of the benefit-cost results to alternative
assumptions about energy markets may be an important dimension of the 812
Analysis.

e Other concerns with respect to abatement costs include some caveats about
comparisons with the PACE data, the need for consistency in discounting
assumptions, some questions about the use of ControlNet, the NAAQS and
PACE data, and the relative cost of abatement via market-based instruments
versus command and control.

5.3. Econometric models and costs

Econometric models allow the researcher, in principle, to get at indirect effects
and behavioral responses to changes in regulations. These models can be used to 1)
suggest the magnitude of additional costs beyond direct pollution abatement
expenditures, and 2) provide parameters and functions for use in CGE models.

The econometric methods section in the Analytical Plan looks at several different
cost studies of specific industries that have tried to isolate the full incremental costs to
these industries from abatement activities. The Agency’s current method for estimating
industry costs focuses on the direct cost of abatement equipment as required by the
regulations. The value of these econometric studies is that they can suggest the magnitude
of the additional costs (or savings) to firms as a result of the direct abatement
expenditures. Hence, they suggest whether these indirect effects are important enough
that the Agency should worry about capturing them in the 812 analyses.

One type of indirect cost stems from the impacts of abatement activity on total
factor productivity. Barbera and McConnell (1990) find some evidence of reductions in
total factor productivity in five industries as a result of abatement equipment, but the
magnitude of the effect is relatively small. Gray and Shadbegian (1994) and Joshi, Lave,
Shih and McMichael (1997) also find evidence of effects on total factor productivity.
The estimated effects are relatively large for the steel industry.

The other industry study described in Chapter 4 of the analytical plan is that by
Morgenstern, Pizer and Shih (2001). This study examines the extent to which a dollar of
abatement expenditure can be expected to result in more or less than $1 of expenditure on
other non-environmental factors of production in four polluting industries (i.e. are direct
abatement expenditures strongly complementary with other inputs, such as specialized
labor?). They do not find st