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ABSTRACT

Section 812 of the 1990 Clean Air Act Amendments requires the U.S. Environmental
Protection Agency to develop periodic reports that estimate the benefits and costs of the
Clean Air Act. The main goal of these reports is to provide Congress and the public with
comprehensive, up-to-date, peer-reviewed information on the Clean Air Act’s social
benefits and costs, including improvements in human health, welfare, and ecological
resources, as well as the impact of the Act’s provisions on the US economy. This report
is the third in the Section 812 series, and is the result of EPA’s Second Prospective
analysis of the 1990 Amendments.

The Clean Air Act Amendments (CAAA) of 1990 augmented the significant progress made
in improving the nation’'s air quality through the original Clean Air Act of 1970 and its
1977 amendments. The amendments built off the existing structure of the original Clean
Air Act, but went beyond those requirements to tighten and clarify implementation goals
and timing, increase the stringency of some federal requirements, revamp the hazardous
air pollutant regulatory program, refine and streamline permitting requirements, and
introduce new programs for the control of acid rain and stratospheric ozone depleters.
The main purpose of this report is to document the costs and benefits of the 1990 CAAA
provisions incremental to those costs and benefits achieved from implementing the
original 1970 Clean Air Act and the 1977 amendments.

The analysis estimates the costs and benefits of reducing emissions of air pollutants by
comparing a "with-CAAA" scenario that reflects expected or likely future measures
implemented under the CAAA with a “without-CAAA” scenario that freezes the scope
and stringency of emissions controls at the levels that existed prior to implementing the
CAAA. There are six basic steps undertaken to complete this analysis: 1. air pollutant
emissions modeling; 2. compliance cost estimation; 3. ambient air quality modeling; 4.
health and environmental effects estimation; 5. economic valuation of these effects; and
6. results aggregation and uncertainty characterization.

The results of our analysis, summarized in the table below, make it abundantly clear that
the benefits of the CAAA exceed its costs by a wide margin, making the CAAA a very
good investment for the nation. We estimate that the annual dollar value of benefits of air
quality improvements will be very large, and will grow over time as emissions control
programs take their full effect, reaching a level of approximately $2.0 trillion in 2020.
These benefits will be achieved as a result of CAAA-related programs and regulatory
compliance actions estimated to cost approximately $65 billion in 2020. Most of these
benefits (about 85 percent) are attributable to reductions in premature mortality
associated with reductions in ambient particulate matter; as a result, we estimate that
cleaner air will, by 2020, prevent 230,000 cases of premature mortality in that year. The
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remaining benefits are roughly equally divided among three categories of human health
and environmental improvement: preventing premature mortality associated with ozone
exposure; preventing morbidity, including acute myocardial infarctions and chronic
bronchitis; and improving the quality of ecological resources and other aspects of the
environment, the largest component of which is improved visibility.

The very wide margin between estimated benefits and costs, and the results of our
uncertainty analysis, suggest that it is extremely unlikely that the monetized benefits of
the CAAA over the 1990 to 2020 period reasonably could be less than its costs, under any
alternative set of assumptions we can conceive. Our central benefits estimate exceeds
costs by a factor of more than 30 to one, and the high benefits estimate exceeds costs by
90 times. Even the low benefits estimate exceeds costs by about three to one.

ESTIMATED MONETIZED BENEFITS AND COSTS OF THE 1990 CLEAN AIR ACT AMENDMENTS

PRESENT VALUE
ANNUAL ESTIMATES ESTIMATE
2000 2010 2020 1990-2020

Monetized Direct Compliance Costs (millions 2006%$):

Central ® | $20,000 | $53,000 | $65,000 | $380,000
Monetized Direct Benefits (millions 2006%):

Low” $90,000 $160,000 $250,000 $1,400,000

Central $770,000 $1,300,000 $2,000,000 $12,000,000

High® $2,300,000 $3,800,000 $5,700,000 $35,000,000
Net Benefits - Benefits minus Costs (millions 2006%$):

Low $70,000 $110,000 $190,000 $1,000,000

Central $750,000 $1,200,000 $1,900,000 $12,000,000

High $2,300,000 $3,700,000 $5,600,000 $35,000,000
Benefit/Cost Ratio:

Low® 5/1 3/1 4/1 4/1

Central 39/1 25/1 31/1 32/1

High® 115/1 72/1 88/1 92/1
Compliance Costs per Premature Mortality Avoided (2006$):

Central | $180,000 | $330,000 | $280,000 | Not estimated
& The cost estimates for this analysis are based on assumptions about future changes in factors
such as consumption patterns, input costs, and technological innovation, which introduce
significant uncertainty. The degree of uncertainty associated with many of the key factors,
however, cannot be reliably quantified. Thus, we are unable to present specific low and high
cost estimates.
P Low and high benefits estimates correspond to 5th and 95th percentile results from statistical
uncertainty analysis, incorporating uncertainties in physical effects and valuation steps of
benefits analysis.
¢ The low benefit/cost ratio reflects the ratio of the low benefits estimate to the central cost
estimate, while the high ratio reflects the ratio of the high benefits estimate to the central
costs estimate.
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CHAPTER 1 - INTRODUCTION

BACKGROUND AND PURPOSE

Section 812 of the 1990 Clean Air Act Amendments established a requirement that EPA
develop periodic reports that estimate the benefits and costs of the Clean Air Act (CAA).
The main goal of these reports is to provide Congress and the public with comprehensive,
up-to-date, peer-reviewed information on the Clean Air Act’s social benefits and costs,
including improvements in human health, welfare, and ecological resources, as well as
the impact of CAA provisions on the US economy. This report is the third in the Section
812 series, and is the result of EPA’s Second Prospective analysis of the 1990
Amendments.

The first report EPA created under this authority, The Benefits and Costs of the Clean Air
Act: 1970 to 1990, was published and conveyed to Congress in October 1997. This
Retrospective analysis comprehensively assessed benefits and costs of requirements of
the 1970 Clean Air Act and the 1977 Amendments, up to the passage of the Clean Air
Act Amendments of 1990. The results of the Retrospective analysis showed that the
nation's investment in clean air was more than justified by the substantial benefits that
were gained in the form of increased health, environmental quality, and productivity. The
aggregate benefits of the CAA during the 1970 to 1990 period exceeded costs by a factor
of 10 to 100.

A second Section 812 report, The Benefits and Costs of the Clean Air Act: 1990 to 2010,
was completed in November of 1999 and addressed the incremental costs and benefits of
the Clean Air Act Amendments (CAAA) enacted by Congress and signed by the
President in November of 1990. This First Prospective analysis addressed
implementation of the CAAA over the period 1990 to 2010, and found that aggregate
benefits of the Amendments alone, excluding provisions in place prior to 1990, exceeded
the costs by a factor of four.

Similar to these prior analyses, this document has one primary and several secondary
objectives. The main goal is to provide Congress and the public with comprehensive, up-
to-date, peer-reviewed information on the CAAA's social costs and benefits, including
health, welfare, and ecological benefits. Data and methods derived from the
Retrospective and First Prospective analysis have already been used to assist policy-
makers in refining clean air regulations over the last several years, and we hope the
information continues to prove useful to Congress during future Clean Air Act
reauthorizations. Beyond the statutory goals of Section 812, EPA also intends to use the
results of this study to help support decisions on future investments in air pollution
research. In addition, lessons learned in conducting this analysis will help better target

1-1
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efforts to improve the accuracy and usefulness of future prospective analyses, generated
either as part of this series or as part of EPA’s ongoing responsibility to estimate benefits
and costs of major rulemakings.

RELATIONSHIP OF THIS REPORT TO OTHER ANALYSES
The Clean Air Act Amendments of 1990 augmented the significant progress made in
improving the nation's air quality through the original Clean Air Act of 1970 and its 1977
amendments. The amendments built off the existing structure of the original Clean Air
Act, but went beyond those requirements to tighten and clarify implementation goals and
timing, increase the stringency of some federal requirements, revamp the hazardous air
pollutant regulatory program, refine and streamline permitting requirements, and
introduce new programs for the control of acid rain and stratospheric ozone depleters.
Because the 1990 Amendments represented an additional improvement to the nation's
existing clean air program, the analysis summarized in this report was designed to
estimate the costs and benefits of the 1990 CAAA incremental to those costs and benefits
assessed in the Retrospective analysis. In economic terminology, this report addresses
the marginal costs and benefits of the 1990 CAAA. Figure 1-1 below outlines this
relationship among the section 812 Retrospective, the First Prospective, and the Second
Prospective.

As illustrated in Figure 1-1, this report effectively updates and augments the First
Prospective. This report addresses essentially the same scenario and target variables as
the First Prospective, but incorporates a number of significant enhancements. First, this
report extends the time period of analysis an additional ten years relative to the First
Prospective, covering the period from the signing of the amendments in 1990 through
2020. Second, this report reflects updated cost and emissions estimation methods,
including use of a new model suited to nonroad engine regulation and incorporation of
the effects of learning-by-doing on projections of direct costs. Third, this report
incorporates new information on the benefits of air pollutant regulation, including use of
an integrated national-scale air quality model, more comprehensive characterization of
ecological benefits, and an air toxics case study. Fourth, the report reflects investments in
more comprehensive uncertainty analysis, including quantitative analyses where feasible.
Finally, this report incorporates a sophisticated economy-wide model to estimate effects
of the CAAA on such measures as GDP, prices, and consumer welfare. The
Retrospective analysis employed a similar model for assessing the direct costs of
compliance, but for the first time in this study the Agency has explored the economy-
wide implications of both the direct costs and the health benefits of the CAAA on
economic productivity, providing a much more complete picture of the full implications
of CAAA regulations.

The scope of this analysis is to estimate the costs and benefits of reducing emissions of
criteria pollutants under two scenarios, depicted in schematic form in Figure 1-1 below:

1-2
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FIGURE 1-1. CLEAN AIR ACT SECTION 812 SCENARIOS: CONCEPTUAL SCHEMATIC

Second Prospective

Retrosgective First Prospective

Post-CAA

Emissions

With-CAAA

T T T

1970 1990 2000 2010 2020

Time

1. An historical, "with-CAAA" scenario control case that reflects expected or likely
future measures implemented since 1990 to comply with rules promulgated
through September 2005"; and

2. A counterfactual “without CAAA” scenario baseline case that freezes the scope
and stringency of emissions controls at their 1990 levels, while allowing for
changes in population and economic activity and, therefore, in emissions
attributable to economic and population growth.

The Second Prospective analysis required locking in a set of emissions reductions to be
used in subsequent analyses at a relatively early date (late 2005), and as a result we were
compelled to forecast the implementation outcome of several pending programs. The
most important of these was the then-promulgated Clean Air Interstate Rule (CAIR),
which took major steps to further reduce SOx and NOx emissions from electric
generating units. The rule has subsequently been vacated, and then remanded; EPA is
currently considering a proposed rule to modify areas identified by the court as

! The lone exception is the Coke Ovens Residual Risk rulemaking, promulgated under Title 11l of the Act in March 2005. We
omitted this rule because it has a very small impact on criteria pollutant emissions (less than 10 tons per year VOCs)
relative to the overall impact of the CAAA. The primary MACT rule for coke oven emissions, however, involves much larger
reductions and therefore is included in the with-CAAA scenario.
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problematic. As a result, the emissions forecasts for electric generating units
incorporated in the with-CAAA scenario may not reflect the controls that are ultimately
implemented in a modified program. We acknowledge and discuss these types of
discrepancies and their impact on the outcome of our analysis in the document.

In addition, despite our efforts to comprehensively evaluate the costs and benefits of all
provisions of the Clean Air Act and its Amendments, there remain a few categories of
effects that are not addressed by the Retrospective or either prospective analysis. For
example, this Second Prospective analysis does not assess the effect of CAAA provisions
on lead exposures, primarily because the 1990 Amendments did not include major new
provisions for the control of lead emissions until the NAAQS for lead was recently
revisited and made significantly more stringent; the NAAQS revision was finalized after
our emissions inventory development had been completed, too late for inclusion in our
analysis. In addition, persistent data and model limitations preclude a full quantitative
treatment of some costs and many benefits of other clean air programs. Therefore, while
we considered all potentially relevant effects of the Clean Air Act and related programs,
the quantitative results we present are not fully comprehensive, even for programs
included in our assessment. Other, more modest omissions are acknowledged in the
supporting documentation for this effort.?

REQUIREMENTS OF THE 1990 CLEAN AIR ACT AMENDMENTS
This Second Prospective analysis, within the limitations discussed above, presents a
comprehensive estimate of costs and benefits of the key regulatory titles of the 1990
Clean Air Act Amendments. The 1990 Amendments consist of the following eleven
titles:

Title 1. Establishes a detailed and graduated program for the attainment and maintenance
of the National Ambient Air Quality Standards.

Title 11. Regulates mobile sources and establishes requirements for reformulated gasoline
and clean fuel vehicles.

Title 111. Expands and modifies regulations of hazardous air pollutant emissions; and
establishes a list of 189 hazardous air pollutants to be regulated.

Title IV. Establishes control programs for reducing acid rain precursors.

Title V. Requires a new permitting system for primary sources of air pollution.
Title V1. Limits emissions of chemicals that deplete stratospheric ozone.

Title VII. Presents new provisions for enforcement.

Titles VIII through XI. Establish miscellaneous provisions for issues such as
disadvantaged business concerns, research, training, new regulation of outer continental

2 See www.epa.gov/oar/sect812 for a complete list and opportunity to download supporting documentation for this Second

Prospective analysis.
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shelf sources, and assistance for people whose employment opportunities shift as a result
of the Clean Air Act Amendments.

As part of the requirements under Title V111, section 812 of the Clean Air Act
Amendments of 1990 established a requirement that EPA analyze the costs and benefits
to human health and the environment that are attributable to the Clean Air Act. In
addition, section 812 directed EPA to measure the effects of this statute on economic
growth, employment, productivity, cost of living, and the overall economy of the United
States.

This analysis does not provide updated information on the costs and benefits of CAAA
Title V regulations, which were thoroughly assessed in the First Prospective. Although
Title V is believed to have yielded benefits in the efficiency of air permitting, those
benefits are largely unquantified — as a result, the main effect of including Title V in the
First Prospective was to increase the cost estimate by about $300 million. Similarly, we
omit further consideration of Title VI regulation of the emissions of stratospheric ozone
depleting substances, which was also assessed in the First Prospective. Although
regulations under Title VI are continually updated and refined, the major components of
Title VI were in place prior to the First Prospective and were thoroughly analyzed as part
of that effort, resulting in the finding that the benefits of Title VI vastly exceeded its cost.
As a result, EPA chose to focus resources in the Second Prospective on other areas and
refinements. Because Titles V and VI have been previously assessed, and because Titles
V11 through X1 are largely procedural and have mostly modest effects on air pollutant
emissions and costs, this Second Prospective analysis is focused on the major emissions
regulatory programs of the CAAA, which make up Titles I through IV of the statutory
language.®

ANALYTICAL DESIGN AND REVIEW

TARGET VARIABLE

The Second Prospective analysis compares the overall health, welfare, ecological and
economic benefits of the 1990 Clean Air Act Amendment programs to the costs of these
programs. By examining the overall effects of the Clean Air Act, this analysis
complements the Regulatory Impact Analyses (RIAs) developed by EPA over the years
to evaluate individual regulations. We relied on information about the costs and benefits
of specific rules provided by these RIAs, as well as other EPA analyses, in order to use
resources efficiently. For this analysis, although costs can be reliably attributed to
individual programs, the broad-scale approach adopted in this prospective study largely
precludes reliable re-estimation of the benefits on a per-standard or per-program level.
Similar to the Retrospective and First Prospective benefits analysis, this study calculates

% Note that some elements of Title VII enforcement efforts, such as settlements for historical violations of CAA provisions,
particularly in the electric utility and petroleum refining sectors, are included in the emissions inventories of the with-CAAA
scenario. For more information, see EPA’s detailed emissions report supporting this study at www.epa.gov/oar/sect812

1-5



The Benefits and Costs of the Clean Air Act fron 1990 to 2020

the change in incidences of adverse effects implied by changes in ambient concentrations
of air pollutants. However, pollutant emissions reductions achieved contribute to changes
in ambient concentrations of those, or secondarily formed, pollutants in ways that are
highly complex, interactive, and often nonlinear. Although it would be possible to design
specific scenarios that focused analyses only on a subset of regulations (for example, all
of Title IV), those policy scenarios are not realistic. For example, exclusion of major
components of the Federal rules required under the CAAA would then trigger a much
greater need for reductions at the local level, in order to achieve NAAQS standards which
apply at the metropolitan area scale. Further, emissions reductions achieved by the
provisions of each Title, or more broadly by regulations across the CAAA provisions that
apply to a specific category of emitting sources, interact with other regulations to affect
the benefits implications of any emissions reduction. Therefore, benefits cannot be
reliably isolated or matched to provision-specific changes in emissions or costs.

Focusing on the broader target variables of overall costs and overall benefits of the Clean
Air Act, the EPA Project Team adopted an approach based on construction and
comparison of two distinct scenarios, briefly mentioned above: a “without-CAAA” and a
“with-CAAA" scenario. The without-CAAA scenario essentially freezes federal, state, and
local air pollution controls at the levels of stringency and effectiveness which prevailed in
1990. The with-CAAA scenario assumes that all federal, state, and local rules promulgated
pursuant to, or in support of, the 1990 CAAA were implemented. This analysis then
estimates the differences between the economic and environmental outcomes associated
with these two scenarios. For more information on the specific construction of the
scenarios and their relationship to historical trends, see Chapter 2 of this document.

KEY ASSUMPTIONS

Similar to the Retrospective and First Prospective analyses, we made two key
assumptions during the scenario design process to avoid miring the analytical process in
endless speculation. First, as stated above, we froze air pollution controls at 1990 levels
throughout the “without-CAAA” scenario. Second, we assumed that the geographic
distributions of population and economic activity remain the same between the two
scenarios, although these distributions could be expected to change over time under both
scenarios in response to differences across scenarios in income and air quality.

The first assumption is an obvious simplification. In the absence of the 1990 CAAA, one
would expect to see some air pollution abatement activity, either voluntary or due to state
or local regulation. It is conceivable that state and local regulation would have required
air pollution abatement equal to — or even greater than — that required by the 1990
CAAA, particularly since some states, most notably California, have in the past done so.
If one were to assume that state and local regulations would have been equivalent to 1990
CAAA standards, then a cost-benefit analysis of the 1990 CAAA would be a meaningless
exercise since both costs and benefits would equal zero. Any attempt to predict how
states’ and localities’ regulations would have differed from the 1990 CAAA would be too
speculative to support the credibility of the ensuing analysis. Instead, the without-CAAA
scenario has been structured to reflect the assumption that states and localities would not
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have invested further in air pollution control programs after 1990 in the absence of the
federal CAAA. Thus, this analysis accounts for all costs and benefits of air pollution
control from 1990 to 2020 and does not speculate about the fraction of costs and benefits
attributable exclusively to the federal CAAA. Nevertheless, it is important to note that
state and local governments and private initiatives are responsible for a significant portion
of these total costs and total benefits. In the end, the benefits of air pollution controls
result from partnerships among all levels of government and with the active participation
and cooperation of private entities and individuals.

The second assumption concerns changing demographic patterns in response to air
pollution. In the hypothetical without-CAAA scenario, air quality is worse than the actual
1990 conditions and the projected air quality in the with-CAAA scenario. It is possible
that under the without-CAAA scenario more people, relative to the with-CAAA case,
would move away from the most heavily polluted areas. Rather than speculate on the
scale of population movement, the analysis assumes no differences in demographic
patterns between the two scenarios. Similarly, the analysis assumes no differences
between the two scenarios with respect to the level or spatial pattern of overall economic
activity. Both scenarios do, however, reflect recent Census Bureau projections of
population growth and the distribution of population across the country.

ANALYTIC SEQUENCE
The analysis comprises a sequence of six basic steps, summarized below and described in
detail later in this report. These six steps, listed in order of completion, are:

1. emissions modeling

2. direct cost estimation

3. air quality modeling

4. health and environmental effects estimation

5. economic valuation

6. results aggregation and uncertainty characterization

Figure 1-2 summarizes the analytical sequence used to develop the prospective results;
we describe the analytic process in greater detail below.

The first step of the analysis is the estimation of the effect of the 1990 CAAA on
emissions sources. We generated emissions estimates through a three step process: (1)
construction of an emissions inventory for the base year (1990); (2) projection of
emissions for the without-CAAA case for three target years -- 2000, 2010, and 2020 --
assuming a freeze on emissions control regulation at 1990 levels and continued economic
progress, consistent with sector-specific Department of Energy Annual Energy Outlook
economic activity projections; and (3) construction of with-CAAA estimates for the same
three target years, using the same set of economic activity projections used in the without-
CAAA case but with regulatory stringency, scope, and timing consistent with EPA's
CAAA implementation plan (as of late 2005). The analysis reflects application of utility

1-7



FIGURE 1-2.
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and other sector-specific emissions models developed and used in various offices of
EPA's Office of Air and Radiation. These emissions models provide estimates of
emissions of five criteria air pollutants® from each of several key emitting sectors. We
provide more details in Chapter 2.

ANALYTIC SEQUENCE FOR THE SECOND PROSPECTIVE ANALYSIS

Scenario Development

’

Sector Modeling

|
v }
Emissions Direct Cost

!

Air Quality Modeling

Supplemental Analyses:

A
Health Welfare Air Toxic case study

I Ecological lit review

Economic Valuation Ecological case study
l Uncertainty Analyses

Macroeconomic
modeling

Benefit-Cost Comparison

The emissions modeling step is a critical component of the analysis, because it establishes
consistency between the subsequent cost and benefit estimates that we develop.

Estimates of direct compliance costs to achieve the emissions reductions estimated in the
first step are generated as either an integral or subsequent output from the emissions
estimation models, depending on the model used. For example, the Integrated Planning
Model used to analyze the utility sector reflects a financially optimal allocation of
reductions of sulfur and nitrogen oxides — taking into account the regulatory flexibility

2 The five pollutants are particulate matter (separate estimates for each of PMy, and PM , ), sulfur dioxide (SO,), nitrogen
oxides (NO,), carbon monoxide (CO), and volatile organic compounds (VOCs). One of the CAA criteria pollutants, ozone
(03), is formed in the atmosphere through the interaction of sunlight and ozone precursor pollutants such as NO, and VOCs.
We also develop estimates for ammonia (NHz) emissions. Ammonia is not a criteria pollutant, but is an important input to
the air quality modeling step because it affects secondary particulate formation. A sixth criteria pollutant, lead (Pb), is not
included in this analysis since airborne emissions of lead were mostly eliminated by pre-1990 Clean Air Act programs - the
recent tightening of the Pb NAAQS, necessitated by an enhanced understanding of the effects of even small exposures to
airborne lead, was finalized too late to include in our scenarios. However, available estimates of the benefits and costs of
the updated Pb NAAQS could be viewed as approximately additive to the results presented here.
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inherent in the Title IV trading programs — thereby estimating emissions reductions and
compliance costs simultaneously. Direct costs are addressed in Chapter 3.

Emissions estimates also form the first step in estimating benefits. After the emissions
inventories are developed, they are translated into estimates of air quality conditions
under each scenario. For secondary particulate matter, ozone, and other air quality
conditions that involve substantial non-linear formation processes and/or long-range
atmospheric transport and transformation, the EPA Project Team employed EPA’s
Community Multi-scale Air Quality (CMAQ) system. This modeling system, for the first
time in the series of Section 812 studies, provides a fully national, integrated analysis of
multiple emissions and their interactions. The result is a consistent estimate of air quality
for both primary and secondarily formed pollutants, as well as deposition and visibility
outcomes that represent the core of the subsequent benefit analyses. Air quality modeling
is covered in Chapter 4.

Up to this point of the analysis, modeled conditions and outcomes establish the without-
CAAA and with-CAAA scenarios. However, at the air quality modeling step, the analysis
returns to a foundation based on actual historical conditions and data, providing a form of
“ground-truthing” of the results. Specifically, actual 2000 historical air quality
monitoring data are used to define the baseline conditions from which the without-CAAA
and with-CAAA scenario air quality projections are constructed. We derive air quality
conditions under each of the projected years of the with-CAAA scenario by scaling the
historical data adopted for the base year (2000) by the ratio of the modeled with-CAAA
and base year air quality. We use the same approach to estimate future year air quality
for the without-CAAA scenario. This method takes advantage of the richness of the
monitoring data on air quality, provides a realistic grounding for the benefit measures,
and yet retains analytical consistency by using the same modeling process for both
scenarios. The outputs of this step of the analysis are profiles for each pollutant
characterizing air quality conditions at each monitoring site in the lower 48 states. This
procedure also provided a means for calibrating model results in those grid cells where no
monitors exist, combining model results with nearby monitor data to yield a “surface” of
air quality that avoids the problems with direct extrapolation of results from monitors not
located within a grid cell boundary.

The without-CAAA and with-CAAA scenario air quality profiles serve as inputs to a
modeling system that translates air quality to physical outcomes (e.g., mortality,
emergency room visits, or crop yield losses) through the use of concentration-response
functions. Scientific literature on the health and ecological effects of air pollutants
provides the source of these concentration-response functions. At this point, we derive
estimates of the differences between the two scenarios in terms of incidence rates for a
broad range of human health and other effects of air pollution by year, by pollutant, and
by geographic area.

In the next step, we use economic valuation models or coefficients to estimate the
economic value of the reduction in incidence of those adverse effects amenable to
monetization. For example, a distribution of unit values derived from the economic
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literature provides estimates of the value of reductions in mortality risk. In addition, we
compile and present benefits that cannot be expressed in economic terms. In some cases,
we calculate quantitative estimates of scenario differences in the incidence of a
nonmonetized effect. In many other cases, available data and techniques are insufficient
to support anything more than a qualitative characterization of the change in effects.
Health effects estimation and valuation are addressed in Chapter 5, and welfare effects,
including ecological impacts, visibility, and agriculture and forest productivity effects,
and their valuation, are addressed in Chapter 6.

Next, we compare costs and monetized benefits to provide our primary estimate of the net
economic benefits of the 1990 CAAA and associated programs, and a range of estimates
around that primary estimate reflecting quantified uncertainties associated with the
physical effects and economic valuation steps. The monetized benefits used in the net
benefit calculations reflect only a portion of the total benefits due to limitations in
analytical resources, available data and models, and the state of the science. For example,
in many cases we are unable to quantify or monetize the potentially large benefits of air
pollution controls that result from protection of the health, structure, and function of
ecosystems. In addition, although available scientific studies demonstrate clear links
between air quality changes and changes in many human health effects, the available
studies do not always provide the data needed to quantify and/or monetize some of these
effects. Details are provided in Chapter 7.

In addition to the sequence of analyses outlined in Figure 1-2, which are focused on
generating the key target variable of national net monetized benefits, a number of
supplemental analyses were also conducted to provide further insights on the impacts of
CAAA provisions for natural resources, health, and economic output. The first of these
supplemental analyses uses the Second Prospective’s national direct cost, health
incidence, and health benefits valuation results to conduct further national-scale
economy-wide modeling using what is known as a Computable General Equilibrium
(CGE) model. The CGE model simulates, in a simplified way, shifts in markets and
transactions throughout the economy that might result from CAAA provisions. Itis
therefore useful in assessing impacts on Gross Domestic Product (GDP), prices, and
sector shifts in production (e.g., from “dirty” to “clean” industries). Most past
applications of CGEs have focused on the economy-wide implications of the costs of
complying with regulations — as a result, many prior applications, including the use of
CGE in the Retrospective study, tell only half the story. Air pollution regulations not
only impose direct costs, but also yield benefits, and at least some of these benefits (e.g.,
reduced medical expenditures, improved labor productivity owing to better health) affect
market transactions in ways that can be assessed in the CGE framework. Not all benefits
are amenable to analysis in a CGE, however — for example, nonmarket effects such as
willingness-to-pay to avoid pain and suffering of air pollutant-linked disease cannot be
incorporated. Nonetheless, this study represents one of the first broad applications of a
CGE tool to regulatory costs and benefits. More details are provided in Chapter 8.
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Two other supplemental analyses represent local-scale case studies of difficult-to-
quantify benefits of air pollution regulation. One is a case study of health benefits
associated with air toxics control. In prior section 812 studies, benefits of air toxics
programs have been largely limited to their effects on criteria pollutant outcomes. For
example, many air toxics are also volatile organic compounds, and so contribute to ozone
formation, an effect which can be fairly readily quantified. The direct effects of air toxics
on health, however, have been more difficult to quantify, partly because of data
constraints, and partly because the highly localized effects of air toxics require a level of
emissions and air quality modeling resolution that is currently infeasible for a national
analysis. The air toxics case study, the results of which are presented in Chapter 5,
provides an example of the benefits of air toxics control for a pollutant (benzene) and
geographic scope (Houston area) that is both relatively data rich and computationally
manageable.

A second case study involves ecological effects, focused on the Adirondack region of
New York State. This region was carefully chosen, based on the recommendation of the
Advisory Council on Clean Air Compliance Analysis Ecological Effects Subcommittee
(Council EES), because of its relatively high sensitivity to the effects of deposited air
pollutants, because those same effects are relatively well-studied, and because methods
exist to quantify and, in many cases, monetize the benefits of air pollution controls.
Using the same emissions and air quality scenarios as in the overall national study, the
ecological case study assesses the impact of sulfur and nitrogen deposition in the
Adirondack region on aquatic resources, particularly lakes and ponds that support
recreational fishing, and on commercial timber resources.

Uncertainty analyses are also conducted at each phase of the analyses. Where applicable,
we present the results of a series of quantitative uncertainty analyses that test the effect of
alternative methods, models, or assumptions that differ from those we used to derive the
primary net benefit estimate. The primary estimate of net benefits and the range around
this estimate, however, reflect our current interpretation of the available literature; our
judgments regarding the best available data, models, and modeling methodologies; and
the assumptions we consider most appropriate to adopt in the face of important
uncertainties.

Finally, throughout the report, at the end of each chapter, we discuss the major sources of
uncertainty for each analytic step. Although the impact of many of these uncertainties
cannot be quantified, we qualitatively characterize the magnitude of effect on our net
benefit results by assigning one of two classifications to each source of uncertainty:
potentially major factors could, in our estimation, have effects of greater than five percent
of the total net benefits; and probably minor factors likely have effects less than five
percent of total net benefits.

The Second Prospective involved a much greater effort in uncertainty analyses than prior
reports in this series. Figure 1-3 illustrates the Project Team’s approach to uncertainty
analysis in the Second Prospective, superimposed on the overall analytic chain for the
study presented above. The grey box in Figure 1-3 represents the extent of uncertainty
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analysis in the first section 812 prospective analysis, which was largely limited to
analysis of parameter uncertainty in the concentration-response and valuation steps of the
benefits analyses. Those parameter uncertainty analyses have become standard practice
in EPA analyses of air pollution program benefits, and are an integral part of the
BenMAP benefits assessment tool. The results of the probabilistic modeling of these
uncertainties constitute the “primary low” and “primary high” estimates presented in
Table 5-7 in Chapter 5 as well as in Chapter 7.

Enhancements employed in the current analysis include both “online” analyses (shown in
color), that feed information on uncertainty into the analytical chain at various points and
propagate it through the remaining steps in the chain, and separate “offline” analyses and
research that provide insights into the uncertainty, sensitivity, and robustness of results to
alternative assumptions that are currently most easily modeled outside the main analytical
process.

The online analyses consist of the selection of alternative inputs for mortality
concentration-response and valuation in BenMAP, as well as an analysis of the effect on
benefits of sector specific, marginal changes in PM-related emissions from the core
scenarios. This online analysis substitutes EPA’s Response Surface Model (RSM) for
CMAQ. RSM is a less resource intensive meta-model of CMAQ used to rapidly
approximate PM concentrations from alternative emissions inputs. Those analyses are
described in much greater detail in the supporting uncertainty analysis report, referenced
at the end of this chapter.

The bottom box in Figure 1-3 lists additional offline research and analysis we
incorporated into the current study. As with the online analyses, these analyses were
chosen because they address uncertainty in key analytical elements or choices that may
significantly influence benefit or cost estimates. Most of these are described in this
integrated report, some only briefly, but full descriptions of the data, models, and
methods applied in these analyses are included in the underlying uncertainty analysis
report.
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FIGURE 1-3. SCHEMATIC OF UNCERTAINTY ANALYSES
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* |n addition, we perform a computable general equilibrium (CGE) analysis of
costs alone and of costs and benefits, but we omit this step from the diagram
because we do not conduct uncertainty analyses on the CGE modeling.
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REVIEW PROCESS
The 1990 CAA Amendments established a requirement that EPA consult with an outside
panel of experts during the development and interpretation of the 812 studies. This panel
of experts was originally organized in 1991 under the auspices of EPA’s Science
Advisory Board (SAB) as the Advisory Council on Clean Air Compliance Analysis
(hereafter, the Council). Organizing the review committee under the SAB ensured that
highly qualified experts would review the section 812 studies in an objective, rigorous,
and publicly open manner consistent with the requirements and procedures of the Federal
Advisory Committee Act (FACA). Council review of the present study began in 2003
with a review of the analytical design plan. Since the initial meetings, the Council and its
subcommittees have met many times to review proposed data, proposed methodologies,
and interim results. While the full Council retains overall review responsibility for the
section 812 studies, some specific issues concerning physical effects and air quality
modeling were referred to subcommittees comprised of both Council members and
members of other SAB committees. The Council's Health Effects Subcommittee (HES),
Air Quality Modeling Subcommittee (AQMS), and Ecological Effects Subcommittee
(EES) held both in-person and teleconference meetings to review methodology proposals
and modeling results and conveyed their findings and recommendations to the parent
Council.

REPORT ORGANIZATION
The remainder of the main text of this report summarizes the key methodologies and
findings of our prospective study.

Chapter 2 summarizes emissions modeling and provides important additional detail
on design of the regulatory scenarios.

Chapter 3 discusses the direct cost estimation.
Chapter 4 presents the air quality modeling methodology and results.

Chapter 5 describes the approaches used and principal results obtained through the
human health effects estimation and valuation processes.

Chapter 6 summarizes the ecological and other welfare effects analyses, including
assessments of commercial timber, agriculture, visibility, and other categories of
effects.

Chapter 7 presents aggregated results of the cost and benefit estimates and describes
and evaluates important uncertainties in the results.

Chapter 8 presents estimates of the effect of the Clean Air Act Amendments on
economic growth, productivity, prices, household economic welfare, and the overall
economy of the United States, through the application of an economy-wide
economic simulation model.
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Note that additional details regarding the methodologies and results of this study can be
found in a series of supporting reports, available at EPA’s Section 812 website
(www.epa.gov/oar/sect812). These reports include the following:

Emission Projections for the Clean Air Act Second Section 812 Prospective
Analysis.

Direct Cost Estimates for the Clean Air Act Second Section 812 Prospective
Analysis.

Memorandum to the Files Re Documentation of Second Prospective Study Air
Quality Modeling.

Health and Welfare Benefits Analyses to Support the Second Section 812 Benefit-
Cost Analysis of the Clean Air Act.

Effects of Air Pollutants on Ecological Resources: Literature Review and Case
Studies.

Section 812 Prospective Study of the Benefits and Costs of the Clean Air Act: Air
Toxics Case Study — Health Benefits of Benzene Reductions in Houston, 1990-2020.

Uncertainty Analyses to Support the Second Section 812 Benefit-Cost Analysis of the
Clean Air Act.
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CHAPTER 2 - EMISSIONS

Estimation of pollutant
emissions, a key component of Scenario Development
this prospective analysis, serves

as the starting point for l
subsequent benefit and cost Sector Modeling
estimates. We focused the |
emissions analysis on six major l l
pollutants that are regulated by
the Clean Air Act Amendments:
volatile organic compounds l

(VOCs), nitrogen oxides (NO,), Air Quality Modeling
sulfur dioxide (SO,), carbon
monoxide (CO), particulate
matter with an aerodynamic

Emissions Direct Cost

y
Health Welfare

diameter of 10 microns or less y

(PMyp), and fine particulate Economic Valuation
matter (PM,s). Estimates of l

current and future year ammonia

(NH3) emissions are also
included in this study because of Benefit-Cost Comparison
their importance in the
atmospheric formation of fine particles in the ambient air. For each of these pollutants
we projected emissions to the years 2010 and 2020 under two different scenarios:

1. An historical "with-CAAA" scenario control case that reflects expected or
likely future measures implemented since 1990 to comply with rules
promulgated through September 2005; and

2. A counterfactual “without-CAAA” scenario baseline case that freezes the
scope and stringency of emissions controls at their 1990 levels, while
allowing for changes in emissions attributable to economic and population
growth.*

4 Implementing this approach has occasionally required some difficult decisions on what constitutes 1990 levels of emissions
controls. In general, we have interpreted any rules that were promulgated as final prior to 1990 to be part of the without-
CAAA scenario baseline. The residential wood stove New Source Performance Standard, however, was promulgated in 1988,
but is not part of the without-CAAA scenario, because EPA did not certify NSPS compliant wood stoves until 1992. In this
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We projected emissions for five major source categories: utilities, or electricity
generating units (EGUs); non-EGU industrial point sources; onroad motor vehicles;
nonroad engines/vehicles; and area sources, which are smaller, more diffuse sources of
pollutants that derive from many sources.> Table 2-1 gives examples of emissions
sources for each of the five categories examined in this analysis and indicates which
major pollutants are targeted by CAAA requirements in each category. The primary
purpose of emissions analysis in this study is to estimate how emissions change over time
and across our scenarios, so we can estimate costs of reducing emissions and the benefits
of those emissions reductions for each of our target years.

MAJOR EMISSIONS SOURCE CATEGORIES

SOURCE CATEGORY

EXAMPLES

POLLUTANTS WITH
SUBSTANTIAL EMISSIONS
REDUCTIONS FROM CAAA

COMPLIANCE

Electricity Generating Units
(EGUs)

Non-EGU Industrial Point
Sources

Onroad Motor Vehicles

Nonroad Engines/Vehicles

Area Sources

electricity producing utilities

boilers, cement kilns, process
heaters, turbines

buses, cars, trucks (sources
that usually operate on roads
and highways)

aircraft, construction
equipment, lawn and garden
equipment, locomotives,
marine engines

agricultural tilling, dry
cleaners, open burning,
wildfires

NO,, SO,
NOy, VOC, SOz, PMyg PM; 5

NOy, VOC, CO

NOy, VOC, CO

NOy, VOC, PMyg, PM; 5

This chapter consists of four sections. The first section provides an overview of our
approach for developing emissions estimates. The second section summarizes our
emissions projections for the years 2000, 2010, and 2020, and presents our estimates of
changes in future emissions resulting from the implementation of the 1990 Amendments.
The third section compares these results with estimates from the First Section 812
Prospective Analysis. Finally, we conclude this chapter with a summary of the key
uncertainties associated with estimating emissions.

case, perhaps incorrectly, we interpreted the effective date of 1992 as the determining factor in whether the level of
emissions stringency in 1990 should include the wood stove NSPS.

® Area sources are also commonly referred to as nonpoint sources. We estimated utility and industrial point source emissions
at the plant/facility level. We estimated nonroad engine/vehicle, motor vehicle, and area source emissions at the county

level.
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OVERVIEW OF APPROACH

For four out of the five major source categories described in this report—all except
electric generating units—we applied the following general method to estimate
emissions:

1. Select a "base" inventory for a specific year. This involves selection of an
historical year inventory from which projections will be based.

2. Select activity factors to project growth in the level of pollution-generating
activity in the target years. The activity factors should provide the best
possible means for representing future air pollutant emissions levels in the
absence of controls.

3. Develop a database of scenario-specific emissions control factors, to
represent emissions control efficiencies under the two scenarios of interest.
The control factors are "layered on" to the projected emissions levels absent
controls to estimate future emissions levels, taking into account those
controls required for CAAA compliance .

Air pollutant emissions for the fifth category, EGUs, were estimated by application of the
Integrated Planning Model (IPM), a model developed by ICF Consulting. IPM estimates
EGU emissions in the 48 contiguous states and the District of Columbia through an
optimization procedure that considers costs of electricity generation, costs of pollution
control, and external projections of electricity demand to forecast the fuel choice,
pollution control method, and generation for each unit considered in the model. We used
IPM to estimate EGU emissions in both the with-CAAA and without-CAAA scenarios for
2000, 2010, and 2020.

SELECTION OF BASE YEAR INVENTORY

The without-CAAA scenario emission projections are made from a 1990 base year, while
the with-CAAA scenario emission projections use a base year of 2000. The logic for these
base year inventory choices relates to the specific definitions of the scenarios themselves.
The with-CAAA scenario tracks compliance with CAAA requirements over time; as a
result, the best basis for projecting the with-CAAA scenario is a current emissions
inventory that incorporates decisions made since 1990 to comply with the act. The
without-CAAA scenario, on the other hand, freezes the stringency of regulation at 1990
levels. The analysis therefore uses 1990 emission rates as a base and adjusts those
emissions to account for economic activity over time. We determined that this method
was less problematic than basing projections on a recent emissions inventory and trying
to simulate the effect of removing CAAA emission controls currently in place. Table 2-2
summarizes the key databases that were used in this study to estimate emissions for
historic years 1990 and 2000. Note that, in some cases, we determined that the best
representation for year 2000 emissions was actually a later year, either 2002 or 2001.
Those decisions are explained below.
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BASE YEAR EMISSION DATA SOURCES FOR THE WITH- AND WITHOUT-CAAA

SCENARIOS

SOURCE CATEGORY

WITHOUT-CAAA SCENARIO -
1990

WITH-CAAA SCENARIO - 2000

Electricity Generating
Units (EGUs)

Non-EGU Industrial Point
Sources

Onroad Motor Vehicles

Nonroad Engines/Vehicles

1990 EPA Point Source NEI*
1990 EPA Point Source NEI
MOBILEG6.2 Emission Factors and

1990 NEI VMT Database
NONROAD 2004 Model

Estimated by the EPA Integrated
Planning Model for 2001

2002 EPA Point Source NEI
(Draft)

MOBILE6.2 Emission Factors and
2000 NEI VMT Database?

NONROAD 2004 Model Simulation

Simulation for Calendar Year for Calendar Year 2000

1990

Area Sources 1990 EPA Nonpoint Source NEI® 2002 EPA Nonpoint Source NEI

(Final)

! The NEI is EPA’s National Emissions Inventory, conducted every three years.
2 The California Air Resources Board (ARB) supplied estimates for California.
® Adjustments were made to the 1990 nonpoint source NEI file for priority source categories.

For EGUs and non-EGU industrial point sources, we estimated 1990 emissions using the
1990 EPA National Emission Inventory (NEI) point source file. This file is consistent
with the emission estimates used for the First Section 812 Prospective and is thought to
be the most comprehensive and complete representation of point source emissions and
associated activity in that year. Similarly, the 1990 EPA NEI nonpoint source file — with
a few exceptions — was used to estimate 1990 area source sector emissions.®

For base year emissions estimates in the with-CAAA scenario, we drew emissions from a
variety of sources. Due to resource constraints and the quality of available data, we relied
on emissions estimates for years other than 2000. In the case of with-CAAA emissions
from industrial point sources and area sources, we used the point source and nonpoint
source files from the 2002 EPA NEI.” We chose the 2002 NEI to represent the year 2000
estimates primarily because the 2002 inventory incorporated a number of refinements in
emissions estimation methods that were not included in the previous inventory, which
covered 1999 emissions. We judged that the improved quality of the 2002 NEI data
justified the small expected difference between emissions for these source categories in

® The exceptions are where 1990 emissions were re-computed using updated methods developed for the 2002 National
Emissions Inventory (NEI) for selected source categories with the largest criteria pollutant emissions and most significant
methods changes.

" We used the draft NEI point source file because the final version of that file was not available at the time the analysis was
performed. For area sources, we used the final NEI nonpoint source file.
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2000 and in 2002. To estimate with-CAAA EGU emissions, we used data from a
modified version of IPM that retrospectively modeled emissions for the year 2001.2

The project team estimated 1990 and 2000 emissions for the onroad and nonroad
vehicle/engine sectors independently using consistent modeling approaches and activity
estimates. For example, emission factors from EPA’s MOBILEG.2 model were used
together with data from the 1990 and 2000 NEI vehicle miles traveled (VMT) databases
to estimate onroad vehicle emissions for 1990 and 2000. Similarly, EPA’s NONROAD
2004 model was used to estimate 1990 and 2000 emissions for nonroad vehicles/engines.

SELECTION OF ACTIVITY FACTORS FOR PROJECTIONS
After specifying base year emissions, we projected emissions to 2000 (for the without-
CAAA scenario), 2010, and 2020. To model emissions in the absence of controls, our
general approach was to multiply an emission factor — derived from base year emissions
estimates — by the level of emission-generating activity upon which the emission factor is
based. These emission-generating activities vary by source category, but they are
generally related to economic activity, such as transportation, energy consumption, and
industrial output. Specifically, economic growth projections entered the emissions
analysis in three places:

e an electricity demand forecast (included in IPM);
o a fuel consumption forecast for non-utility sectors; and

e economic growth projections that serve as activity drivers for several other
sources of air pollutants.

For this analysis, we used fully integrated economic growth, energy demand, and fuel
price projections to model economic growth in both the with-CAAA and the without-
CAAA scenarios. The primary advantage of this approach is that it allowed us to conduct
an internally consistent analysis of economic growth across all emitting sectors. To
implement this integrated approach, we chose the Department of Energy’s National
Energy Modeling System (NEMS), which is used to produce DOE’s Annual Energy
Outlook (AEO) projections. Our emissions estimates primarily rely on AEO’s 2005
“reference case” scenarios. We supplemented these projections with additional forecasts
from other data sources for emissions sources where we determined that AEO’s energy
and socioeconomic forecasts would not adequately represent growth in emissions-
generating activities.” Table 2-3 presents the values that we used for the AEO 2005
projections for population, GDP, energy consumption, and oil price values in 2010 and
2020. For reference, the table also presents the historical values for each variable in

8 Due to resource constraints and model limitations, we relied primarily on a validation analysis EPA conducted on 2001
emissions, rather than developing a new analysis for the year 2000.

° These emissions sources include agricultural production-crops, fertilizer application, and nitrogen solutions; agricultural
tilling; animal husbandry; aircraft; forest wildfires; prescribed burning for forest management; residential wood fireplaces
and wood stoves; and unpaved roads.
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2002, as reported in AEO 2005. For each variable, the table shows the implied annual
growth rate that AEO 2005 used to project population, GDP, energy consumption, and oil
prices from 2002 to 2010 and from 2010 to 2020."°

TABLE 2-3. SUMMARY OF KEY DRIVER DATA APPLIED IN EMISSIONS PROJECTIONS
HISTORICAL AEO 2005 IMPLIED ANNUAL GROWTH
DATA PROJECTIONS RATE

VARIABLE 2002 2010 2020 2002-2010 2010-2020
Population (millions) 288.6 310.1 337.0 0.90% 0.83%
GDP (billion 2000 chain-weighted
dollars) $10,075 | $13,084 | $17,634 3.32% 3.03%
Energy Consumption (quadrillion Btu
per year) 97.99 111.27 125.60 1.60% 1.22%
World Oil Price (1999$ per barrel) $22.17 $23.00 $26.22 0.46% 1.32%

One notable exception to the above involves the specification of PM, s emissions from
non-EGU point sources and area sources. After initially attempting to model PM; 5
emissions in the without-CAAA scenario in 2000, 2010, and 2020 using the process
described above, we determined that the resulting estimates over-attributed emissions
reductions to the amendments. We applied two separate approaches to correct these
emissions estimates: For emissions from area sources, we projected emissions from the
two sectors responsible for the majority of emissions — construction and wood stoves —
using source-specific data. For emissions from non-EGU point sources, the project team
determined that emissions reductions from CAAA-mandated controls would be negligible
in 2000, so we set without-CAAA PM, s emissions equal to with-CAAA emissions in that
year.

APPLYING CONTROLS TO THE WITH-CAAA SCENARIO
To estimate the impact of CAAA controls on projected emissions in the with-CAAA
scenario, we modeled the application of controls required by CAAA programs, including
(among others):

e Title 1 VOC and NO, reasonably available control technology (RACT)
requirements in ozone nonattainment areas (NAAS);

o Title Il on-road vehicle and nonroad engine/vehicle provisions;
o Title Il National Emission Standards for Hazardous Air Pollutants (NESHAPS);

o Title IV programs focused on emissions from EGUs.

® The table presents 2002 data in order to be consistent with EPA’s 2002 NEI, which we used to estimate emissions from
industrial point sources and area sources.
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e Additional EGU regulations, such as the Clean Air Interstate Rule (CAIR), the
Clean Air Mercury Rule (CAMR), and the Clean Air Visibility Rule (CAVR).

As a general rule, we incorporated the effects of CAAA rules promulgated through
September 2005." As such, we did not account for the impacts of rules promulgated
after that date, such as the revised NAAQS for lead. Additionally, we modeled
reductions from rules that have since been vacated, like the Clean Air Mercury Rule
(CAMR) and the Clean Air Interstate Rule (CAIR), though CAIR has since been
remanded. Rather than attempting to estimate the impacts of whatever rules might
replace CAMR and CAIR, we modeled the rules as promulgated because that was the
best information available when we made analytic commitments.

A full list of the CAAA programs modeled for each source category is presented in Table
2-4, together with the pollutants targeted by each program. For each source category, we
identified factors to use in modeling the effect of emission controls required by the
CAAA. For EGUs, onroad motor vehicles, and nonroad engines/vehicles, we used
control factors included in the three EPA models we used to estimate base year
emissions: IPM, MOBILE, and NONROAD, respectively. For non-EGU industrial point
sources and area sources, we relied on control factors developed by the five Regional
Planning Organizations funded by EPA to address regional air pollution issues, as well as
factors developed by the California Air Resources Board.

1 One exception is the Coke Ovens Residual Risk rulemaking, promulgated under Title Il of the Act in March 2005. We
omitted this rule because it has a very small impact on criteria pollutant emissions (less than 10 tons per year VOCs)
relative to the with-CAAA scenario. The primary Maximum Achievable Control Technology (MACT) rule for coke oven
emissions, however, involves much larger reductions and therefore is included in the with-CAAA scenario. In addition, we
also modeled emissions reductions from local controls implemented to comply with the 8-hour Ozone NAAQS, the PM, 5
NAAQS, and the Clean Air Visibility Rule, using the proposed or promulgated forms of these rules as of January 2008.
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TABLE 2-4. MAJOR CAAA PROGRAMS MODELED IN THE WITH-CAAA SCENARIO
SECTOR POLLUTANT CAAA PROGRAMS

NO,/SO, Title IV acid rain emission allowance program;

Clean Air Interstate Rule (CAIR); Clean Air Mercury
Electricity Generating Rule (CAMR); Cases and Settlements; Additional
Units (EGUs) measures to meet PM and ozone NAAQS;

NOy NOx SIP Call post-2000

NO,/VOC/S0O, Measures required to meet PM and ozone National
Ambient Air Quality Standards (NAAQS)

Non-EGU Industrial Point | NO, Ozone Transport Commission (OTC) small NOx
Sources source model rule (where adopted); NOx SIP Call

VOC 2-, 4-, 7-, and 10-year maximum achievable control
technology (MACT) standards;

NO,/VOC/S0O, Tier 1 tailpipe standards (Title II); Tier 2 tailpipe
standards;

NO,/VOC National and California low-emission vehicle (LEV)
program (Title I); Federal and California
reformulated gasoline for ozone NAAQS NAAs (Title

. 1); I/M programs for ozone and CO NAAQS NAAs
Onroad Motor Vehicles (Title 1); NOx and VOC measures included in ozone
NAAQS SIPs

PM/SO,

Heavy-duty diesel vehicle (HDDV) standards; Diesel
fuel sulfur content limits (Title II) (1993); Gasoline
fuel sulfur limits; Additional measures to meet new
PM NAAQS

NO,/VOC/PM Federal Phase | and Il compression ignition (Cl) and
spark-ignition (S-1) engine standards; Federal
commercial and recreational marine vessel

Nonroad Engines/ standards
Vehicles NO,/PM
Federal locomotive standards
NO,/PM/SO,
Nonroad Diesel Rule

NO,/VOC/PM RACT requirements; NOx and VOC measures
included in ozone SIPs; Additional measures to
meet PM and ozone NAAQS

NO,/VOC Ozone Transport Commission (OTC) model rules

Area Sources (where adopted)

VOoC

2-, 4-, 7-, and 10-year MACT Standards; Federal
VOC rules for architectural and industrial
maintenance (AIM) coatings, autobody refinishing,
and consumer products

the 1990 CAAA.

Note: See Hubbell et al. (2010) for additional information regarding rules and regulations attributed to
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EMISSIONS ESTIMATION RESULTS
Table 2-5 summarizes the national emission estimates by pollutant for each of the
scenario years evaluated in this study: 2000, 2010, and 2020. As a reference, the table
also presents total emissions for each pollutant in 1990. Figures 2-1 through 2-4 provide
a detailed breakdown of the emissions reductions in each target year by source category
for NOy, VOC, SO,, and primary PM,s. We show the breakdown of emissions
reductions by source category for these pollutants because they constitute (or are
precursors of) the two main air quality impacts that drive the analysis of the benefits of
the CAAA: ozone and particulate matter pollution. The table and figures also incorporate
our estimates of emissions reductions from local controls required to meet attainment
requirements for 8-hour ozone and PM, 5 national ambient air quality standards
(NAAQS). Reductions needed for compliance, but for which we have not identified a
specific pollutant reducing measure or sector to achieve the reduction, are incorporated in
Table 2-5 and are presented as a separate category in Figures 2-1 through 2-4, labeled
“unidentified measures.”

For five of the pollutants examined—NOy, SO,, PMyq, PM, 5, and NH;—we estimate that
emissions in the absence of the amendments would increase steadily from 1990 through
2000, 2010, and 2020, suggesting that emissions controls in place by 1990 would not be
sufficient to prevent increases in pollutant emissions due to projected growth in economic
activity. For the remaining two pollutants—VOC and CO—emissions decrease between
1990 and 2000 as a result of automobile tailpipe controls enacted prior to 1990, but which
have delayed effects through the 1990s, before increasing from 2000 onward.

In the with-CAAA scenario, we estimate that emissions of SO, and NO, will decrease
steadily from 1990 to 2020, while emissions of VOC, CO, PMy,, and PM, s will decrease
from 1990 to 2010 before leveling off between 2010 and 2020. We also estimate that
emissions of NHs will increase even in the presence of CAAA regulations, though at a
slightly slower pace than in the without-CAAA scenario. NHj is not a specific target of
CAAA regulations, but some reductions result from efforts to control other pollutants.
The net result of these trends in the two scenarios is that we estimate that emissions
reductions, relative to the without-CAAA scenario, will increase for all pollutants
throughout the 2000 to 2020 period.

As Figure 2-1 shows, we estimate that reductions in NO, emissions will increase
substantially from 2000 to 2010 and from 2010 to 2020. All five major source categories
contribute to these reductions in 2010 and 2020, though the largest reductions come from
EGUs and on-road motor vehicles. Reductions in NOy, emissions from EGUs are driven
largely by cap-and-trade programs, such as Phase Il of the Ozone Transport Commission
memorandum of understanding and the Clean Air Interstate Rule.*? In the motor vehicle
sector, the large reductions in NO, emissions in 2010 and 2020 reflect both the delayed

2 Under Phase Il of the OTC memorandum of understanding, eleven eastern states committed themselves to achieving
regional reductions in NO, emissions through a cap-and-trade system similar to the SO, trading program established under
Title IV of the amendments.
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impact of Tier 1 NOy tailpipe standards as well as the impact of Tier 2 standards, which
went into effect in 2004.

Figure 2-2 shows increasing VOC emissions reductions from 2000 to 2020, with
contributions from all source categories, with the exception of EGUs. The figure also
shows a marked increase in on-road and nonroad emissions reductions between 2000 and
2010, reflecting both the delayed impact of Tier 1 VOC standards and the effect of low-
sulfur gasoline regulations. Additionally, about half of the rules affecting nonroad
sources came into effect between 2000 and 2010, explaining the increase in emissions
reductions during that time. Area sources also show large emissions reductions across all
three target years, driven primarily by regulations controlling evaporative emissions from
solvents, though residential fireplace and woodstove emissions are also projected to
decline as obsolete woodstoves are replaced with low-emitting models required by the
CAAA®R

In Figure 2-3, SO, emissions reductions increase by more than 60 percent between 2000
and 2010, with a smaller increase between 2010 and 2020. Most reductions in SO,
emissions in all three target years come from EGUs, with smaller contributions from non-
EGU point sources and area sources as well. As with reductions in NO, emissions, the
CAIR and the Title 1V cap and trade program are partly responsible for SO, reductions
from EGUs, along with the revised PM,s NAAQS.

Figure 2-4 presents reductions in PM, s emissions for the three target years, with a steady
increase in reductions from 2000 through 2020, as PM, s NAAQS requirements ramp up.
Reductions in primary fine particulate emissions are expected to come from area sources,
nonroad and onroad vehicles, and EGUs. Reductions from area sources are driven
largely by the replacement of obsolete residential fireplaces and wood stoves, as well as
local controls on construction sites for PM NAAQS compliance. As noted above, we set
PM, s emissions at non-EGU industrial point sources in the without-CAAA scenario to be
equal to emissions in the with-CAAA scenario, so we do not estimate that there will be
any significant direct PM, s emissions reductions from that source category.

3 As noted earlier in this chapter, the woodstove NSPS was interpreted as part of the differential between the with- and
without-CAAA scenarios. NSPS compliance is required only for new units, which in practice are replaced very slowly. We
estimate that, almost 20 years after NSPS implementation, in 2010, about 70 percent of the wood stoves in use are pre-
NSPS uncertified models; by 2020, we estimate that turnover will reduce non-certified unit usage to just under 65 percent.
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TABLE 2-5. EMISSION TOTALS AND REDUCTIONS BY POLLUTANT - ALL SECTORS (THOUSAND TONS PER YEAR)
2000 2010 2020
WITHOUT- WITHOUT- WITHOUT-

POLLUTANT 1990 CAAA WITH-CAAA | REDUCTION CAAA WITH-CAAA | REDUCTION CAAA WITH-CAAA | REDUCTION
VoC 25,790 24,477 17,798 6,679 26,742 14,117 12,626 31,288 13,704 17,584
NOy 25,917 26,688 20,837 5,851 28,517 13,640 14,877 31,740 10,092 21,647
Cco 154,513 127,093 107,691 19,403 134,151 86,705 47,447 155,970 84,637 71,332
SO, 23,143 25,129 15,319 9,810 26,831 10,347 16,484 27,912 8,272 19,640
PMio 25,454 26,418 21,143 5,275 26,405 20,413 5,992 28,280 20,577 7,702
PM, 5" 5,527 5,822 5,489 333 5,924 5,241 682 6,368 5,297 1,072
NH3 3,656 4,136 3,983 153 4,405 4,224 181 4,787 4,587 200

! PM, 5 without-CAAA emissions were adjusted from previously reported values by reducing emissions from non-EGU industrial point sources and area

sources.
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FIGURE 2-1. NOx REDUCTIONS ASSOCIATED WITH CAAA COMPLIANCE BY SOURCE CATEGORY
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FIGURE 2-3. SO, REDUCTIONS ASSOCIATED WITH CAAA COMPLIANCE BY SOURCE CATEGORY
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COMPARISON OF EMISSIONS ESTIMATES WITH THE FIRST PROSPECTIVE ANALYSIS

DIFFERENCES IN METHODOLOGY

In comparison with the First Prospective 812 Analysis, the Second Prospective includes a
number of refinements and improvements in emissions estimation methods, as well as a
different set of regulatory assumptions.

1. Updated Emissions and Economic Activity Data: Because the Second Prospective
analysis was developed ten years after the First Prospective, it incorporates
additional information that was not available when the First Prospective was
developed. This information includes with-CAAA emissions estimates for the
historical year 2000 as well as additional historical trend data used to project
economic activity from 1990 to 2000.

2. Additional Regulatory Requirements: The Second Prospective Analysis accounts
for several major CAA regulations that were not yet promulgated in 1996, when
decisions were made about which regulations to include in the First Prospective.
These regulations include, but are not limited to, the Clean Air Interstate Rule
(CAIR); the Clean Air Visibility Rule (CAVR); Tier Il vehicle rules and heavy-
duty diesel vehicle rules, and the local controls required for the revised 8-hour
ozone and PM,s NAAQS. Because of this difference, the Second Prospective
Analysis models greater emissions reductions in 2000 and 2010 than were
predicted in the First Prospective, as we discuss in the following section.

3. Integrated Economic Modeling Approach: In the First Prospective Analysis, we
relied on a number of modeling tools to project future emissions, including
projections of economic activity and population growth from the Bureau of
Economic Analysis, and vehicle miles traveled from EPA’s MOBILE fuel
consumption model. By using fully-integrated economic growth, energy
demand, and fuel price projections from DOE’s AEO 2005, we were able to
achieve a greater degree of internal consistency in the Second Prospective
Analysis.

DIFFERENCES IN EMISSIONS RESULTS
Figures 2-5 and 2-6 show estimates from the First and Second Prospective Analyses of
cumulative criteria pollutant emissions and emissions reductions for 2000 and 2010, the
two years that were modeled in both analyses. The figures present emissions data for the
four pollutants presented in Figures 2-1 through 2-4: VOC, NO,, SO,, and primary PMs.
As Figure 2-5 shows, the Second Prospective Analysis estimates slightly higher 2000
emissions in the without-CAAA scenario, and slightly lower emissions in the with-CAAA
scenario. VOC and primary PM, s emissions estimates are approximately the same in
both analyses, but the Second Prospective estimates reductions in combined emissions of
NO, and SO, of about three million tons more than in the First Prospective. As noted
above, most of the difference in SO, emissions reductions is attributable to SO, controls
from CAIR, but there are also substantial additional reductions attributable to reduced
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FIGURE 2-5.
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fuel sulfur content regulations. The difference in NO, emissions reductions is due
primarily to differences in the onroad and nonroad engine and EGU rules included in the
Second Prospective, but also to corrections made in the Second Prospective to more
accurately characterize the impact of the NOy SIP Call provisions for electric generating
units.

In Figure 2-6, the difference between emissions estimates in the First and Second
Prospective Analyses is much more noticeable. Although the without-CAAA scenario
emissions estimates for VOC, NOx, and SO, are virtually identical for the two analyses,
estimates of with-CAAA emissions of these pollutants are all substantially lower in the
Second Prospective Analysis than in the First Prospective, yielding a difference in
cumulative emissions reductions of about 15 million tons. As discussed above, the
Second Prospective estimates much larger emissions reductions primarily because it
accounts for a number of major control programs that were not yet in place when the last
analysis was published.
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FIGURE 2-6 .
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UNCERTAINTY IN EMISSIONS ESTIMATES
Table 2-6 lists several sources of uncertainty associated with generating the emissions
estimates discussed in this chapter, as well as the expected direction of bias introduced by
each uncertainty (if known), and the relative significance of each uncertainty in the
overall 812 benefits analysis. These uncertainty sources are organized by the three
factors that drive our results: identifying base-year emissions, forecasting growth in
emissions-related activity, and modeling emissions controls in future years.

UNCERTAINTIES RELATED TO BASE-YEAR EMISSIONS
We estimated emissions from onroad motor vehicles, nonroad engines, and area sources
at the county level, since these source categories are generally not tied to a specific
location. Accordingly, our estimates of the spatial location of these emissions are less
precise than for EGUs and industrial point sources. This uncertainty affects our ability to
model changes in air quality associated with emissions reductions attributed to the
CAAA. However, we expect that this uncertainty has a minor impact on the overall net
benefit projections of the analysis.

A potentially major factor contributing to uncertainty in emissions estimates is our
specification of the without-CAAA scenario. The Project Team tested the influence of an
alternative scenario specification by first developing a with-CAAA scenario using
continuous CEM data available on EPA’s Clean Air Markets website.** Working from
this scenario as a base emissions estimate for each EGU, we estimated EGU data for the

1 U.S. Environmental Protection Agency. Clean Air Markets - Data and Maps <http://camddataandmaps.epa.gov/gdm/>
Accessed March 2009.
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without-CAAA scenario using an alternative counterfactual approach based on work done
by Dr. A. Denny Ellerman of Massachusetts Institute of Technology.” The with-CAAA
results using the alternative EGU data appear very similar to the results using the IPM
EGU data, but air quality difference maps indicate that overall PM, s exposures are
slightly lower using the CEM data for the with-CAAA scenario in 2000, and PM, 5
exposures are substantially higher using the data derived using the Ellerman
counterfactual method for the without-CAAA scenario compared to the corresponding
core scenarios.

These exposure differences carry over into benefits calculations. The health benefits of
the CAAA in 2000 arrived at using the alternative EGU emissions are approximately 50
percent greater than the benefits in the 2000 core scenario. For the alternative EGU
emissions scenarios, the substantial, 50 percent difference in air quality outcomes and
benefits results appears to be derived from our construction of a substantially different
without-CAAA scenario. The original motivation of the analysis was concern that the
spatial pattern of emissions for the with-CAAA scenario for 2000 predicted by an IPM run
for a historical year differed from the spatial pattern observed in the emissions monitor
data for the same year. The analysis illustrated that the difference in benefits results is
instead due primarily to differences in the without-CAAA scenario among the two
alternative scenario specifications. Not surprisingly, uncertainty in estimating a
counterfactual scenario is much larger than uncertainty in estimating the factual case, at
least for the EGU sector.

UNCERTAINTIES RELATED TO GROWTH FACTORS
When projecting future growth in economic activity, even the most thorough projection
model must tolerate a high amount of uncertainty. The factors we used to model growth
in this analysis reflect uncertainty both in the economic activity forecasted and in how
this activity translates into emissions of criteria pollutants. For example, because the
AEO 2005 economic growth projection predates the recent economic downturn, it is
possible that we overestimate emissions in both the with-CAAA and without-CAAA
scenarios. However, because we use the same growth factors to project emissions under
the with-CAAA and without-CAAA scenarios, this source of uncertainty probably has a
minor effect on our overall net benefits estimates. In addition, we considered projecting
emissions under high-growth and low-growth AEO projection scenarios, but we did not
find sufficient variation in our conclusions to justify such an analysis. For these reasons,
we do not believe this is a significant factor in our results.

5 Dr. A. Denny Ellerman’s approach relies on multiplying a “baseline” pre-Title IV emissions rate by 2001 CEM heat input
observations for each electric generating unit.
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Similarly, our projected emissions from on-road motor vehicles are based on vehicle fleet
compositions included in the MOBILE®6.2 model. Any change in fuel prices that might
cause a shift away from low-fuel-efficiency vehicles could cause us to overestimate
emissions from this sector. However, we expect that the impact of this uncertainty on our
estimate of net benefits is minor.

UNCERTAINTIES RELATED TO EMISSIONS CONTROL MODELING
When modeling the with-CAAA scenario, we incorporated the effects of rules
promulgated through September 2005. Accordingly, we did not fully account for rules
promulgated since that time, such as the revised NAAQS for lead, and we modeled
reductions from rules that have since been vacated, like the Clean Air Mercury Rule
(CAMR) and the Clean Air Interstate Rule (CAIR), though CAIR has since been
remanded. We estimated that CAMR would have only a modest impact on the pollutants
we examined in this analysis, since mercury controls do not have large co-control benefits
with other pollutants. However, our analysis projects that CAIR would have a large
impact on NO, and SO, emissions at EGUs in 2010 and 2020. Ultimately, a new rule
will be promulgated to replace CAIR, and the emissions reductions, compliance costs,
and locations of emissions reductions could all be different from what we modeled in this
analysis. As a result, it is unclear whether our analysis overestimates or underestimates
the net benefits of CAAA provisions on EGU emissions.

Estimates of emissions of volatile organic compounds are also a source of uncertainty
because VOCs can be emitted through fuel combustion—like SO, and NO,—as well as
evaporation of volatile materials. Because evaporation rates depend largely on
temperature, our estimates of future VOC emissions are influenced by the inherent
difficulty of predicting future temperatures. The analysis uses projections of average
daily minimum and maximum temperatures in order to predict average VOC emissions,
but the resulting estimates do not adequately capture the variability of such emissions.
The likely significance of this uncertainty, in terms of its impact on the overall net
benefits estimated in this analysis, is probably minor.

Our future-year control assumptions are also a source of uncertainty. The flexibility
allowed by the CAAA in achieving air quality standard target emission levels allows for
emissions control schemes that may differ significantly from the controls modeled in this
analysis. This is particularly true in the case of reductions needed for NAAQS
compliance for which we have not identified a specific sector target. This analysis treats
those reductions as if they come from area sources, but they could come from any of the
five source categories we consider. We are not able to determine the direction of any
possible bias caused by this uncertainty, but we do not expect it to have a major effect on
our net benefits estimate.
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KEY UNCERTAINTIES ASSOCIATED WITH EMISSIONS ESTIMATION

POTENTIAL SOURCE OF ERROR

DIRECTION OF POTENTIAL BIAS FOR
NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE

Uncertainties Related To Base-Year Emissions

Uncertainties in modeling a
counterfactual emissions scenario.
Estimating EGU emissions using an
alternate counterfactual
projection approach yielded
increases in air quality impacts and
health benefits of 50% relative to
the core scenario’s IPM-generated
estimates.

Uncertainties in biogenic emissions
inputs increase uncertainty in the
air quality modeling estimates.
Uncertainties in biogenic emissions
may be large (+ 80%). The
biogenic inputs affect the
emissions-based VOC/NOXx ratio
and, therefore, potentially affect
the response of the modeling
system to emissions changes.

Emissions estimated at the county
level (e.g., low-level source and
motor vehicle NO, and VOC
emissions) are spatially and
temporally allocated based on land
use, population, and other
surrogate indicators of emissions
activity. Uncertainty and error are
introduced to the extent that area
source emissions are not perfectly
spatially or temporally correlated
with these indicators.

Underestimate. The IPM-based
counterfactual generated
substantially lower benefits than
the alternative counterfactual
scenario specification we tested,
which was based on published and
readily replicated methodologies.
It is possible, however, that other
counterfactual specifications
would yield lower benefits. It is
also possible that the direction of
effect might be different for other
pollutant source categories where
this is no accepted basis to
generate an alternative
counterfactual scenario estimate.

Unable to determine based on
current information. The biogenic
emissions change overall
reactivity, leading to either an
underestimate or overestimate of
the model’s response to emission
reductions.

Unable to determine based on
current information.

Potentially major. Analysis
confirmed that IPM performs well
when estimating with-CAAA
emissions, but also highlighted a
high degree of uncertainty in
estimating counterfactual
emissions. Similar uncertainties
exist for emissions from other
emitting sectors. There is no clear
way, however, to determine what
approach to estimating
counterfactual emissions is
superior.

Probably minor. Impacts for ozone
and PM, s results. Both oxidation
potential and secondary organic
aerosol formation could influence
PM, s formation significantly.
However, biogenic emissions are
assumed to be unaffected by the
CAAA, so this uncertainty should
not significantly affect net
benefits. Furthermore, ozone
benefits contribute only minimally
to net benefit projections in this
study.

Probably minor. Potentially major
for estimation of ozone, which
depends largely on VOC and NO,
emissions; however, ozone
benefits contribute only minimally
to net benefit projections in this
study.
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POTENTIAL SOURCE OF ERROR

DIRECTION OF POTENTIAL BIAS FOR
NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE"

Uncertainties Related To Growth Factors

Economic growth factors used to
project emissions are an indicator
of future economic activity. These
growth factors reflect uncertainty
in economic forecasting as well as
uncertainty in the link to
emissions. IPM projections may be
reasonable regionally but may
introduce significant biases locally.
Also, the Annual Energy Outlook
2005 growth factors do not reflect
the recent economic downturn or
the volatility in fuel prices since
the fall of 2005.

The on-road source emissions
projections reflect MOBILE6.2 data
on the composition of the vehicle
fleet. If recent volatility in fuel
prices persists or if fuel prices rise
significantly (like they did in 2007
and 2008), the motor vehicle fleet
may include more smaller, lower-
emitting automobiles and fewer
small trucks (e.g., SUVs).

Unable to determine based on
current information.

Overestimate

Potentially major. The same set of
growth factors are used to project
emissions under both the Without-
CAAA and With-CAAA scenarios,
mitigating to some extent the
potential for significant errors in
estimating differences in
emissions. Some specific locations
may be more significantly
influenced. We estimated gross
benefits using AEO low-growth and
high-growth scenarios and found
differences of +20%. However, due
to nonlinearities in the benefits
estimation model, we could not
reliably determine in what
direction over- or underestimating
growth might bias net benefits
estimates.

Probably minor. Overall, fuel
prices affect fleet composition at
the margin, and we expect changes
in fleet composition to occur
gradually over long periods,
suggesting that any effect would
take several years to fully
manifest.

Uncertainties Related To Emissions

Control Modeling

The With-CAAA scenario includes
implementation of the Clean Air
Mercury Rule (CAMR), which has
been vacated, and Clean Air
Interstate Rule (CAIR), which was
vacated but has since been
remanded.

VOC emissions are dependent on
evaporation, and future patterns
of temperature are difficult to
predict.

Unable to determine based on
current information.

Underestimate. Higher
temperatures in the future are
more likely than lower
temperatures because of climate
change, and higher temperature
would lead to more emissions in
the without-CAAA case but
controls would keep the with-CAAA
emissions roughly constant.

Potentially major. Significance in
2020 will depend on the speed and
effectiveness of implementing
potential alternatives to CAIR and
CAMR. In some areas, emissions
reductions are expected to be
overestimated, but in other areas,
NO, inhibition of ozone leads to
underestimates of ozone benefits
(e.g., some urban centers).

Probably minor. The analysis uses
meteorological data from 2002 to
characterize temperatures during
the 30-year period from 1990 to
2020. An acceleration of climate
change (warming) could increase
emissions but the increase relative
to 2002 levels would not likely be
significant.
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POTENTIAL SOURCE OF ERROR

DIRECTION OF POTENTIAL BIAS FOR
NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE"

Use of average temperatures (i.e.,
daily minimum and maximum) in
estimating motor-vehicle emissions
artificially reduces variability in
VOC emissions.

Uncertainties in the stringency,
scope, timing, and effectiveness of
With-CAAA controls included in
projection scenarios.

The location of the emissions
reductions achieved from
unidentified measures is uncertain.
We currently treat these
reductions as if they are achieved
from non-point sources, but this
may not be correct in all cases.

Unable to determine based on
current information.

Unable to determine based on
current information.

Unable to determine based on
current information.

Probably minor. Use of averages
will overestimate emissions on
some days and underestimate on
other days. Effect is mitigated in
With-CAAA scenarios because of
more stringent evaporative
controls that are in place by 2000
and 2010.

Probably minor. Future controls
could be more or less stringent,
widely applicable, or effective
than projected. Timing of
emissions reductions may also be
affected.

Probably minor. Impacts from
these uncertainties would be
localized and would not
significantly change the overall net
benefit estimate.
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CHAPTER 3 - DIRECT COSTS

The costs of complying with the
requirements of the Clean Air Act
Amendments (CAAA) of 1990 will
affect all levels of the U.S. economy.
The impact, initially experienced
through the direct costs imposed by
regulations promulgated under the
amendments, will also be seen in
patterns of industrial production,
research and development, capital
investment, productivity,
employment, and consumption. The
purpose of the analysis summarized
in this chapter is to estimate the
incremental change in direct annual
compliance costs from 1990 to 2020
that are attributable to the 1990
Clean Air Act Amendments.

As a measure of the direct
expenditures associated with CAAA
compliance, the estimates presented
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here represent a key stand-alone output of the Second Prospective Analysis. In addition,
we use the direct cost estimates presented in this chapter to generated estimates of
CAAA-related private costs that will serve as inputs in the computable general
equilibrium (CGE) model used to estimate the net social costs of the CAAA on the
economy as a whole.'® Use of a CGE model allows us to estimate how compliance
costs—along with expected benefits of the CAAA, such as increased labor supply—

18 private costs differ from the direct cost estimates presented in this chapter in two important ways: (1) they reflect private
interest rates rather than the 5 percent social discount rate used throughout this report and (2) they reflect transfers (e.g.,
excise taxes on fuel) not included in our direct cost estimates.

3-1




The Benefits and Costs of the Clean Air Act fron 1990 to 2020

have a net impact on social welfare through interactions with labor markets and other
areas of the economy. Further discussion of the CGE modeling conducted to estimate the
impacts of the CAAA on net social welfare is presented in Chapter 8.

This chapter consists of four sections. The first section summarizes our approach to
estimating direct compliance costs. In the second section we present the results of the cost
analysis. In the third section, we discuss how cost estimates in the Second Prospective
Analysis differ from those generated for the First Prospective Analysis. We conclude the
chapter with a discussion of the major analytic uncertainties, including a summary of the
results of quantitative sensitivity tests of key data and assumptions.

OVERVIEW OF APPROACH
The scope of this analysis is to estimate the incremental direct costs for all criteria and
hazardous air pollutant regulations issued under CAAA programs. Our approach to
estimating the direct costs of CAAA compliance is closely integrated with our estimates
of emissions reductions attributable to the amendments. In general, our analysis of
compliance costs is driven by the results of our analysis of CAAA-related emissions
reductions, and in some cases, costs and emissions reductions are measured concurrently.
As with the emissions analysis presented in the previous chapter, we modeled CAAA
compliance costs in 2000, 2010, and 2020 by comparing the costs of air pollution
abatement in two scenarios:

» An historical "with-CAAA" scenario control case that reflects expected or likely
future measures implemented since 1990 to comply with rules promulgated
through September 2005; and

» A counterfactual “without-CAAA” scenario baseline case that freezes the scope
and stringency of emissions controls at their 1990 levels, while allowing for
changes in emissions attributable to economic and population growth.*

In addition, we also estimated costs separately for five major source categories: utilities,
or electricity generating units (EGUs); non-EGU industrial point sources; onroad motor
vehicles; nonroad engines/vehicles; and area sources. Table 2-1 gives examples of
emissions sources for each of the six categories examined in this analysis. Additionally,
the cost analysis considers the costs of local controls required to achieve further progress
with the 8-hour Ozone NAAQS and the PM,s NAAQS as a separate category. Another
difference between the emissions analysis and the direct cost analysis discussed in this
chapter is that, whereas the emissions analysis considered emissions of six major criteria
pollutants (VOCs, NO, SO,, CO, PMy, and PM,s) and one other pollutant which is not
currently regulated under the CAAA in any form (NHs), the cost analysis addresses
CAAA provisions issued to control emissions of both criteria pollutants and hazardous air
pollutants (HAPs)."®

1 A full list of the regulations incorporated in the with-CAAA scenario is presented in Table 2-3.

18 Except to the extent they are co-controlled by VOC limits or other measures focused on criteria pollutants, reductions in
emissions of hazardous air pollutants were omitted because our benefits analysis focuses on the effect of criteria
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We estimated direct compliance costs in each source category using one of two
approaches:

1. Cost Estimates Based on Unit Costs — Costs were estimated by collecting
information on the costs associated with specific control measures required by
CAAA regulations, or costs were calculated using estimates of the average cost
per ton of pollutant emission reduced.

2. Cost Estimates Based on Optimization — Costs were estimated concurrently with
emissions estimation through a cost minimizing algorithm that modeled
attainment with specified emissions reduction targets. This approach was used
for electric generating units, for example, where costs and emissions outcomes
are outputs of the Integrated Planning Model.

COST ESTIMATES BASED ON UNIT COSTS

To estimate the cost of compliance CAAA regulations for most source categories, we
obtained unit costs of control devices and other measures from various sources. For costs
related to the 1-hour Ozone and PMyo National Ambient Air Quality Standards
(NAAQS), we used cost data from EPA’s AirControINET database. AirControlINET
links detailed data on control technologies and pollution prevention measures with EPA’s
National Emissions Inventory (NEI) to compute the costs associated with source- and
pollutant-specific emission reductions. To calculate the cost of emissions controls on
nonroad engines and vehicles, we multiplied unit cost estimates by estimates of
vehicle/equipment sales and fuel consumption from the 2004 edition of EPA’s
NONROAD model. The NONROAD model was also used to estimate CAAA-related
emissions reductions in this sector, and direct cost estimates were developed consistent
with those results. For these nonroad engine and fuel rules, as well as for controls
required under other parts of the CAAA, we obtained unit cost estimates from EPA’s
regulatory impact analyses (RIAs) as well as analyses commissioned by other
organizations, such as the Ozone Transport Commission and the California Air Resources
Board. Additional details on the specific data sources used to estimate unit costs for each
source category are provided in the Second Prospective Cost Report.*

pollutants. Benefits of HAP emissions reductions are discussed in the context of a limited case study, however, in Chapter 5
of this document. In addition, no CAAA emissions control measures are currently targeted to control NHz emissions, so no
costs for NH; control are included in our overall CAAA cost estimates.

19 see the report, Direct Cost Estimates for the Clean Air Act Second Section 812 Prospective Analysis. Available at
www.epa.gov/oar/sect812.
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COST ESTIMATES BASED ON OPTIMIZATION
We estimated control costs for EGUs using EPA’s Integrated Planning Model (IPM),
which determines the utility sector’s least-cost strategy for meeting energy and peak
demand requirements over a specified period of time, accounting for CAAA-mandated
emissions caps. In the process of estimating the SO, and NO, emissions that we
discussed in the previous chapter, IPM also produced cost estimates for NO,, SO,, and
mercury controls at EGUs.

We also used a least-cost optimization process to estimate the costs of local controls
required to achieve further progress toward and, ultimately, approximate attainment of
the 8-hour Ozone NAAQS. For each designated nonattainment area, we first modeled the
application of reasonably available control technology (RACT) and inspection and
maintenance (I/M) programs. Then, in areas where further emission reductions were
necessary, a least-cost algorithm was used to identify and apply the control measures to
meet progress and attainment requirements.?

Table 3-1 summarizes the cost estimation methods that we used for each source category,
organized by major rules within each category.

ADDITIONAL COST ESTIMATION CONSIDERATIONS

In addition to the general cost estimation methods described above, we also considered
additional factors when estimating CAAA compliance costs, such as how to account for
cost savings from “learning by doing,” how to represent the annual costs of control
measures requiring initial capital investment, and how to estimate the costs of required
emissions reductions for which control measures have not yet been identified.

Learning — A significant body of literature suggests that the per unit cost of producing or
using a given technology declines as experience with that technology increases over
time.? The mechanism through which these reductions occur is not well understood, as
decreases in costs may reflect several different effects, including returns to research and
development, productivity spillovers from outside an industry, economies of scale, or
efficiency improvements associated with increased experience with a given technology
(i.e., learning-curve impacts). Given the multitude of factors that may lead to cost
reductions over time, it is unclear whether such reductions should be modeled as
learning-curve effects or as some other form of technological change. Nordhaus (2008)
suggests that it is difficult to distinguish learning-curve effects from exogenous

2 For PM NAAQS compliance, an optimization approach was not possible, because target emissions reductions were not
available for each non-attainment area. Instead, we developed a model SIP for all PM nonattainment areas, and estimated
costs for those measures in the model SIP for each nonattainment area.

% These studies include John M. Dutton and Annie Thomas, "Treating Progress Functions as a Managerial Opportunity,"
Academy of Management Review, 1984, Vol. 9, No. 2, 235-247; Dennis Epple, Linda Argote, and Rukmini Devadas,
"Organizational Learning Curves: A Method for Investigating Intra-plant Transfer of Knowledge Acquired Through Learning by
Doing," Organizational Science, Vol. 2, No. 1, February 1991; International Energy Agency, Experience Curves for Energy
Technology Policy, 2000; and Paul L. Joskow and Nancy L. Rose, "The Effects of Technological Change, Experience, and
Environmental Regulation on the Construction Cost of Coal-Burning Generating Units," RAND Journal of Economics, Vol. 16,
Issue 1, 1-27, 1985.
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technological change and that learning effects, as estimated separately from technological
change, will typically be overestimated. Nevertheless, the most detailed peer-reviewed
empirical studies examining these cost reductions quantify a "learning rate" for different
technologies and industries that represents the percentage reduction in costs associated
with each doubling in the cumulative production of a technology. Based on the strength
of the evidence in this literature, we incorporated the concept of the learning effect into

our assessment of CAAA costs.

TABLE 3-1. COST ESTIMATION METHODS BY SOURCE CATEGORY AND RULE (WHERE
APPLICABLE)
SOURCE CATEGORY COST ESTIMATION METHOD
EGUs IPM Least-cost optimization

Non-EGU Industrial Point Sources
Ozone Transport Commission State Model Rules
(NO/VOC):
NO, SIP Call:
MACT Rules:
Refinery Cases & Settlements:
1-hour Ozone NAAQS:
Federal Rules (RACT, Control Technique Guidelines,
National VOC Rules):
Additional Measures:
PM;o SIP Measures:
Onroad Engines and Fuels
Title | NAAQS Tailpipe & Evaporative Control
Standards:
California and National LEV:

Fuels:

I/M Programs:
Nonroad Engines and Fuels

Area Sources
Ozone Transport Commission State Model Rules
(NO,/VOC):

1-hour Ozone NAAQS:
RACT & Control Technique Guidelines:
Additional Measures:

Local Controls

8-hour Ozone NAAQS:
RACT & I/M:
Additional (Identified) Measures:
Unidentified Measures:

PM, s NAAQS:

Ozone Transport Commission -sponsored 2001 analysis
AirControlINET

EPA cost estimates (from 1987-1998)

AirControlINET

Cost/ton from 1% Prospective
AirControINET Least Cost Module
SIP control cost estimates;

AirControIlNET
EPA RIA unit costs

California Air Resources Board (CARB) unit cost
estimates

Unit costs from First Prospective Analysis, EPA RIAs,
CARB (for California standards)

Costs based on information from current I/M programs
EPA RIA Unit Costs applied to sales and fuel
consumption data provided by the NONROAD model,
consistent with growth projections used to estimate
emissions

Ozone Transport Commission-sponsored 2001 analysis

Cost/ton from 1% Prospective
AirControINET

AirControINET

AirControINET using a least-cost algorithm
Assumed $15,000/ton

Model SIP approach with AirControINET unit costs

Note:

Unit costs taken from earlier EPA analyses are inflated to 2006$ and adjusted to account for cost savings from

learning curve impacts.

Some cost estimates for onroad and nonroad engines and fuel also reflect costs and/or savings from changes in
fuel economy. These costs and savings are estimated using AEO 2005 fuel price projections.
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Where possible, we based our learning curve adjustments on learning rates presented in
the empirical literature. For some sectors, however, empirical estimates of learning rates
were not available. We identified learning rate estimates for SO, and NOy control
technologies in the EGU sector and in the onroad vehicle sector, where we used learning
rates for vehicle production to estimate the impact of learning on motor vehicle engine
controls. For other technologies and industries affected by the amendments, we applied a
default learning rate of 10 percent, consistent with the recommendation of the Council
that advised EPA on this study.”>?

Cost Accounting — The costs presented in this analysis are expressed as total annualized
costs (TAC) in 2000, 2010, and 2020. Annualized costs include both operation and
maintenance (O&M) costs and, for CAAA provisions that require investment in pollution
control equipment, capital investment costs. In order to make appropriate comparisons of
costs in 2000, 2010, and 2020, we annualized these investment costs over the expected
life of the control equipment, rather than assigning total capital investment costs to the
year in which the investment is expected to be made. We applied a discount rate of five
percent to annualize capital costs over an estimated equipment life.* These annualized
capital costs, combined with the annual O&M costs for a given pollution control measure,
make up the total annualized cost estimates that we present for the three target years.
Because some control measures require more capital investment than others, the degree to
which our discount rate assumption affects our cost estimates varies by source category.

For CAAA-related rules that affect fuel economy, we also incorporate fuel savings or
losses into our cost estimates. Where possible, we estimate the value of these benefits or
costs based on fuel price projections presented in the Energy Information
Administration's Annual Energy Outlook 2005 (AEO 2005). In addition, for rules that
affect the fuel economy of an engine over a period of several years, we estimate these
benefits or costs as the present value of the fuel economy impacts realized over the entire
life of the engine.

Local Controls for NAAQS Compliance — When estimating the costs of compliance with
the 8-Hour Ozone and PM,s NAAQS, we first estimated the cost of applying known and
commercially available control technologies in nonattainment areas. We limited the
application of these known controls to those with an estimated cost not exceeding
$15,000 per ton for PM and ozone precursors (i.e., SO,, NOy, and VOCs). The rationale
for incorporating this threshold into the analysis is that controls more costly than $15,000

2 The Council recommended that we apply a default learning rate of 5 to 10 percent to sectors for which no empirical data
are available. We chose 10 percent as a default learning rate because this value is more consistent with the learning rates
presented in the empirical literature than the low end of the Council's recommended range.

2 The Project Team makes no learning curve adjustments for motor vehicle inspection and maintenance programs. Because
most states either run centralized inspection centers themselves or regulate the fees charged by decentralized inspection
centers, it is unclear whether the learning curve impacts for I&M programs would be significant.

2 Note that the discount rate we use to annualize capital investment costs is distinct from the discount rate used to
calculate the total net present value of costs and benefits incurred through the full 1990 to 2020 study period. The net
present value of costs and benefits is examined separately in Chapter 7 where we compare total costs to total benefits.
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per ton may not be cost effective. Thus, local air quality agencies would seek reductions
from other (unidentified) control measures. This is roughly consistent with the practice
of the South Coast Air Quality Management District (SCAQMD 2006) in California,
which attempts to identify viable alternatives for any control requirements with an
estimated cost exceeding $16,500 per ton. When costs are above this threshold, the
SCAQMD also conducts more detailed cost-effectiveness and economic impact analyses
of the controls.

For areas projected to remain in nonattainment with the 8-Hour Ozone NAAQS with
identified controls, we estimated the costs associated with reducing emissions using
additional controls not yet identified. To estimate the cost of these unidentified controls,
we assumed that the cost of implementing these measures is $15,000 per ton of pollutant
reduced, consistent with the cost threshold for identified controls.

DIRECT COMPLIANCE COST RESULTS
In this section we summarize the compliance cost analysis results by source category. As
noted above, the control measures included in this analysis are consistent with our
assumptions in the emissions analysis and reflect any post-1990 regulations promulgated
(or reasonably anticipated, such as controls to meet RFP requirements) after passage of
the 1990 CAAA. In general, the emissions analysis and this cost analysis reflect all of the
regulations that were promulgated before September 2005. Similar to the emissions
projection analysis, regulations promulgated after September 2005 (e.g., the revised Lead
NAAQS) are not reflected in this report, in an effort to make the costs and benefits
analyses as consistent as possible.

Table 3-2 summarizes the estimated costs of the CAAA by sector for the three analysis
years: 2000, 2010 and 2020. The table shows that the direct compliance costs in 2000 are
estimated to be approximately $20 billion and that these costs are dominated by the costs
of motor vehicle-related provisions of the CAAA as well as MACT standards and electric
utility controls. The major components of motor vehicle-related control costs in 2000 are
for emission standards, fuel standards, and vehicle emission inspection programs in
nonattainment areas. Motor vehicle emissions standard costs in 2000 are primarily for
low emission vehicle programs, Tier 1 tailpipe standards, and on-board diagnostics.
Prominent motor vehicle fuel control programs in 2000 include Federal and California
reformulated gasoline. These two reformulated gasoline programs are focused primarily
in serious, severe and extreme 1-hour ozone NAAQS nonattainment areas.

Table 3-2 shows that the estimated costs of complying with 1990 CAAA provisions are
expected to more than double between 2000 and 2010 as areas develop and implement 8-
hour ozone and PM,s NAAQS State Implementation Plans (SIPs). One of the major
components of CAAA compliance costs in 2010 is the estimated cost to achieve
sufficient reductions of ozone precursor emissions to demonstrate 8-hour ozone NAAQS
attainment. As noted above, we estimated 8-hour ozone compliance costs in two phases:
first, we estimated the cost of applying known and commercially available control
technologies in nonattainment areas; second, we estimated the costs associated with
additional emissions reductions required to reach NAAQS attainment using controls not
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yet identified, at an assumed cost of $15,000 per ton. There is considerable uncertainty in
this element of the cost analysis because it is unclear how individual areas will approach
this issue. Because of the significant degree of uncertainty associated with estimating the
costs of unidentified controls, this component of the cost analysis is reported separately in

Table 3-2.

SUMMARY OF 1990 CAAA COMPLIANCE COSTS BY SECTOR

ANNUAL COST (MILLION 2006$)

SOURCE CATEGORY 2000 2010 2020
Electric Utilities $1,370 $6,640 $10,400
Non-EGU Industrial Point Sources $3,130 $5,190 $5,140
NO, SIP Call $0 $134 $133
MACT $1,500 $3,010 $2,920
National VOC Rules, RACT, and New CTGs $439 $464 $534
Refinery Settlements $0 $295 $324
1-Hour Ozone SIP Measures $1,030 $1,130 $1,090
PMy, SIP Measures $163 $152 $146
Onroad Vehicles and Fuels $14,400 $25,700 $28,300
Motor Vehicle Emission Standards $4,400 $7,650 $7,760
California and National LEV $562 $2,030 $2,090
Fuels $4,820 $9,830 $11,200
Motor Vehicle I/M programs $4,630 $6,250 $7,260
Nonroad Vehicles and Fuels $298 $359 $1,150
Nonroad Engines/Vehicle Standards $298 $219 $320
Fuels $0 $140 $831
Area Sources $663 $693 $766
RACT and New CTGs $446 $442 $490
Ozone Transport Commission Model Rules $134 $181 $212
1-Hour Ozone NAAQS $82 $70 $64
Local Controls $0 $5,260 $6,180
8-Hour Ozone NAAQS $0 $4,270 $4,390
PM, 5 NAAQS $0 $977 $687
Clean Air Visibility Rule $0 $0 $1,100
Sub-Total Excluding Unidentified Measures $19,900 $43,900 $52,000
Additional Estimated Costs for Unidentified Controls for 8-Hour Ozone Compliance
Non-California areas $8,700 $8,500
California areas $318 $5,030
TOTAL $19,900 $53,000 $65,500

Note: All values are rounded to no more than three significant digits.
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The growth in costs between 2000 and 2020 partially reflects population growth during
this period and the corresponding increase in emissions-generating activity (e.g.,
increased vehicle miles traveled). Normalized for population growth, annual costs
increase from approximately $70 per capita in 2000 to $170 per capita in 2010 and $190
per capita in 2020. These results suggest that annual costs per capita grow by
approximately 170 percent between 2000 and 2020, whereas annual costs (not normalized
for population) grow by approximately 230 percent during this period.

COMPARISON OF COST ESTIMATES WITH THE FIRST PROSPECTIVE ANALYSIS
In many areas, cost estimation methods in the Second Prospective Analysis were identical
to those in the First Prospective, even to the point of using the same unit costs (adjusted
for inflation). In general, the Second Prospective improves on the First Prospective by
using more current cost estimates (where available) and more advanced least-cost
optimization tools. In addition, a major methodological innovation included in the
Second Prospective is the adjustment of compliance costs to account for the learning
curve effects of increased experience with pollution control measures.

Figure 3-1 shows the estimated compliance costs in 2000 and 2010 from the First and
Second Prospective Analyses, organized by source category. Overall, the year 2000 cost
estimate presented in Table 3-2 is considerably lower than the corresponding cost
estimate in the First Prospective ($27.6 billion), while the 2010 cost estimate presented in
Table 3-2 is higher than the corresponding First Prospective estimate ($37.8 billion).
Costs for electric utilities and area sources are significantly lower than were estimated in
the First Prospective. The significant difference for utilities likely reflects differences in
assumptions about the cost of obtaining low-sulfur coal from the Powder River Basin
(PRB) in Wyoming. Although the Project Team was aware of the downward trend in
PRB coal costs when the First Prospective was completed, this effect was not fully
addressed in the data and models available at the time of the First Prospective study.

It is useful to note that the Second Prospective’s $1.37 billion estimate for EGU
compliance cost in 2000, which represent the pre-CAIR Title IV program requirements,
fits well within the range of costs estimated in a series of ex-post econometric studies of
compliance cost, which yield results of costs in 2000 of $1 to $1.4 billion.”® In addition,
the National Acid Precipitation Assessment Program*s (NAPAP) 2005 assessment of the
Clean Air Act Title IV requirements provides another basis for evaluating the
reasonableness of the EGU cost estimates presented in this report (NSTC 2005). The
2005 NAPAP assessment summarizes the findings of several economic studies that
estimated the cost of fully implementing the Title IV SO, provisions. According to

® See, for example, A Denny Ellerman, 2003, "Ex Post Evaluation of Tradable Permits: The U.S. SO2 Cap-and-Trade Program,"
MIT Center for Energy and Environmental Policy Research Working Paper number WP-2003-003, available at:
web.mit.edu/ceepr/www/publications/workingpapers_2000_2004.html#2003. Ellerman cites two papers for these
estimates: Curtis P. Carlson, Dallas Burtraw, Maureen Cropper, and Karen Palmer, (2000) ”SO2 Control by Electric Utilities:
What are the Gains from Trade?”” Journal of Political Economy, 108 (6):1292-1326; and A. Denny Ellerman, Paul L. Joskow,
Richard Schmalensee, Juan-Pablo Montero, and Elizabeth Bailey (2000). Markets for Clean Air: The U.S. Acid Rain Program.
Cambridge University Press.
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NAPAP, these studies estimate annual costs ranging from $1.2 billion to $2.3 billion for
full implementation in 2010, but these estimates exclude the cost of CAIR, CAMR, and
some other regulations that are part of the Second Prospective estimate for 2010.%°

Overall, the Second Prospective cost estimates for 2010 are higher than those estimated
for the First Prospective mainly because many federal motor vehicle control programs not
included in the First Prospective study with-CAAA scenario have been promulgated since
the First Prospective was completed. For the same reason, the Second Prospective cost
estimates are also higher for motor vehicles in 2000, though to a lesser degree. In
addition, cost estimates in the current analysis are higher than in the First Prospective
because they include the costs of meeting the 8 hour ozone, PM,s NAAQS and Clean Air
Visibility Rule requirements in 2010. In both 2000 and 2010, estimated costs at area
sources are higher in the First Prospective than in the Second Prospective, by roughly a
factor of three, even though estimated emissions reductions are roughly a factor of three
greater in the Second Prospective. This difference is due primarily to a much lower
estimated cost per ton to reduce PM, s emissions in the Second Prospective — on average,
cost per ton of PM, s reduced is approximately $2,000 in the Second Prospective, and was
almost $20,000 in the First Prospective. One reason for the reduction is that the controls
in the Second Prospective are better targeted at fine particulate control - controls in the
First Prospective were actually focused on sources of PMyq, with PM, s emissions
reductions as a co-benefit. In addition, we have learned that pre-2002 NEI emissions
estimates for PM, s were very uncertain, suggesting that perhaps the estimated PM, 5
emissions reductions in the First Prospective were understated.

% The NAPAP assessment cites a range of $1 billion to $2 billion, in year 2000 dollars. Adjusting for inflation using the GDP
deflator, this range increases to $1.2 billion to $2.3 billion in year 2006 dollars.
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FIRST AND SECOND PROSPECTIVE ANNUAL CAAA COMPLIANCE COSTS: 2000 AND
2010
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First Prospective cost estimates from U.S. EPA, The Benefits and Costs of the Clean air Act 1990
to 2010, EPA-410-R-99-001, November 1999.

UNCERTAINTY IN DIRECT COST ESTIMATES

In a broad analysis of prospective regulatory impacts it is not possible to verify the ac-
curacy of the full range of assumptions regarding changes in consumption patterns, input
costs, and technological innovation used to estimate costs in future scenarios. Moreover,
for many of the factors contributing to uncertainty, the degree or even direction of the
bias is unknown or cannot be determined. Nevertheless, uncertainties and/or sensitivities
can be identified and in many cases the potential measurement errors can be
guantitatively characterized. In this section of the chapter, we first discuss several
guantitative sensitivity analyses undertaken to characterize the impact of key assumptions
on the ultimate cost analysis. The quantitative analyses presented below were chosen
either because the parameter in question was a topic of discussion in the Council’s review
of the direct cost analysis or because we identified the parameter as potentially influential
and/or uncertain. We then conclude the chapter with a qualitative discussion of the
impact of both quantified and unquantified sources of uncertainty.

QUANTITATIVE SENSITIVITY TESTS

We performed four quantitative sensitivity tests to estimate the impact of alternate
assumptions on our overall cost estimates. These tests covered our assumptions
regarding the cost of unidentified controls, the composition of motor vehicle sales and
fleet fuel efficiency, the failure rate of I/M tests, and the default learning rate applied to
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sectors for which we could not identify a rate in the empirical literature. The results of
these sensitivity tests on our 2020 cost estimates are presented in Table 3-3.%

Local Controls Analysis — Unidentified Controls

As indicated above, when estimating the cost of local controls required for further
progress with the 8-hour Ozone and PM,s NAAQS, we used a cost cap of $15,000 per
ton to estimate the costs of identified local controls and also applied a cost of $15,000 per
ton to unidentified controls. To assess the sensitivity of the local controls analysis to
changes in these values, we estimated the costs of local controls based on a $10,000-per-
ton cost cap for identified controls and a $10,000-per-ton estimated cost for unidentified
controls. As indicated in Table 3-3, this alternative approach would yield lower cost
estimates for both identified local controls and unidentified measures. The estimated costs
of identified controls decline when the $10,000 cap is applied because controls that cost
between $10,000 and $15,000 per ton are not implemented. In addition, although the
application of the $10,000 cost cap increases the emissions reductions to be achieved
through unidentified controls (relative to when the $15,000 cost cap is used), reducing the
cost of unidentified controls to $10,000 per ton more than offsets the costs associated
with these additional emissions reductions. Based on preliminary analyses conducted
early in the development of the direct cost estimates, we found that in general higher
thresholds do not change the emissions reductions to be achieved by unidentified
controls, because few identified controls have a cost per ton higher than the $15,000
threshold used in the analysis. Accordingly, the major effect of increasing the cost cap
would be to increase the estimated cost of reductions achieved by unidentified controls,
whose cost is estimated based on the dollar per ton cap.

Composition of Motor Vehicle Sales and Fleet Fuel Efficiency

Our analysis of the costs associated with motor vehicle tailpipe and fuel rules is based on
sales and fuel efficiency projections from the 2005 version of DOE’s Annual Energy
Outlook. Since the release of AEO 2005, however, fuel prices have been more volatile
than in previous years, leading many consumers to shift to more fuel efficient vehicles,
and the Department of Transportation revised the Federal Corporate Average Fuel
Economy (CAFE) standards. Given these developments, AEO 2008 projects that
passenger cars will make up a greater portion of light-duty vehicle sales in 2010 and 2020
than is projected by AEO 2005. AEO 2008 also assumes that the light-duty vehicle fleet
will be nearly 15 percent more fuel efficient relative to the projections in AEO 2005. To
assess the extent to which our cost estimates for the on-road sector would change under
the alternative AEO 2008 assumptions, we estimated the cost of motor vehicle tailpipe
and fuel rules for both the 2010 and 2020 target years based on the AEO 2008 data. As
indicated in Table 3-3, using AEO 2008 projections increases the estimated cost of motor
vehicle tailpipe standards and reduces the estimated cost of motor vehicle fuel rules in
2020. Although the alternative estimated cost of fuel rules is about 9 percent less than the

2" We present sensitivity test results for 2020 estimates because the differences between the primary cost estimates and the
alternative cost estimates discussed in this section are most pronounced in 2020.
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primary estimate presented in Table 3-2, the reduction in estimated costs of both tailpipe
and fuel CAAA motor vehicle programs in aggregate is more modest, at 3.6 percent.?®

Vehicle Inspection Failure Rate

Our estimates of the repair costs associated with motor vehicle 1&M programs employed
program- and year-specific inspection failure rates derived from 2003 and 2004 data for
Wisconsin 1&M programs. In its June 2007 review of the Draft Direct Cost Report, the
Council noted that a 2001 National Research Council report referenced a failure rate
about one-seventh the value derived from the Wisconsin data.® To assess the sensitivity
of the 1&M cost analysis to the assumed failure rate for annual dynamometer-based
programs, we developed alternative cost estimates for CAAA-mandated 1&M programs
based on the failure rate reported by the NRC. We found that the estimated cost of these
programs declined by more than 40 percent when the alternative failure rates were used in
place of those supporting the Second Prospective Cost Report. In addition, as indicated
in Table 3-3, using these alternative values reduced total CAAA-related costs for the on-
road sector by about 12 percent in 2020. This suggests that the cost estimates for the on-
road sector are fairly sensitive to the assumed failure rate for I&M programs, in light of
the range of failure rates obtained from readily available data sources.

Default Learning Rate

As discussed above, we adjusted total program costs to account for “learning curve”
impacts (i.e., the extent to which the costs of a technology decline as experience with that
technology increases over time). Wherever possible, we employed technology- or
industry-specific learning rates obtained from the literature. Where industry-specific
learning rates were not readily available in the empirical literature, we applied a default
rate of 10 percent to the following technologies:

e Selective non-catalytic reduction at electric generating units (EGUs) (O&M costs
only);

e Activated carbon injection at EGUs;
e Motor vehicle fuel rules;

e Non-road engine and fuel rules;

e Non-EGU point source controls;

e Area source controls; and

e Local controls: EGU, non-EGU point source, and area source.

% Note that in both our central case estimates and in our sensitivity analysis for fleet composition, the same fleet
composition is assumed in the with-CAAA and without-CAAA scenarios. It is likely that, as compliance costs increase, the
CAAA could have a significant effect on fleet composition, but our current analysis does not address that factor.

2 Committee on Vehicle Emission Inspection and Maintenance Programs, Board on Environmental Studies and Toxicology,
Transportation Research Board, National Research Council. Evaluating Vehicle Emissions Inspection and Maintenance
Programs. 2001.
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We tested the sensitivity of the cost analysis to the choice of a default learning rate by re-
estimating the total costs of the amendments using alternative default learning rates of 5

and 20 percent for the program areas listed above. The five percent default rate
represents the low end of the range recommended by the Council, while the 20 percent
value represents the central tendency presented in the peer-reviewed literature for several
technologies.®* For the sensitivity test, we did not adjust the cost estimates of program
areas where the empirical literature supplied specific and applicable learning rates. As
indicated in Table 3-3, the use of alternative default learning rates had only a small effect
on the estimated costs of the amendments in 2020. Using a five percent default learning
rate in 2020 increased the estimated cost of the amendments by 3.2 percent, while a 20
percent default learning rate reduced costs by six percent.

TABLE 3-3. RESULTS OF QUANTITATIVE SENSITIVITY TESTS
PRIMARY ALTERNATIVE
ANNUAL COST 2020 ESTIMATE
ESTIMATE FOR FROM SENSITIVITY | PERCENT CHANGE
2020 (BILLIONS STRATEGY FOR SENSITIVITY TEST (BILLIONS FROM PRIMARY
PROVISION 2006 $) ANALYSIS 2006 $) COST ESTIMATE
Local Controls Hentified controls and
o ) .
(dentified and $20-39 | 10,000/ton for unidentified $16.79 17.6%
Unidentified)
controls
Use AEO 2008 projections of
Motor Vehicle Costs $28.28 | motor vehicle sales and fleet $27.25 -3.6%
fuel efficiency
Use Inspection Failure Rates
Motor Vehicle Costs $28.28 | reported by the National $24.82 -12.2%
Research Council
Total Costs (All Use alternate default .
Source Categories) $65.48 learning rate of 5 percent $67.60 3.2%
Total Costs (All Use alternate default .
Source Categories) $65.48 learning rate of 20 percent $61.54 6.0%

% For an analysis of the learning rates estimated in the empirical literature, see John M. Dutton and Annie Thomas, "Treating
Progress Functions as a Managerial Opportunity,” Academy of Management Review, Vol 9, No. 2, 1984.

3-14




The Benefits and Costs of the Clean Air Act fron 1990 to 2020

QUALITATIVE ANALYSIS OF KEY FACTORS CONTRIBUTING TO UNCERTAINTY
In addition to the uncertainties outlined above, we identified several other areas of
uncertainty related to the direct compliance costs of the amendments that we did not
address quantitatively. These include the Project Team’s projections of economic
activity, the impact of CAAA compliance on productivity, product quality degradation
resulting from the CAAA, the influence of technological innovation on CAAA
compliance costs, and the impact of input substitution on the costs of complying with the
amendments.

Economic Activity Projections: The cost of the amendments in 2010 and 2020 will
depend in large part on the future size and composition of the U.S. economy. If the AEO
2005 economic growth projections used to estimate emissions reductions in 2010 and
2020 underestimate or overestimate economic activity, we could likewise overestimate or
underestimate the costs of CAAA compliance. In addition, the particular composition of
economic output in 2010 and 2020 may deviate from the AEO 2005 projections, which
would also cause our cost projections to differ from the actual costs of the amendments.

Industrial Productivity: As stated in the introduction to this chapter, our cost estimates
represent the direct costs of the CAAA, i.e., the expected expenditures of regulated
facilities to comply with the amendments. Several peer-reviewed studies have suggested,
however, that the direct costs of pollution control measures do not adequately represent
the total costs of environmental protection, due to the effects of pollution abatement on
industrial productivity.®* Although our cost estimates do not capture these productivity
effects, the literature is not clear on the magnitude and direction of these effects. While
some studies have found that pollution control negatively affects productivity, others
have found that the productivity impact is positive or ambiguous.*

Effects of the CAAA on Product Quality: In addition to increasing the cost of producing
goods and services, CAAA requirements may also affect product quality. For example,
motor vehicle emission control requirements may reduce the performance of automobiles,
and changes in paint formulations (to reduce VOC emissions) may adversely affect how
well paint adheres to unfinished surfaces. On the other hand, changes in product quality
may also have unquantified benefits — while we capture the fuel saving benefits of many
motor vehicle engine changes, the benefits of low-VOC paint in improving indoor air
quality and human health are not captured in our estimates. As a result, product quality

3 Barbera, A.J. and McConnell, V.D. (1986) “Effects of Pollution Control on Industry Productivity: A Factor Demand
Approach.” The Journal of Industrial Economics. Vol. XXXV, 161-172.

Barbera, A.J. and McConnell, V.D. (1990) “The Impact of Environmental Regulations on Industry Productivity: Direct and
Indirect Effects.” Journal of Environmental Economics and Management. Vol. 18, 50-65.

Gray, W.B. and Shadbegian, R.J. (1994) “Pollution Abatement Costs, Regulation, and Plant-Level Productivity.” Center for
Economic Studies.

Morgenstern, R.D., Pizer, W.A., and Shih, J-S. (2001) “The Cost of Environmental Protection.” Review of Economics and
Statistics Vol. 83, No. 4, 732-738. (doi:10.1162/003465301753237812).

%2 Barbera and McConnell (1986) found a negative impact of pollution control on productivity, while Barbera and McConnell
(1990) and Gray and Shadbegian (1994) found an ambiguous impact, and Morgenstern et al. (1998) found a positive impact.
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effects may reduce the welfare of households that consume products affected by the
CAAA, or they may improve welfare. Households that substitute to other products due to
CAAA-related quality changes (e.g., households that substitute from automobiles to light-
duty trucks due to CAAA requirements that affect the performance of automobiles more
than light-duty trucks) may also experience welfare losses or gains, as they would have
otherwise preferred the product(s) that they would have consumed in the absence of the
CAAA but may, in the balance, experience previously unrecognized gains.

Technological Innovation: The CAAA could serve as in impetus for technological
innovation in the development of new, low-cost technologies or processes to reduce
emissions. As indicated above, our cost estimates reflect the impact of experience-driven
improvements in the productivity of existing control technologies—by accounting for
learning curve impacts—but not the impact of technological innovation. Because we did
not attempt to model technological innovation that might be spurred by incentives to
minimize compliance costs, the Second Prospective Analysis may overestimate costs.

Input Substitution: To minimize the cost of complying with the amendments, regulated
facilities may alter the mix of inputs used in the production of goods and services. With
the exception of fuel switching by EGUs (as part of compliance with the Title IV Acid
Rain Program and CAIR), we did not capture input substitution as a control strategy in
the Second Prospective Cost Report. Ignoring the possible impact of input substitution
could also cause our estimates to overstate CAAA compliance costs.

Table 3-4 lists the key sources of uncertainty noted in the quantitative and qualitative
discussions above and indicates—where possible—the expected impact of the uncertainty
on the net benefits estimate of the Second Prospective Analysis.

3-16



TABLE 3-4.

The Benefits and Costs of the Clean Air Act fron 1990 to 2020

KEY UNCERTAINTIES ASSOCIATED WITH COST ESTIMATION

POTENTIAL SOURCE OF
ERROR

DIRECTION OF
POTENTIAL BIAS
FOR NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO KEY
UNCERTAINTIES ON NET BENEFITS ESTIMATE"

Uncertainty in the
maximum per ton costs for
local controls to comply
with the 8-hour Ozone and
PM, s NAAQS.

Uncertainty in the
projected composition of
motor vehicle sales and
the fuel efficiency of the
motor vehicle fleet.

Uncertainty regarding
failure rates for motor
vehicle inspections.

Costs for some
technologies and emissions
sectors reflect default
assumptions about the
rates at which learning
affects costs because
empirical information is
unavailable.

Uncertainties in the
economic growth
projections that form the
basis of the cost analysis.

Incomplete
characterization of certain
indirect costs, such as
productivity impacts for
regulated industry.

Unable to
determine based
on current
information

Unable to
determine based
on current
information

Unable to
determine based
on current
information

Underestimate

Unable to
determine based
on current
information

Unable to
determine based
on current
information

Probably minor. Our analysis of local controls
assumes a maximum cost of $15,000 per ton
for local controls implemented to comply
with 8-hour Ozone and PM, s NAAQS
requirements.® Local areas may implement
more costly controls to comply with the
NAAQS, but technological innovation may
lead to the development of less expensive
controls.

Probably minor. We projected the
composition of motor vehicle sales and the
fuel efficiency of the motor vehicle fleet
based on AEO 2005 data. The sensitivity
analysis of alternative sales and fuel
efficiency projections presented in this
report suggests that this uncertainty has a
small impact on net benefits.

Probably minor. The repair costs for vehicles
that fail emission inspections represent a
small fraction of the estimated net benefits
of the amendments. The failure rate
sensitivity analysis presented in this report
suggests that alternative failure rate
assumptions could have a large effect on the
costs for this component of the CAAA, but
only a minor effect on the estimated net
benefits of the amendments as a whole.

Probably minor. Based on the advice of the
Council on Clean Air Compliance Analysis, we
used a conservative learning rate of 10
percent for those sectors where no empirical
data were available.? In contrast, the
learning curve literature suggests that the
average learning rate is approximately 20
percent, suggesting that learning will reduce
costs more than is reflected in the present
analysis.®

Probably minor. The project team used AEO
2005 economic growth projections, which
suggest that the economy will grow at an
annual rate of 3.1 percent through 2025.*
This growth rate is in line with historical GDP
growth.

Probably minor. The literature on the
productivity impacts of the CAAA is unclear
with respect to the direction and magnitude
of these effects.
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POTENTIAL SOURCE OF
ERROR

DIRECTION OF
POTENTIAL BIAS
FOR NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO KEY
UNCERTAINTIES ON NET BENEFITS ESTIMATE"

Product quality
degradation associated
with emission control
technology.

Exclusion of the impact of
technological innovation
and input substitution on
compliance costs.

Partial estimation of costs
for compliance with the
PM, 5 NAAQS, due to the
unavailability of emission
reduction targets for non-
attainment areas.

Uncertainty in the
emission reduction
estimates used to estimate
the costs for select rules.

Exclusion of the impact of
economic incentive
provisions, including
banking, trading, and
emissions averaging
provisions.

Unable to
determine based
on current
information

Underestimate

Overestimate

Unable to
determine based
on current
information

Underestimate

Unable to determine based on current
information. Conceptually, the potential for
CAAA requirements to affect product quality
could result in an underestimate or
overestimate of the welfare effects of
compliance costs, and therefore an
indeterminate effect on net benefits.
Unfortunately, few studies exist that address
the potential product quality effects of CAAA
regulations.

Probably minor. Minimal information is
available on the potential effects of
technological innovation on costs. Though
input substitution is a potential source of cost
savings, the analysis primarily models mature
industries and compliance strategies which
have been established as least-cost
compliance paths. In addition, many
regulations, such as RACT, are technology-
based and may not allow for much input
substitution.

Probably minor. The 2006 PM, 5 NAAQS RIA
estimates that the incremental costs of
residual non-attainment (i.e., costs of
additional reductions from unidentified
controls needed to reach attainment) are
approximately $4.3 billion in 2020, yielding
total cost estimates that exceed the
estimates presented here by a factor of five
or more.® However, we estimate that the
costs of the PM, 5 NAAQS represent less than 5
percent of the net benefits of the
amendments.’

Probably minor. Costs for many rules are not
dependent on the corresponding emissions
reductions (e.g., fuel sulfur limits, tailpipe
standards, etc.)

Probably minor. Economic incentive
provisions can substantially reduce costs, but
the major economic programs for trading of
sulfur and nitrogen dioxide emissions are
reflected in the analysis.
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POTENTIAL SOURCE OF
ERROR

DIRECTION OF
POTENTIAL BIAS
FOR NET BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO KEY
UNCERTAINTIES ON NET BENEFITS ESTIMATE"

Potential for
overestimation biases in
engineering cost
estimates.

Underestimate

Probably minor. A study by Harrington,
Morgenstern, and Nelson (1999) evaluated the
accuracy of EPA and OSHA estimates of 25 ex
ante regulatory cost estimates relative to ex

post studies of actual costs, and concluded
that initial cost estimates by EPA

tend to overstate costs. The source of these
biases include a built-in conservative bias,
inaccuracies in estimating the size of the
affected universe, the effect of learning on
reducing costs, the effect of innovation on
reducing costs, and cost-reducing features of
regulatory design. Some of these factors are
discussed elsewhere in this table. The
magnitude of these biases varies
substantially, but in no case would we expect
the overall impact to exceed five percent of
overall net benefits.

The classification of each potential source of error reflects the best judgment of the section 812 Project
Team. The Project Team assigns a classification of “potentially major” if a plausible alternative
assumption or approach could influence the overall monetary benefit estimate by approximately five
percent or more; if an alternative assumption or approach is likely to change the total benefit estimate
by less than five percent, the Project Team assigns a classification of “probably minor.”

U.S. Environmental Protection Agency Science Advisory Board, EPA-SAB-COUNCIL-ADV-07-002, "Benefits
and Costs of Clean Air Act - Direct Costs and Uncertainty Analysis", Advisory Letter, June 8, 2007.
Available at http://www.epa.gov/sab/pdf/council-07-002.pdf.

For an analysis of the learning rates estimated in the empirical literature, see John M. Dutton and Annie
Thomas, "Treating Progress Functions as a Managerial Opportunity," Academy of Management Review,
Vol 9, No. 2, 1984.

U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2005, February
2005.

The Project Team uses this maximum unit cost value in two ways. First, the Project Team assumes that
local areas would not implement identified controls costing more than $15,000 per ton. Second, the
Project Team assumes a cost of $15,000 per ton for unidentified controls.

U.S. Environmental Protection Agency. Regulatory Impact Analysis for the Particulate Matter NAAQS.
October, 2006.

For detailed estimates of the costs of PM, s NAAQS compliance, see E.H. Pechan and Associates, Inc. and
Industrial Economics, Inc., Direct Cost Estimates for the Clean Air Act Second Section 812 Prospective
Analysis, prepared for U.S. EPA, March 2009.
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CHAPTER 4 - AIR QUALITY BENEFITS

Air quality modeling links changes
in emissions to changes in the Scenario Development
atmospheric concentrations of l

pollutants that may affect human
health and the environment. A
crucial analytical step, air quality

Sector Modeling

modeling is one of the more complex l l

and resource-intensive components Emissions Direct Cost
of the prospective analysis. This l

chapter outlines how we estimated Air Quality Modeling

future-year pollutant concentrations

under both the with-CAAA and '

without-CAAA scenarios. Health | Welfare

A

The first section of the chapter

begins with a discussion of some of Economic Valuation

the challenges faced by air quality l

modelers and a brief description of

the models we used in this analysis. Benefit-Cost Comparison

The following section provides more
details on the specific air quality
modeling tools we deployed to estimate future-year ambient concentrations. This
methodology section includes a description of how we use modeling results to adjust
monitor concentration data and estimate ambient concentrations for years and scenarios
where no monitoring yet exists — the projected and counterfactual (without-CAAA) target
years and scenarios. The third section of this chapter summarizes the results of the air
quality modeling and presents the expected effects of the CAAA on future-year pollutant
concentrations. A brief discussion of the key uncertainties associated with air quality
modeling concludes the chapter.

OVERVIEW OF APPROACH
As we outlined in the First Prospective, air quality modelers face two key challenges in
attempting to translate emission inventories into pollutant concentrations. First, they
must model the dispersion and transport of pollutants through the atmosphere. Second,
they must model pertinent atmospheric chemistry and other pollutant transformation
processes. These challenges are particularly acute for those pollutants that are not
emitted directly, but instead form through secondary processes. Ozone is the best
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example; it forms in the atmosphere through a series of complex, non-linear chemical
interactions of precursor pollutants, particularly certain classes of volatile organic
compounds (VOCs) and nitrogen oxides (NO). We faced similar challenges when
estimating PM concentrations. Atmospheric transformation of gaseous sulfur dioxide and
nitrogen oxides to particulate sulfates and nitrates, respectively, contributes significantly
to ambient concentrations of fine particulate matter. In addition to recognizing the
complex atmospheric chemistry relevant for some pollutants, air quality modelers also
must deal with uncertainties associated with variable meteorology and the spatial and
temporal distribution of emissions.

Air quality modelers and researchers have responded to the need for scientifically valid
and reliable estimates of air quality changes by developing sophisticated atmospheric
dispersion and transformation models. Some of these models have been employed in
support of the development of federal clean air programs, national assessment studies,
State Implementation Plans (SIPs), and individual air toxic source risk assessments. In
this analysis, we focused our air quality modeling efforts on estimating the impact of
with- and without-CAAA emissions on ambient concentrations of ozone, PMyq, and
PM;5, as well as acid deposition and visibility for each of the target years: 2000, 2010,
and 2020. The focus on these pollutants is consistent with the result in the First
Prospective that most of the quantified benefits of the CAAA are attributable to PM and
ozone. The ideal model for this analysis is a single integrated air quality model capable of
estimating ambient concentrations for all of these key pollutants throughout the U.S. In
the prior First Prospective study, such a model had not yet been sufficiently developed
and tested. This analysis is the first Section 812 prospective analysis to use an integrated
modeling system, the Community Multiscale Air Quality (CMAQ) model, to simulate
national and regional-scale pollutant concentrations and deposition. The CMAQ model
(Byun and Ching, 1999) is a state-of-the-science, regional air quality modeling system
that is designed to simulate the physical and chemical processes that govern the
formation, transport, and deposition of gaseous and particulate species in the atmosphere.

The emissions data were processed for input to the CMAQ modeling using the Sparse-
Matrix Operator Kernel Emissions (SMOKE) emissions processing system (CEP, 2004).
The model-ready emission inventories for each scenario and year were then used to
obtain base year and target year estimates of the key criteria pollutants, as well as many
other species. The air quality modeling analysis was designed to make use of tools and
databases that have recently been developed and evaluated by EPA for other national-
and regional-scale air quality modeling studies. In particular, model-ready meteorological
input files for 2002 were provided by EPA for use in this study. For fine particulate
matter (PM,5) and related species, the CMAQ model was applied for an annual
simulation period (January through December). A 36-km resolution modeling domain
that encompasses the contiguous 48 states was used for the annual modeling. For ozone
and related species, the CMAQ model was applied for a five-month simulation period
that captures the key ozone-season months of May through September. Two 12-km
resolution modeling domains (that when combined cover the key, ozone-significant areas
of the contiguous 48 U.S. states) were used for the ozone-season modeling. Altogether,
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model-ready emission inventories were prepared and the CMAQ model was applied for a
total of 21 simulations (comprising seven core scenarios and three modeling domains).

The outputs from the CMAQ model provide the basis for the calculation of health and
ecological benefits of the CAA. The airborne criteria pollutants of interest include ozone
and fine particulate matter (PM,s), where PM, s consists of particles less than 2.5 microns
in diameter. For health benefits analysis, it has become standard EPA practice to calibrate
the CMAQ results monitor data, rather than use the CMAQ results directly — the process
is sometimes called, “monitor and model relative adjustment.” We follow that approach
in this analysis as well, applying a tool called the Modeled Attainment Test Software
(MATSYS) to develop and apply the calibration factors for particulate matter results relative
to nearby monitors. For ozone, the MATS procedure is not necessary; instead we use an
inverse distance squared weighting procedure called Enhanced VVoronoi Neighbor
Averaging (eVNA), which calibrates the CMAQ model ozone results by weighing data
from monitors closer to the grid cell more heavily than monitors that are further away.
The eVNA interpolation and model to monitor calibration process is accomplished within
the BenMAP benefits analysis tool, which is described in Chapter 5. Visibility is also an
air quality parameter of interest and this was calculated using a variety of the CMAQ
output species. In addition, deposition of nitrogen and sulfur was also extracted from the
model outputs. An overview of the modeling approach is provided in Figure 4-1, which
summarizes the emissions processing and air quality components. The CMAQ modeling
components and application of the MATS tool are explained in further detail in the next
section.

AIR QUALITY MODELING TOOLS DEPLOYED

THE CMAQ MODELING SYSTEM

The Community Multiscale Air Quality (CMAQ) model is a state-of-the-science, regional
air quality modeling system that can be used to simulate the physical and chemical
processes that govern the formation, transport, and deposition of gaseous and particulate
species in the atmosphere (Byun and Ching, 1999). The CMAQ tool was designed to
improve the understanding of air quality issues (including the physical and chemical
processes that influence air quality) and to support the development of effective
emissions control strategies on both the regional and local scale. The CMAQ model was
designed as a “one-atmosphere” model and this concept refers to the ability of the model
to dynamically simulate ozone, particulate matter, and other species in a single simulation
which captures interaction effects among these pollutants. In addition to addressing a
variety of pollutants, CMAQ can be applied to a variety of regions with varying
geographical, land-use and emissions characteristics, and for a range of different space
and time scales.
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FIGURE 4-1. SCHEMATIC DIAGRAM OF SECTION 812 AIR QUALITY MODELING ANALYSIS
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The CMAQ model numerically simulates the physical processes that determine the
magnitude, temporal variation and spatial distribution of the concentrations of ozone and
particulate species in the atmosphere and the amount, timing, and distribution of their
deposition to the earth’s surface. The simulation processes include advection, dispersion
(or turbulent mixing), chemical transformation, cloud processes, and wet and dry
deposition. The CMAQ science algorithms are described in detail in Byun and Ching
(1999).

The CMAQ model requires several different types of input files. Gridded, hourly
emission inventories characterize the release of anthropogenic, biogenic and, in some
cases, geogenic emissions from sources within the modeling domain. The emissions
represent both low-level and elevated sources and a variety of source categories
(including, for example, point, onroad mobile, nonroad mobile, area, and biogenic
emissions). The amount, spatial distribution, and temporal distribution of each emitted
pollutant or precursor species are key determinants to the resultant simulated air quality
values.

The CMAQ model also requires hourly, gridded input fields of several meteorological
parameters including wind, temperature, mixing ratio, pressure, solar radiation, fractional
cloud cover, cloud depth, and precipitation. A full list of the meteorological input
parameters is given in Byun and Ching (1999). The meteorological input fields are
typically prepared using a data-assimilating prognostic meteorological model, the output
of which is processed for input to the CMAQ model using the Meteorology-Chemistry
Interface Processor (MCIP). The prescribed meteorological conditions influence the
transport, vertical mixing, and resulting distribution of the simulated pollutant
concentrations. Particular meteorological parameters, such as mixing ratio, can also
influence the simulated chemical reaction rates. Rainfall and near-surface meteorological
characteristics govern the wet and dry deposition, respectively, of the simulated
atmospheric constituents.

Initial and boundary conditions (IC/BC) files provide information on pollutant
concentrations throughout the domain for the first hour of the first day of the simulation,
and along the lateral and top boundaries of the domain for each hour of the simulation.
Photolysis rates and other chemistry related input files supply information needed by the
gas-phase and particulate chemistry algorithms.*

* The latest available version of CMAQ, version 4.6, was used for this study. This version of the model supports several
different gas-phase chemical mechanism, particle treatment, aerosol deposition, and cloud treatment options. All
simulations conducted as part of this study used the CB05 chemical mechanism. For particles, the AERO4 particle
treatment, which includes sea salt, was applied. Finally, the plume-in-grid feature of CMAQ was not used for this study.
More details are available in Second Prospective Analysis of Air Quality in the U.S.: Air Quality Modeling, available at
www.epa.gov/oar/sect812
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CMAQ APPLICATION PROCEDURES FOR THE SECOND PROSPECTIVE ANALYSIS
This specific application of CMAQ includes modeling domain specification and key
input files. The three modeling domains that were used for this analysis are shown in
Figure 4-2.

CMAQ MODELING DOMAINS FOR THE 812 MODELING STUDY
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NOTE: CONUS IS THE CONTINENTAL US GRID USED FOR PM MODELING; WUS IS THE
WESTERN US GRID AND EUS IS THE EASTERN US GRID USED FOR OZONE MODELING.

The 36-km resolution continental U.S. (CONUS) domain is the large area that is covered
by the outer grid box in Figure 4-2. The CONUS domain includes 148 x 112 grid cells
(the total number of cells is 16,576). The tick marks denote the 36-km grid cells. For this
domain, the model was run for the entire 2002 calendar year, using 2002 meteorology but
varying the emissions inputs as outlined in each of the Second Prospective scenarios
listed in Figure 4-1. In running the model, the annual simulation period was divided into
two parts covering January through June and July through December, respectively. Each
part of the simulation also includes an additional five start-up simulation days, which are
intended to reduce the influence of uncertainties in the initial conditions on the simulation
results.

The Eastern U.S. (EUS) domain is comprised of 213 x 188 grid cells (total = 40,044
cells) and the Western U.S. (WUS) domain includes 213 by 192 grid cells (total = 40,896
cells). Together these two domains cover most of the continental U.S. with 12-km
horizontal resolution. There is some overlap in the central part of the country. For both
the EUS and WUS domains, the CMAQ model was run for the months of May through
September. This five-month period is intended to represent the ozone season — runs using
this domain provide the ozone inputs for subsequent steps of the analysis. The seasonal
simulation period was also divided into two parts covering May and June and July
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through September, respectively. Each part of the simulation also includes an additional
ten start-up simulation days.

The 36- and 12-km resolution meteorological input files to support modeling in these
domains were prepared using the Pennsylvania State University/National Center for
Atmospheric Research (PSU/NCAR) Fifth Generation Mesoscale Model (MM5). The
MMD5 outputs were postprocessed by EPA for input to CMAQ using the Meteorology-
Chemistry Interface Processor (MCIP) program. The meteorological input preparation
methodology and some information on MM5 model performance are provided by
Dolwick et al. (2007). Existing initial condition, boundary condition, land-use and
photolysis rate input files prepared by EPA for use in CMAQ modeling for the selected
modeling domains and simulation period were used.

After the initial CMAQ results were generated, the original primary PM emissions
estimates generated for area and non-EGU point sources were found to be inaccurate due
to two issues:

1) Asdescribed in Chapter 2, some of the fine particulate emissions estimates
derived from the 1990 NEI, on which the without-CAAA emissions estimates
were based, were discovered to be inconsistent with those from the 2002 NEI, on
which the with-CAAA emissions estimates were based.

2) The original emissions estimates did not include application of transport factors
for area source fine particulate emissions. These transport factors are county-
specific adjustment factors that are applied to specific types of emissions
estimates to account for the fact that only a fraction of total fugitive dust
emissions remain airborne and are available for transport away from the vicinity
of the source after localized removal (i.e., some of the particles are captured by
the local vegetation or other surface obstructions).

To correct these two errors, we first made the necessary adjustments to the primary
PM2.5 emissions estimates for the affected non-EGU point and area sources, focusing on
the PM2.5 species that contribute most significantly to primary PM emissions: elemental
carbon (EC), organic carbon (OC), and crustal material. We then calculated species-
specific adjustment factors for the CMAQ data, re-compiled the species-specific
estimates to generate an adjusted version of the original CMAQ results, and then
generated new MATS input files. All details of the procedure are described in a
memorandum prepared by the Project Team, which was reviewed in detail by the
Council’s Air Quality Modeling Subcommittee.*

* Memorandum of June 14, 2010 to Jim DeMocker, EPA, from Tyra Walsh, Henry Roman, and Jim Neumann, Industrial
Economics, Inc. (IEc), “Description of the Adjustment to the Primary Particulate Matter Emissions Estimates and the
Modeled Attainment Test Software Analysis (MATS) Procedure for the 812 Second Prospective Analysis.” The memo is
available at www.epa.gov/oar/sect812.
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MATS PROCEDURE
Rather than using the direct CMAQ results as the basis for the health and ecological
effects analyses, the Project Team conducted additional analyses using a speciated
monitor and model calibration technique to generate PM, s air quality estimates. The
PM, s estimates used in the Second Prospective health analysis were prepared using
EPA’s Modeled Attainment Test Software (MATS, Version 2.1.1, Build 807). MATS
estimates quarterly mean PM, s chemical component concentrations at monitor locations
by conducting a Speciated Modeled Attainment Test (SMAT) analysis. MATS can also
estimate quarterly mean concentration estimates for each PM, s chemical component
concentrations at all grid cells in a grid model such as CMAQ.

Five of the six MATS PM, s concentration estimates for the Second Prospective scenarios
were prepared using the MATS’ spatial and temporal relative adjustment method. The
MATS estimates for the 2000 with-CAAA scenario, which represents a historical year for
which monitor data are available, used a spatial only relative adjustment method, relying
on available monitor data and a single year of CMAQ modeling. The MATS procedure
was not applied for the 1990 base year scenario.

MATS estimates the PM, 5 concentrations in CMAQ grid cells by interpolating values
from nearby monitors using the inverse distance squared weighting option in the VVoronoi
Neighbor Averaging (VNA) procedure in MATS. This is an algorithm that identifies a
set of monitors close to the grid cell (called “neighbors™) and then estimates the PM
species concentration in that grid cell by calculating an inverse-distance weighted average
of the monitor values (i.e., the concentration values at monitors closer to the grid cell are
weighted more heavily than monitors that are further away). As noted above, for
calibrating ozone model results to nearby monitors, only the VNA component of the
procedure is used, because there is no need for the speciated interpolation approach
required for PM.

The spatial MATS analysis conducted for the PM, 5 estimates used the following input
information:

e observed quarterly PM,sdata from 1,232 Federal Reference Method (FRM)
monitors with sufficient data in 2002 — sufficient data is defined as at least one
quarter of PM,sdata. The year 2002 was used because it corresponds to the
vintage of the emissions estimates, which, as described in Chapter 2, were
derived from the 2002 National Emissions Inventory;

o observed daily chemically speciated fine particle mass data from both the PM,
Speciation Trends Network (STN) and the Interagency Monitoring of Protected
Visual Environments (IMPROVE) network, providing a total of 273 monitors
with sufficient data in 2002%°;

35
Most FRM monitors (about 75 percent) are not co-located with a speciation monitor. Therefore, we also used data
providing speciated PM mass from the STN and IMPROVE monitors. The MATS analysis used speciated data from 273 STN or
IMPROVE monitors with at least two valid quarters of speciated data in 2002.
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o speciated CMAQ estimates for 6 PM, s species (SO4, NO3, elemental carbon,
organic carbon, NH,, and crustal material) at the 36 kilometer PM,s CMAQ grid
cell level for each of the Second Prospective scenarios (from CMAQ speciated
output data files).

The MATS procedure enables the use of monitor data to effectively calibrate the results
of air quality modeling for use in subsequent steps of the analysis. To illustrate the
effects of the MATS procedure, compare Figure 4-3, which is a scatter plot comparing
the direct CMAQ results for those 1,058 PM, s monitors with at least two quarters of data
for 2002, and Figure 4-4, which is a similar scatter plot, comparing the MATS results to
the same set of PM, s monitors. The agreement between monitor and model values in
Figure 4-4 is greatly improved by the MATS procedure.
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Figure 4-5 provides a further illustration of the effect of the MATS procedure, and the
importance of individual PM species in achieving an effective calibration of the CMAQ
results to monitor data. The figure provides detailed species-specific CMAQ and MATS
results for a CMAQ grid cell in the three largest cities and metropolitan areas in the US —
New York, Los Angeles, and Chicago — and for Tucson, Arizona, a much smaller city but
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one for which one component of PM, crustal (shown in brown), plays a critical role in our
analysis. For each city, the two leftmost bars provide the 2002 FRM and STN annual
average PM, s monitor data for a monitor of that type within the grid cell. FRM monitors
provide only total PM,smass, while the STN monitors provide data for the seven PM
species (plus estimated water) indicated at the bottom of each graph.*® The remaining 12
bars in each panel show the CMAQ and MATS-adjusted results for the grid cell for the
with-CAAA and without-CAAA scenarios, for target years 2000, 2010, and 2020.

SCATTER PLOT OF MATS-ADJUSTED CMAQ ESTIMATES AND 2002 PM,.s FEDERAL
REFERENCE METHOD (FRM) MONITORS
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% The STN bar charts include an estimated water component, which the MATS input monitor files include to make STN and
IMPROVE monitor data consistent with FRM monitor data. The water component is not an STN component, but was
estimated using the SANDWICH (Sulfates, Adjusted Nitrates, Derived Water, Inferred Carbonaceous mass, and estimated
aerosol acidity (H+)) process.
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COMPARISON OF CMAQ, MATS, AND MONITOR DATA FOR FOUR SELECTED CITIES
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The Manhattan panel in the upper left corner shows that both the FRM and STN monitors
indicate a total PM concentration just greater than 15 pg/m®. The next bar shows that the
CMAQ data for the 2000 with-CAAA simulation overestimates the PM concentration, by
about 4 pg/m*. Comparing the 2002 STN bar with the 2000 with-CAAA CMAQ bar, we
see that the CMAQ simulation overestimates most constituents in this location, compared

to the monitor data, but underestimates organic matter (or OC, shown in green). The

MATS procedure, applied to the STN and CMAQ data, generates species-specific scaling
factors that result in a MATS-adjusted concentration for the 2000 with-CAAA scenario,
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shown in the next bar. As a result, the species-specific constituents in the MATS
adjusted bar are in very nearly the same proportion as they appear for the STN monitor.

It would also appear from this figure that MATS “overcorrects” in Manhattan because the
2000 with-CAAA MATS bar is lower than the 2002 STN monitor bar. However, the
MATS procedure is estimating the concentration at the center of the grid cell, not at the
location of the STN monitor. Ina 36 km grid cell, the monitor location can be many
kilometers away from the center of the grid cell. MATS considers not only monitors in
the same grid cell, but also the data at other nearby FRM and STN monitors, and makes a
spatial interpolation to estimate concentrations at the grid centroid. The Manhattan STN
monitor is near the intersection of four grid cells, which contain a total of 25 FRM and
STN monitors, all of which influence the MATS result.

The remaining MATS estimates for Manhattan, for the 2000 without-CAAA and the 2010
and 2020 projections, are based on scaling of the corresponding CMAQ simulation by the
species-specific factors developed from the 2000 with-CAAA to 2002 STN monitor
comparison. The effect of MATS in Manhattan is to adjust the CMAQ simulation
concentrations downward. Interestingly, the opposite is generally true in Los Angeles,
because in that city CMAQ tends to underestimate the monitor data for 2002. The mix of
species in both cities is similar in 2002, but strikingly different over time, particularly in
the without-CAAA scenario, where organic carbon (shown in green) in Los Angeles
derives from mobile sources, and sulfates (shown in yellow) in Manhattan derives from
long-range transport from coal-burning electric generating units.

In Chicago, the effect of MATS is more complex, and the importance of considering PM
species is highlighted. In the with-CAAA scenarios, MATS yields a downward
adjustment to the CMAQ simulations, because the 2000 with-CAAA CMAQ simulation is
higher than the 2002 STN monitor value. In the without-CAAA scenarios, however, there
are much higher emissions of organic carbon, because certain OC emissions controls are
not in place in the without-CAAA simulations that are in place in the with-CAAA scenario.
Because CMAQ underestimates the ambient OC component in the 2000 with-CAAA
(shown in green), the factor for OC that is applied to other scenarios yields an increase in
concentration in the MATS-adjusted values. That increase is large enough to dominate
the overall adjustment across all eight species, yielding an overall PM, s mass increase for
the without-CAAA scenarios relative to the CMAQ data.

The data for Tucson also illustrates the importance of the species-specific scaling factors.
If it were not for changes to one PM species, crustal (shown in brown), there would be
only a relatively modest difference between the with-CAAA and without-CAAA scenarios
in future years. In Tucson the crustal component derives largely from construction
activity, which in this relatively fast growing area of Arizona, and absent more stringent
dust control measures, could become a larger issue in the projection years. CAAA
controls on fugitive dust emissions in the construction sector, however, yield a substantial
difference in this component of PM concentrations, when comparing the with-CAAA and
without-CAAA scenario results. Other species differ much less across scenarios. In many
other places like Tucson, the species-specific MATS procedure likely yields a more
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accurate projection of the impact of the CAAA than a calibration procedure that did not
take into account the impact of these species-specific control strategies.

AIR QUALITY RESULTS

PARTICULATE MATTER

As mentioned above, the CMAQ modeling results for the 36-km continental U.S.
(CONUS) modeling domain provide the basis for particulate matter air quality used in the
calculation of PM-related health effects and to calculate visibility, as well as sulfur and
nitrogen deposition. Summary results are presented in the maps in Figure 4-6 below,
representing annual average concentrations across the CONUS domain for each of the
seven scenario/target year combinations modeled. The rows of Figure 4-6 show modeled
PM 5 concentrations for 2000, 2010, and 2020, contrasting the without-CAAA results on
the left and the with-CAAA results on the right.

As the figure indicates, over the thirty-year 1990-2020 simulation period air quality is
projected to worsen somewhat in the absence of CAAA regulations, particularly in the
Midwest and California, but with CAAA regulations in place air quality is estimated to
improve markedly as early as the year 2000 and to show continued improvements
through 2020. In general, the with-CAAA results reflect a calibration of the 2002 model
year results to monitor values, but as the accompanying Box 4-1 illustrates, such direct
comparisons are not possible for the counterfactual without-CAAA results. We conclude
for the analyses described in the text box that the without-CAAA results, with a few
exceptions, seem to imply a return of air quality conditions comparable to those that
prevailed in the 1980-1990 period prior to implementation of the CAAA. Such
comparisons are limited, however, by the sparse PM, s monitoring data for this period and
the uncertainty in adjusting available monitor data for other species. Although the
improvements attributed to the CAAA are nationwide, the most substantial gains are
made in those areas that had the worst PM air quality in 1990, suggesting the CAAA has
been and will continue to be effective in targeting improvements to the areas that would
have experienced the worst air quality in the absence of the amendments.
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BOX 4-1: EVALUATING THE WITHOUT-CAAA SCENARIO RESULTS

The two scenarios used in this study, the with-CAAA and without-CAAA scenarios, are designed to simulate and forecast air quality
conditions in the US as we expect them to unfold with full implementation of the CAAA (the with-CAAA), and alternatively as if regulations
authorized by the CAAA had not been implemented. In effect, the methods we use tie the with-CAAA scenario to monitored air quality in
the year 2000, providing some measure of credibility for the air quality conditions reflected in our with-CAAA simulation. It is more
difficult to evaluate the credibility of the without-CAAA scenario, because that scenario simulates hypothetical air quality conditions that
cannot be observed. The plausibility of the without-CAAA scenario and its differences from the with-CAAA scenario nevertheless can be
assessed through comparison to other similar air quality conditions.

One possible analog for conditions in the without-CAAA scenario is areas outside the US that have not implemented air quality regulations
that match the stringency of those in the US. The problem with comparing US to non-US areas is the difficulty of standardizing factors
which define air quality, such as meteorology, terrain, and the distribution of air pollutant emission sources. Another major challenge is that
monitoring networks for fine particle species are sparse or not available for the annual average measure.

A preferable, though still imperfect, comparison is between without-CAAA forecasts and historical concentrations in US cities. A key issue
arising for within-US comparisons is that prior to 1990 particulate matter monitors measured total suspended particulates (TSP), or PMyg,
rather than PM, 5. The new PM standard is based on PM, s, which is now recognized as better correlated with adverse health effects. PM,5
is therefore the focus of our air quality simulations. Furthermore, the ratios of TSP and/or PMy, to PM, 5 vary considerably by location and
over time, so a simple transformation of the available monitor data may not be reliable. Nonetheless, it is possible to find times and
locations in the historical monitor data where at least two and sometimes all three of these measures were simultaneously collected,
providing a means to estimate a time and location-specific ratio that can be used to infer PM, 5 values. We use this type of information to
develop estimates of historical PM, 5 concentration in selected U.S. cities for comparison to our without-CAAA scenario projected values.

The table suggests that our estimates of without-CAAA PM, 5 concentrations in New York, Pittsburgh, and Los Angeles are reasonably
consistent with estimated historical concentrations in the 1980 to 1990 pre-CAAA period. In Chicago, however, the without-CAAA case
yields estimates that are much higher than historical estimates. One reason may be the potentially strong influences of projected
uncontrolled sulfur dioxide emissions from electric power plants near Chicago in the without-CAAA case. In the absence of Title IV these
plants are projected in our study to use relatively high sulfur, locally mined coal and would not have been required to install scrubber

technology.
(ANNUAL AVG ESTIMATED PM; s CONCENTRATIONS FOR THIS STUDY ESTIMATED HISTORICAL PM; 5
MICROGRAMS PER
CUBIC METER) 2000 2010 2020
W- W/O- W- W/O- W- W/0O- 1980 1990 MAXIMUM
CITIES CAAA CAAA CAAA CAAA CAAA CAAA (EST) (EST) 1980-90
New York - 12.9 20.6 10.9 21.0 10.0 22.1 N/A 224 N/A
Manhattan
New York - 13.2 24.8 11.0 25.2 10.1 26.7 N/A 21.5 N/A
Queens/Brooklyn
Pittsburgh 14.0 19.2 11.0 19.7 10.0 20.3 29.3 22.3 29.8
Chicago 15.5 47.7 13.7 47.6 13.4 48.9 25.7 20.4 25.7
Los Angeles 18.5 25.5 17.1 29.7 17.5 35.5 38.5 29.4 41.9
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FIGURE 4-6. CMAQ SIMULATED AND MATS ADJUSTED ANNUAL AVERAGE PM;,.5 SPECIES
CONCENTRATION (MICROGRAMS PER CUBIC METERS) FOR THE CONUS DOMAIN
OUTPUTS FOR THE 1990 TO 2020 PERIOD

Avg Conc: 2000 Without CAAA Avg Conc: 2000 With CAAA

w

Figure 4-7 makes the gains in 2020 more clear, by illustrating the differences in PM,
concentrations between the with-CAAA and without-CAAA scenarios in 2020. The gains
in some areas, particularly in the eastern half of the US, in California, and in urban
centers nationwide, are dramatic, with reductions of more than 20 pg/m3 in some areas.
These are consistent with the large decreases in PM precursor emissions for those areas,
described in Chapter 2. In some of these areas, the without-CAAA scenario
concentrations also reach high levels because of the absence of without-CAAA controls
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(see accompanying text box for a discussion of the without-CAAA scenario). There are
also some surprisingly large reductions in a few less populous areas, such as, west central
Idaho and central Virginia. The reductions in Idaho, as well as in a few other isolated
areas of the rural West, are associated with CAAA requirements to limit emissions from
agricultural burning operations. The reductions in central Virginia are attributable to
local controls on a large coal-burning industrial boiler.

DIFFERENCE IN CMAQ SIMULATED MATS ADJUSTED ANNUAL AVERAGE PM, s SPECIES
CONCENTRATION (MICROGRAMS PER CUBIC METER) FOR THE CONUS DOMAIN:
2020 WITH-CAAA MINUS 2020 WITHOUT CAAA SCENARIOS
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Some areas also experience modest increases in PM concentrations with the CAAA —
these areas show up in light orange on the map. Some of the smallest estimated
increases, less than 1 pug/m?, can be introduced by the MATS adjustment procedure,
particularly when the locations are far from monitors and/or have very low modeled or
monitored concentrations of a PM species. We interpret very small increases such as
these as effectively “no change” so adjusted the map legend to group these cells with
others where are small benefits.*” There remain five cells with disbenefits greater than 1

% There is one area in northeastern Utah where the MATS procedure yields results for the without-CAAA scenario that are so
large as to be not plausible. The result was associated with increases in agricultural burning in the without-CAA scenario,
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pg/m®. The three cells of these five with the smallest disbenefit estimates did not have
disbenefits in the CMAQ modeling — we therefore conclude that the disbenefit result was
introduced by the MATS procedure.

In the remaining two cells, we conclude that implementation of the CAAA led to negative
benefits, associated with actual increases in emissions resulting in the with-CAAA case
relative to the without-CAAA case. The largest dishenefit, of 4.1 pg/m?®, is in the
northwestern corner of New Mexico, in the cell which includes the Four Corners Power
Plant, one of the largest coal-burning power plants in the West. The emissions data
indicate sulfur dioxide emissions for that plant that are 14,000 tons greater in the 2020
with-CAAA case, probably as a combined result of changes in dispatch and sulfur content
of coal for this plant, which as of December 2010 does not have a sulfur scrubber. The
other cell shows a disbenefit of 1.25 pg/m®, and is located in Sweetwater County in south
central Wyoming, which includes the Pacificorp-Jim Bridger Power Plant. The air
quality result here is also attributable to a difference in sulfur dioxide emissions from a
power plant, in this case 2,000 tons greater in the 2020 with-CAAA scenario. The
dispatch of this unit appears to be identical in both scenarios, so the result is most likely
attributable to a marginal reallocation of higher sulfur coal. Note that, as indicated in the
with-CAAA maps in Figure 4-6, these are areas that nonetheless would continue to
experience PM, s concentrations below the 15 ug/m3 PM, s annual standard. These
relatively modest and geographically limited exceptions notwithstanding, it is clear that
by 2020 the air quality benefits of the CAAA in reducing ambient concentrations of
particulate matter are large and widespread.

OZONE

Figures 4-8 through 4-11 present similar CMAQ output data for ozone, with two
important differences: (1) the ozone results are reported for the Eastern (EUS) and
Western (WUS) 12-km modeling domains; and (2) the results presented are the average
of daily maximum 8-hour ozone concentration, in ppb, over the course of a modeled
ozone season (May 1 through September 30). The average daily 8-hour maximum may
seem like an odd metric for evaluating ozone concentrations, but because this is the
metric used in epidemiological estimation of mortality risks of ozone this metric is
closely correlated with the major mortality incidence and economic benefits associated
with ozone precursor controls. Results for the Eastern US are in Figures 4-8 and 4-9, and
for the Western US in Figures 4-10 and 4-11.

For the Eastern US, Figure 4-8 shows a similar pattern for ozone as was illustrated for
particulate matter in Figure 4-6. That is, while there are relatively modest increases in

coupled with otherwise low organic carbon monitor values in nearby monitors - the application of MATS therefore led to
unusually high organic carbon and PM2.5 measures for that area. For those three cells, we performed a moving average
smoothing procedure to re-estimate the without-CAAA concentrations, using PM estimates from adjoining cells. The
adjustment is used only for the purposes of generating the maps in this chapter; for the purposes of health benefits
modeling and valuation of benefits, we excluded these three suspect cells. The cells represent very rural, sparsely
populated areas in the Wasatch Mountains, and so we believe that excluding them from the benefits calculations is both
prudent and has only a modest underestimation effect on the overall health benefits estimates.
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0zone concentrations in the absence of the CAAA, the with-CAAA maps on the right side
of the graphic show significant and widespread gains in air quality throughout the region,
with air quality benefits increasing over time. By 2020, Figure 4-9 shows that the
difference in ozone concentrations is large in most areas of the east, with gains as large as
30 ppb for this simulated day.

Two other patterns in Figure 4-9 are also worth noting. First, although the region-wide
benefits of the CAAA are large, in many urban areas concentrations in the with-CAAA
case are higher than in the without-CAAA case, in some cases near the Gulf Coast and in
New York City by as much as 15 to 20 ppb. Second, some of the areas with the largest
improvements, such as those in the heart of the Midwest, include pockets of much smaller
gains, particularly in some urban centers. In both cases, these results are not unexpected.
The complex chemistry of ozone includes a phenomenon known as “NOy-scavenging”,
whereby nitrogen oxides, while participating as an ozone precursor, can also serve to
scavenge or reduce ozone, particularly during the peak ozone season and in urban centers
where ozone levels might otherwise be quite high. The CAAA, in reducing the nitrogen
oxide precursors, may in some cases reduce ozone on a regional level while leading to
much smaller reductions or even increases in ozone in the center of certain urban areas.
This effect explains both these results. Nonetheless, as Figure 4-9 makes clear, the
overall area (and population exposed) of ozone reductions is far greater than the
corresponding areas with ozone increases.

Ozone results in the Western US, in Figures 4-10 and 4-11, indicate a similar pattern to
those for the Eastern US when examining concentrations in urban areas, although in the
West the largest ozone air quality gains are restricted to a smaller area, centered in the
areas in California that have historically struggled with ozone attainment. In addition, in
the Western US there are some more extensive areas in Figure 4-11 with ozone
disbenefits attributed to the CAAA, particularly in Los Angeles.® Another interesting
result, not shown in Figure 4-10, is that we estimate that 0zone concentrations will
actually increase from 1990 to 2000 in most parts of California, in both the without-
CAAA and with-CAAA scenarios, before reductions in 2010 and 2020 bring ambient
levels below those seen in 1990, at least in most areas. This result is largely attributable
to the longer attainment deadlines for the severe non-attainment areas in California — our
scenario assumes that emissions will increase for some period before aggressive regional
mobile source tailpipe standards and non-road fuel and engine standards, and local-scale
ozone attainment plans, have their full effect later in our simulation period.

% We examined this result further and found that, in cells with the largest disbenefits, the 2020 without-CAAA scenario
yields concentrations of approximately 45 ppb, while concentrations in outlying areas are as high as 100 ppb or slightly
higher. One effect of CAAA controls is to suppress NO,-scavenging in the city center, where disbenefits are largest, yielding
with-CAAA concentrations in the 60 to 65 ppb range. The main effect of the CAAA, however, is large decreases in ozone in
the outlying areas, to concentrations of 60 to 75 ppb. The net effect on a population weighted basis remains a lowering of
overall exposures.
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FIGURE 4-8. CMAQ SIMULATED AND VNA ADJUSTED DAILY MAXIMUM 8-HOUR OZONE (PPB) FOR
THE EUS DOMAIN

Mlax 8-hr Conc: 2000 Without CAAA Wax 8-hr Conc: 2000 With CAAA
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FIGURE 4-9. DIFFERENCE IN SIMULATED DAILY MAXIMUM 8-HOUR OZONE CONCENTRATION (PPB)
FOR THE EUS DOMAIN FOR 15 JULY: 2020 WITH-CAAA MINUS 2020 WITHOUT-
CAAA SCENARIOS
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FIGURE 4-10.

The Benefits and Costs of the Clean Air Act fron 1990 to 2020

CMAQ SIMULATED AND VNA ADJUSTED DAILY MAXIMUM 8-HOUR OZONE (PPB) FOR

THE WUS DOMAIN

Max 8-hr Conc: 2010 With CAAA

A

MWax 8-hr Conc: 2020 With CAAA

Mlax 8-hr Conc: 2020 Without CAA

Ay

v h

4-21



FIGURE 4-11.

The Benefits and Costs of the Clean Air Act fron 1990 to 2020

DIFFERENCE IN SIMULATED DAILY MAXIMUM 8-HOUR OZONE CONCENTRATION (PPB)
FOR THE WUS DOMAIN FOR 15 AUGUST: 2020 WITH-CAAA MINUS 2020 WITHOUT-
CAAA SCENARIOS
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UNCERTAINTY IN AIR QUALITY ESTIMATES
Unlike the air quality modeling conducted over a decade ago for the first Section 812
prospective analysis, which used two different models for ozone and particulate matter,
the modeling conducted for the Second Prospective analysis utilized EPA’s Community
Multiscale Air Quality (CMAQ) model, a “one-atmosphere” model that simulates the
chemical formation, transport, and deposition of ozone and particulate matter together in
one comprehensive system.*® The use of this comprehensive air quality modeling system
provides a consistent platform for evaluating the expected responses to changes in
precursor emissions, reducing many of the uncertainties which pertained in the First
Prospective as a result of the limited ability of the models to capture important interaction
effects among the ozone and PM precursor pollutants.

¥ Use of an integrated model such as CMAQ for the current study was one of the recommendations made by the Council in
their review of the First Prospective analysis.
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Nonetheless, air quality modeling is a complex process and, as such, involves many
uncertainties. We provide a summary of some of the more important classes of air
quality modeling uncertainties in Table 4-1 below. These include a known
meteorological bias in the 12-km eastern MM5 domain, which leads to a general
tendency to underestimate the monthly observed precipitation; uncertainties in secondary
organic aerosol (SOA) chemistry which lead to underestimation of SOA formation in the
CMAQ simulations; issues in the detailed CMAQ modeling of some PM precursors;
reliance for ozone modeling on a 12-km grid, suggesting NOy inhibition of ambient ozone
levels may be under-represented in some urban areas; and some emissions estimation
geographic scale/resolution issues. In all cases but the ozone grid resolution and
modeling of SOA formation, the effect of these uncertainties on our estimate of net
benefits is of uncertain direction. In addition, in all but one case, modeling of SOA
formation, we believe the impact of these uncertainties is probably minor, or of an
influence less than five percent of the total net benefits, based on current information.
Use of the CMAQ model platform, which has been evaluated in many contexts and used
extensively by EPA for broad regulatory analyses such as the Second Prospective, has
been a major factor enhancing our understanding of the impact of air quality modeling
exercises such as this.

Another factor contributing to our understanding of key uncertainties is that the air
quality modeling analysis conducted for the second Section 812 prospective study used
national-scale modeling databases originally prepared by EPA for use in other recent
modeling exercises conducted to support national rulemaking, including the latest
available meteorological and other input databases (for 2002). Given that the modeling
databases were originally prepared and utilized by EPA in other analyses, a
comprehensive performance evaluation was not undertaken as part of this Section 812
prospective analysis; though the overall projections were assessed using the Atmospheric
Model Evaluation Tool (AMET), which showed bias and error statistics for our results
were within the acceptable range for model performance.*® As noted in Table 4-1, biases
or uncertainties could be manifest in the simulated concentration fields due to the use of
the 36- and 12-km resolution grids, which might not be sufficiently detailed to resolve
certain sub-grid scale processes in portions of the modeling domain. All air quality
modeling exercises are affected by inherent uncertainties in model formulation,
meteorological inputs, and emission inventory estimates. Nevertheless, the modeling was
conducted following current EPA guidelines and in a manner consistent with EPA
approaches/practice for similar national-scale modeling exercises.

One factor identified in Table 4-1 involves uncertainties associated with corrections to the
air quality outputs completed coincident with the Council review of the study outputs.
These corrections, reflecting the need to adjust some categories of direct fine particulate
emissions for the without-CAAA scenario, and to incorporate adjustments to take account
of processes that remove fugitive dust from the ambient air at or close to the source of
emissions, owing to the effect of forests, vegetation, and urban structures on fugitive dust,

“0'ICF International, Evaluation of CMAQ Model Performance for the 812 Prospective Il Study, November 24, 2009, page 31
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were necessary because of issues identified through quality control assessments the
Project Team completed. As noted in the table, we believe these factors have been
addressed through carefully designed post-hoc adjustment of the CMAQ results, however
in both cases it would have been preferable to have made the adjustments prior to running
the CMAQ model. Resource and time limitations unfortunately prevented the Project
Team from re-estimating the CMAQ results to account for these adjustments.

Perhaps surprisingly, our assessment is that only one of these factors, uncertainty in
secondary organic aerosol formation, constitutes a major source of uncertainty. This
result could reflect our inability to apply alternative quantitative air quality modeling
tools in this already resource-intensive step in the analytic chain, although it is also clear
that the CMAQ model best reflects the state-of-the-art for the type of national scale air
quality modeling necessary to support this benefit-cost analysis. As we discuss in
Chapter 7, the overall contribution of this step in the analytic chain to uncertainty in net
benefits, compared to other steps, may be considerably less, because of the ability to
calibrate model results to monitor values for at least the year 2000 with-CAAA scenario.
It is worth noting, however, that as a whole the air quality modeling process very likely
contributes a greater than 10 percent uncertainty, of indeterminate direction, to the overall
uncertainty in benefits estimates. In addition, it is clear there are uncertainties introduced
by the ex post adjustment of some primary PM emissions estimates and the procedure
used to re-calibrate the CMAQ air quality to account for this emissions adjustment.
Although we argue that the overall effect of this source of uncertainty on the net benefits
is probably minor, in some locations ambient PM from primary PM emissions can be
more important than secondarily formed fine particles. Overall, we believe that our
application of the MATS monitor calibration procedure, which provides a speciated
calibration to ensure better agreement between air quality modeling results and
comparable monitor data, provides the best attainable consistency between our air quality
simulation results and monitored values — the ability to calibrate our results to detailed
monitor data in this step of the analytic chain provides considerably greater confidence
that our results are “ground-truthed” as much as possible to real world conditions.

KEY UNCERTAINTIES ASSOCIATED WITH AIR QUALITY MODELING

DIRECTION OF LIKELY SIGNIFICANCE RELATIVE TO
POTENTIAL BIAS FOR NET KEY UNCERTAINTIES ON NET

POTENTIAL SOURCE OF ERROR BENEFITS BENEFITS ESTIMATE"
Unknown meteorological Unable to determine Probably minor. Other evaluations
biases in the 12-km western based on current using 2002 and similar meteorology
and 36-km MM5 domains due information. and CMAQ have shown reasonable
to the lack of model model performance, but significant
performance evaluations. effects on nitrate results in western

areas with wintertime PM, 5

problems.
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POTENTIAL SOURCE OF ERROR

DIRECTION OF

POTENTIAL BIAS FOR NET

BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE"

Known metrological biases in
the 12-km eastern MM5
domain. MM5 has a cold bias
during the winter and early
spring, and has a general
tendency to underestimate
the monthly observed
precipitation. MM5’s under
prediction was greatest in the
fall and least in the spring
months.

Secondary organic aerosol
(SOA) chemistry. CMAQ
version 4.6 has known biases
(underprediction) in SOA
formation.

The CMAQ modeling relies on
a modal approach to modeling
PM, 5 instead of a sectional
approach. The modal
approach is effective in
modeling sulfate aerosol
formation but less effective in
modeling nitrate aerosol
formation than the sectional
approach.

Limited model performance
evaluation of CMAQ for 2002.

Unable to determine
based on current
information.

Underestimate.

Unable to determine
based on current
information.

Unable to determine
based on current
information.

Probably minor. These biases would
likely influence PM, s formation
processes, which was modeled on
the 36-km domain.

Possibly major. The modeling
system underpredicts SOA, which
has both biogenic and
anthropogenic components.
Reductions in NOx can reduce both
biogenic and anthropogenic SOA and
reductions in VOC will reduce
anthropogenic SOA. Since both of
these precursors are significantly
impacted by the CAAA, there may
be large benefits from SOA related
reductions that are not currently
captured by the modeling system.

Probably minor in the eastern U.S.
where annual PM, s is dominated by
sulfate. Potentially major in some
western U.S. areas where PM, s is
dominated by secondary nitrate
formation.

Probably minor. While a
comprehensive model evaluation
was not completed, the overall
results of the CMAQ runs for the
Second Prospective were assessed
using AMET, and bias and error
statistics were within acceptable
ranges. Further, our application of
the MATS procedure provides
further assurance that air quality
results used in the subsequent
health assessments are consistent
with available monitor data.
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POTENTIAL SOURCE OF ERROR

DIRECTION OF
POTENTIAL BIAS FOR NET
BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE"

Ozone modeling relies on a
12-km grid, suggesting NOy
inhibition of ambient ozone
levels may be under-
represented in some urban
areas. Grid resolution may
affect both model
performance and response to
emissions changes.

Emissions estimated at the
county level (e.g., low-level
source and motor vehicle NO,
and VOC emissions) are
spatially and temporally
allocated based on land use,
population, and other
surrogate indicators of
emissions activity. Uncertainty
and error are introduced to
the extent that area source
emissions are not perfectly
spatially or temporally
correlated with these
indicators.

Use of MATS relative response
factors to calculate changes in
PM2.5

Unable to determine
based on current
information.

Unable to determine
based on current
information.

Indeterminate

Probably minor. Though potentially
major ozone results in those cities
with known NO, inhibition, ozone
benefits contribute only minimally
to net benefit projections in this
study. Grid size affects chemistry,
transport, and diffusion processes,
which in turn determine the
response to changes in emissions,
and may also affect the relative
benefits of low-elevation versus
high-stack controls.

Probably minor. Potentially major
for estimation of ozone, which
depends largely on VOC and NO,
emissions; however, ozone benefits
contribute only minimally to net
benefit projections in this study.

Probably minor. Using MATS, air
quality modeling results were
projected in a “relative” sense. In
this approach, the ratio of future
year model predictions to base year
model predictions are used to
adjust ambient measured data up or
down depending on the relative
(percent) change in model
predictions for each location. The
use of ambient data as part of the
calculation helps to reduce
uncertainties in the future year
predictions, especially if the
absolute model concentrations are
over-predicted or under-predicted.
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POTENTIAL SOURCE OF ERROR

DIRECTION OF
POTENTIAL BIAS FOR NET
BENEFITS

LIKELY SIGNIFICANCE RELATIVE TO
KEY UNCERTAINTIES ON NET
BENEFITS ESTIMATE"

Modeling artifacts created by
changes in emissions inventory
estimation methods between
the 1990 inventories used for
the without-CAAA scenario
and the 2002 inventories used
for the with-CAAA scenarios
were mitigated through
application of adjustment
factors for primary PM from
non-EGU point sources, and
for the certain subsectors of
area sources, in the without-
CAAA case. Application of
these adjustments may result
in overestimated or
underestimated changes in
primary PM contributions to
ambient concentrations for
these particular sources.

Adjustments to take account
of processes that remove
fugitive dust from the
ambient air at or close to the
source of emissions, owing to
the effect of forests,
vegetation, and urban
structures on fugitive dust.
Analysis of the chemical
species collected by ambient
air samplers suggests that the
modeling process may
overestimate PM-2.5 from
fugitive dust sources by as
much as an order of
magnitude, if not adjusted for
this effect. The Project Team
incorporated adjustments
post-CMAQ modeling but prior
to use of PM air quality
estimates in subsequent steps
of the analysis.

Unable to determine
based on current
information.

Unable to determine
based on current
information.

Probably minor. While primary PM
can make a significant contribution
to ambient PM2.5 in some locations,
secondarily formed fine particles
dominate the estimates for ambient
concentration change in this
analysis. In addition, the effect of
the inventory adjustments was to
significantly reduce the differentials
between the control and
counterfactual scenarios, implying
any residual error is more likely to
reflect an underestimation bias than
an overestimation bias, particularly
since the non-EGU primary PM
reductions were adjusted to a
scenario differential of zero.

Probably minor. If adjustment
factors had been applied as part of
the CMAQ modeling, evidence
suggests the entrainment effect
would have been adequately
accounted for. The largely linear
processes of direct PM emissions to
air quality suggest that our post-hoc
adjustment should also be adequate
to account for this factor. Further
assurance that this factor has been
accounted for is our application of
the MATS monitor calibration
procedure, which provides a
speciated calibration to ensure
better agreement between air
quality modeling results and
comparable monitor data, and the
fact that the adjustment applies to
both scenarios, further mitigating
the impact of this source of
uncertainty.

* The classification of each potential source of error is based on those used in the First
Prospective Analysis. The classification of “potentially major” is used if a plausible alternative
assumption or approach could influence the overall monetary benefit estimate by approximately
5% or more; if an alternative assumption or approach is likely to change the total benefit
estimate by less than 5%, the classification of “probably minor” is used.
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CHAPTER 5 - ESTIMATION OF HUMAN HEALTH EFFECTS AND
ECONOMIC BENEFITS

A large portion of the overall
benefits of the Clean Air Act
Amendments (CAAA) of 1990 are

Scenario Development

due to human health benefits from l
improved air quality. As part of Sector Modeling
the Second Prospective analysis of |
these amendments, we identified l l
and, where possible, estimated the . .
. . Emissions Direct Cost
magnitude of health benefits
Americans are likely to realize in l
future years as a result of the Air Quality Modeling

CAAA. We express these health
benefits as avoided cases of air
pollution-related health effects,

A

Health Welfare

such as premature mortality, heart y

disease and respiratory illness. Economic Valuation

Human health benefits of the 1990 l

CAAA can be attributed to reduced l

emissions of criteria pollutants

(Titles I through 1V), and reduced Benefit-Cost Comparison

emission of ozone depleting
substances (Title V1), however as highlighted in Chapter 1 the Second Prospective
focuses primarily on human health effects attributed to the reduction of criteria pollutants,
and within that category, health benefits associated with reduced exposure to fine
particulate matter (PM,s) and ozone, as these are the largest contributors to the overall
health benefits estimates.

The goal in a benefit-cost analysis such as the Second Prospective is to develop estimates
of the monetary value of benefits wherever possible — doing so facilitates comparison and
aggregation of monetized health benefits across endpoints. Therefore, we assigned a
dollar value to avoided incidences of each health effect. We obtained valuation estimates
from the economic literature and report them in “dollars per case avoided.” We report
each of the monetary values of benefits applied in this analysis in terms of a central
estimate and a probability distribution around that value. The statistical form of the
probability distribution varies by endpoint.
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This chapter presents an overview of our approach to modeling changes in adverse health
effects and applying monetary value to these benefits, summarizes the results for major
health effect categories and discusses key uncertainties related to the analysis. As noted
above, the chapter focuses primarily on the human health effects associated with
exposure to criteria pollutants, however we also present the methodology and results of a
case study of health benefits from a single air toxic pollutant (benzene) for a particular
area of the United States (the Houston metropolitan area).

OVERVIEW OF APPROACH
We estimate the impact of the CAAA on human health by analyzing the difference in the
expected incidence of adverse health effects between a “with-" and a “without-CAAA”
regulatory scenario. As described in Chapter 1, the without-CAAA scenario assumes no
further controls on criteria pollutant emissions aside from those already in place in 1990,
while the with-CAAA scenario assumes full implementation of the 1990 CAAA. The
analysis uses a sequence of linked analytical models to estimate health benefits, also
described in Chapter 1, which includes forecasts of implementation activities undertaken
in response to the CAAA, estimates of pollutant emissions associated with each scenario
(see Chapter 2) and air quality modeling of criteria pollutant emissions under each
scenario (see Chapter 4).

Estimating health effects benefits from air quality modeling results involves three key
steps, described in greater detail below. The first step involves estimating the exposure of
individuals to air pollutants. Although exposure to air pollutants can occur in both
outdoor and indoor environments, for our purposes it is appropriate to focus on outdoor
air pollution concentrations as a measure of human exposure. The main reason is that, in
the second step of our approach, estimating the human response to exposure, the exposure
measures used in the epidemiological studies used to derive human response are typically
based on outdoor concentrations. These “concentration-response functions” were
developed to relate outdoor concentrations to changes in the incidence of health effects
and mortality in response to pollutant exposure. The third step, valuation of avoided
human health risk, is accomplished by application of estimates from the literature to
characterize unit values per case avoided.

A critical tool in EPA’s analyses of health benefits is the Environmental Benefits
Mapping and Analysis Program (BenMAP), developed and continuously maintained by
EPA’s Office of Air and Radiation.”* BenMAP is capable of accepting a wide range of
air quality inputs, and then performing exposure analysis that includes calibration of
model results to monitor data for historical years, assessing the changes in health effects
incidence resulting from those exposures, and estimating the monetized value of those
avoided health effects. Health effects in BenMAP are based on differences in two
scenarios of exposure, and health effects and valuation estimates reflect the implications
of the difference in exposure across scenarios, rather than absolute estimates of incidence

“L For more information, see the BenMAP User’s Manual and Appendices, September 2008, Prepared for the Office of Air
Quality Planning and Standards, U.S. Environmental Protection Agency, Research Triangle Park, NC, by Abt Associates Inc.
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associated with in any given scenario. BenMAP required three types of inputs for this
analysis: 1) forecasted changes in air quality from the without-CAAA to the with-CAAA
scenarios in 2000, 2010 and 2020; 2) health impact functions that quantify the
relationship between the forecasted changes in exposure and expected changes in adverse
health effects; and 3) health valuation functions that assign a monetary value to changes
in specific health effects. We describe each of these inputs in greater detail below. The
outputs of BenMAP for this analysis include central estimates and distributions of health
effects incidence and valuation, at the national and county level, for each of the three
target years of analysis.

The Project Team also estimates two other outputs related to avoided premature mortality
attributed to the CAAA: life-years lost, and changes in life expectancy. EPA developed a
separate model, the Population Simulation model, to generate these outputs. As
described below, the population simulation approach provides some advantages over the
BenMAP model in terms of simulation of the dynamic effects of mortality across a
population through time, but also has several significant disadvantages relative to
BenMAP in terms of the spatial resolution of pollutant exposure estimates. As a result,
the population simulation approach operates as a supplement to the BenMAP-based
primary estimates for selected measures of the impact of reducing risks of premature
mortality.

EXPOSURE ASSESSMENT
As described in Chapter 4, the Project Team used the Community Multi-scale Air Quality
(CMAQ) integrated modeling system to simulate the physical and chemical processes
that govern the formation, transport, and deposition of gaseous and particulate species in
the atmosphere. The CMAQ results serve as the basis of the air quality inputs required
for BenMAP. For particulate matter, the CMAQ model was applied for an annual
simulation period (January through December) and utilized a 36-km resolution modeling
domain that encompasses the contiguous 48 states. For ozone and related species, the
CMAQ model was applied for a five-month simulation period that captures the key
ozone-season months of May through September, and used two 12-km resolution
modeling domains (that when combined cover the contiguous 48 U.S. states).

We also described in Chapter 4 the adjustment of the CMAQ results generated by
combining those results with observed monitoring data, using a method known as the
monitor and model relative adjustment procedure. This technique was applied for the PM
estimates using a program called the Modeled Attainment Test Software (MATS) (see
Chapter 4 for a detailed description of this process). The resulting 36 km grid cell
concentrations for PM were then used as inputs for BenMAP. For ozone, a similar
adjustment process was completed, but the analysis was done directly within BenMAP,
using the enhanced Voronoi Neighbor Averaging (eVNA) procedure.”’ The eVNA and

“2 As noted in Chapter 4, eVNA and VNA are procedures for interpolating values from nearby monitors using inverse distance
squared weighting using Voronoi Neighbor Averaging. This is an algorithm that identifies a set of monitors close to the grid
cell (called “neighbors”) and then estimates the PM species concentration in that grid cell by calculating an inverse-
distance weighted average of the monitor values (i.e., the concentration values at monitors closer to the grid cell are
weighted more heavily than monitors that are further away). See the BenMAP manual for further information on the eVNA
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MATS procedures provide gridded estimates of outdoor air quality at the same grid
resolution as the CMAQ results. These procedures also provide a means for calibrating
model results in those grid cells where no monitors exist, combining both model results
with nearby monitor results to yield a “surface” of air quality that avoids the problems
with direct extrapolation of results from monitors not located within a grid cell boundary.

HEALTH IMPACT FUNCTIONS

Health impact functions estimate the change in a health endpoint of interest, such as
hospital admissions, for a given change in ambient pollutant concentration. A standard
health impact function has four components: 1) the size of the potentially affected
population; 2) a baseline incidence rate for the health effect (obtained from a source of
public health statistics, such as the Centers for Disease Control, or sometimes from an
epidemiological study itself); 3) a concentration-response (C-R) function (derived from
epidemiological studies), which relates the change in the number of individuals in a
population exhibiting a “response” to a change in pollutant concentration experience to
the size of the exposed population; and 4) the estimated change in the relevant pollutant
concentration. The first three of these components are discussed in further detail below.
The fourth is generated through the air quality modeling and exposure estimation
procedure discussed above.

Potentially Affected Populations

Health benefits resulting from the CAAA are related to the change in air pollutant
exposure experienced by individuals. Because the expected changes in pollutant
concentrations vary from location to location, individuals in different parts of the country
may not experience the same level of health benefits. This analysis apportions benefits
among individuals by matching the change in air pollutant concentration in a grid cell
with the size of the population that experiences that change.

BenMAP incorporates 2000 U.S. Census Bureau block-group population data to
determine the specific populations potentially affected by ozone and PM,5s. For future
years (2010 and 2020), BenMAP scales the 2000 Census-based population estimates
using the ratio of forecasted and 2000 county-level population estimates provided by
Woods and Poole (2007).%

procedure. Abt Associations (2008). BenMAP: Environmental Benefits Mapping and Analysis Program User’s Manual.
Prepared for the U.S. Environmental Protection Agency’s Office of Air Quality Planning and Standards, Research Triangle
Park, NC, September.

43 Woods & Poole Economics Inc., 2007. Complete Demographic Database. Washington, DC.
http://woodsandpoole.com/index.php.
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Baseline Incidence Rates

Baseline incidence rates are needed to convert the relative changes of a health effect in
relation to a specific change in air pollution, which are reported in epidemiological
studies, into the number of avoided cases. For instance, an epidemiological study might
report that for a 10 ppb decrease in daily ozone levels, hospital admissions decrease by
three percent. This estimate must then be multiplied by a baseline incidence rate (i.e., an
estimate of the number of cases of the health effect per year) and the total population to
determine how this three percent decrease translates into the number of fewer cases.

For this analysis, we used nationally-representative age-specific incidence and prevalence
rates, where available, for each health endpoint. We obtained these data from a variety of
sources, such as the CDC, the National Center for Health Statistics and the American
Lung Association. Information from individual epidemiological studies was used if data
from other sources were not available, as these data are often specific to the study
population and location and therefore may not be as nationally representative.** For
future years, mortality rates are projected based on available Bureau of the Census
projections — other projected baseline incidence rates are generated to be consistent with
the projections of population growth incorporated into BenMAP.

Concentration-Response Functions

We calculate the benefits attributable to the CAAA as the avoided incidence of adverse
health effects. Such benefits can be measured using C-R functions specific to each health
effect. C-R functions are equations that relate the change in the number of individuals in
a population exhibiting a “response” (in this case an adverse health effect such as
respiratory disease) to a change in pollutant concentration experienced by that population.

PM, 5 and ozone have been associated with a number of adverse health effects in the
epidemiological literature, such as premature mortality, hospital admissions, emergency
room visits, and respiratory and cardiovascular disease. The published scientific
literature contains information that supports the estimate of some, but not all, of these
effects. Thus, it is not possible currently to estimate all of the human health benefits
attributable to the CAAA.. In addition, for some of the health effects we do quantify, the
current economic literature does not support the estimation of the economic value of
these effects. Table 5-1 lists the human health effects of these pollutants that have been
identified, indicating which have been included in our benefits estimates and those that
we did not quantify. See Chapter 2 of Health and Welfare Benefits Analyses to Support
the Second Section 812 Benefit-Cost Analysis of the Clean Air Act, for a specific list of
the C-R functions used for each health endpoint.

4 See Health and Welfare Benefits Analyses to Support the Second Section 812 Benefit-Cost Analysis of the Clean Air Act,
February 2011, for a list of data sources and average baseline incidence rates for each health effect.
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TABLE 5-1. HUMAN HEALTH EFFECTS OF OZONE AND PM3 5

QUANTIFIED AND MONETIZED IN BASE

POLLUTANT/EFFECT ESTIMATES” UNQUANTIFIED EFFECTS®"—CHANGES IN:
PM/Health® Premature mortality based on both cohort Subchronic bronchitis cases
study estimates and on expert elicitation®® Low birth weight
Bronchitis: chronic and acute Pulmonary function
Hospital admissions: respiratory and Chronic respiratory diseases other than
cardiovascular chronic bronchitis
Emergency room visits for asthma Morphological changes
Nonfatal heart attacks (myocardial Altered host defense mechanisms
infarction) Cancer
Lower respiratory symptoms Non-asthma respiratory emergency room
Minor restricted-activity days Visits
Work loss days UVb exposure (+/-)¢

Asthma exacerbations (asthmatic population)
Upper Respiratory symptoms (asthmatic

population)
Infant mortality
Ozone/Health' Premature mortality: short-term exposures Cardiovascular emergency room visits
Hospital admissions: respiratory Asthma attacks
Emergency room visits for asthma Respiratory symptoms
Minor restricted-activity days Chronic respiratory damage
School loss days Increased responsiveness to stimuli
Outdoor worker productivity Inflammation in the lung

Premature aging of the lungs

Acute inflammation and respiratory cell
damage

Increased susceptibility to respiratory
infection

Non-asthma respiratory emergency room
Visits

UVb exposure (+/-)°

a Primary quantified and monetized effects are those included when determining the primary estimate of total
monetized benefits of the alternative standards.

b In addition to primary economic endpoints, there are a number of biological responses that have been
associated with PM health effects including morphological changes and altered host defense mechanisms. The
public health impact of these biological responses may be partly represented by our quantified endpoints.

¢ Cohort estimates are designed to examine the effects of long-term exposures to ambient pollution, but relative
risk estimates may also incorporate some effects due to shorter term exposures (see Kunzli et al., 2001 for a
discussion of this issue).

d While some of the effects of short-term exposure are likely to be captured by the cohort estimates, there may
be additional premature mortality from short-term PM exposure not captured in the cohort estimates included in
the primary analysis.

e May result in benefits or disbenefits.

f In addition to primary economic endpoints, there are a number of biological responses that have been
associated with ozone health including increased airway responsiveness to stimuli, inflammation in the lung,
acute inflammation and respiratory cell damage, and increased susceptibility to respiratory infection. The public
health impact of these biological responses may be partly represented by our quantified endpoints.

g The categorization of unquantified health effects is not exhaustive.

h Health endpoints in the unquantified benefits column include both a) those for which there is not consensus on
causality and b) those for which causality has been established but empirical data are not available to allow
calculation of benefits.
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We rely on the most recently available, published scientific literature to ascertain the
relationship between air pollution and adverse human health effects. We use a set of
criteria outlined in Table 5-2 to evaluate potential studies to use as the basis for the C-R
function. These criteria include consideration of whether the study was peer-reviewed,
the study design and location, and characteristics of the study population, among others.
In addition, we consider the input of the Council advising EPA for this study, as well the
specific advice of the Health Effects Subcommittee (HES) of the Council, which
explicitly focused on the health effects estimation component of the study. Overall, the
selection of C-R functions for benefits analysis is guided by the goal of achieving a
balance between comprehensiveness and scientific defensibility.

Epidemiological studies provide the basis for the C-R functions used in the health impact
functions for assessing benefits of the CAAA. These studies also provide an indication of
a portion of the uncertainty associated with the C-R function, by reporting a confidence
interval around the mean value, which we use to derive a low, central and high estimate
of avoided cases. However, this range only represents the statistical error in the
estimates, which is related to the study population size and frequency of outcome.
Several other sources of uncertainty exist in the relationship between ambient pollution
and the health outcomes, including model uncertainty, potential confounding by factors
that are both correlated with the health outcome and each other, and potential
misclassification of the study population exposures. For a full list of uncertainties related
to application of a C-R function to estimate benefits, see the Uncertainty section of this
chapter and the Second Prospective Uncertainty Report, Uncertainty Analyses to Support
the Second Section 812 Benefit-Cost Analysis of the Clean Air Act.

EPA recently conducted an expert elicitation (EE) study, which is the formal elicitation of
subjective judgments, in order to more fully characterize the uncertainty surrounding the
PM,s/mortality C-R function. This study allowed experts to consider and integrate
several sources of uncertainty in the form of a probability distribution of the C-R
function. As discussed further below, the EE study results helped to inform our selection
of a primary C-R function to estimate avoided premature mortality due to CAAA-related
PM, 5 exposure reductions.

Avoided premature mortality is the largest contributor to the monetized health benefits of
PM,sand ozone. Therefore, we describe below in further detail the specific C-R
functions selected to quantify CAAA-related avoided deaths.
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TABLE 5-2. SUMMARY OF CONSIDERATIONS USED IN SELECTING C-R FUNCTIONS

CONSIDERATION

COMMENTS

Peer-Reviewed Research

Study Type

Study Period

Population Attributes

Study Size

Study Location

Pollutants Included in
Model

Measure of PM

Economically Valuable
Health Effects

Non-overlapping
Endpoints

Peer-reviewed research is preferred to research that has not undergone the peer-
review process.

Among studies that consider chronic exposure (e.g., over a year or longer),
prospective cohort studies are preferred over ecological studies because they
control for important individual-level confounding variables that cannot be
controlled for in ecological studies.

Studies examining a relatively longer period of time (and therefore having more
data) are preferred, because they have greater statistical power to detect
effects. More recent studies are also preferred because of possible changes in
pollution mixes, medical care, and lifestyle over time. However, when there are
only a few studies available, studies from all years will be included.

The most technically appropriate measures of benefits would be based on impact
functions that cover the entire sensitive population but allow for heterogeneity
across age or other relevant demographic factors. In the absence of effect
estimates specific to age, sex, preexisting condition status, or other relevant
factors, it may be appropriate to select effect estimates that cover the broadest
population to match with the desired outcome of the analysis, which is total
national-level health impacts. When available, multi-city studies are preferred to
single city studies because they provide a more generalizable representation of
the C-R function.

Studies examining a relatively large sample are preferred because they generally
have more power to detect small magnitude effects. A large sample can be
obtained in several ways, either through a large population or through repeated
observations on a smaller population (e.g., through a symptom diary recorded for
a panel of asthmatic children).

U.S. studies are more desirable than non-U.S. studies because of potential
differences in pollution characteristics, exposure patterns, medical care system,
population behavior, and lifestyle.

When modeling the effects of ozone and PM (or other pollutant combinations)
jointly, it is important to use properly specified impact functions that include
both pollutants. Using single-pollutant models in cases where both pollutants are
expected to affect a health outcome can lead to double-counting when pollutants
are correlated.

For this analysis, impact functions based on PM2.5 are preferred to PM10 because
of the focus on reducing emissions of PM2.5 precursors, and because air quality
modeling was conducted for this size fraction of PM. Where PM2.5 functions are
not available, PM10 functions are used as surrogates, recognizing that there will
be potential downward (upward) biases if the fine fraction of PM10 is more (less)
toxic than the coarse fraction.

Some health effects, such as forced expiratory volume and other technical
measurements of lung function, are difficult to value in monetary terms. These
health effects are not quantified in this analysis.

Although the benefits associated with each individual health endpoint may be
analyzed separately, care must be exercised in selecting health endpoints to
include in the overall benefits analysis because of the possibility of double-
counting of benefits.
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PM Mortality C-R Function

The estimated relationship between particulate matter exposure and premature mortality
is one of the most important parameters in the overall quantified and monetized benefit
estimate for this study. An extensive base of literature exists to support development of
the C-R function linking fine particulate matter exposure with premature mortality. Our
knowledge of both the potential biological mechanisms linking PM, s exposure with
mortality and the potential magnitude of this effect has grown since the First Prospective
was completed as the result of continued research and follow-up of existing study
populations. Both short-term and long-term epidemiological studies have been conducted
to examine the PM/mortality relationship. Short-term exposure studies attempt to relate
short-term (often day-to-day) changes in PM concentrations and changes in daily
mortality rates up to several days after a period of elevated PM concentrations. Long-
term exposure studies examine the potential relationship between longer-term (e.g.,
annual) changes in exposure and annual mortality rates. Although positive, significant
results have been reported using both of these study types, we rely exclusively on long-
term studies to quantify PM mortality effects. This is because cohort studies are able to
discern changes in mortality rates due to long-term exposure to elevated air pollution
concentrations. This provides a better match to the benefits of air pollution control
programs under the CAAA, which are also focused on reducing long-term exposure.
These effect estimates may also include some of the mortality changes due to short-term
peak exposures.” Therefore, the use of C-R functions from long-term studies is likely to
yield a more complete assessment of the effect of PM on mortality risk.

Among long-term PM studies, we prefer those using a prospective cohort design to those
using an ecologic or population-level design. Prospective cohort studies follow
individuals forward in time for a specified period, periodically evaluating each
individual’s exposure and health status. Population-level ecological studies assess the
relationship between population-wide health information (such as counts of daily
mortality) and ambient levels of air pollution. Prospective cohort studies are preferred
because they are better at controlling a source of uncertainty known as “confounding.”
Confounding is the mis-estimation of an association that results if a study does not
control for factors that are correlated with both the outcome of interest (e.g., mortality)
and the exposure of interest (e.g., PM exposure). For example, smoking is associated
with mortality. If populations in high PM areas tend to smoke more than populations in
low PM areas, and a PM exposure study does not include smoking as a factor in its
model, then the mortality effects of smoking may be erroneously attributed to PM,
leading to an overestimate of the risk from PM. Prospective cohort studies are better at
controlling for confounding than ecologic studies because the former follow a group of
individuals forward in time and can gather individual-specific information on important
risk factors such as smoking.

% See Kunzli et al. (2001) for a discussion of this issue.
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Two major prospective cohort studies have been conducted in the U.S.: the American
Cancer Society (ACS) study and the Six Cities study. These two cohorts are large,
produce consistent results, provide broad geographic coverage and have been
independently reexamined and reanalyzed. Strengths of the ACS study over the Six
Cities study include greater geographic coverage (50 U.S. cities) and larger sample size.
However, a key limitation of this study is a recruitment method that led to a study
population with higher income, more education, and greater proportion of whites than the
general U.S. population. In addition, available monitoring data was often assigned to all
of the individuals within a large metropolitan area, potentially allowing for exposure
misclassification.*® Both of these limitations could imply that the ACS results are
potentially biased low. The Six Cities study included a more representative sample of
subjects within each community and set up monitors purposefully for the study. It was
therefore able to assign exposures at a finer geographic scale. However, this study only
included six cities and therefore may not be representative of the entire U.S. population,
mix of air pollutants, and other potentially important factors.

The extensive epidemiological literature is complemented by EPA’s 2006 expert
elicitation (EE) study that asked 12 leading experts in PM health effects to integrate this
pool of knowledge with the various sources of uncertainty that hinder our ability to
precisely identify the true mortality impact of a unit change in annual PM, 5 concentration
(IEc, 2006). The results of the expert elicitation study showed three important findings:
first, that advances in the scientific literature led many of the interviewed scientists to
espouse greater confidence in the linkage between PM, s exposure and mortality; second,
that many of the experts believed that the central estimate of the mortality effect was
considerably higher than the Pope et al. (2002) result used in the First Prospective; and
third, that most of the experts’ uncertainty distributions of the mortality effect reflected a
much wider range of possible values, both high and low, than were used in the First
Prospective study. The expert elicitation study does not, however, provide an integrated
distribution across all 12 experts of possible values for the PM-mortality C-R function.

Based on consultations with the Council’s Health Effects Subcommittee (HES), the 812
Project Team developed a distribution of C-R function coefficients (i.e., the percent
change in annual all-cause mortality per one pg/m® change in annual average PM,s) for
use in the PM-mortality C-R function for the Second Prospective study. This distribution
is rooted in the epidemiological studies that most inform our understanding of the PM-
mortality C-R function, but reflects the broader findings of the EE study. We based the
primary C-R coefficient estimate of the Second Prospective study on a Weibull
distribution with a mean of 1.06 percent decrease in annual all-cause mortality per one
ng/m®. This mean is roughly equidistant between the results of the two most well-studied
PM cohorts, the ACS cohort (0.58, as derived from Pope et al., 2002) and the Six Cities
cohort (1.5, as derived from Laden et al., 2006), both of whose results have been robust to
continued follow-up and extensive re-analysis. Half of the coefficient values in this

6 Studies have shown that greater spatial resolution of exposures can result in increased effect estimates (Jerrett et al.,
2005).
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distribution fall between these two studies, one-quarter are higher than the Laden mean
estimate, and one-quarter are lower than the Pope mean estimate; however all coefficient
values are greater than zero. This distribution is consistent with the EE results described
above, showing considerable support for higher values based on results from more recent
studies (e.g., the Laden et al. (2006) Six Cities follow-up) and concerns cited by the
Council HES that the ACS cohort results may underestimate the true effect. The use of
all positive values is consistent with both the increased confidence in a causal link
between PM, s exposure and mortality shown in the EE study and the lack of evidence in
general to support a threshold for mortality effects of PM, s in the U.S. population.”’

The results of two recently published cohort studies provide additional support for the
selection of the Weibull distribution as the primary estimate for the PM Mortality C-R
function. The first is a large retrospective cohort study of over 13 million Medicare
participants (i.e., those aged 65 and above) throughout the US (Eftim et al. 2008; Zeger et
al. 2008). When the entire Medicare cohort was analyzed, authors found a 6.8 percent
change in annual all-cause mortality in the eastern US (95% CI: 4.9-8.7) and a 13.2
percent change in the central US (95% CI: 9.5-16.9) per 10 pg/m®change in the long-term
(six-year) average annual PM;s. There was no association found in the western US
(Zeger et al., 2008). These results are similar to the interquartile range of the Weibull
distribution selected for the primary estimate for the Second Prospective. An analysis
restricted to those living in the locations corresponding to the ACS and Six Cities cohort
study analyses yielded percent changes in annual all-cause mortality per 10 ug/m®of
PM,5 of 10.9 (95% ClI: 9.0-12.8) and 20.8 (95%CIl: 14.8-27.1) respectively, which are
somewhat higher than the estimates reported in the original studies (Eftim et al., 2008).*®
One possible explanation for this difference is the lack of control for lifestyle factors in
the analyses by Eftim et al., such as smoking, potentially leading to confounded results.

The second study is a prospective cohort of female nurses in the Northeastern and
Midwestern regions of the US (Puett et al. 2008 and 2009). An increase of 10 ug/m°®of
PM,s in the previous year was associated with a 26 percent increase in annual all-cause
mortality (a hazard ratio of 1.26 with a 95% CI ranging from 1.02 to 1.54).*° This
estimate is at the upper end of our primary estimate Weibull distribution (roughly
equivalent to the 95" percentile). However, this study covered only two regions of the
country and included only females and therefore may not be generalizable to the general
population of the US.

A final topic concerns EPA’s choice to estimate avoided mortality and morbidity
associated with reductions in fine particles using estimates of changes in exposure to fine

47 See “Health Effects Subcommittee of the Council. Review of EPA’s Draft Health Benefits of the Second Section 812
Prospective Study of the Clean Air Act.” (EPA-COUNCIL-10-001), available at http://www.epa.gov/advisorycouncilcaa

8 Note that these results are based on a slightly different air quality dataset than the analysis of the full cohort. The
nationwide estimate is based on a six-year average (2000-2005) and the ACS and Six Cities location-specific results are
based on two years of data (2000-2002).

9 Biennial questionnaires on lifestyle factors were administered to participants, allowing for control of a number of
individual-level confounders.
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particle mass as the exposure input in the damage function. The implication of this
approach is that we assume that all fine particles, regardless of their chemical
composition, are equally potent per unit concentration in producing premature mortality
and other health outcomes. If it could be shown that fine particle species exhibit
significantly differentiated toxicity, then from a benefits analysis perspective, treatment
of all fine particle species as equally toxic would lead to biased benefits estimates,
because the composition of fine particle mass varies over space and time, as do the fine
particle reductions resulting from different air pollutant control strategies. We believe
that these biases would likely be minor in an analysis such as the 812 study, which
evaluates a blended particle reduction strategy targeting multiple particle types across the
entire spectrum of control programs authorized under the Clean Air Act Amendments.
Nonetheless, we conducted a careful evaluation of the potential for characterizing
uncertainty in the differential toxicity of the components of fine particle pollution.

There exists a limited but growing literature addressing the health effects of various fine
particle components, including sulfate, nitrate, elemental carbon (EC), organic carbon
(OC), and metals.*® A number of epidemiological studies, mostly time-series studies,
have associated one or more of the components of fine particle pollution individually
with mortality; however, so far no clear picture has emerged to implicate specific
components as being consistently more toxic than fine particles in general or to classify
any individual components of fine particle pollution as non-toxic. However, the
epidemiological evidence base is limited by the high correlations among many fine
particle components (and between those components and fine particles as a whole). Itis
difficult to corroborate this evidence toxicologically, given the fact that human exposure
to single particle components is not a realistic scenario. The literature base continues to
expand, but significant investments in both epidemiological and toxicological research
are needed to understand the potentially complex systems of particle interactions that may
be responsible for the observed health effects of fine particle pollution.

Thus, while treatment of all fine particle components as equally toxic may lead to biases
in benefits estimates, we also acknowledge that any arbitrary assumption about the
differential toxicities of specific fine particle types may also lead to biases in benefits
estimates. Any of these biases may mask important spatial variation in the distribution of
benefits of Clean Air Act programs across the U.S. due to regional variation in fine
particle species mixes, which could affect selection of the most health beneficial
measures to meet Clean Air Act requirements such as the National Ambient Air Quality
Standards. However, the “equal toxicity” fine particle approach is rooted in both
biological considerations (i.e., the importance of particle size to toxicity) and in largely
consistent findings across an extensive set of epidemiological studies conducted across
countries, states, and cities that show PM, 5 concentrations are associated with increased
mortality and morbidity rates. This consistency of results across a variety of fine particle

% For specific examples of research addressing differential toxicity of PM components, see Chapter 5 of Uncertainty Analyses
to Support the Second Section 812 Benefit-Cost Analysis of the Clean Air Act.
http://www.epa.gov/oar/sect812/may10/IEc_Uncertainty.pdf
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mixes in different locations implies an equivalence of risk resulting from exposure to fine
particle masses with different concentrations of component species. We conclude that the
current evidentiary base from the epidemiological and toxicological literatures supports
the use of an equal toxicity assumption for the present study, especially since the fine
particle pollution reductions estimated herein reflect a variety of fine particle mixtures
across different locations and time frames. Furthermore, we conclude that current
information does not support specification of alternative concentration-response functions
that would be both scientifically sound and useful for development of policy-relevant
insights.

To provide further confidence that the results presented in this chapter are not likely to be
substantially affected by the possibility that PM, s species exhibit differential toxicity, the
Project Team developed and evaluated estimates of the overall population-weighted
exposure to PM species. The results are presented in Table 5-3 below, and graphically in
the two panels of the accompanying Figure 5-1. The results in Figure 5-lindicate that the
population-weighted composition of fine particulate matter is affected by the control
strategies applied in the CAAA, but the changes are relatively modest.* We therefore
conclude that, even if species-specific toxicity estimates could be derived from the
existing literature, applying them in this study would not have a large effect on the
mortality results presented later in this chapter.

ESTIMATED POPULATION WEIGHTED EXPOSURE FOR PM; s SPECIES (MICROGRAMS
PER CUBIC METER)

2000 | 2000 | 2010 | 2010 | 2020 2020
NO WITH NO WITH NO WITH
CAAA | CAAA | CAAA | CAAA | CAAA CAAA

Crustal 1.18 | 0.82 1.27 | 0.86 1.51 0.96
NO;3 1.06 | 0.89 1.17 | 0.81 1.32 0.69
NH,4 1.87 | 1.26 1.96 | 1.03 2.05 0.92
EC 0.74 | 0.62 0.77 | 0.48 0.9 0.41
oC 5.18 | 3.94 5.36 | 3.86 6.02 3.99
SO, 484 | 3.11 5.02 | 2.48 5.17 2.22

*1 Note that data presented in Table 5-3 are for the most important PM2.5 components; some less important species, with
lower concentrations, are omitted.
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FIGURE 5-1.

DISTRIBUTION OF POPULATION WEIGHTED EXPOSURE TO PM, s SPECIES AS
PERCENTAGE OF TOTAL (TOP PANEL) AND IN MICROGRAMS PER CUBIC METER

The Benefits and Costs of the Clean Air Act fron 1990 to 2020
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Ozone Mortality C-R Function

Several recent epidemiological studies suggest that ozone exposure likely contributes to

premature mortality.”* Epidemiological data are also supported by recent human and

52 see, for example, National Research Council, 2008, Estimating Mortality Risk Reduction and Economic Benefits from
Controlling Ozone Air Pollution. A key recommendation of this NAS panel was that ozone mortality estimates from
available epidemiological studies represent a separate and additive effect to those from PM/mortality epidemiological

studies.
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animal experimental data, which suggestive evidence for plausible pathways by which the
risk of respiratory or cardiovascular mortality could be increased by ambient ozone.

Multiple time-series epidemiological studies explore the relationship between short-term
ozone exposure and premature mortality. Most notably, a large multi-city study known
as the National Morbidity, Mortality, and Air Pollution Study (NMMAPS) was designed
to explore the association between several pollutants, including ozone, and daily
mortality that focused on large cities across the US where levels of pollutants were varied
(Samet et al., 2000). Two recently published studies based on the NMMAPS database
that focus on the ozone/premature mortality relationship are Bell et al. (2004) (95 U.S.
cities) and Huang et al. (2005) (19 U.S. cities). Another multi-city study by Schwartz
(2005) examined the relationship between short-term ozone exposure and mortality in 14
U.S. cities.

In addition to these multi-city estimates, C-R functions for short-term ozone mortality can
be derived from meta-analyses, which combine the results of several studies. Three
meta-analyses were performed to obtain a summary estimate of ozone-related mortality
risks and to attempt to describe heterogeneity in risk estimates (Ito et al., 2005; Levy et
al., 2005; Bell et al., 2005). Each of these studies used different statistical techniques and
datasets and examined statistical concerns, such as confounding, collinearity and possible
interaction effects.>

In general, effect estimates from the meta-analyses are higher than the multi-city results.
This could potentially be due to publication bias, as the meta-analyses relied solely on
published studies, which could be more likely to contain statistically significant results.
NMMAPS generally produces lower estimates than other epidemiological time-series
studies, however, which could reflect specific methodological choices made by these
investigators. Since these studies are associated with different strengths and limitations
and no single study emerges as the most suitable to use as the basis for our primary
estimate, we opted to use a pooled estimate, equally weighting the C-R functions from all
six of these studies.

In addition to time-series epidemiological studies, a limited number of studies examine
the cumulative effect of long-term exposure to 0zone on mortality. One such recent study
(Jerrett et al., 2009) used study population data from the ACS cohort study along with
0zone monitoring data and reported a significant association between deaths from
respiratory causes and long-term ozone exposure. In a recent review of the 812 Second
Prospective Analysis methodology, the Council HES found the use of the Jerrett et al.
estimate as the primary estimate premature at this time, due to a lack of corroboration
from other cohort studies .>*

%3 National Research Council (NRC) (2008). Estimating Mortality Risk Reduction and Economic Benefits from Controlling Ozone
Air Pollution. The National Academies Press, Washington, DC.

% See “Health Effects Subcommittee of the Council. Review of EPA’s Draft Health Benefits of the Second Section 812
Prospective Study of the Clean Air Act.” (EPA-COUNCIL-10-001), available at http://www.epa.gov/advisorycouncilcaa
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HEALTH VALUATION FUNCTIONS
In environmental benefit-cost analyses, the dollar value of an environmental benefit, such
as improved health or avoidance of a case of illness, is the dollar amount necessary such
that the person would be indifferent between experiencing the benefit and possessing the
money. In most cases, the dollar amount required to compensate a person for exposure to
an adverse effect is roughly the same as the dollar amount a person is willing to pay to
avoid the effect. Therefore, in economic terms, the “willingness-to-pay” (WTP) is the
appropriate measure of the value of avoiding an adverse effect. For example, the value of
an avoided respiratory symptom would be a person’s WTP to avoid that symptom.

For most goods, WTP can be observed by examining actual market transactions. For
example, if a gallon of bottled drinking water sells for one dollar, it can be observed that
at least those persons who choose to purchase that good are willing to pay at least one
dollar for the water. For goods that are not exchanged in the market, such as most
environmental goods, valuation is not so straightforward. Nevertheless, a value may be
inferred from observed behavior, such as through estimation of the WTP for mortality
risk reductions based on observed sales and prices of products that result in similar effects
or risk reductions, (e.g., non-toxic cleaners or bike helmets). Alternatively, surveys may
be used in an attempt to directly elicit WTP for an environmental improvement.
Wherever possible in this analysis, we use estimates of mean WTP. In cases where WTP
estimates are not available, we use the cost of treating or mitigating the effect as an
alternative estimate.

For example, for the valuation of hospital admissions we use the avoided medical costs as
an estimate of the value of avoiding the health effects causing the admission. These costs
of illness (COI) estimates generally understate the true value of avoiding a health effect.
They tend to reflect the direct expenditures related to treatment and not the utility an
individual derives from improved health status or avoided health effect. We use a range
of values for most environmental effects, to support the primary central estimate of net
benefits. Table 5-4 summarizes the mean unit value estimates that we use in this
analysis.

Valuation of Premature Mortality

Some forms of air pollution increase the probability that individuals will die prematurely.
We use C-R functions for mortality that express the increase in mortality risk as cases of
“excess premature mortality” per year. The benefit provided by air pollution reductions,
however, is the avoidance of small increases in the risk of mortality. By summing
individuals WTP to avoid small increases in risk over enough individuals, we can infer
the value of a statistical premature death avoided.”® For expository purposes, we express
this valuation as “dollars per mortality avoided,” or “value of a statistical life” (VSL),

% Because people are valuing small decreases in the risk of premature mortality, it is expected deaths that are inferred. For
example, suppose that a given reduction in pollution confers on each exposed individual a decrease in mortal risk of
1/100,000. Then among 100,000 such individuals, one fewer individual can be expected to die prematurely. If the average
individual’s WTP for that risk reduction is $50, then the implied value of a statistical premature death avoided in that
population is $50 x 100,000 = $5 million.
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even though the actual valuation is of small changes in mortality risk experienced by a
large number of people. The economic benefits associated with avoiding premature
mortality were the largest category of monetized benefits in the First Prospective
Analysis and continue to be the largest source of monetized benefits for this Second
Prospective Analysis. Mortality benefits, however, are also the largest contributor to the
range of uncertainty in monetized benefits.

Because avoided premature mortality benefits are such an important part of this study’s
results and findings, the remainder of this section provides an expanded discussion of
some of the issues in valuing the avoidance of mortality risks from air pollution. We first
discuss some characteristics of an “ideal” measure of the value of mortality risk
reductions from air pollution, and then review several dimensions in which the current
estimates fall short of the ideal measure for this study. For a more detailed discussion of
the factors affecting the valuation of premature mortality see the Uncertainty section of
this chapter and the Uncertainty Analyses to Support the Second Section 812 Benefit-Cost
Analysis of the Clean Air Act.

The health science literature on air pollution indicates that several human characteristics
affect the degree to which mortality risk affects an individual. For example, some age
groups appear to be more susceptible to air pollution than others (e.g., the elderly and
children). Health status prior to exposure also affects susceptibility. At-risk individuals
include those who have suffered strokes or are suffering from cardiovascular disease and
angina (Rowlatt, et al. 1998). An ideal economic benefits estimate of mortality risk
reduction would reflect these human characteristics, in addition to an individual’s WTP to
improve one’s own chances of survival plus WTP to improve other individuals’ survival
rates.”® The ideal measure would also take into account the specific nature of the risk
reduction that is provided to individuals, as well as the context in which risk is reduced.
To measure this value, it is important to assess how reductions in air pollution reduce the
risk of dying from the time that reductions take effect onward, and how individuals value
these changes. Each individual’s survival curve, or the probability of surviving beyond a
given age, should shift as a result of an environmental quality improvement. For
example, changing the current probability of survival for an individual also shifts future
probabilities of that individual’s survival. This probability shift will differ across
individuals because survival curves are dependent on such characteristics as age, health
state, and the current age to which the individual is likely to survive.

% For a more detailed discussion of altruistic values related to the value of life, see Jones-Lee (1992).
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TABLE 5-4. UNIT VALUES FOR ECONOMIC VALUATION OF HEALTH ENDPOINTS (2006%)

CENTRAL ESTIMATE OF VALUE
PER STATISTICAL INCIDENCE

1990 INCOME 2020 INCOME
HEALTH ENDPOINT LEVEL LEVEL DERIVATION OF DISTRIBUTIONS OF ESTIMATES

Premature Mortality $7,400,000 $8,900,000 | Mean Value of Statistical Life (VSL) based 26 wage-risk and contingent valuation studies. A Weibull

(Value of a Statistical distribution, with a mean of $7.4 million (in 2006$), provided the best fit to the 26 estimates. Note that

Life) VSL represents the value of a small change in mortality risk aggregated over the affected population.

Chronic Bronchitis $399,000 $490,000 _ La—B(18-x)

(CB) The WTP to avoid a case of pollution-related CB is calculated as WTPX _WTPl3 € , Where x is
the severity of an average CB case, WTP13 is the WTP for a severe case of CB, and B is the parameter
distribution of WTP for an air pollution-relevant, average severity-level case of CB was generated by
Monte Carlo methods, drawing from each of three distributions: (1) WTP to avoid a severe case of CB is
assigned a 1/9 probability of being each of the first nine deciles of the distribution of WTP responses in
Viscusi et al. (1991); (2) the severity of a pollution-related case of CB (relative to the case described in
the Viscusi study) is assumed to have a triangular distribution, with the most likely value at severity level
6.5 and endpoints at 1.0 and 12.0; and (3) the constant in the elasticity of WTP with respect to severity is
normally distributed with mean = 0.18 and standard deviation = 0.0669 (from Krupnick and Cropper
(1992)). This process and the rationale for choosing it is described in detail in the Costs and Benefits of
the Clean Air Act, 1990 to 2010 (EPA, 1999).

Nonfatal Myocardial No distributional information available. Age-specific cost-of-illness values reflect lost earnings and direct

Infarction (heart medical costs over a 5-year period following a nonfatal MI. Lost earnings estimates are based on Cropper

attack) and Krupnick (1990). Direct medical costs are based on simple average of estimates from Russell et al.

7% discount rate (1998) and Wittels et al. (1990).

Age 0-24 $84,171 Lost earnings:

Age 25-44 $93,802 Cropper and Krupnick (1990). Present discounted value of 5 years of lost earnings (2006$):
Age 45-54 $98,366 age of onset: at 7%°

Age 55-65 $166,222 25-44  $9,631

Age 66 and over $84,171 45-54  $14,195

55-65  $82,051

Direct medical expenses: An average of (2006%):

1. Wittels et al. (1990) ($141,124—no discounting)

2. Russell et al. (1998), 5-year period ($28,787 at 3% discount rate; $27,217 at 7% discount rate)
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CENTRAL ESTIMATE OF VALUE
PER STATISTICAL INCIDENCE

1990 INCOME 2020 INCOME

HEALTH ENDPOINT LEVEL LEVEL DERIVATION OF DISTRIBUTIONS OF ESTIMATES
Hospital Admissions
All respiratory (ages $23,711 $23,711 | No distributions available. The COI point estimates (lost earnings plus direct medical costs) are based on
65+) ICD-9 code level information (e.g., average hospital care costs and average length of hospital stay)
All respiratory (ages $10,002 $10,002 | reported in Agency for Healthcare Research and Quality, 2000 (www.ahrg.gov). As noted in the text, no
0-2) adjustments are made to cost of illness values for income growth.
Chronic Obstructive $17,308 $17,308
Pulmonary Disease
(COPD) (ages 65+)
Asthma Admissions $10,040 $10,040
(ages <65)
Pneumonia $23,004 $23,004
Admissions (ages 65+)
COPD, less asthma $15,903 $15,903
(ages 20-64)
All Cardiovascular $27,319 $27,319
(ages 65+)
All Cardiovascular $29,364 $29,364
(ages 20-64)
Ischemic Heart $33,357 $33,357
Disease (ages 65+)
Dysrhythmia (ages $19,643 $19,643
65+)
Congestive Heart $19,619 $19,619
Failure (ages 65+)
Emergency Room $369 $369 | No distributional information available. Simple average of two unit COIl values (2006$):

Visits for Asthma

(1) $401.62, from Smith et al. (1997) and
(2) $336.03, from Stanford et al. (1999).
As noted in the text, no adjustments are made to cost of illness values for income growth.
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HEALTH ENDPOINT

CENTRAL ESTIMATE OF VALUE
PER STATISTICAL INCIDENCE

1990 INCOME
LEVEL

2020 INCOME
LEVEL

DERIVATION OF DISTRIBUTIONS OF ESTIMATES

Respiratory Ailments Not Requiring Hospitalization

Upper Respiratory
Symptoms (URS)

Lower Respiratory
Symptoms (LRS)

Asthma
Exacerbations

Acute Bronchitis

Work Loss Days
(WLDs)

Minor Restricted
Activity Days (MRADs)

$28.8
$18
$50
$416
Variable (U.S.
median =
$149)
$59

$30.7

$19

$54

$512

$64

Combinations of the three symptoms for which WTP estimates are available that closely match those
listed by Pope et al. result in seven different “symptom clusters,” each describing a “type” of URS. A
dollar value was derived for each type of URS, using mid-range estimates of WTP (IEc, 1994) to avoid
each symptom in the cluster and assuming additivity of WTPs. In the absence of information surrounding
the frequency with which each of the seven types of URS occurs within the URS symptom complex, we
assumed a uniform distribution between $10.8 and $50.5 (20063).

Combinations of the four symptoms for which WTP estimates are available that closely match those listed
by Schwartz et al. result in 11 different “symptom clusters,” each describing a “type” of LRS. A dollar
value was derived for each type of LRS, using mid-range estimates of WTP (IEc, 1994) to avoid each
symptom in the cluster and assuming additivity of WTPs. The dollar value for LRS is the average of the
dollar values for the 11 different types of LRS. In the absence of information surrounding the frequency
with which each of the 11 types of LRS occurs within the LRS symptom complex, we assumed a uniform
distribution between $8.1 and $28.6 (2006%).

Asthma exacerbations are valued at $50 per incidence, based on the mean of average WTP estimates for
the four severity definitions of a “bad asthma day,” described in Rowe and Chestnut (1986). This study
surveyed asthmatics to estimate WTP for avoidance of a “bad asthma day,” as defined by the subjects.
For purposes of valuation, an asthma exacerbation is assumed to be equivalent to a day in which asthma
is moderate or worse as reported in the Rowe and Chestnut (1986) study. The value is assumed have a
uniform distribution between $18.3 and $82.9 (2006$).

Assumes a 6-day episode, with the distribution of the daily value specified as uniform with the low and
high values based on those recommended for related respiratory symptoms in Neumann et al. (1994).

The low daily estimate of $20.5 (2006$) is the sum of the mid-range values recommended by IEc (1994)
for two symptoms believed to be associated with acute bronchitis: coughing and chest tightness. The
high daily estimate was taken to be twice the value of a minor respiratory restricted activity day, or $118
(2006%). The low and high daily values are multiplied by six to get the 6-day episode values.

No distribution available. Point estimate is based on county-specific median annual wages divided by 50
(assuming 2 weeks of vacation) and then by 5—to get median daily wage. U.S. Year 2000 Census,
compiled by Geolytics, Inc.

Median WTP estimate to avoid one MRAD from Tolley et al. (1986). Distribution is assumed to be
triangular with a minimum of $24 and a maximum of $94, with a most likely value of $59 (2006$). Range
is based on assumption that value should exceed WTP for a single mild symptom (the highest estimate for

5-20




The Benefits and Costs of the Clean Air Act fron 1990 to 2020

CENTRAL ESTIMATE OF VALUE
PER STATISTICAL INCIDENCE

1990 INCOME 2020 INCOME
HEALTH ENDPOINT LEVEL LEVEL DERIVATION OF DISTRIBUTIONS OF ESTIMATES
a single symptom—for eye irritation—is $24) and be less than that for a WLD. The triangular distribution
acknowledges that the actual value is likely to be closer to the point estimate than either extreme.
School Loss Days $89 $89 | No distribution available. Point estimate is based on (1) the probability that, if a school child stays home

from school, a parent will have to stay home from work to care for the child, and (2) the value of the
parent’s lost productivity. Calculated using U.S. Bureau of Census data. School loss days, similar to cost

of illness estimates for emergency room visits and hospital admissions, are not adjusted for changes in
longitudinal income.

a These values are presented using a seven percent discount rate for this draft report, however these results will be presented using a five percent discount rate in

the final report.
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A survival curve approach provides a theoretically preferred method for valuing the
economic benefits of reduced risk of premature mortality associated with reducing air
pollution, but the approach does not align well with current estimates of individual
willingness to pay to avoid mortal risks. We have adopted the survival curve approach in
the population simulation model that we use to generate estimates of life years lost and
reduced life expectancy associated with air pollution, but implementing that approach
requires that we use a national measure of the change in air pollution exposure, and also
does not include a valuation component. As a result, the population simulation model
results are not used for the primary results.

The Project Team also considered whether other evidence might support an adjustment to
the VSL used in this study, particularly to account for the age of individuals affected. In
general, studies of WTP to reduce mortality risk do not provide information on how VSL
varies with life expectancy, but there are a few studies that attempt to assess the impact of
age on VSL.>" Some economic models in the theoretical literature suggest that VSL
follows an inverted U, rising through middle age and falling at older ages, though this
model is only partially supported by the relevant empirical evidence (Johansson 2002,
Hammitt 2007). For example, revealed preference studies of the wage-risk literature
support the inverted-U hypothesis (Aldy and Viscusi, 2007). These studies are limited,
however, in that they necessarily include only employed workers and thereby exclude the
elderly and those in poor health. Stated-preference studies, which can include a broader
population, yield mixed results. Some suggest little or no effect of age on VSL and others
suggest a modest decrease at older ages (Krupnick, 2007). Some studies, such as those
by DeShazo (with Cameron, 2004), Chestnut (et al., 2004), and Alberini (et al., 2004)
have found the effect of age on VSL to be statistically weak, suggesting a flatter
relationship of VSL and age with a decline in VSL at much older ages. Consistent with
Hammitt (2007), we conclude that there is insufficient evidence in the empirical VSL
literature at this time to support an adjustment to the base VSL for the age of the affected
population.

In sum, the economic valuation literature does not yet include good estimates of the value
of this particular risk reduction commodity. As a result, in this study we value avoided
premature mortality risk using the value of statistical life approach. As in the First
Prospective Analysis, we use a mortality risk valuation estimate which is based on an
analysis of 26 policy-relevant value-of-life studies (see Table 5-5). Five of the 26 studies
are contingent valuation (CV) studies, which directly solicit WTP information from
subjects; the remaining studies are wage-risk studies, which base WTP estimates on
estimates of the additional compensation demanded in the labor market for riskier jobs.

57
For a review of these studies, and this issue in particular see, for example, Hammitt (2007), Aldy and Viscusi (2007), and

Krupnick (2007).
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We used the best estimate from each of the 26 studies to construct a distribution of
mortality risk valuation estimates for the section 812 study. A Weibull distribution, with
a mean of $7.4 million (in 2006$), provided the best fit to the 26 estimates.

An additional uncertainty that is pertinent for this study’s results is the potential bias in
using estimates of VSL that correspond to small changes in risk for the relatively larger
changes in mortality risk estimated in this study. As the results section below indicates,
the large changes in PM, s that represent the difference between the with-CAAA and
without-CAAA scenarios by 2020 lead to a change in annual mortality risk of
approximately 1 in one thousand for adults aged 25 and older, or 7 in ten thousand for all
ages, which corresponds to a roughly ten percent change from the national baseline
mortality risk of approximately 1 in one hundred.*® This risk change is large compared to
the mean mortality risk faced by subjects in the wage-risk studies that underlie our
estimate of VSL — the mean risk for individual studies in our group of 26 varies from 4 in
10,000 to 5 in 100,000, although clearly some individuals in those samples face higher
individual risks.>® Economic theory suggests that individuals’ incremental willingness to
pay to reduce mortality risk declines with an increasing size of the risk increment, but the
rate at which it declines is uncertain.®® Estimates of differences in VSL across individuals
in wage-risk study samples are also not informative, because they reflect variability in
individuals’ risk tolerance rather than differences in WTP across a population for varying
increments of risk reduction. Further, it is not clear whether, in this context, the external
risk imposed by air polluters on the exposed population implies that willingness-to-
accept-compensation (WTAC) to forgo air quality improvement may be the more
relevant measure. There is some theoretical work which suggests that, while valuation of
a large risk increment may lead WTP estimates to be overestimated, it may lead WTAC
estimates to be underestimated.®® Although the Project Team remains concerned that
there may be a potentially important disparity between the large increment of risk valued
in this study and relatively smaller increments of risk valued in the underlying VSL
literature, we conclude that the current literature does not provide a sufficient basis to
make a quantitative adjustment to our base VSL values to account for this factor.

When valuing premature mortality for PM, we assume a lag between reduced PM
exposure and the resulting reductions in incidences of premature mortality.? This lag

% Note that we are here reporting the total risk change that results from changes in 2020 exposures. As outlined below, this
risk is not immediate - instead we model this risk as occurring with latency over the course of the ensuing 20 years.

% See W. Kip Viscusi, 1992, Fatal Tradeoffs, (Oxford University Press: New York), Table 4-1.

€ This issue is discussed to some extent in Thomas J. Kniesner, W. Kip Viscusi, and James P. Ziliak (2010), “Policy relevant
heterogeneity in the value of statistical life: New evidence from panel data quantile regressions,” Journal of Risk and
Uncertainty 40:15-31.

8 See discussion papers provided in support of a recent EPA risk valuation workshop at
http://www.epa.gov/air/toxicair/2009workshop.html (accessed November 24, 2010) in particular the papers and
presentations by W. Kip Viscusi.

2 Note that we do not employ a cessation lag for ozone mortality due to our reliance on short-term studies to estimate these
benefits.
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does not affect the number of estimated incidences, but does alter the monetization of
benefits. Because we value the “event” rather than the present risk, in this analysis we
assume that the value of avoided future premature mortality should be discounted. The
primary estimate reflects a 20-year distributed lag structure, which was recommended by
the Council HES (2004). Under this scenario, 30 percent of the mortality reductions
occur in the first year, 50 percent occur equally in years two through five, and the
remaining 20 percent occur equally in years six through 20. Our valuation of avoided
premature mortality applies a five percent discount rate to the lagged estimates over the
periods 2000 to 2020, 2010 to 2030 and 2020 to 2040. We discount over the period
between the initial PM exposure change (2000, 2010, or 2020) and the timing of the
resulting change in incidence.

SUMMARY OF MORTALITY VALUATION ESTIMATES PER STATISTICAL INCIDENCE OF
PREMATURE MORTALITY (MILLIONS OF 2006%)

VALUATION

STUDY TYPE OF ESTIMATE (MILLIONS 2006$%)
Kneisner and Leeth (1991) (US) Labor Market $ 0.9
Smith and Gilbert (1984) Labor Market $ 11
Dillingham (1985) Labor Market $ 14
Butler (1983) Labor Market $ 1.7
Miller and Guria (1991) Contingent Valuation $ 1.9
Moore and Viscusi (1988a) Labor Market $ 3.9
Viscusi, Magat, and Huber (1991b) Contingent Valuation $ 4.2
Gegax et al. (1985) Contingent Valuation $ 5.1
Marin and Psacharopoulos (1982) Labor Market $ 4.3
Kneisner and Leeth (1991) (Australia) Labor Market $ 5.1
Gerking, de Haan, and Schulze (1988) Contingent Valuation $ 5.2
Cousineau, Lacroix, and Girard (1988) Labor Market $ 5.6
Jones-Lee (1989) Contingent Valuation $ 5.9
Dillingham (1985) Labor Market $ 6.0
Viscusi (1978, 1979) Labor Market $ 6.3
R.S. Smith (1976) Labor Market $ 7.1
V.K. Smith (1976) Labor Market $ 7.2
Olson (1981) Labor Market $ 8.0
Viscusi (1981) Labor Market $ 10.0
R.S. Smith (1974) Labor Market $ 111
Moore and Viscusi (1988a) Labor Market $ 11.3
Kneisner and Leeth (1991) (Japan) Labor Market $ 11.7
Herzog and Schlottman (1987) Labor Market $ 14.0
Leigh and Folson (1984) Labor Market $ 15.0
Leigh (1987) Labor Market $ 16.0
Garen (1988) Labor Market $ 20.8
Source: Viscusi, 1992 and EPA analysis.
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HEALTH EFFECTS MODELING RESULTS
This section presents a summary of the differences in health effects resulting from
improvements in air quality between the with-CAAA and the without-CAAA scenarios.
Table 5-6 summarizes the CAAA-related avoided health effects in 2020 for each health
endpoint included in the analysis and the associated monetary benefits. The mean
estimate is presented as the primary central estimate, the 5™ percentile observation is
presented as the primary low estimate and the 95" percentile is presented as the primary
high estimate.®® In general, because the differences in air quality between the with- and
without-CAAA scenarios are expected to increase from 1990 to 2020 and because
population is also expected to increase during that time, the health benefits attributable to
the CAAA are expected to increase consistently from 1990 to 2020. More detailed
results can be found in Health and Welfare Benefits Analyses to Support the Second
Section 812 Benefit-Cost Analysis of the Clean Air Act, February 2011.

AVOIDED PREMATURE MORTALITY ESTIMATES
Our analysis indicates that the benefit of avoided premature mortality risk reduction
dominates the overall net benefit estimate. This is, in part, due to the high monetary
value assigned to the avoidance of premature mortality relative to the unit value of other
health endpoints. As described in detail in this chapter, there are also significant
reductions in other short-term and chronic health effects and a substantial number of
health benefits that we could not quantify or monetize. Mean results for all three target
years are provided in Table 5-6, and the mean, primary low, and primary high estimates
for 2020 are presented in Table 5-7.

As shown in Table 5-7, our primary central estimate implies that PM and ozone
reductions due to the CAAA in 2020 will result in 230,000 avoided deaths, with a
primary low and primary high bound on this estimate of 45,000 and 490,000 avoided
deaths, respectively. These avoided deaths are valued at $1.8 trillion (20063), with
primary low and primary high bounds on this estimate of $170 billion to $5.5 trillion. To
provide some context for these large values, we estimated the per capita risk change and
monetized benefits. The estimated 230,000 avoided deaths in 2020 are equivalent to a
total annual mortality risk reduction of 6.8 x 10 for the full estimated US population in
2020. With approximately 2.4 million estimated deaths in 2002, the avoided deaths in
2020 would increase total deaths by about 9.5 percent. The 230,000 avoided deaths are
about 16 percent of the total mortality from the top four causes of death in the US in
2002: heart disease (over 600,000 deaths); cancer (over 550,000 deaths); stroke (over
130,000 deaths); and chronic lower respiratory disease (just less than 130,000 deaths).
The monetized benefit per capita in 2020 is about $6,000, increasing from $2,700 in 2000
and $4,200 in 2010. Monetized benefits per household would be approximately $16,000
in 2020, increasing from $7,300 in 2000 and $11,000 in 2010.

& The distribution of incidence results represent the uncertainty associated with the coefficient of the C-R function for each
health endpoint. The distribution around the monetized benefits estimate reflects both uncertainty in the incidence as
well as uncertainty associated with the valuation estimate.
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TABLE 5-6. MEAN CAAA-RELATED AVOIDED ANNUAL INCIDENCE OF HEALTH EFFECTS AND
ASSOCIATED MONETARY VALUATION IN 2000, 2010, AND 2020
INCIDENCE VALUATION (MILLIONS 2006%$)
ENDPOINT POLLUTANT 2000 2010 2020 2000 2010 2020
Mortality
Mortality - adults 30 PM
and older 110,000 160,000 230,000 $710,000 | $1,200,000 | $1,700,000
Mortality - infant PM 160 230 280 $1,300 $1,900 $2,500
Mortality - all ages Ozone 1,400 4,300 7,100 $10,000 $33,000 $55,000
Morbidity
Chronic Bronchitis PM 34,000 54,000 75,000 $14,000 $24,000 $36,000
Non-fatal Myocardial PM
Infarction 79,000 130,000 200,000 $8,100 $14,000 $21,000
Hospital Admissions, PM, Ozone
Respiratory 20,000 41,000 66,000 $290 $640 $1,100
Hospital Admissions, PM
Cardiovascular 26,000 45,000 69,000 $760 $1,300 $2,000
Emergency Room PM, Ozone
Visits, Respiratory 58,000 86,000 120,000 $21 $32 $44
Acute Bronchitis PM 96,000 130,000 180,000 $42 $61 $94
Lower Respiratory PM
Symptoms 1,200,000 1,700,000 2,300,000 $22 $30 $42
Upper Respiratory PM
Symptoms 980,000 1,400,000 2,000,000 $30 $42 $60
Asthma Exacerbation PM 1,200,000 1,700,000 2,400,000 $61 $90 $130
Minor Restricted PM, Ozone
Activity Days 49,000,000 | 84,000,000 | 110,000,000 $2,900 $4,900 $6,700
Work Loss Days PM 8,000,000 | 13,000,000 17,000,000 $1,300 $2,000 $2,700
School Loss Days Ozone 1,200,000 3,200,000 5,400,000 $110 $290 $480
Outdoor Worker Ozone N/A N/A N/A
Productivity $30 $100 $170

Note: All incidence and valuation results are rounded to two significant figures. All estimates are annual estimates for

individual target years of the analysis. Mortality valuation estimates reflect a delay in mortality incidence from the time
of the exposure change in the target year, reflecting application of a 20-year distributed cessation lag as described in the
text and a 5 percent discount rate.

It may also be worth noting that most of the changes in mortality risk we estimate occur
in locations where both the with-CAAA and without-CAAA concentrations are above the
lowest measured level (LML) in the underlying epidemiological studies. As noted above,
standard EPA practice is to estimate PM-related mortality without applying an assumed
concentration threshold, and the LML is itself not a threshold either. The LML approach
summarizes the distribution of avoided PM mortality impacts according to the baseline
PM s levels experienced by the population receiving the PM, s mortality benefit. Unlike
an assumed threshold, the LML is a characterization of the fraction of benefits that are
more uncertain. In general, our confidence in the estimated PM mortality decreases as we
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consider air quality levels further below the LML in the two underlying PM-mortality

epidemiological studies, Pope et al. (2002) and Laden et al. (2006).

TABLE 5-7. CAAA-RELATED AVOIDED ANNUAL INCIDENCE OF HEALTH EFFECTS AND ASSOCIATED
MONETARY VALUATION IN 2020
INCIDENCE VALUATION (MILLIONS 2006%)
ENDPOINT POLLUTANT 5™ %ILE MEAN 95™ yILE 5™ %ILE MEAN 95™ yILE

Mortality
Mortality’ PM, Ozone 45,000 230,000 490,000 |  $170,000 | $1,800,000 | $5,500,000
Morbidity
Chronic Bronchitis | PM 12,000 75,000 130,000 $3,100 $36,000 $130,000
Non-fatal PM
Myocardial
Infarction 80,000 200,000 300,000 $6,200 $21,000 $48,000
Hospital PM, Ozone
Admissions,
Respiratory 24,000 66,000 110,000 $320 $1,100 $1,800
Hospital PM
Admissions,
Cardiovascular 52,000 69,000 84,000 $1,400 $2,000 $2,600
Emergency Room PM, Ozone
Visits, Respiratory 64,000 120,000 180,000 $22 $44 $69
Acute Bronchitis PM -7,000 180,000 340,000 -$4 $94 $220
Lower Respiratory | PM
Symptoms 1,200,000 2,300,000 3,300,000 $18 $42 $76
Upper Respiratory | PM
Symptoms 620,000 2,000,000 3,300,000 $17 $60 $130
Asthma PM
Exacerbation 270,000 2,400,000 6,700,000 $15 $130 $390
Minor Restricted PM, Ozone
Activity Days 91,000,000 | 110,000,000 | 140,000,000 $3,800 $6,700 $10,000
Work Loss Days PM 15,000,000 17,000,000 19,000,000 $2,300 $2,700 $3,000
School Loss Days Ozone 2,200,000 5,400,000 8,600,000 $190 $480 $770
Outdoor Worker Ozone N/A N/7A N/A
Productivity $170 $170 $170
Notes:

Y Includes adult and infant mortality for PM and all ages for ozone.
All incidence and valuation results are rounded to two significant figures. Mortality valuation estimates reflect a delay in
mortality incidence from the time of the exposure change in the target year, reflecting application of a 20-year

distributed cessation lag as described in the text and a 5 percent discount rate.

Using the Pope et al. (2002) study, approximately 98 percent of the mortality impacts
occur among populations with exposure to annual mean PM, s levels at or above the LML
of 7.5 pg/m®. Using the Laden et al. (2006) study, approximately 91 percent of the
mortality impacts occur at or above the LML of 10 pug/m®. These analyses confirm that
the great majority of the mortality benefits occur at or above the cohort study LMLSs.
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Avoided premature mortality is one of the more commonly cited results of benefits
analyses for air pollution control. However, as noted in the valuation section of this
chapter, a more accurate description of the benefit of clean air is a reduction in the risk of
mortality for the exposed population over many years, which results in the extension of
lives (sometimes referred to as “lives saved”). Other useful metrics of the benefit of
cleaner air are the number of life years that are gained through the reduction of mortal
risks, and the number of years of life expectancy gained on average throughout the
population. We estimated these metrics through the application of a population
simulation tool — effectively, we simulated the process of gradually reducing mortality
risk from air pollution across all individuals in the US 30 years old and older, starting in
1990 and continuing through 2020. In addition, we tracked the impact of these effects,
held constant at the 2020 levels, for an additional 30 years, through 2050. Running the
simulation beyond 2020 allows us to estimate the full effect of changes that begin in
2020, which because of the cessation lag are not fully realized until many years after the
end of the study period. Comparing the estimated population in each age cohort across
the two scenarios allows us to estimate gains in life-years (i.e., one additional person in a
cohort for one year yields a life year gained), and summing across cohorts and years
yields cumulative estimates. In addition, analysis of the changes in mortality risk among
cohorts older than a specific age yields estimates of life expectancy gains at specific
ages.*

The results of these calculations are presented in Table 5-8 below, and provide further
evidence of the substantial benefits of CAAA during and after the 1990-2020 period. The
first panel of the table provides estimates of life-years gained for 2020 and 2040 — these
are estimates of the life-years gained only in that year of the simulation, but reflect the
cumulative effect of mortality risk reductions in prior years. The next panel provides
estimates of cumulative life years gained overall all years since 1990, first for the 1990-
2020 period, and then for the 1990-2040 period, inclusive.

As expected, life-years gained are largest in the older cohorts, particularly cohorts 60
years and older, and they increase over time as the effect of mortality risk reduction in
successive years increases survival rates among all individuals age 30 and over. By 2020,
the cumulative effects indicate 22 million life-years are gained from the air pollution
mortality risk reduction.

The last panel provides the life expectancy results. As early as 2010, the CAAA
increased life expectancy at 30 years by 0.65 years, with somewhat smaller gains among
older cohorts. By 2040, the full effect of the CAAA on life expectancy is realized, with a
total gain in life expectancy of almost one year at age 30 across the entire US population.

& For a detailed description of the model, see the related report, Uncertainty Analyses to Support the Second Section 812
Benefit-Cost Analysis of the Clean Air Act, March 2010, and Industrial Economics, Inc. (2006).
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TABLE 5-8.  LIFE YEARS GAINED AND LIFE EXPECTANCY GAIN ESTIMATES FROM THE
POPULATION SIMULATION MODEL
LIFE-YEARS GAINED IN | CUMULATIVE LIFE YEARS
SPECIFIC YEARS GAINED THROUGH TARGET |  LIFE EXPECTANCY GAINS
AGE COHORT (ANNUAL) YEAR (YEARS)
START AGE | END AGE 2020 2040 2020 2040 2010 2020 | 2040

30 39 17,000 18,000 260,000 620,000 0.65 0.87  0.91

40 49 60,000 71,000 910,000 2,300,000 0.63 0.84  0.88

50 59 150,000 180,000 2,000,000 5,400,000 0.59 0.79  0.84

60 69 330,000| 380,000  3,500,000| 11,000,000 0.53 071  0.76

70 79 470,000 840,000  5,000,000| 20,000,000 0.44 0.59  0.64

80 89 470,000 1,200,000  6,000,000| 23,000,000 0.32 0.43  0.48

90 99 320,000| 800,000  3,600,000| 14,000,000 0.19 0.25  0.27
100+ 60,000 200,000 490,000 3,100,000 0 0 0

Total| 1,900,000 3,800,000 22,000,000 80,000,000

Note: Column entries to not add to totals due to rounding. Life expectancy results are incremental period
conditional life expectancy gains at the start age of the cohort.

NON-FATAL HEALTH IMPACTS
We report non-fatal health effects estimates in a similar manner to estimates of premature
mortality — as a range of estimates for each quantified health endpoint, with the range
dependent on the quantified uncertainties in the underlying C-R functions. The range of
results for 2020 is characterized in Table 5-6 with 5™ percentile, mean, and 95™ percentile
estimates which correspond to the primary low, central, and high estimates. All estimates
are expressed as new cases avoided in 2020, with the following exceptions. Hospital
admissions reflect admissions for a range of respiratory and cardiovascular diseases and
these results, along with emergency room visits for respiratory disease, do not necessarily
represent the avoidance of new cases of disease (i.e., air pollution may simply exacerbate
an existing condition, resulting in an emergency room visit or hospital admission).
Further, each admission is only counted once, regardless of the length of stay in the
hospital. Minor restricted activity days, school loss days, and work loss days are
expressed in terms of person-days. For instance, one “case” of a school loss day
represents one person out of school for one day.

AVOIDED HEALTH EFFECTS OF AIR TOXICS
The prior discussion focuses on the effects of the 1990 CAAA on particulate matter and
ozone health effects, but the Amendments also address the control of air toxics or
hazardous air pollutants (HAPs). HAPs are pollutants regulated under Title I11 of the
CAAA that can cause adverse effects to human health and ecological resources. The
Amendments establish a list of HAPs to be regulated, require EPA to establish air toxic
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emissions standards based on Maximum Achievable Control Technology (MACT)
standards, and include a provision that requires EPA to establish more stringent air toxics
st