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APPENDIX A: ELICITATION PROTOCOL



Elicitation Protocol
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Elicitors

1. Introduction (20 minutes)

1.1 Objectives of the Study

In response to recommendations made in the 2002 National Academy of Sciences (NAS)
report, “Estimating the Public Health Benefits of Proposed Air Pollution Regulations,”
EPA is exploring ways to improve the characterization of uncertainty in its analyses of
the health benefits of proposed or existing regulations affecting air quality. The purpose
of this project is to provide a more complete characterization, both qualitative and
quantitative, of the uncertainties associated with the relationship between reductions in
ambient PM; s (measured as total gravimetric mass) and mortality. The results can assist
EPA in preparing future benefit analyses.

To clarify our objectives for this elicitation, it may be helpful to examine briefly the
current EPA methodology for estimating the potential benefits (change in mortality)
associated with reductions in ambient PM;s concentrations. Figure 1, taken from the
Regulatory Impact Analysis for the Clean Air Interstate Rule, illustrates the overall
process and elements of a cost-benefit analysis for air pollutants, of which the health
benefits analysis is one part. To estimate the health benefits associated with possible
regulatory changes, EPA uses concentration-response (C-R) functions that relate
proposed reductions in community level ambient concentrations of PM,s to changes in
mortality (and other adverse health outcomes). Although both long-term and short-term
exposures to ambient levels of PM,s have been associated with an increased risk of
mortality, cohort studies are thought to better capture the full public health impact of
exposure to air pollution over time, because they capture the effects of long-term
exposures and possibly some component of short-term exposures (Kunzli et al., 2001;
NRC, 2002). EPA currently employs a C-R function based on the published results of
the American Cancer Society (ACS) cohort study (Pope et al., 2002) to estimate mortality
changes associated with reductions in annual average PM, s concentrations." EPA does

! See section on key assumptions for an explanation of the relationship between the C-R function and the
relative risks reported in epidemiological studies.
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not currently estimate separate mortality changes associated with reductions in daily

concentrations of PM,s in its primary estimate of mortality benefits.

Thus, EPA’s

primary estimate effectively assumes that the ACS cohort study captures all or most
mortality impacts due to reductions in both daily levels of PM,s and long-term average

PM, 5 concentrations.

Figure 1: Key Steps in Air Quality Based Benefits Analysis
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EPA currently quantifies uncertainty in the PM/mortality C-R function using both
sensitivity analysis, in which the implications of changing a single parameter are
investigated, and a probability distribution based on the central relative risk estimate from
the key epidemiological study and the standard error derived from the published
confidence interval around that estimate. These parameters are used in benefits models to
generate a distribution of possible changes in mortality incidence, rather than a single
point estimate. Until recently, the standard error was the only quantitative representation
of uncertainty in the C-R function captured in these probabilistic analyses.

In its 2002 report, the NAS panel questioned the value of generating distributions based
solely on the statistical or stochastic uncertainty represented by published confidence
intervals in epidemiological studies. The NAS panel encouraged EPA to attempt to
characterize uncertainties in the C-R relationship that may not be captured in those
confidence intervals. One suggested method for doing so was through the use of expert
judgment.

The expert elicitation process can help generate a more comprehensive assessment of
uncertainty because it encourages experts to carefully consider and integrate information
and uncertainties from different kinds of scientific studies that inform our understanding
of the C-R relationship between PM,5 exposure and mortality. For example,
epidemiological studies provide information on the potential magnitude and direction of
an association between PM, s exposures and mortality in large study populations, data
which could form the basis of a C-R function. However, epidemiological studies alone
cannot provide a complete understanding of the PM;s/mortality relationship.
Toxicological studies conducted in laboratory animals, clinical studies of human subjects,
and in vitro studies may also be valuable for evaluating the biological plausibility of the
epidemiological results and identifying steps in a potential mechanism linking PM;s
exposures with mortality.

None of these study designs provide a perfect measurement of the PMjs/mortality
relationship, for a variety of reasons. For example, the accuracy of epidemiologic results
may depend on a number of factors including sample selection, the control of
confounding, and the quality of exposure measurements. Furthermore, the existing
scientific evidence for a PM/mortality relationship may be based on studies conducted in
particular regions of the U.S. or in other countries where differences may exist in the
underlying populations, historic PM levels, PM composition, and other potentially
important factors (see Figure 2). On the other hand, laboratory studies typically employ
much smaller sample sizes than epidemiological studies, and thus must expose subjects to
much higher concentrations than the ambient levels typically found in the U.S. In
addition, toxicological studies often assess effects of exposure on healthy subjects and
thus may not reflect the impacts of exposure on susceptible subpopulations (EPA, 2004).
Extrapolation of animal toxicity results to humans is also a challenging task. We will be
asking you today to discuss and synthesize all of the relevant uncertainties in the
evidence from epidemiology, toxicology, and clinical studies as you estimate a
PM_s/mortality C-R function to be applied to the entire adult U.S. population.
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Figure 2: Inferences about Populations
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In 2003 and 2004, EPA conducted a pilot elicitation, the primary objective of which was
to explore whether expert judgment, informed by scientific evidence, can yield a more
comprehensive estimate of the uncertainty in the C-R function relating mortality to
reductions in PM,s concentrations. Through a sequence of structured discussions and
questions, we sought to obtain PM experts' quantitative characterization of uncertainty in
the relationship between both long-term and short-term ambient exposure to PM, s and
mortality, in the form of a probability distribution for the percent change in all-cause
mortality per 1 pg/m® reduction in PM,s. The goal was to characterize a distribution that
would reflect not just sampling error, but other potentially important sources of bias and
uncertainty. The peer review of the pilot elicitation was generally favorable, and the
results have been used to inform the current elicitation. As noted above, the purpose of
the current project is to provide a more complete characterization, both qualitative and
quantitative, of the uncertainties associated with the relationship between reductions in
ambient PM, s and mortality.

The elicitation protocol for this study reflects information obtained during the pilot study.
For example, while the pilot study asked separate questions about mortality associated
with long-term exposures and short-term exposures, and directed experts to provide an
estimate for each that was exclusive of the other, it was not always clear from the expert
responses that they were able to do so. Because of the difficulties in disentangling
mortality impacts associated with reductions in long-term exposures from those
associated with short-term exposures, in the current elicitation we are asking that experts
provide an estimate of the distribution of the total annualized mortality impact that would
occur when annual average PM,s levels are reduced. We recognize that reductions in
annual average PM;s will in part be comprised of reductions in short-term exposures.
We will ask you to walk us through your interpretation of the evidence from whatever
kinds of studies you consider to be informative for this question, which may include
cohort and time-series epidemiology studies, as well as toxicological and clinical studies.

1.2 Methodology
We plan to elicit your judgments in a series of steps:

1. We will discuss the primary quantitative question about the PM;s/mortality C-R
function and the detailed assumptions describing the scenario on which it is based.

2. We will ask you to provide a conceptual model, in words or using diagrams, of the
evidence and/or issues that you think will be important in developing your
guantitative assessment of the C-R function.

3. Through a series of initial questions, we will document your views on the evidence
available to make inferences about the nature and magnitude of potential
relationships between exposures to PM; s and mortality in the U.S., the strengths and
weaknesses of that evidence, and the major factors that may be responsible for or
could modify the relationships observed.
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4. We will elicit a preliminary set of probabilistic judgments from you about the percent
change in total all-cause mortality for adults associated with a permanent 1 pg/m®
reduction in ambient annual average PM, s concentrations.

5. We will explore the major issues you have raised, examining their collective
influence on your quantitative judgments.

If, in the course of discussing your conceptual approach, a different ordering of the
questions suggests itself, the order of the elicitation questions can change.

It is important to recognize that your probabilistic judgments should ultimately reflect
your “state of knowledge” about each of these guantities; they should be a function both
of what you know and what you do not know as a result of underlying uncertainties in the
available evidence.

Note that because the elicitation is often an iterative process, some topics may be
discussed more than once.

1.3 Confidentiality Agreement

We will take steps to preserve the confidentiality of your judgments. While your name, a
summary of our discussions with you, and your quantitative judgments will all be
publicly available, neither the summary nor your quantitative judgments will be
associated with your name. Instead, you will be assigned a letter at random that will be
used in the documentation and reporting of your judgments.

1.4 Use of Expert Elicitations
Your probabilistic judgments about each of these values will be presented individually
by expert (anonymously). In addition, we are exploring whether judgments from this

elicitation will be combined and if so, which method is most appropriate for combining
judgments.
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Part 2. Quantitative Elicitation Question: Preview (20 minutes)

In Part 4 of this protocol, you will be asked the following question:

What is your estimate of the true percent change in annual, all-cause mortality in
the adult U.S. population resulting from a permanent 1 ug/m? reduction in annual
average ambient PM, s across the U.S.? In formulating your answer, please consider
mortality effects of reductions in both long-term and short-term exposures. To
characterize your uncertainty in the C-R relationship, please provide the 5%, 25%

508 75T and 95 percentiles of your estimate.

For the purpose of this elicitation, we are assuming that the “true” percent change in
mortality per unit reduction in annual average ambient PM; s for the adult U.S. population
could be known exactly if the ambient PM, s exposures and mortality experience of all
U.S. residents, across all regions, were to be measured perfectly and followed for an
appropriate period of time. In essence, this relationship might be considered as a
single, national average C-R function that could be applied throughout the U.S. in a
benefits analysis.

In the scenario we are focusing on today, the reduction in PM, s resulting from regulatory
action is assumed to be immediate and permanent (see Figure 3). We recognize that
some of the change in annual all-cause mortality resulting from a reduction of PM;s
might take several years or more to appear. We are asking about the percent change in
mortality that might be expected if the U.S. population, remaining similar in every
respect to the current U.S. population, were to reach a new steady state baseline risk of
mortality (see schematic representation in Figure 4). We are not asking you to
characterize quantitatively the time sequence of any changes although we may be asking
your qualitative views about it.
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Figure 3: Schematic Depiction of an Immediate and

Permanent Reduction in PM, 5
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Assumptions on which your judgments should be conditioned:

e Baseline exposure conditions:

(0}

The range of baseline annual average PM, s concentrations is typical of
that observed across U.S. metropolitan areas in recent years (i.e., from
about 4 to 30 pg/md).

The variation in the mix of PM, s component species is also typical of that
observed across U.S. metropolitan areas in recent years (see EPA's
Particle Pollution Report, 2004 for characterization of the mix of PM;s
components across the U.S.).

Baseline concentration distributions of other pollutants, such as nitrogen
dioxide, sulfur dioxide, ozone, and carbon monoxide, and other pollutants,
are as they currently exist (i.e. as observed in recent years in U.S.
metropolitan areas) (see EPA’s Air Quality and Trends Report, 2002 for
characterization of levels of these other pollutants).

Temperature and relative humidity conditions are the same as those that
typically occur currently throughout the U.S.

Baseline patterns of air conditioning use are represented by recent data
(see the US Department of Energy's Trends in Residential Air
Conditioning Usage from 1978-1997, 2000).

The age of the housing stock in the U.S. is represented by estimates from
the U.S. Census American Housing Survey from 2003 (see Background
Technical Information Pages, Elicitation Aids for information on the
median age of housing across the U.S.).?

e Historical exposure conditions:

(0}

o

Ambient concentration levels of PM,s and other pollutants reflect
historical patterns of pollution across U.S. metropolitan areas (see EPA’s
Air Quality and Trends Report, 2002).

Historical trends in housing stock characteristics and air conditioning use
are reflected by existing data.

e Requlatory implementation:

o

The reduction in PMys resulting from the regulatory action is assumed to
be immediate and permanent (see Figure 2).

% The age of housing stock may be an indicator of the correlation between indoor and ambient PM, s levels.
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The reduction will affect all areas, not just non-attainment areas.

The regulatory strategies implemented to achieve this reduction in PMys
could include a variety of regulatory measures that could affect levels of
precursors and/or primary particles. Such measures could include
regulations on motor vehicles, control of emissions from major industrial
sources or utilities, or local measures to comply with fine particle
standards.

We cannot specify which PM,s components will be reduced (e.g.
reductions may occur in any or all of PM,s components such as nitrates,
sulfates, organic or elemental carbon, metals, or primary particles). Please
assume for the purpose of this exercise that the regulatory action will
achieve proportional reductions in all PM, s components.

The impact of the regulatory action on co-pollutant concentrations is not
known/specified and thus remains a source of uncertainty.

The temporal pattern of concentration changes producing the specified 1
ng/m? reduction in annual average ambient PM, s is uncertain, but likely
reflects a combination of reductions in peak daily (24-hour) PM,s
exposures and longer-term reductions in PM;s levels. Both of these
effects should be considered when evaluating the mortality effects of a 1
ng/m? reduction in annual average ambient PM,s.

U.S. Population characteristics:

(0]

(0]

(0]

U.S. adult population (25 years and older).

The distribution of susceptible individuals across the U.S. population
reflects current patterns of susceptibility. These patterns are assumed to
remain constant.

The impact of projected changes in the age distribution in the population
over time on mortality will be incorporated directly into modeling of
benefits.

Time course of mortality changes: Assumptions about the time course of

mortality changes, sometimes referred to as the “cessation lag,” are incorporated
as separate assumptions into EPA’s benefits assessments and are not the focus of
this elicitation.
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Do you have any questions or concerns at this point regarding the specification of
this problem?
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Part 3. Conditioning Step: Preliminary Questions (3 hours, 20 minutes)

To assist you in providing quantitative probability judgments, we want to help you bring
to mind the relevant evidence so that you may consider it systematically. You will need
to identify the relevant evidence (including evidence from epidemiological, clinical,
toxicological, and exposure studies and theories regarding biological and toxicological
mechanism), and consider any sources of uncertainty, error or bias that might influence
your interpretation of the evidence.

We have identified several factors that you may like to discuss:

- scientific (epidemiological, clinical, toxicological, etc.) evidence for
physiological mechanisms and causes of death

- role of study design in capturing effects of annual average PM, s exposures

- scientific evidence on the magnitude of the PM;s/mortality relationship

- confounding

- effect modification

- exposure issues

- evidence for a causal relationship

- thresholds

- other influential factors (e.g., selection bias, statistical methodology,
publication bias)

We would like you to describe the importance of these factors, and any others that you
would like to add, in terms of their contribution to your understanding of and uncertainty
about the mortality effects of PM,s. The order here is not intended to indicate relative
importance.

The following set of preliminary questions was designed to provide an explicit and
orderly consideration of the evidence that might factor into your judgments about the
PM, s mortality relationship. We recognize that individual experts may have other logical
approaches for developing his or her judgments. If you would like to discuss the
questions in the protocol in a different order, please let us know.
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3.1 Mechanisms for Effects from Exposure to PM,5s (20 minutes)

In this section, we would like you to discuss the scientific evidence on the possible
mechanisms underlying the mortality effects of both short-term and long-term exposures
to PM,s on mortality. While the protocol asks about mechanisms for long- and short-
term exposures separately, it can also accommodate a discussion of the effects of both
types of exposures together, if you believe the evidence is more consistent with that
approach.

Please indicate which approach you wish to take:

3.1.1 Mechanisms for Effects from Long-term Exposures to PM; 5

Please state what you believe to be the most compelling current theory or theories
concerning potential causes of death and the possible biological or physiological
mechanisms for those causes of death resulting from long-term exposures to PMys.
Please discuss the major causes of death in order of their importance (e.g., contribution to
total mortality). What existing studies and/or evidence are most influential in informing
your views? (Please fill out the table on the next page.)
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Causes of Death

Study(ies)
(Author(s),
Date)

Major Findings

Strengths/Limitations

14
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3.1.2 Mechanisms for Effects from Short-term Exposures to PM; 5

Please state what you believe to be the most compelling current theory or theories
concerning potential causes of death and the possible biological or physiological
mechanisms for those causes of death resulting from short-term exposures to PM;s.
Please discuss the major causes of death in order of their importance (e.g., contribution to
total mortality). What existing studies and/or evidence are most influential in informing

your views?

Causes of Death

Study(ies)
(Author(s), Date)

Major Findings

Strengths/Limitations

15
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3.2 Conceptual Framework for Mortality Effects of Short-term and Long-Term PM,s
Exposures (20 minutes)

Because the goal of this elicitation is ultimately to obtain your quantitative estimate for
the total annualized mortality effect of changes resulting from both short-term and long-
term exposures to PM;s, we would like to understand the relationship between the two
types of effects with the help of a conceptual framework.

It is difficult to derive an estimate of the total annualized mortality effect of reductions in
ambient annual average PM,s that may reflect reductions in both short-term peak and
long-term average exposures to PM;s. Cohort studies focus primarily on analyzing the
impact of long-term exposures to PM; s but may also capture some of the impact of short-
term variations in exposure during the cohort follow-up period. Time-series studies
analyze the impacts of daily or short-term variations in PM concentrations and can
characterize the cumulative impact of exposure over a few days, but not over a longer
period of time. Those who rely exclusively on cohort studies may not account for all of
the mortality impacts of short-term exposures, and therefore, may underestimate total
mortality impacts. Those who rely on a sum of effects estimated in both cohort and time-
series studies may overestimate mortality impacts. One approach to sorting out the total
benefits of a reduction in annual average PM,5 is to consider carefully the relevant
information provided by each type of study and to then combine them. This process itself
may introduce uncertainty into your eventual quantification of benefits.

We will explore this question in greater detail momentarily. But first, Kunzli et al.
(2001) presents a conceptual framework using Venn diagrams to describe the relationship
between the deaths attributable to long-term exposures and those attributable to short-
term exposures to fine particles (see Figure 5).

Your own views on the interaction between the mortality effects of short-term and long-
term PM exposures may differ from Kunzli et al. (2001). If so, we encourage you to
discuss and use alternate frameworks that more closely match your own ideas.
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Figure 5: Conceptual Framework for Short-Term and
Long-Term Mortality Effects

All Air Pollution
[ Related Deaths

All Deaths

long-term
effects

B

\ Mixed Effects

Graphic illustration of deaths due to ambient air pollution in a population, including cases related to both long-
term and short-term air pollution. Exposure may affect the occurrence (event) of death (“short-term effects™)
and/or increase the underlying frailty in the population (“long-term effects”), leading to a shortening of lifetime.
The four different types of cases, A, B, C, and D correspond to the categories given on page 17 of the protocol.
Circle sizes do not reflect relative effects. (Adapted from Kunzli et al., 2001).
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Kunzli et al. (2001) defined four categories of deaths attributable to air pollution:

Impact of Air Pollution
Category of Cases Underlying frailty due to air Occurrence of death (event)
pollution triggered by air pollution
A Yes Yes
B Yes No
C No Yes
D No No
Where:

A: Air pollution increases both the risk of underlying diseases leading to frailty and the
short-term risk of death among the frail. For example, patients with chronic bronchitis
that has been enhanced by long-term air pollution exposure may be hospitalized with an
acute air pollution-related exacerbation of their illness leading to death shortly afterward.

B: Air pollution increases the risk of chronic diseases leading to frailty but is unrelated to
timing of death. For example, a person’s suffering from chronic bronchitis may be
enhanced by long-term ambient air pollution exposure but the person may die due to
acute pneumonia acquired during a clean air period.

C: Air pollution is unrelated to risk of chronic disease but short-term exposure increases
mortality among persons who are frail. For example, a person with diabetes mellitus may
be susceptible to heart attacks due to long-standing coronary disease; in such a case, an
air pollution episode may trigger the fatal infarction leading to death.

D: Neither underlying chronic disease nor the event of death is related to exposure to air
pollution.

3.2.1 Do the categories A-D make sense to you as a way of defining the effects of long-
and short-term exposures to PM; s on health? Yes/No

3.2.2 If not, how would you alter them?

A
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3.2.3 Does a Venn diagram adequately represent the relationships between these types of
cases? Yes/ No

3.2.4 If yes, please draw for us the representation that best represents your views.

3.25 If not, please describe your views on these relationships schematically or
mathematically.
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3.3. The Role of Epidemiological Study Design in Characterizing the Total Impacts of
PM, s Exposures on Mortality (20 minutes)

For the purpose of policy analysis and regulation, the impact of exposures to PM, s would
ideally be separable into those impacts due solely to short-term fluctuations and those due
solely to long-term exposures. However, we recognize that current epidemiological
study designs (e.g., time-series and cohort studies) may not completely distinguish
between these two types of effects. Bearing in mind your earlier discussion of the
mechanisms underlying effects of long-term and short-term exposures and the conceptual
framework you specified in Question 3.2, we would now like you to discuss the kinds of
PM-related mortality likely to be captured by different epidemiological study designs.

3.3.1 Tell us which epidemiological study design(s), either alone or in combination, are
most useful for estimating the total annual mortality change related to a permanent
reduction in ambient PM, s concentrations (taking into account both reductions in peak
and annual average concentrations, as you prefer). Please list types of studies in the
table below in order of preference.

3.3.2 Please discuss the extent to which you feel each of these study designs captures
effects from short-term and long-term exposures. For example, what proportion, if any,
of the mortality effects identified in cohort studies do you believe may represent the
influence of short-term exposures? Please discuss your rationale and any evidence you
may have.

Study Design Type of Effects Captured (e.g., short-term,
long-term, or both)
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3.4 Epidemiologic Evidence for the Impact of Exposures to PM,s on Mortality (20
minutes)

We would like to focus now on the epidemiological evidence from U.S. or international
studies that you find most informative for your initial quantitative judgments about the
estimated percent change in all-cause mortality related to a reduction in annual average
ambient PM; 5 concentrations.

3.4.1 Before moving on to discussions of particular studies, please list the characteristics
of an ideal epidemiological study or studies that would most accurately characterize the
change in total annual all-cause mortality in the U.S. population related to a reduction in
annual average ambient PM, s concentrations.

3.4.2 Next, we would like you to review briefly the epidemiological studies that you
think are most informative about the percent change in all-cause mortality related to a
reduction in annual average ambient PM; s concentrations. We are interested in what you
believe to be the strongest evidence for as well as_against a relationship between PM; s
and mortality.

Discuss the reasons for your choices, the strengths and the limitations of each study. For
example, how do these studies compare to your “ideal” study?

Study (author, date) | Key findings Strengths Limitations
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In the next three questions (on confounding, effect modification, and exposure
issues), we would like you to evaluate the impact of various sources of
bias/uncertainty on the particular study or studies (from Section 3.4) that will
inform your quantitative estimates about the PM,s mortality relationship for the
U.S. population.

We recognize that each of these questions may require thinking both about how well
each study estimates the true relative risks in its target population as well as about
the generalizability of each study’s results to the U.S. population.

3.5 Confounding (20 Minutes)

We want to understand the influence, if any, of potential confounding in the specific
studies (identified in Section 3.4) that you will use to inform your quantitative estimates.
In particular, we are interested in understanding what influence they may have on your
judgments concerning the form, magnitude, and uncertainty in the C-R function for
mortality related to ambient PM, s exposure.

3.5.1 Using cards available at the interview please create a set of cards identifying what
you believe to be the most influential confounders of the relationship between exposure
to PM,s and mortality. As an example, some variables that have been included in
epidemiological analyses are listed on cards on page 27.

3.5.2 Define each confounder and discuss the theoretical rationale (e.g., biological or
toxicological mechanism) or empirical evidence (e.g., clinical, epidemiological, animal,
or exposure studies) for the impact of each potential confounder on the PM,s/mortality
effect.

3.5.3 Separate the cards into groups depending on whether you think they have been
adequately controlled for in the studies that inform your quantitative estimates (e.g.,
definitely have, definitely have not, and don’t know). Discuss the evidence on which you
are relying for your judgments.
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3.5.4 Take the cards for those confounders that you do not believe have been adequately
controlled for in the studies that inform your quantitative estimates. We would like to
understand how you believe that the particular treatment of each confounder could have
affected the relative risks (RRs) reported in these studies. Please separate into groups
according to whether you think each confounder is likely to produce 1) an upward bias
(e.g., resulting in an overestimate of the RR), 2) a downward bias (e.g., resulting in an
underestimate of the RR), or 3) an bias of uncertain direction.

3.5.5 Taking into account all of the evidence you have discussed with us, please assign
each of the potential confounders you placed in the “overestimate” group a score on a
scale of 1 to 3, where a score of 1 indicates minimal effect of the variable in question on
the mortality RR estimate and a score of 3 indicates a major upward bias. If you feel that
you cannot assign a score to a specific confounder, you may choose to leave that column
blank. However, please explain why you feel you cannot assign a score to that
confounder and describe what information would be needed to be able to better determine
the likely magnitude of its impact.

3.5.6 Taking into account all of the evidence you have discussed with us, please assign
each of the potential confounders you placed in the “underestimate” group a score on a
scale of 1 to 3, where a score of 1 indicates minimal effect of the variable in question on
the mortality relative risk estimate and a score of 3 indicates a major downward bias. If
you feel that you cannot assign a score to a specific confounder, you may choose to leave
that column blank. However, please explain why you feel you cannot assign a score to
that confounder and describe what information would be needed to be able to better
determine the likely magnitude of its impact.

3.5.6 Finally, please discuss briefly the importance of confounders for which you are
uncertain about the direction of influence.
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SUMMARY OF KEY POTENTIAL CONFOUNDERS IN PM MORTALITY
EPIDEMIOLOGICAL STUDIES

Potential Confounders

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias
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3.6 Effect Modification (20 minutes)

We want to understand the influence, if any, of effect modification in the studies that are
most likely to inform your quantitative estimates (identified in Section 3.4). In particular,
we are interested in understanding what influence effect modifiers in these studies may
have on your judgments concerning the form, magnitude, and uncertainty in the C-R
functions for annual all-cause mortality in the U.S. that would result from a 1 pg/m®
reduction in annual average ambient PM, s exposure.

3.6.1 Using cards available at the interview, please create a set of cards identifying what
you believe to be the most influential effect modifiers of the relationship between
exposure to PM, s and mortality. As an example, some variables that have been included
in epidemiological analyses are listed on cards on page 27.

3.6.2 Define each effect modifier and discuss the theoretical rationale (e.g., biological or
toxicological mechanism) or empirical (e.g., clinical, epidemiological, animal, or
exposure studies) evidence for the impact of each potential effect modifier on the
PM, s/mortality effect.

3.6.3 Please separate the cards into groups depending on how you believe each effect
modifier could affect the relative risks (RRs) from the studies on which you are relying
for your judgments, as compared to the hypothetical effect for the full adult U.S.
population. For example, do you think the RRs reported in the study are likely to be
underestimates or overestimates of the adult U.S. effect? Or are you uncertain of the
direction of bias?
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3.6.4 Taking into account all of the evidence you have discussed with us, please assign
each of the potential effect modifiers you placed in the “overestimate” group a score on a
scale of 1 to 3, where a score of 1 indicates a minimal overestimate of effect on
extrapolation of RRs to the full adult U.S. population and a score of 3 indicates a major
overestimate resulting from extrapolation without adjustment for the effect modification.
Use the table below to record your answers. If you feel that you cannot assign a score to
a specific effect modifier, you may choose to leave that column blank. However, please
explain why you feel you cannot assign a score to that effect modifier and describe what
information would be needed to be able to better determine the likely magnitude of its
impact.

3.6.5 Taking into account all of the evidence you have discussed with us, please assign
each of the potential effect modifiers you placed in the "underestimate " group a score on
a scale of 1 to 3, where a score of 1 indicates a minimal underestimate of effect on
extrapolation of RRs to the full adult U.S. population and a score of 3 indicates a major
underestimate resulting from extrapolation without adjustment for the effect
modification. Use the table below to record your answers. If you feel that you cannot
assign a score to a specific effect modifier, you may choose to leave that column blank.
However, please explain why you feel you cannot assign a score to that effect modifier
and describe what information would be needed to be able to better determine the likely
magnitude of its impact.

3.6.6 Finally, please discuss briefly the importance of effect modifiers for which you are
uncertain about the direction of influence.
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SUMMARY OF KEY POTENTIAL EFFECT MODIFIERS
IN PM MORTALITY EPIDEMIOLOGICAL STUDIES

Potential Effect Modifiers

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias
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Potential Confounders and/or Effect Modifiers:

Alcohol Use

Diet

Occupational History

Gaseous co-pollutants
(specify)

Weather

28

Smoking History

SES Variables (specify
which ones you think are
important)

Pre-Existing Health Status

Temporal Trends

Other (specify):
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3.7 Exposure Issues (20 minutes)

We want to understand the influence, if any, of potential exposure misclassification or
exposure error in the studies that inform your quantitative estimates (identified in Section
3.4). In particular, we are interested in understanding what influence they may have on
your judgments concerning the form, magnitude and uncertainty in the C-R functions for
mortality related to ambient PM, s exposure.

3.7.1 Using cards available at the interview, please create a set of cards identifying what
you believe to be the most influential exposure issues. As an example, some variables
that have been included in epidemiological analyses are listed on cards on page 31.

3.7.2 Define each exposure issue and discuss the theoretical rationale (e.g., biological or
toxicological mechanism) or empirical (e.g., clinical, epidemiological, animal, or
exposure studies) evidence for the impact of each potential exposure issue on the
PM,s/mortality effect. In addition, please state whether the exposure issue affects the
internal validity of the study, or the generalizability of the study results to the U.S.
population.

3.7.3 Please separate the exposure issues into groups based on whether you think an
individual exposure issue is likely to result in 1) an upward bias resulting in an
overestimate of the relative risk, 2) a downward bias resulting in an underestimate of the
relative risk, or 3) a bias of uncertain direction.

3.7.4 Taking into account all of the evidence you have discussed with us, please assign
each of the potential exposure issues you placed in the “overestimate” group a score on a
scale of 1 to 3, where a score of 1 indicates minimal effect of the variable in question on
the mortality relative risk estimate and a score of 3 indicates a major upward bias. Use
the table below to record your answers. If you feel that you cannot assign a score to a
specific exposure issue, you may choose to leave that column blank. However, please
explain why you feel you cannot assign a score to that exposure issue and describe what
information would be needed to be able to better determine the likely magnitude of its
impact.
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3.7.5 Taking into account all of the evidence you have discussed with us, please assign
each of the potential exposure issues you placed in the “underestimate” group a score on
a scale of 1 to 3, where a score of 1 indicates minimal effect of the variable in question on
the mortality relative risk estimate and a score of 3 indicates a major downward bias.
Use the table below to record your answers. If you feel that you cannot assign a score to
a specific exposure issue, you may choose to leave that column blank. However, please
explain why you feel you cannot assign a score to that exposure issue and describe what
information would be needed to be able to better determine the likely magnitude of its
impact.

3.7.6 Finally, please discuss briefly the importance of exposure issues for which you are
uncertain about the direction of influence.
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SUMMARY OF KEY POTENTIAL EXPOSURE ISSUES IN PM-MORTALITY
EPIDEMIOLOGICAL STUDIES

Potential Effect Modifiers

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias

Study (author, date): Overestimated RR Score (1-3)

Underestimated RR Score (1-3)

Uncertain Direction of Bias
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Potential Exposure Issues:

Central site vs. individual site

monitors

Particle Size (e.g., PMg vs.
PM:s5)

Measurement error (specify)

Differences in PM
composition or sources
(regional, temporal, etc.)
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Time course of relevant
exposures

Concentrations vs. Exposure

Regional Housing
Differences (specify)

Other (Specify):
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3.8 Causality (20 minutes)

We want to understand whether and how your views on the strength of the evidence
supporting a causal relationship between reductions in annual average exposures to
ambient PM,5s and changes in annual all-cause mortality may factor into your C-R
function.

The goal of this section is to ask you for your assessment of the overall probability of a
causal relationship between reductions in annual average exposures to ambient PM, s and
changes in annual all-cause mortality. One way to conceptualize your response is that it
represents the probability of there being one or more causal relationships linking
reductions in annual average PM,s levels with changes in mortality. This probability
includes the following:

e the likelihood that there is a causal relationship with short-term exposure
reductions only;

e the likelihood that there is a causal relationship with long-term exposure
reductions only; and

e the likelihood that both short-term and long-term causal relationships are
responsible for the observed mortality results.

This overall probability of a causal relationship is consistent with the C-R function
describing the relationship between reductions in annual average exposures to ambient
PM, and changes in annual all-cause mortality that we are eliciting in Section 4 of the
protocol.

3.8.1 Please specify what types of scientific evidence you believe are required to
support the conclusion that this is a causal relationship.
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3.8.2 What evidence is available, either to support or counter a conclusion of a causal
relationship between reductions in annual average PM; s exposure (including reductions
in short- and/or long-term exposures) and changes in mortality at the PM,s levels
currently experienced in the U.S. (e.g., annual averages of 4-30 pg/m)?

To the extent that your depiction of the relationship between annual average PM;s
exposures and mortality are associated with both reductions in peak exposures and
reductions in long-term exposures, please describe how your views about causality differ
for short-term vs. long-term exposures:

Do you wish to make such a distinction? Yes/No.

If so, please make any distinctions clear.

Study (author, Type of evidence Strengths Limitations
date)

3.8.3 Given all the evidence we have discussed, we would like you to characterize the
likelihood that there is a causal relationship between reductions in annual average
exposures to PM,s (including reductions in short- and/or long-term exposures) and
changes in mortality at PM,s levels currently experienced in the U.S. (e.g., annual
averages of 4-30 pg/m®). Please express your answer as a range of probabilities.

Range: Min___ Max

Do you think there is a value that is more likely than any other in this range?

Please discuss your rationale for the probability value(s) you give.
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3.9 Thresholds (20 minutes)

We want to understand whether and how thresholds may factor into your C-R function
for annual all-cause mortality related to reductions in annual average exposures to
ambient PM;s.

Thresholds may be defined for individuals (i.e., the concentration below which a
particular individual would experience no increased risk of death), for a population (i.e.,
the concentration below which no member of the population would experience an
increased risk of death), and for a particular study (i.e., the concentration below which no
increased risk of death is detected). For this analysis, we are interested in population
thresholds. Recall that in Part 2 of the protocol, we assume the following about the US
population: 1) the population is 25 years of age or older, 2) the distribution of susceptible
individuals across population reflects current patterns of susceptibility, and 3) this pattern
will remain the same. The impact of projected changes in the age distribution on
mortality, however, is incorporated directly into EPA’s benefits model.

3.9.1 What are the conceptual and scientific bases (epidemiological, clinical,
toxicological, etc.) for or against the hypothesis of population thresholds in the range of
4-30 pg/m?® annual average PMy5?

To the extent that your depiction of the relationship between reductions in annual average
PM,s exposures and mortality is based on both reductions in peak and long-term
exposures, do your views about thresholds differ for short-term vs. long-term exposures?
Yes/No.

If so, please make any distinctions clear.

3.9.2 On a conceptual basis, do you think it is likely that a population threshold for
mortality related to reductions in annual average PM,s exist in the exposure range(s)
typical of the U.S.? Yes/No
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3.9.3 What types of studies do you believe are most appropriate for determining values
for potential population thresholds for PM, s and mortality (e.g., epidemiological, clinical,
toxicological)?

3.9.4 In practice, do you believe that a population threshold for annual all-cause
mortality related to PM, s exposures is detectable in any of these studies that are currently
available? Yes/No

If so, please list the studies that you feel provide evidence for specific population
thresholds in the following table:

Study (Author, date) | Type of Study Thresf;old Strengths/Limitations
(Hg/m°)

3.9.5 The quantitative elicitation of your judgments in the next section of the protocol
will focus on the total mortality that might result from a permanent reduction in annual
average PM, s concentrations, including reductions due to both long-term and short-term
exposures. Thus, at this point we would like you to begin integrating your thinking about
both long-term and short-term exposure effects in developing your answers.

On the basis of your interpretation of the scientific evidence, as you have just discussed,
do you want to incorporate a threshold into your characterization of the concentration
response relationship? Yes/No.

Explain your choice briefly.

If you answered yes to Question 3.9.5, please continue to Question 3.9.6. If you
answered no, please proceed to Section 3.10 of the protocol.
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3.9.6 If you do want to incorporate a threshold please specify the method you would like
to use. The following are some examples of ways to quantify a population threshold.

Option 1: Create a probability density function for the location of a population
threshold level for mortality related to PM. s exposures in the 4-30 pg/m?® range
that is the focus of our analysis. This would include specifying one or more PM
ranges and your assessment of the probability that the population threshold falls
within that interval. The probabilities for all of the ranges selected should sum to
one.

Option 2: Specify a specific type of distribution (e.g., uniform, triangular) and its
parameters to express your uncertainty in the threshold level.

3.10 Other Influential Factors (20 minutes)

We want to understand whether and how any other sources of uncertainty, error, or bias,
other than the ones we have discussed so far in Part 3 of the protocol, might influence
your interpretation of the evidence (e.g., selection bias, statistical methodology,
differential impacts of PM, 5 sources and/or PM, s components, publication bias). Please
define each factor and discuss the theoretical rationale or empirical evidence for the
impact of each on the PM, s/mortality effect. In addition, describe the magnitude and
direction of the bias, if known.
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PART 4. ELICITATION OF QUANTITATIVE JUDGMENTS (3 hours)

What is your estimate of the true percent change in annual, all-cause mortality in
the adult U.S. population resulting from a permanent 1 pg/m? reduction in annual
average ambient PM, s across the U.S.? In formulating your answer, please consider
mortality effects of both reductions in long-term and short-term exposures. To
characterize your uncertainty in the C-R relationship, please provide the 5%, 25%
50% 75% and 95 percentiles of your estimate.

Minimum | 5" %ile | 25" %ile | 50" %ile | 75" %ile | 95%ile | Maximum

You will have the opportunity to specify whether and how the PM,s/mortality C-R
function differs across the concentration range we are asking about (4-30 pg/m®). You
may chose to specify a single C-R function across the entire study range, or you may
specify multiple C-R functions for specific segments of the study range.

4.1 Shape of the C-R Function (20 minutes)

4.1.1 Before we work on your quantitative response, we would like to begin by having
you describe your C-R function in specific terms, either using a particular mathematical
form or by sketching the general shape of the C-R function for the range of PM,5 we
have specified in this question. For instance, do you think the function is the same over
the whole range, or does it differ depending on the range?
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It is critical in answering this guestion that the basis for your function be made clear. For

example, please state whether you are assuming an underlying log-linear or other C-R
function, and if you prefer to think initially about changes in mortality rates, relative

risks, or percent changes in excess mortality.

Please specify your assumptions:

4.1.2 Please discuss the conceptual basis for your response as well as identify any
evidence (epidemiological, clinical, toxicological, statistical, etc.) on which you are
relying on to make your judgment about the shape of the C-R function:

Study (author, date)

Type of evidence

Strengths/Limitations
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4.2 Causal Relationship and the Structure of the Elicitation (20 minutes)

If you have expressed the view that there is a non-zero probability of a causal relationship
between mortality and reductions in annual average exposures to PM, s, it is important to
understand how you will factor this into your quantitative characterization of the C-R
function below. For example, you could reflect your views on the causal relationship
directly in the percentiles of your uncertainty distribution. Alternatively, you may
provide a C-R distribution conditional on the existence of a causal relationship. We
would then combine that distribution with your probability estimate for the existence of a
causal relationship (please refer to the Background Technical Information Pages,
Elicitation Aids, for examples of how to incorporate causality into the C-R function).

Please describe for us how you intend to incorporate your view about causality into your
quantitative judgments:

4.3 Threshold and the Structure of the Elicitation (20 minutes)

If you have expressed the view that there is a non-zero probability of a threshold within
the concentration range of interest, it is important to understand how you will factor this
into your quantitative characterization of the C-R function below. For example, you
could reflect your views on the threshold directly in the percentiles of your uncertainty
distribution.  Alternatively, you may provide a C-R distribution conditional on the
existence of a threshold. We will then combine that distribution with your probabilities
of a threshold (please refer to the Background Technical Information Pages, Elicitation
Aids, for examples of how to incorporate threshold into the C-R function)

Please describe for us how you intend to incorporate your view about a threshold into
your quantitative judgments.
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4.4 Elicitation of Specific Percentiles (90 minutes)

As you develop your quantitative responses to this question, it is very important that we
understand the basis for each numerical value you give at each percentile of the
uncertainty distribution.

Earlier in the protocol (Section 3) we asked specific questions designed to help think
about the theories, relationships, and evidence as well as the methodological limitations
of existing studies that may have informed your conceptual and quantitative judgments
about uncertainty.

In this section, we will build on your earlier responses as you describe:
- any quantitative factors, including particular statistical values, that inform your
judgments about magnitude and uncertainty in the CR relationship
- the studies or other evidence on which you base your judgments
- the process by which you arrive at particular quantitative judgments

To help structure this process, we will ask you to consider the following questions:

e What do you think the plausible upper bound might be for the C-R relationship and
why? What data might you use to bound the relationship?

0 Assuming the mean PM,s concentration in the U.S., what does your
maximum estimate imply for the total number of annual deaths from all
causes in the U.S. attributable to PM;5?

e Similarly, how might you approach estimating the 95%ile? What evidence or theory
guides your thinking?

o0 How do your beliefs about confounding, effect modification, exposure issues,
etc. inform your thinking?

a1 January 27, 2006



e What do you think the plausible lower bound for this relationship might be? What
evidence or theory guides your thinking about this value?

o For example, how do your beliefs about confounding, effect modification,
exposure issues, thresholds or causal relationships inform your thinking?

e Similarly, how might you approach estimating the 5%ile? What evidence or theory
guides your thinking?

o For example, how do your beliefs about thresholds or causal relationships
inform your thinking?

e How do you approach developing an interquartile range? What evidence or theory
guides your thinking about these values?

e What is the evidence or theory that guides your thinking about the likely median of
your distribution for the CR relationship?

In particular, we will be working with the C-R function that you specified in Section 4.1
above. It is important that we are clear about the form of that function, the parameter(s)
you are using to describe it and the range over which it applies. If you have decided to
characterize the C-R relationship separately for specific PM, s ranges, we will ask you to
quantify the uncertainty in the C-R relationship for each range.
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4.5 Collective Impact of Potential Sources of Bias and Uncertainty (30 minutes)

Now we would like to understand more explicitly how each of the factors (confounding,
effect modification, exposure issues) discussed in sections 3.4-3.6 might have influenced
your quantitative judgments.

We will begin by recalling the top 5 (or however many you identified previously as
influential) cards you identified earlier in the protocol in response to our questions about
confounding, effect modification, exposure issues, etc. We will arrange them all on a
new chart with respect to their independent influence on estimating the PM,s/mortality
relationship, as you indicated in our earlier discussions. As you array the factors in order
of magnitude within each category (for example, all those that you designated as "likely
to overestimate the true, but unknown PM/mortality response™), please discuss how you
have taken these factors into account in your probability distribution.

This is an appropriate time to adjust your C-R function if you feel that it does not
adequately account for either the magnitude or direction of the influence of the
confounders, effect modifiers, and exposure issues, etc. that you think are most
important.
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BACKGROUND INFORMATION

EXCESS RELATIVE RISKS OF MORTALITY IN KEY COHORT STUDIES FOR A
10 pug/m® INCREASE IN PMs

Study PM* Total Mortality Cardiopulmonary Lung Cancer Mortality
Mortality
Ex2 95% CI Ex RR | 95% CI Ex RR 95% CI
RR
Six City® PM,s 13% | (4.2, 23%) 18% (6.0, 32%) 18% (-11, 57%)
Six City New* | PMys 14% | (5.4, 23%) 19% (6.5, 33%) 21% (-8.4, 60%)
ACS® PM,s 6.6% | (3.5,9.8%) 12% (6.7, 17%) 1.2% (-8.4, 60%)
ACS New® PM,s 7.0% | (3.9,9.8%) 12% (7.4, 17%) 0.8% (-8.7, 11%)
ACS Extend.” | PMys 4.1% | (0.8, 4.1%) 5.7% (2.5, 9.0%) -1.6% (-9.1, 6.4%)
1979-
1983
ACS Extend. PM_s 59% | (2.0, 9.9%) 7.9% (2.3, 14%) 12.7% (4.1, 22%)
1999-
2000
ACS Extend. PM,5 6.2% | (1.6, 11%) 9.3% (3.3, 16%) 13.5% (4.4, 22%)
Avg.
AHSMOG*® PM,s 85% | (-2.3%,21%) | 23% (-3.0, 55%) 39% (-21, 150%)
VA® PM,s 0.3% | NSY
PM,s -10% | SS*

Y Increments are 10 pg/m® for PM, 5

2Ex. RR (excess relative risk, percent) = 100 * (RR-1) where the RR has been converted from the highest-to-lowest range to
the standard increment by the equation RR=exp(log(RR for range) x (standard increment)/range).

% From Dockery et al. (1993); Krewski et al. (2000), Part 11, Table 21a, original model.

4 From Krewski et al. (2000), Part I, Table 21c.

5 From Krewski et al. (2000), Part I, Table 25a.

® From Krewski et al. (2000), Part I, Table 25c.

" From Pope et al. (2002).

8 From McDonnell et al. (2000), two-pollutant (fine and coarse) models; males only

® From Lipfert et al. (2000), Males only, exposure period 1979-1981 from Table 7. Standard errors not provided.
10 Reported by author to be nonsignificant

! Reported to be statistically significant

*Source: USEPA, October 2004, Air Quality Criteria for Particulate Matter VVolume I1. EPA/600/P-99/002bF.
(http://cfpub2.epa.gov/ncea/cfm/partmatt.cfm)
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EXCESS RELATIVE RISKS OF MORTALITY IN COHORT STUDIES FOR A 1 ug/m®
INCREASE IN PM;5

Study Ve Total Mortality Cardiopulmonary Lung Cancer Mortality
Mortality
Ex2 95% CI Ex RR | 95% CI Ex RR 95% CI
RR
Six City® PM,s 1.23% | (0.41,2.09%) | 1.67% | (0.58,2.82%) | 1.67% (-1.16, 4.61%)
Six City New* | PM,s 1.32% | (0.53,2.09%) | 1.75% | (0.63,2.89%) | 1.92% (-0.87, 4.81%)
ACS® PM,s 0.64% | (0.34,0.94%) | 1.14% | (0.65,1.58%) | 0.12% (-0.91, 1.14%)
ACS New® PM,s 0.68% | (0.38,0.96%) | 1.14% | (0.72,1.58%) | 0.08% (-0.91, 1.05%)
ACS Extend.” | PM,s 0.40% | (0.08,0.73%) | 0.57% | (0.15,0.96%) | 0.79% (0.11, 1.50%)
1979-
1983
ACS Extend. PM,5 0.57% | (0.20,0.95%) | 0.76% | (0.23,1.32%) | 1.20% (0.40, 2.01%)
1999-
2000
ACS Extend. PM, 5 0.60% | (0.16,1.05%) | 0.89% | (0.33,1.50%) | 1.27% (0.43, 2.09%)
Avg.
AHSMOG? PM, 5 0.82% | (-0.23,0.44%) | 2.09% | (-0.30,4.48%) | 3.35% (-2.33, 9.60%)
VA’ PM, 5 0.03% | NS™
PM, 5 -1.05% | Ss*

! Increments are 1 pg/m? for PM,5

2Ex. RR (excess relative risk, percent) = 100 * (RR-1) where the RR has been converted from the highest-to-lowest range to
the standard increment by the equation RR=exp(log(RR for range) x (standard increment)/range).

® From Dockery et al. (1993); Krewski et al. (2000), Part II, Table 21a, original model.

4 From Krewski et al. (2000), Part I, Table 21c.

% From Krewski et al. (2000), Part I, Table 25a.

® From Krewski et al. (2000), Part I, Table 25c.

" From Pope et al. (2002).

® From McDonnell et al. (2000), two-pollutant (fine and coarse) models; males only

® From Lipfert et al. (2000), Males only, exposure period 1979-1981 from Table 7. Standard errors not provided.
10 Reported by author to be nonsignificant

1! Reported to be statistically significant
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BETA COEFFICIENTS FROM LONG-TERM COHORT STUDIES DESCRIBING THE
CONCENTRATION-RESPONSE RELATIONSHIP BETWEEN MORTALITY AND A
1 ug/m?® INCREASE IN PARTICULATE MATTER

Study VR Total Mortality Cardiopulmonary Lung Cancer
Mortality Mortality
Beta SE Beta SE Beta SE
Six City2 PM;s 0.0122 0.0044 0.0167 0.0058 0.0166 0.0150
Six City New® PM, s 0.0131 0.0039 0.0174 0.0058 0.0191 0.0147
ACS* PM, s 0.0064 0.0015 0.0113 0.0023 0.0012 0.0052
ACS New® PM, s 0.0068 0.0014 0.0113 0.0023 0.0008 0.0049
ACS Extend.® PM, s 0.0040 0.0016 0.0057 0.0020 0.0079 0.0036
1979-
1983
ACS Extend. PM, s 0.0057 0.0019 0.0076 0.0028 0.0120 0.0041
1999-
2000
ACS Extend. PM,5 0.0060 0.0023 0.0089 0.0031 0.0127 0.0042
Avg.
AHSMOG’ PM, 5 0.0082 0.0056 0.0207 0.0122 0.0329 0.0319
VAS PM, 5 0.0003
PM, 5 -0.0105
Y Increments are 10 pg/m® for PM, 5
2 From Dockery et al. (1993); Krewski et al. (2000), Part II, Table 21a, original model.
3 From Krewski et al. (2000), Part I, Table 21c.
4 From Krewski et al. (2000), Part I, Table 25a.
®> From Krewski et al. (2000), Part I, Table 25c.
® From Pope et al. (2002).
" From McDonnell et al. (2000), two-pollutant (fine and coarse) models; males only
8 From Lipfert et al. (2000), Males only, exposure period 1979-1981 from Table 7. Standard errors not provided
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POPULATION-WEIGHTED PM,5 CONCENTRATIONS IN THE UNITED STATES

Percentiles of Population-Weighted PM2.5 Concentrations in the US, 2002
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3.98 5.71 6.73 7.63 9.92 12.31 14.24 15.64 18.62 23.77 26.74
Population-Weighted PM2.5 Concentrations

*Source: BenMAP (USEPA, 2003)

*Note: PM, s monitor data from 2002, Population data from the 2000 US Census
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TRENDS IN AIR CONDITIONING USE IN THE UNITED STATES, 1978-1997

Air Conditioning Trends in the US, 1978-1997

—l— Households with Central Air
Conditioning
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Number of Households (millions)
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Trends in Central Air Conditioning Use by US Census Region
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Percent of Households with Central Air
Conditioning

1978 1979 1980 1981 1982 1984 1987 1990 1993 1997

Year



TRENDS IN AIR CONDITIONING USE IN THE UNITED STATES, 1978-1997
(CONTINUED)

Trends in Use of Window/Wall Air Conditioning by Census Regions
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*Source: US Department of Energy (2000). Trends in Residential Air-Conditioning Usage from 1978 to 1997.
(http://www.eia.doe.gov/emeu/consumptionbriefs/recs/actrends/recs_ac_trends.html)
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MEDIAN AGE OF HOUSING IN THE U.S. BY CENSUS REGION, 2003

Median Age of Housing in the US by Census Region
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Census Region

*Source: U.S. Census American Community Survey, 2003 (http://www.census.gov/acs/wwwi/)

Census Regions:

Northeast = Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and VVermont.

Midwest = Indiana, Illinois, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, South Dakota, and Wisconsin.

South = Alabama, Arkansas, Delaware, District of Columbia, Florida, Georgia, Kentucky,
Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee,
Texas, Virginia, and West Virginia.

West = Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New
Mexico, Oregon, Utah, Washington, and Wyoming.
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TWO APPROACHES FOR INCORPORATING THRESHOLD AND CAUSALITY INTO
AN OVERALL CONCENTRATION-RESPONSE (C-R) FUNCTION

Experts may choose how they would like factor their views on causality and threshold
into their quantitative characterization of the C-R function between annual average exposures to
PM,5s and changes in annual mortality. Below are two examples of ways that experts may
choose to do this. In the first, called the "Aggregated Approach,” the expert reflects their views
on causality and/or threshold directly in the percentiles of the uncertainty distribution. In the
second, called the "Disaggregated Approach” the expert provides a C-R distribution that is
conditional on the existence of a causal relationship and/or a threshold. This distribution is then
combined with the experts' probabilities for causality and threshold to create a final C-R
function.

AGGREGATED APPROACH

Step 1: Expert considers the likelihood of a causal
relationship as well as evidence for the existence of
a threshold in the overall C-R function describing
the relationship between changes in annual, all-
cause mortality and annual average PM, ;.

Step 2: Expert provides a non- ]
conditional C-R function for

changes in annual all-cause

mortality and changes in annual Probability
average PM, ;, incorporating his
or her views on causality and
threshold.

Step 3: Elicitation team probes the expert’s
underlying rationale to confirm that the
distribution is consistent with the expert’s
responses in the conditioning portion of the
protocol.




DISAGGREGATED

relationship.

Step 1: Expert provides a most likely value for the probability of a causal

p, = probability that there is a causal relationship

1 - p, = probability that there is not a causal relationship

v

Step 2: Expert provides a
C-R function for changes
in annual mortality due to
a 1 pg/m?3 reduction in
PM, 5, conditional on
causality.

Probability|

Step 3: Conditional C-
R function from Step
1 is combined using
Monte Carlo
simulation with the
probability of a causal
relationship provided
in Step 2.

Probability

v

Step 4: Expert provides their view on
the likelihood of a threshold.

v

v

Option 1: Expert believes that there is no
threshold. The combined distribution from
Step 3 remains the same and serves as the
final C-R function.

Distribution of population-
weighted PM, . concentrations
in the U.S., from BenMAP.

Probability

Population-weighted
PM, ; concentration

v

Option 2: Expert believes there is a
threshold. Expert then specifies the
likelihood of the level of the threshold,
either with a discrete or continuous
probability distribution.

v

=
o

Step 5: Distribution from Step 3 is combined
using Monte Carlo simulation with the probability
or distribution provided in Step 4, Option 2 and
the distribution of population-weighted PM, g
levels in the U.S.

Example:
Low Level Threshold High Level Threshold

Probability
Probability

o
=

o
=
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PERCENT EXCESS MORTALITY IN KEY U.S./CANADIAN SHORT-TERM STUDIES
ASSOCIATED WITH A 10 ug/m*® INCREASE IN 24-HOUR AVERAGE PM

Number of Percent Excess o
Study Cities Lag Model Mortality® 95% ClI

PM,, Studies

HEI (2003)2 | 90 U.S. Cities 1 day GLM with natural 0.21% (0.09, 0.33%)
cubic splines
GAM with stringent 0.66% (0.52, 0.80%)

btz Mean of 0 and convergence criteria

Schwar .

(2003a) 10 U.S. Cities 1 day .
Natural splines 0.55% (0.39, 0.70%)

PM, 5 Studies
GAM with stringent 1.37% (0.98, 1.76%)
convergence criteria
GLM with natural 0 o

Schwartz . Mean of 0 and | splines 1.29% (0.88, 1.70%)

2003b 6 U.S. Cities 1d

(2003b) ay B-Splines 1.17% (0.78, 1.56%)
P-Splines 1.13% (0.70, 1.56%)
Thin plate splines 1.04% (0.61, 1.47%)
GAM with stringent

Burnett 8 Canadian convergence criteria,

(2003) Cities 1 day temporal adjustment 1.44% (0.54, 2.34%)

using LOESS smoothing
with 90-day span

! Estimates are for a 10 pg/m3 increase in daily 24-hour average PM
2 Revised analysis of the National Morbidity, Mortality, and Air Pollution Study
GLM = Generalized Linear Model

GAM = Generalized Additive Model

11
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MAP OF ANNUAL AVERAGE PM;5 CONCENTRATIONS IN THE UNITED STATES

Map of PM2.5 Levels (micrograms/cubic meter) in the United States, 2002

PM2.5 Annual Average (ug/m3)

0-6.47
= 6.48 - 8.27
= 8.28-1044
= 10.45-12.42

= 12.43-14.15
= 14,16 - 19.55 Source: BenMAP (USEPA, 2003)
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NATIONAL TRENDS OF PMyy AND PM;5IN THE UNITED STATES

Annual Average PM,, Concentrations, 1988-2003
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*Source: USEPA (2004) The Particle Pollution Report: Current Understanding of Air Quality and Emissions
through 2003. EPA/454-R-04-002.
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CRITERIA POLLUTANT CONCENTRATIONS IN THE UNITED STATES 2000-2004"

PM,s CONCENTRATIONS (pug/m®)
(STANDARD: 15.0 ug/m® ANNUAL MEAN)

NO, CONCENTRATIONS (ppm)
(STANDARD: 0.053 ppm ANNUAL MEAN)

Year Annual Annual Annual
Mean* Maximum? Minimum?®
2000 12.92 28.3 1.8
2001 12.41 31.0 1.6
2002 11.94 27.4 2.2
2003 11.70 24.8 2.0
2004 11.53 43.0 3.3

Year Annual Annual Annual
Mean Maximum Minimum
2000 0.015 0.044 0.001
2001 0.015 0.041 0.003
2002 0.014 0.040 0.002
2003 0.013 0.038 0.001
2004 0.012 0.035 0.001

T Mean of individual annual means from each monitoring

station

2 Maximum annual mean of monitoring stations
® Minimum annual mean of monitoring stations

CO CONCENTRATIONS (ppm)

(STANDARDS: 35 ppm (1-HOUR AVERAGE);
9 ppm (8-HOUR AVERAGE))

PM;, CONCENTRATIONS (ng/m®)
(STANDARD: 50 pg/m® ANNUAL MEAN)

Year | 1st Max [ 2nd Max | 1st Max | 2nd Max
(1-hr)! (1-hr)? (8-hr)® (8-hr)*
2000 6.15 5.48 3.77 3.33
2001 5.85 5.15 3.52 3.12
2002 5.20 4.63 3.17 2.82
2003 4.80 4.27 2.94 2.60
2004 4.43 3.90 2.75 2.40

Year Annual Annual Annual
Mean Maximum Minimum
2000 24.97 153.0 4.0
2001 24.87 289.0 3.0
2002 24.47 152.0 4.0
2003 24.72 140.0 4.0
2004 23.18 117.0 3.0

1 Mean of highest 1-hour maximum from monitoring stations
2 Mean of second highest 1-hour maximum from monitoring

stations

% Mean of highest 8-hour maximum from monitoring stations
4 Mean of second highest 8-hour maximum from monitoring

stations

S0, CONCENTRATIONS (ppm)
(STANDARD: 0.030 ppm ANNUAL MEAN)

O; CONCENTRATIONS (ppm)
(STANDARD: 0.12 ppm (1-HOUR AVERAGE);
0.08 ppm (8-HOUR AVERAGE)

Year Annual Annual Annual
Mean Maximum Minimum
2000 0.005 0.017 0.001
2001 0.005 0.023 0.001
2002 0.004 0.017 0.001
2003 0.004 0.021 0.001
2004 0.004 0.015 0.001

Year | 1st Max | 2nd Max | 1st Max | 2nd Max
(1-hr) (1-hr) (8-hr) (8-hr)
2000 0.107 0.099 0.091 0.085
2001 0.106 0.099 0.090 0.085
2002 0.110 0.104 0.094 0.089
2003 0.107 0.099 0.092 0.086
2004 0.095 0.089 0.081 0.077

! Source: EPA's AirData monitoring data: www.epa.gov/air/data
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CRITERIA POLLUTANT CONCENTRATIONS IN THE UNITED STATES 2000-2004°

PM2.5 Levels in the United States 2000-2004 PM10 Levels in the United States 2000-2004
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2 Source: EPA's AirData monitoring data: www.epa.gov/air/data
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CURRENT COMPOSITION OF PM25 IN URBAN AREAS BY REGION

Figure 2. Average PM; 5 composition in urban areas by region, 2003.
WEST EAST

Northwest Upper Northeast

Midwest Industrial
9 Midwest
| @
Southwest
Carbon
Crustal

@ Southeast
9 Circle size corresponds

to PM, ¢ concentration.

Sulfates
Mitrates

southern
California

>0

*Source: USEPA, December 2004, The Particle Pollution Report: Current Understanding of Air Quality and
Emissions through 2003. EPA/454-R-04-002.

Note: "Sulfates" refers to ammonium sulfate and "nitrates” refers to ammonium nitrate. "Carbon" refers to total
carbonaceous mass, which is the sum of estimated organic carbon mass and elemental carbon. "Crustal" is estimated
using the IMPROVE equation for fine soil at vist.cira.colostate.edu/improve.


https://vist.cira.colostate.edu/improve
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PM,5s COMPOSITION BY REGION, 2003
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Figure 2-15. Annual average composition of PM, . by region, 2003. Rural data
(top panel) from IMPROVE network, urban data (bottom panel) from
EPA Speciation Network. Components (from top to bottom) are
crustal material, total carbonaceous mass (TCM), ammonium

nitrate, and ammonium sulfate.

*Source: USEPA, January 2005, Review of the National Ambient Air Quality Standards for Particulate Matter:
Policy Assessment of Scientific and Technical Information - OAQPS Staff Paper - Second Draft. EPA-452/D-05-
001.
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ANNUAL EMISSIONS OF PM;sIN THE UNITED STATES BY CATEGORY, 1999

PM2.5 Annual Emissions

Solvent Utilization
Petroleum And Related Industries
Storage And Transport
Chemical And Allied Product Mfg.
|

Metals Processing
Highw ay Vehicles
Other Industrial Processes
Fuel Combustion - Industrial
Off-Highw ay Vehicles
Waste Disposal And Recycling
Fuel Combustion - Other
Fuel Combustion - Electric Util.

Miscellaneous Sources

Emissions (tons)

* Source: Source: EPA's AirData monitoring data: www.epa.gov/air/data
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ANNUAL EMISSIONS OF NOy IN THE UNITED STATES BY CATEGORY, 1999

Nox Annual Emissions

Solvent Utilization

Storage And Transport

Metals Processing

Chemical And Allied Product Mfg.
Petroleum And Related Industries
Waste Disposal And Recycling
Miscellaneous Sources

Other Industrial Processes

Fuel Combustion - Other

Fuel Combustion - Industrial
Off-Highway Vehicles

Fuel Combustion - Electric Util.

Highway Vehicles

Emissions (tons)

@ Nox Emissions

* Source: Source: EPA's AirData monitoring data: www.epa.gov/air/data



www.epa.gov/air/data

BACKGROUND INFORMATION

ANNUAL EMISSIONS OF SO, IN THE UNITED STATES BY CATEGORY, 1999

S0O2 Annual Emissions

Solvent Utilization
Storage And Transport
Waste Disposal And Recycling
Miscellaneous Sources
——

Highw ay Vehicles
Metals Processing
Petroleum And Related Industries
Chemical And Allied Product Mfg.
Other Industrial Processes
Off-Highw ay Vehicles
Fuel Combustion - Other
Fuel Combustion - Industrial

Fuel Combustion - BElectric Util.

Emissions (tons)

* Source: Source: EPA's AirData monitoring data: www.epa.gov/air/data
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BACKGROUND INFORMATION
MAP OF PM,s EMISSIONS IN THE UNITED STATES

PM2.5 Emissions by County in the United States, 1999

Emissions (tons/year)
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MAP OF NO, EMISSIONS IN THE UNITED STATES

NOx Emissions by County in the United States, 1999

Emissions (tonslyear)
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Source: AirData (USEPA 2004)
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BACKGROUND INFORMATION
MAP OF SO; EMISSIONS IN THE UNITED STATES

S02 Emissions by County in the United States, 1999

Emissions (tons/year)
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24-HOUR AVERAGE PM,s CONCENTRATIONS IN THE U.S., 2004

| 1stMax | 2ndMax | 3rdMax | 4thMax | 98th %ile
2000
Min 8 7 6 5 7
Max 200 116 110 107 121
Mean 38 34 31 29 32
Median 41 34 32 30 32
Mode 38 32 34 32 34
2001
Min 8 8 7 7 8
Max 641 96 94 91 96
Mean 40 34 31 29 32
Median 41 34 31 29 32
Mode 41 39 28 29 33
2002
Min 5 4 4 4 4
Max 138 111 77 76 77
Mean 38 33 30 28 31
Median 41 34 31 29 31
Mode 34 33 34 28 31
2003
Min 5 4 4 4 5
Max 239 105 94 79 77
Mean 37 32 29 27 30
Median 40 32 29 27 30
Mode 31 39 31 31 32
2004
Min 6 6 6 6 6
Max 997 128 120 117 101
Mean 37 32 29 27 30
Median 36 31 29 27 29
Mode 38 30 28 30 28

Key: 1st Max, 2nd Max, 3rd Max, 4th Max = The four highest 24-hour values of the year in micrograms per cubic meter for each
monitor; 98th %ile = The 98th %ile 24-hour value in micrograms per cubic meter for each monitor.
Note: EPA Standard for 24-hour average PM, 5 is 65 pg/m®.

*Source: EPA AirData (http://www.epa.gov/air/data/info.html)

14
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TOTAL ANNUAL DEATHS IN THE UNITED STATES (2002)
AND LEADING CAUSES OF DEATH

Table C. Deaths and percentage of total deaths for the 10 leading causes of death: United States, 2001-02

2002 2001

Parcentage of Parcantige of
Caugs of death and yaar Rark! Deaths tokal deaths Daaths total daaths
Al causas ... 2443 38T 100.0 2416425 1000
Dissases of heart . e (oo 13 12051) 1 605,047 285 T, 142 20,0
Ma]gwmtmc-piasms LGUD—GQTl 2 55721 28 553,768 224
Carcbrovasoular cissases | . . . . e . (leode) 3 162 f72 67 163,538 6.8
Chrenic lower raspiratory dmasas A ”*H'W.I 4 124 816 5.1 123,013 5.1
Accidents (unintentional injurias) . e L'JI:H—EEQ fa5-YaE) 5 106,742 44 101,527 42
Diabetas mallius . e . (E10-E14) & 73249 an a2 a0
Influenza ared pneumnma e L 10 7 65581 27 62,084 28
Alzheimers dsamss, | . [Ga0) ] 50 0EE 24 53,852 22
Hephrilis, mphrm]c synclroma and naphras:s . |,NDD—H0? N1T—N19 N25—N2?‘| 9 40074 1.7 38,480 1.6
Septicemia . . . TMJJ—.MH 10 23 865 14 32,238 1.3
... Gatagory not applizable.

"Rank tesed on nurker of deaths.

* Source: National Vital Statistics Reports, Vol. 53, No. 17, March 7, 2005.
(http://www.cdc.gov/nchs/data/nvsr/nvsr53/nvsr53_17.pdf)

Figure 1: 440,000 U.S. DEATHS ATTRIBUTABLE EACH YEAR TO
CIGARETTE SMOKING *

Lung Cancer

Chronic Lung Disease

Other Cancers

30,048
Stroke
17,445
Other Diagnosis
82,030
Coronary Heart
Disease 81976

Secondhand smoke
33,053

* AVERAGE ANNUAL NUMBER OF DEATHS, 1995-1999
SOURCE: CDC, MMWR April 12, 2002; 51 (14); 300-303

* Source: Trends in Tobacco Use 2004, American Lung Association. (http://www.lungusa.org/atf/cf/{7A8D42C2-
FCCA-4604-8ADE-7F5D5E762256}/SMK2.PDF)



http://www.lungusa.org/atf/cf/{7A8D42C2
http://www.cdc.gov/nchs/data/nvsr/nvsr53/nvsr53_17.pdf

BACKGROUND INFORMATION
DEATH RATES FOR LEADING CAUSES OF DEATH IN THE UNITED STATES

Figure 25. Death rates for leading causes of death for all ages: United States,
1950-2002

10,000

Click here for spreadsheet version Click here

Al causes

1,000 _\

- Heart disease

—CEHEEFM

Deaths per 100,000 population (log scale)

Stroke
100
—Unintentional injuries
CLRD
10 U | | | | ] | |
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MNOTES: Rates are age adjusted. Causes of death SOURCE: Centers for Disease Confrol and Pravention,
showm are the five leading causes of death for al ages MNatanal Center for Health Statistics, National Vital
i 2002, CLRD is chronic lower respiratory diseases, Statistics System,

Starting in 1999 data were coded according to ICD-10.
See Data Table for data points graphed and adddicnal
nabes,

*Source: National Center for Health Statistics. (2004). Health, United States, 2004 - With chartbook on trends in
the health of Americans. http://www.cdc.gov/nchs/data/hus/hus04.pdf.



http://www.cdc.gov/nchs/data/hus/hus04.pdf
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DIABETES PREVALENCE IN THE UNITED STATES, 1980-2002

Number (in Millions) of Persons
with Diagnosed Diabetes

Number (in Millions)

Crude and Age-Adjusted Prevalence
of Diagnosed Diabetes

P

w

=

Prevalence per 100 Population
=} N
o Ok O N O W g b~ o a

*Source: Center for Disease Control Diabetes Program - Data & Trends.
http://www.cdc.gov/diabetes/statistics/index.htm.



http://www.cdc.gov/diabetes/statistics/index.htm

Deaths From Diseases of the Heart

BACKGROUND INFORMATION

HEART DISEASE IN THE UNITED STATES

United States: 1900-2002

Deaths in Thousands
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Prevalence of Cardiovascular Diseases in Americans
Age 20 and Older by Age and Sex

NHANES: 1999-2002
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Source: CDCANCHS and NHLBI. These data include CHD, CHF, stroke and

hypertension.

*Source: American Heart Association. Heart Disease and Stroke Statistics - 2005 Update.
http://www.americanheart.org/downloadable/heart/1105390918119HDSStats2005Update.pdf
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SAMPLE LIST OF INDUSTRIES LIKELY TO BE AFFECTED BY PARTICULATE
MATTER (PM) REGULATIONS

Fossil Fuel-Fired Steam Electric Plants (>250 MMBTU heat input per hour)
Fossil Fuel-Fired Industrial Boilers (>250 MMBTU heat input per hour)
Petroleum Refineries

Kraft Pulp Mills

Portland Cement Plants

Iron and Steel Mill Plants

Hydrofluoric, Sulfuric, and Nitric Acid Plants

Coke Oven Batteries

Sulfur Recovery Plants

Primary Lead Smelters

Primary Copper Smelters

Primary Zinc Smelters

Primary Aluminum Ore Reduction Plants

Municipal Incinerators (> 250 tons refuse per day)

Lime Plants

Phosphate Rock Processing Plants

Carbon Black Plants (furnace process)

Fuel Conversion Plants

Sintering Plants

Secondary Metal Production Facilities

Chemical Process Plants

Petroleum Storage and Transfer Facilities (capacity > 300,000 barrels)
Taconite Ore Processing Plants

Glass Fiber Processing Plants

Charcoal Production Facilities

Coal Cleaning Plants (thermal dryers)

* This table represents industries affected by Best Available Retrofit Technology (BART) requirements of the EPA
Regional Haze Rulings. The BART requirements of the regional haze rule apply to facilities built between 1962 and
1977 that have the potential to emit more than 250 tons a year of visibility-impairing pollution. Those facilities fall
into 26 categories, including utility and industrial boilers, and large industrial plants such as pulp mills, refineries
and smelters. (Source: http://www.epa.gov/air/visibility/factsheet.html)


http://www.epa.gov/air/visibility/factsheet.html
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EXAMPLES OF RECENT EPA RULES AND REPORTS

INVOLVING MORTALITY EFFECTS OF PMy5

Title Purpose Date of Final Rule
Clean Air Fine Particles Rules | Designate those areas whose air does Early 2006
not meet the health-based standards for
fine-particle pollution. Requires states
to submit plans for reducing the levels
of particulate pollution in areas where
the fine-particle standards are not met.
Clean Air Interstate Rule’ Reduce the emissions of sulfur dioxide | March 2005
and nitrogen oxides from power plants
through caps.
Clean Air Nonroad Diesel Reduce emissions from non-road diesel | May 2004
Rule? engines by integrating engine and fuel
requirements.
Guidelines for Best Available | Amendments to the Regional Haze Rule | May 2004
Retrofit Technology (BART) | that require emissions controls (BART)
Determinations Rule for industrial facilities emitting air
pollutants that reduce visibility.
Heavy-Duty Engine and Require advanced exhaust emission December 2000
Vehicle Standards and control devices for heavy-duty engines
Highway Diesel Fuel Sulfur and vehicles. Will also reduce the level
Control Requirements of sulfur in highway diesel fuel.
Tier 2 Gasoline/Sulfur Control air pollution from passenger February 2000
Rulemaking cars and light trucks
Regional Haze Rule Prevention of any future, and the August 1999

remedying of existing, impairment of
visibility in Class | areas (e.g., national
parks).

Section 812 of the Clean Air
Act Amendments of 1990

Provide a series of cost-benefits studies
of the Clean Air Act.

1st report published
October 1997, 2nd
report published
November 1999, 3rd
report analytic
blueprint released
May 2003

1 Expert Elicitation Pilot Study results were used in the final Regulatory Impact Analysis conducted by EPA. See

USEPA (2005) Regulatory Impact Analysis for the Clean Air Interstate Rule, Section 4.3.

http://www.epa.gov/cair/pdfs/finaltech08.pdf

2 Expert Elicitation Pilot Study results were used in the final Regulatory Impact Analysis conducted by EPA. See
USEPA (2004) Final Regulatory Analysis: Control of Emissions from Nonroad Diesel Engines, Appendix 9B.
EPA420-R-04-007 http://www.epa.gov/nonroad-diesel/2004fr.htm#ria.
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USE OF THE PILOT STUDY RESULTS IN THE UNCERTAINTY SECTION OF THE

COST-BENEFITS ANALYSIS OF THE CLEAN AIR NON-ROAD DIESEL RULE!
BenMAP model (USEPA 2003) used for benefits assessment.

"Pooled" approach used to combine expert responses. Each expert's elicited C-R function was
run through a benefits model to derive a total mortality incidence. Combined mortality estimates
into an aggregate value and calculated an average mortality incidence.

Converted each expert's percentile responses about mortality associated with long-term exposure
into a custom distribution such that each percentile is correctly represented and percentiles in
between are represented as continuous functions.

e For experts specifying a log-linear C-R function (A, D and E), the following formula was
used: Ay =y, (€®* - 1), where B = In(1+B/100), where B is the percent change in all cause
mortality associated with a 1 pg/m? reduction in PM,s. BenMAP then represented the
distribution of Ay based on the custom distribution of f.

e One expert (C) provided a set of conditional C-R functions for different baseline levels of
PM,s (e.g., one at 8, 10, 15 and 20 ug/m?). Linear interpolations between the responses for
each pair of points was performed (e.g., 10 to 15 or 15 to 20). Interpolated values for 13
points, ranging from 8 to 20 ug were calculated. For each conditional function, a log-linear
specification was used.

e One expert (B) specified a log-linear C-R function, conditional on an unknown threshold
characterized by a triangular distribution bounded by 4 and 15 ug. The triangular distribution
was discretized into 12 ranges of unit length (i.e., 4 to 5, 5 to 6, etc.) and calculated the
expected value of the response at each population gridcell based on the observed baseline
PM, s and the probability of that baseline value exceeding the potential threshold.

Based on air quality modeling conducted for the Nonroad Diesel preliminary control option,
calculated the reduction in incidence of premature mortality associated with PM, s and the value
of that reduction.

Used Monte Carlo simulations (sampling from a distribution of the reduction in mortality
incidence and the distribution of Value of a Statistical Life (\VVSL)) to derive the distributions of
the dollar values of estimated reductions in premature mortality.

Monte Carlo process conducted using estimated distribution for each expert individually and the
combined (pooled) distribution as well as for the distribution derived from the Pope et al. (2002)
study.

! Source for text and Figures: USEPA (2004) "Final Regulatory Analysis: Control of Emissions from

Nonroad Diesel Engines" EPA420-R-04-007, Office of Transportation and Air Quality.



Figure 9B-4 Results of Ilustrative Application of Pilot Expert Elicitation: Annual Reductions in
Premature Mortality in 2030 Associated with the Modeled Preliminary Control Option for the Nonroad Diesel Rule
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Figure 9B-6. Results of Illustrative Application of Pilot Expert Elicitation: Dollar Value of Annual Reductions in
Premature Mortality in 2030 Associated with the Modeled Preliminary Control Option for the Nonroad Diesel Rule
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CIGARETTE SMOKING IN THE UNITED STATES POPULATION, 1965-2002

FIGURE 2: CURRENT CIGARETTE SMOKING IN PERSONS AGE 18 YEARS AND
OLDER BY SEX, 1965-2002 (1,2)
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| MALE 51.0 421 ara 26 264 281 286 277 282 270 276 26.4 257 257 252 252

O FEMALE | 338 200 20.3 LR 2.8 235 248 225 231 228 21 220 21.5 21.0 207 200

SOURCE: NATIONAL HEALTH INTERVIEW SURVEY, SELECTED YEARS AND MMWR REPORTS
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BODY MASS INDEX IN THE UNITED STATES, 1960-2002

BMI Trends for Males in the US
30 - — —
o5 { A T ATH ! AT A il
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BMI Trends for Females in the US
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Note: There is no data for the Age Group of 75+ for the years 1960-1980.

*Source: Ogden, C.L., et al. (2004). Mean Body Weight, Height, and Body Mass Index, United States 1960-2002.
Advance Data From Vital and Health Statistics, U.S. Department of Health and Human Services, No. 347. (Data
comes from the National Health Examination and the National Health and Nutrition Examination Surveys
(NHANES).)
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UNITED STATES POPULATION BY AGE GROUP AND GENDER, 2000-2004
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UNITED STATES POPULATION BY AGE GROUP AND GENDER, 2000-2004
(CONTINUED)
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BACKGROUND INFORMATION
POPULATION DENSITY IN THE UNITED STATES

Population Density in the United States, 2000 (pop/square mile)
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BACKGROUND INFORMATION
EDUCATIONAL ATTAINMENT OF THE U.S. POPULATION, 1947-2003

Figure 1.
Educational Attainment of the Population
25 Years and Over by Age: 1947 to 2003

Percent
100

90 [~ High school graduate or more, _

. = P
25 to 29 years

70 [

~ High school graduate or more,
25 years and over
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Bachelor's degree or more,

25 to 29 years
20—

~ Bachelor's degree or more,
25 years and over

(HNE NN NN NN NN NN NE NN NN NN NN NNy
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Note: Prior to 1964, data are shown for 1947, 1950, 1952, 1957, 1959, and 1962.
Source: U.S. Census Bureau, Current Population Survey and the 1950 Census of
of Population.

*Source: U.S. Census Bureau, Current Population Survey, Annual Social and Economic Supplement, 2003.
http://www.census.gov/prod/2004pubs/p20-550.pdf
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BACKGROUND INFORMATION

EDUCATIONAL ATTAINMENT OF THE U.S. POPULATION, 2003

Table A,
Summary Measures of the Educational Attainment of the Population 25 Years and Over:
2003
High school graduate Some college Bachelor's degree
of more or more or more
Characteristic Mumber of 90-percent a0-percent 90-percent
people confidence confidence confidence
(in thousands) Parcent interval Pearcant interval Percant interval
Population 25 years and aver.......... 185,183 84,6 844 -848 25| 52.3-52.7 272| 27.0-274
Ans aroun:
Age group:
25to29years ...l 18,721 86.5| 86.0-87.0 57.4| 56.7 - 581 284 27.8-29.0
todyears.........o 20,521 ay.&| &87.2-88.0 58.8| 5B.0-59.2 31.5] 309- 321
3Btod9years. ... 21,284 B7.6| &87.2-88.0 56.5] 55.9-5741 29.8| 29.2-304
0todd years........ ... 22,790 88.4| 88.0-888 56.5| 55.9-5741 291 28.6 - 29.6
45tod9years. . ... i 21,420 89.3| 88.9-89.7 57.4] 56.8 - 58.0 29.9] 290.3-305
SO0toBdyears..........coiuiiinn 18,814 B88.7] 88.3- 8941 58.9] 58.3-59.5 311 305-231.7
S5toSOyears. ... 15470 86.9| 864 -87.4 55.1] 54.4-55.8 29.0) 283-29.7
B0toBd years........coviiiann 11,830 83.0] 824 -8386 47.3| 46.5 - 4841 245| 238-252
B5toBOyears..............o000u 9,438 768.9| 761 -TI.Y 39.1] 38.2-40.0 18.8 18.9 - 20.3
TotoTdyears. ........coviiinn 8,673 728 71.9-73.7 36.4] 355-37.3 18.5 17.7 - 19.3
TSyearsand over. ............... 16,123 B67.5] 66.8-68.2 32.4| 31.7-3341 154] 14.9-159
Sex:
Men ..o 88,597 84.1] 83.9-84.3 53.2| 52.9-53.5 289 286-29.2
Women ..o 96,586 8501 &84.8-852 51.9] 51.6-52.2 257 254-26.0
Race and origin:
White alone. ... 153,188 851 84.9-853 52.9] 52.7 - 5341 276| 274-278
Mon-Hispanic White alone....... 133488 89.4| 89.2-89.6 56.4] 56.2 - 56.6 30.0] 29.8-302
Black alone............oooiun 20,827 80.0] 79.5-80.5 44.7] 44.0 - 454 17.3 16.8 - 17.8
Aslanalone. ... 7,691 ar.e| 87.0-a882 67.4| 66.5-68.3 49.8] 48.8-508
Hispanic (of any race)............. 21,189 67.0| &6.5-57.5 29.6] 29.1 - 3041 11.4 1.1 -11.7
Nativity:
Mative. . ... 158,128 ay.5| 87.3-87.7 54.2| 54.0-544 272 27.0-274
Foreignborm............o.ooin 27,055 B67.2| 66.6-67.8 42.7] 421 -43.3 27.2) 2866-27.8
Marital status:
Mever married ................. .. 28,604 84.9] 84.5-853 54.8| 54.3-55.3 29.0] 285-295
Married spouse present........... 113,748 87.0| 86.8-87.2 55.9| 55.6 - 56.2 305| 30.3-307
Married spouse absent. ........... 7,380 72.5| T1.6-734 38.2| 37.2-39.2 161 153- 169
Separated .. ... 4,447 74.5| 733-TET 38.6) 37.3-39.9 13.8 12.9 - 147
Widowed. ... 13,970 67.2| 66.5-67.9 30.3) 296 -31.0 12,5 12.0-13.0
Divorced.. ... i 21,382 86.5| 86.1-86.9 50.9] 50.3-51.5 21.0] 205-215
Region:
Mortheast.. ...............ooii 35,182 85.7| 854 -86.0 50.7] 80.3-5141 30.3) 29.9- 307
Midwest. ... 41,728 87.8] &87.5-881 52.5] 521 -52.9 26,0 256-264
South. ... ..o 66,071 82.2| 81.9-825 50.1] 49.7 - 50.5 263) 25.0-2586
West ..o 41,202 84,01 83.6-84.4 581 57.6 - 58.6 28,71 28.3-291

Source: U.5. Census Bureau, Gurrent Population Survey, Annual Social and Economic Supplement, 2003.

*Source: http://www.census.qgov/prod/2004pubs/p20-550.pdf
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APPENDIX C | SENSITIVITY ANALYSIS

Due to differences in underlying assumptions (e.g., whether an expert's concentration
response (C-R) coefficient distribution directly incorporates his likelihood of causality or
whether it represents mortality impacts conditional on the existence of a causal
mechanism), it is not possible to directly compare the 12 experts’ C-R coefficient
uncertainty distributions. Therefore, in order to assess the sensitivity of the study results
to individual expert responses or to elements of the study design, IEc performed a
simplified example benefits analysis and pooled the results across experts. This approach
accomplished two things. First, it enabled us to transform each expert’s distribution into
a common metric (deaths avoided) and to incorporate judgments about both causality and
about thresholds. Second, it produced a single distribution that could be used as the
baseline for a sensitivity analysis.

The simplified benefits analysis estimated the annual avoided deaths associated with a 1
ng/m’ reduction in annual average PM, s, from 12 pg/m’ to 11 pg/m>." This calculation
was performed using the entire U.S. as the exposed population. The first step in the
sensitivity analysis was to estimate 12 distributions of avoided deaths using each expert's
C-R coefficient distribution and the following damage function:*

D=PxMx (exp(p x APM) — 1)

Where:
D = Number of Annual Deaths Avoided

P = U.S. Population’
M = Background mortality rate in the U.S. (deaths/100,000 population)*

B = expert's C-R coefficient (percent change in mortality per 1 ug/m3 change in
PM, 5 divided by 100)

APM = change in annual average PM, 5 (ug/m’)

1 If an expert provided more than one C-R coefficient uncertainty distribution that was concentration dependent, we
calculated mortality benefits using the expert’s distribution at the concentration of interest.

2 In order to create a distribution of avoided deaths, we took each of the percentiles directly specified by the expert and
converted it into avoided deaths using the damage function. We then used Crystal Ball to re-create the distribution in the
new metric. For example, if an expert had specified a 5" and 50" percentile to be used to create a normal distribution, we
first converted his 5" and 95" percentile values into avoided deaths, and then input these two values into a normal
distribution using Crystal Ball. We then ran a simulation in Crystal Ball and extracted a set of 10,000 data points from the
distribution to use in the sensitivity analyses.

® The U.S. population data was taken from the U.S. Census Bureau website (www.census.gov). The data was from the year
2004 and only included individuals aged 25 and above.

4 The background mortality rate for individuals in the U.S. aged 25 and over was taken from the Centers for Disease Control
and Prevention website (www.cdc.gov).


www.cdc.gov
www.census.gov

Next, if an expert's distribution did not include his judgments concerning the likelihood of
a causal relationship or concerning a threshold in the C-R function, we used Crystal
Ball™ to integrate these judgments via Monte Carlo statistical sampling into the
distribution of avoided deaths. We first multiplied the original distribution by a Yes/No
distribution representing the expert’s likelihood of a causal relationship.” To incorporate
an expert’s views on threshold, we multiplied the distribution incorporating causality by
zero if the threshold was above the PM, s concentration that was the focus of that
analysis, and a one otherwise. We then generated a pooled distribution of avoided deaths
by sampling with equal weights from all 12 distributions. The mean and standard
deviation of this pooled distribution served as the baseline for four sensitivity analyses:
one that removed each expert individually from the pooled estimate; one that assessed the
influence of participation in the Pre-elicitation Workshop; one that compared experts who
specified parametric distributions with those who specified "custom" distributions; and
one that examined the influence of changes made by expert's to their judgments following
the Post-elicitation Workshop.

To assess the potential influence of individual expert responses, we removed each
expert’s estimated mortality benefits data sequentially and calculated the percent change
in the mean and standard deviation of the pooled dataset. Exhibit C-1 presents the results
of this analysis, indicating the percent changes in the mean and standard deviation of the
pooled dataset after removing each expert. The largest changes in the mean occurred as
the result of removing Expert E (8 percent decrease in the mean) and Expert K (8 percent
increase in the mean). The largest changes in the standard deviation occurred as the
result of removing Expert E (8 percent decrease in the standard deviation) and Expert K
(5 percent decrease in the standard deviation). No expert changed the pooled estimate's
mean or standard deviation by more than 10 percent. We performed the same analysis at
baseline PM, 5 concentrations of 6 and 18 pg/m® and found results that were generally
similar.

We also assessed potential effects of participation in the Pre-elicitation Workshop on the
experts’ judgments. The mean and standard deviation for a pooled estimate of avoided
deaths for those experts who did not attend the Pre-elicitation Workshop were within 10
percent of the mean and standard deviation of the pooled estimate for Pre-elicitation
Workshop attendees. Therefore, participation did not appear to have a significant effect
on the results.

In addition, we examined the differences between distributions from experts specifying a
custom, non-parametric distribution and those specifying a parametric distribution. The
standard deviation of the pooled estimate for the parametric group was 23 percent greater
than that for the non-parametric group. (The means of the two distributions remained
close to that of the overall mean for all experts). This suggests that the use of parametric
distributions led to distributions with increased uncertainty compared to experts who
provided percentiles of a non-parametric distribution.

5
For example, if an expert specified a causal likelihood of 95 percent, his distribution would be multiplied by one for 95
percent of the time and zero for five percent of the time. This approach assumes that the expert’s causality distribution
and conditional mortality effect distribution are independent.

C-2



Finally, we assessed the impact of the Post-elicitation Workshop on the pooled mean and

standard deviation, since a few of the experts elected to make modifications to their

judgments after the workshop. We found that the mean pooled estimate of mortality
benefits increased by approximately 1 percent after the workshop and the standard

deviation did not change.

EXHIBIT C-1:

PERCENT CHANGE IN THE MEAN AND STANDARD DEVIATION OF AN
EXAMPLE POOLED MORTALITY BENEFIT ESTIMATE BASED ON
RESULTS OF THE EXPERT ELICITATIONS, AFTER REMOVING EACH
EXPERT

10

Number of Experts
o

i |

Mean
Standard Deviation

-8

Note: Mortality benefits were pooled of a 1 ug/m?® decrease in PM, s, beginning at an annual average
concentration of 12 pg/m®. The pooled estimate weighted each expert equally.
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