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Summary

TheU.S. Environmental Protection Agency (EPA) hasestimated that thou-
sands of premature deaths and numerous cases of ilIness, such as chronic
bronchitisand asthmaattacks, could be prevented by reducing exposureto
air pollution. Theseestimatescomefromregulatory health benefitsanaly-
ses, which attempt to quantify changesin the expected cases of mortality
andillnessthat arelikely toresult from proposed air pollution regul ations.
The estimates are often controversial, and the methods used to prepare
them have been questioned.

In 2000, Congress recognized concerns about the methods used by
EPA and emphasized theneed for “themost scientifically defensiblemeth-
odology in estimating health benefits.” It directed EPA to ask theNational
Academy of Sciences*to conduct astudy of thisissue and recommend to
theagency acommon methodol ogy to befollowedinall futureanalyses.”*

THE CHARGE TO THE COMMITTEE
In response to EPA’ s request, the National Research Council (NRC)

convened the Committee on Estimating the Heal th-Risk-Reduction Benefits
of Proposed Air Pollution Regulations, which prepared thisreport. Mem-

1U.S. Senate. 2000. Senate Appropriations Report for Fiscal 2001. Report 106-
410, 106th Congress, 2d Session.
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bers were chosen for their expertise in risk assessment, exposure assess-
ment, toxicology, epidemiology, biostatistics, health economics, and air
pollution regulations. Thecommitteewasasked to accomplishthefollowing
tasks:

1. Consider issuesimportant in estimating the health-risk-reduction
benefitsof air pollutionregulations, including the scientific data, risk-assess-
ment approaches, populations affected, baselinesused, assumptions, analy-
sis of uncertainty, and identification of key indicators of exposure and
population health status.

2. Ciritically review methods used for recent estimates of regulatory
health benefits.

3. ldentify methods used by federal regul atory agencies and others,
recommend standard good-practice guidelinesand principlesfor estimating
health benefits, and delineate the data-gathering required to better assess
health benefits in the future.

4. |dentify approachesto estimating regul atory heal th benefitswhen
relevant information is limited.

5. Where applicable, recommend areas for further research and
monitoring.

The committee was not asked to evaluate methods used to estimate
other typesof benefits, such asimprovementsinvisibility, resultingfromair
pollution control. Thecommitteea sowasnot asked to review themethods
used for economic valuation of heath benefits or for regulatory cost
analyses.

THE COMMITTEE'SAPPROACH

To accomplish its charge, the committee heard, in public session,
presentations from representatives of EPA, the U.S. Senate, the Office of
Management and Budget (OMB), and other interested parties; reviewed
materials submitted by EPA and others; and reviewed current literature
relevant to health benefitsestimation. Thecommittee selected for detailed
review the health benefits analyses contained in the regulatory impact
assessments (RIAS) prepared by EPA for the following rule-makings:
(2) “ Particulate M atter and Ozone National Ambient Air Quality Standards’
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(1997), (2) “Tier 2Motor V ehicle Emissions Standards and Gasoline Sul fur
Control Requirements’ (1999), and (3) “Heavy Duty Engineand Vehicle
Standardsand Highway Diesel Fuel Sulfur Control Requirements’ (2000).
The committee also reviewed the health benefits analysis completed for
EPA’ sanalysisof thebenefitsand costs of the 1990 Clean Air Act Amend-
ments (CAAA) (1999). All of these analyses are described in Chapter 2
of thisreport (see Tables 2-1 and 2-5).

Ozoneand airborne particulate matter (PM) werethe primary focus of
the EPA analyses selected by the committee for review. Therefore, the
committee spent aconsi derable amount of timediscussing these pollutants,
especially PM, and did not addressissues associated with theanaysisof the
hazardous air pollutants (HAPs). However, many of the findings and
recommendations of the committee have broad applicability and are not
limited to analyses conducted for PM.

THE COMMITTEE’'SEVALUATION AND FINDINGS

Despite many inherent uncertainties, the committee concludes that
regul atory benefitsanalysis can beauseful tool for generatinginformation
valuableto policy-makersandthepublic. Properly conducted analysescan
hel pidentify thetype, magnitude, and relativeimportance of health benefits,
highlight thesensitivity of the benefitsestimatesto assumptionsmadeinthe
analysis, andindicatetheareasof greatest scientific uncertainty. Informa-
tion from the analyses can hel p focusfuture research effortsto reduce key
uncertainties. Thecommittee emphasizes, however, that estimatesof health
benefitsand their economic valuation are only one part of the deliberative
and political processes necessary for the development of sound policy.

Estimating the health benefits of a potential reduction in ambient air
pollution involves a series of steps. First, the regulatory options to be
evaluated must be clearly defined with regard to scope, timing, and imple-
mentation. Then, theboundariesof theanaysis, such asthetimeperiodfor
which benefitsare eval uated, must be established. Inaddition, theregula-
tory baseline (the description of conditionswithout the proposed regul ation)
must be defined. Oncethe analysishasbeen structured, future changesin
pollutant emissionsand resulting changesin ambient pollutant concentrations
and population exposures can be predicted. Changesin health outcomes
can then be estimated by applying concentration- or exposure-response
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functions(derived fromthe healthliterature) to estimated changesin popu-
lation exposures.

Thecommitteefindsthat these basi ¢ steps provide areasonableframe-
work for conducting health benefits analysis and that EPA has generally
used this basic approach when estimating the expected health benefits of
proposed air pollution control regulations. However, on the basis of the
analysesreviewed by thecommittee, EPA’ simplementation of these steps
could beimproved. Recommendationsfor improvementsinthe processare
described in the following pages.

Thecommittee notesthat analysis of health benefitsfor any regulation
will require flexible, innovative, and multidisciplinary participation and
guidance of scientific experts. Therefore, thecommitteedid not attempt to
write a detailed manual for conducting benefits analysis but instead ad-
dressed the key methodological issues and their importance in the EPA
benefits analyses reviewed by the committee.

Regulatory Options, Boundaries, and Baselines

The hedlth benefits that are estimated to result from reducing air
pollution depend on the decisions made at the beginning of the analysis
regarding theregulatory optionsto consider, the health outcomesto evalu-
ate, thetimeframeover which benefitsare estimated, and the assumptions
made about conditionswith and without implementation of theregulation.
In three of the four EPA analyses reviewed by the committee, EPA fo-
cused on evaluating asingleregulatory option. Thisapproach conflictswith
current OM B guidance on benefitsanalysi s, which suggests consideration
of arange of regulatory options and a variety of technical and economic
interventions.

Thecommittee acknowledgesthat EPA cannot evaluateevery possible
regulatory option, given timeand resource constraints; however, arealistic
range of optionsguided by expert opinionandtechnical feasibility should be
represented in EPA’ sbenefitsanalyses. Atthebeginningof eachanalysis,
EPA should describethisrangeof optionsand any preliminary anaysesthat
were conducted to exclude certain optionsfrom theformal benefitsanaly-
sis. Thisapproachwould strengthen anal ysesthat might otherwise appear
to serve the purpose of justifying EPA’s chosen regulatory option.

Once the regulatory options are selected, EPA must determine how
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broadly to define the scope of the analysis, including the degreeto which
secondary or unintended eff ects of theregulation should be examined. For
example, air pollution regul ations can change not only ambient air pollution
levels but also how fuels are made or how combustion devices are oper-
ated. These changes might affect human health through other pathways,
such asthrough water pollution or occupational exposures. Ananalysisof
health benefitsthat ignoresthose effects might result in asubstantial mis-
representation of the potential impacts of pollution-control measures on
society. Althoughthecommitteerecognizesthat assessment of secondary
effectsmay bedifficult, the benefits analysis should discusswhether such
impacts appear to be important and, if so, should incorporate a plan for
assessing them.

Although EPA usually eval uatesthe costsof regul atory optionsfor the
time period between introduction and full implementation of theregulation,
the benefits of the regulation have often been examined for only asingle
year—typically theyear inwhichtheregulationwill havebeenfullyimple-
mented. Evaluation of benefitsfor only asingle year hastwo limitations.
First, when the costs of the regulatory action decrease over time and the
benefitsincrease, the comparison of benefitsand costsinthedistant future
could bemisleading. Second, choosing an evaluation point in the distant
future, such as 2030, is likely to increase the uncertainty associated with
estimating both benefitsand costs. Theselimitationscan maketheanalysis
misleading. Therefore, benefitsshould beestimated at reasonableintervals,
such as every 5 years, over the regulatory time frame, including both the
period of implementation and the expected period of expression of all
significant health effects.

To estimate the benefits of a proposed air pollution regulation, EPA
makes predi ctionsabout conditions expected to occur bothwith theregula-
tion (control scenario) and without the regulation (baseline scenario).
Predictionsconcerning air emissionsandtheU.S. population areespecially
relevant to cal culating the health benefits. Twoissuesregarding emissions
predictions particularly concern the committee. First, many important
componentsof anemissionsanaysis, such asnumber of vehiclesinaclass,
average miles traveled per vehicle, and emissions per mile, are seldom
summarized for the benefits analysis. Thislack of information makes it
difficult tojudgethe plausibility of the emissionsestimates. Second, current
emissions modelsfail to provide an assessment of uncertainty associated
withtheemissions predictionsfor thebaselineand control scenarios, which
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canbesubstantial. Comparison of emissionspredictionsto historical trends
could help elucidate discrepancies that should be explained or formally
incorporated into an uncertainty analysis and taken into account when
estimating health benefits.

Predictionsabout future popul ations, such asnumbers, agedistributions,
and baseline health status, are important aspects of EPA’ sbenefitsanaly-
ses. However, itisdifficult to make confident predictionsabout the charac-
teristics of populations 30 years in the future. EPA should evaluate the
uncertainty involved in these predictions and theimpacts of theseuncertain-
ties on the benefits estimates. Some sense of the uncertainty in these
predictionsmay be obtai ned by comparing the characteristics, such asage,
sex, ethnic mix, disease, and mortality, of the projected future population
withthoseof the populations studiedin the epidemiol ogical studiesonwhich
the benefits estimates are based.

Exposur e Assessment

A critical stepinestimating thebenefitsof proposed air pollution regula-
tionsisdetermining theeffect of emissionschangesonambient air quality.
Thishastraditional ly been accomplished using air-quality model sof varying
complexity. EPA’ sapproachesto exposure assessment evolved consider-
ably over the period of the analysesreviewed by the committee asaresult
of continued improvement inthe modelsand marked increasein available
monitoring datafor key pollutants. Overall, the methods used inthe most
recent EPA analysis reviewed by the committee (heavy-duty engine and
diesel-fuel analysis) represent an appropriate and reasonably thorough
application of the available data and models for exposure assessment.

Several issues, however, deserveto be mentioned regarding themodels
and the assumptions used in the exposure assessments. First, modelsare
simplificationsof redity. Estimating how well amodel simulates pollutant
concentrations in the ambient air resulting from emissions changes esti-
mated at somefuturetimeisdifficult and requires asystematic process of
model testing and evauation. Without suchaprocess, itisdifficulttoknow
how much confidenceto placeinthe predictions. The methodsusedtotest
the models also need to be clearly described in the benefits analysis.
Second, many of the model sused by EPA aretimeand resourceintensive,
thuslimitingthemodeling that can be conducted. Thelimitationisproblem-
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atic becauseit restrictsthe number of regul atory optionsthat can be consid-
ered and the number of years for which benefits can be estimated.

A tacit or explicit assumption in exposure assessment isthat pollutant
concentrationsinambient air adequatel y represent human popul ation expo-
sures. Although ambient concentrations in many cases appear to be rea-
sonableindicatorsof human exposure, EPA should morerigorously assess
the relative contributions of different emissions sourcesto human expo-
sures. For example, EPA should evaluate whether PM emissions from
diesel-fuel vehicles have a greater impact on human exposure than those
from stationary sources, because diesel exhaust isemitted closer to people.

Another assumption specificto theanalysesreviewed by thecommittee
concernsPM. PM isaheterogeneousmixturethat variesin size, composi-
tion, and source of origin; therefore, the health effects of PM exposuresin
oneareamight bedifferent fromthosein another areaand might vary over
time. For example, thehealth effectsof agricultural PM, which arederived
primarily from crustal, animal, and plant sources, may differ fromthehealth
effectsof urban PM, whicharederived primarily from combustion sources,
such as power plants and automobile and truck traffic. Because scientific
information on PM toxicity is incomplete, EPA has typically made the
assumption of equivalent potency across particle types. The committee
believesthat benefitsanal yseswoul d be strengthened by evaluating arange
of aternativeassumptionsregarding relative particletoxicity in sensitivity
or uncertainty analyses.

Health Outcomes

Theappropriate sel ection and definition of adversehealth outcomesis
integral to any assessment of health benefits. A wide range of health
effects, primarily related to therespiratory and cardiovascular systems, is
linked to exposureto air pollutants. Intheanalysesreviewed by the com-
mittee, EPA appears to have carefully considered the mgjority of these
effects. However, many health outcomesare not quantified becausethere
are insufficient data or because inclusion of certain health effectsin the
primary analysis could lead to double-counting.

The committee identified several issues regarding the selection and
definition of mortality and morbidity (disease and other adverse health
effects) outcomes. Clinicaly diagnosed illnesses, such aschronic bronchitis
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and asthmaattacks, aretypically evaluatedin benefitsanalyses. A problem
with these diagnosesisthat they cover awiderange of severity levelsand
time courses. For example, chronic bronchitis can range from a chronic
cough to asevere chronic airway obstruction that requireslong-term care.
Thelack of clear categorization of outcome severity in benefits analyses
hasimplicationsfor quantification and val uation of the outcomes. Although
EPA has made some attempt to deal with thisissue, it needsto investigate
andimprovethemethodsused to reconcil e differences between the severity
of diseasedescribedinair pollution epidemiology and that commonly used
to develop estimates of background disease prevalence and incidence.

In each benefits analysis reviewed by the committee, EPA used U.S.
studies to provide data to estimate the health benefits. Data for many
health outcomesin the U.S. studies are restricted to a specific age group.
For exampl e, the datafor hospital admissionsapply to persons65 yearsor
older, primarily because the data come from Medicare databases. For the
benefits analyses, EPA did not extrapolate those data beyond the age
ranges provided in the studies. The committee notes that recent studies
conducted outsidethe United States provideinformation on certain health
outcomeswith broader age rangesand on outcomesnot currently eval uated
by EPA, such aslevelsof useof the primary-care system. EPA should use
such studies when appropriate to extrapol ate beyond the age ranges cur-
rently considered and to incorporate heal th outcomes not currently evalu-
ated in the analyses.

Mortality isawell-defined health outcome that was evaluated in each
EPA analysis reviewed by the committee. Mortality estimates tend to
dominate the overall health benefits estimates when adollar valueis as-
signed to them. However, the committee notes that data on morbidity is
less comprehensive and needs to be improved, especialy if the value
assigned to mortality decreases and morbidity outcomes begin to play a
more dominant role in the benefits analysis.

Another important issue relates to the key assumption that thereisa
causal association between particular types of air pollution and adverse
health outcomes. The EPA benefits analyses reviewed by the committee
providedlittleinformation concerning thisassumption. Althoughacompre-
hensivediscussion of causality isnot necessary for abenefitsanalysis, the
evidence of causality should be summarized to justify the inclusion or
exclusion of health outcomesand to assessthe uncertainty associated with
the assumption of causality. EPA should investigate and, if necessary,
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develop methodsof eval uating causal uncertainty relating to key outcomes
so that this uncertainty can be represented in the final benefits estimates.

Concentration-Response Functions

A primary element of health benefits analysis is the selection of the
concentration-response functions, which describe the quantitative associ a-
tion between ambient air pollution levels and the corresponding health
effects. Concentration-response functions can be derived from animal
studies, human clinical studies, or epidemiological studies. Intheanalyses
reviewed by the committee, EPA relied on epidemiological studiesasthe
basisfor estimating concentration-responsefunctions. Because epidemio-
logical studiesinvolve the study of humans in real-world situations and,
therefore, are more relevant to the assessment of health benefits than
animal toxicity or human clinical studies, the committee supportsthe use of
these studiesto estimate concentration-response functions. However, the
benefits analyses should reflect the plausibility and uncertainty of the
concentration-response function, such as imprecision of exposure and
response measures, potential confounding factors, and extrapolationfrom
the study population to the target population in the benefits analysis.

For theanalysisof mortality, EPA used cohort studies (epidemiol ogical
studiesthat eval uate heal th effectsin aspecific popul ation over aperiod of
years) to derive benefits estimatesin each analysis reviewed by the com-
mittee. The committee agreeswith that approach. Compared with time-
series studies (epidemiological studies that provide estimates of health
effects due to recent exposure), cohort studies give a more complete
assessment because they include long-term, cumulative effects of air
pollution. Furthermore, the particular advantage of cohort studiesisthat
they provide datato estimate the number of life-yearslost inapopulation,
not just the number of liveslost, thusallowingfor several valuation methods
to be used.

Overdll, thecommitteefound that the epidemiol ogical studiesselected
by EPA for usein its benefits analyses were generally defensible. How-
ever, thecriteriaand process by which EPA reached itsdecisionswere not
articulated in many cases, and at times, the study selection process ap-
peared to be inconsistent. For example, estimates were derived from
multiple studiesin some cases and from single studiesin other caseswhen
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multiplestudieswereavailable. Thisselection processrequiresjudgment
onthepart of theanalyst, and EPA needsto document clearly therationale
for its selection of studies and concentration-response functions.

The committee concluded that EPA’ s sel ection of the American Can-
cer Society (ACS) study? for the evaluation of PM-related premature
mortality was reasonabl e, given the size and precision of the study. How-
ever, thosefactsarenot necessarily groundsfor adoption of thisstudy over
others. For example, the Harvard six cities study® has some advantages
over the ACSstudy, such astheuse of arandom popul ation sampleandthe
careful placement of monitorsfor the study. Because several new studies
have since been published, including an extended analysis of the original
ACS study, a new U.S. cohort study, and other non-U.S. studies, EPA
should review its sel ection of the most appropriate studies. Furthermore,
EPA might want to consider derivation of awei ghted-mean estimatefrom
the cohort studies following review of the entire database.

Decision-makers may want to know the effects of a regulation on
different subgroupsof apopulation, such asgroupswith varying health or
socioeconomic status. Health effects might vary because the regulation
causesdifferent reductionsin exposuresfor different subgroupsor because
varioussubgroupsmay respond differently to aspecific exposurereduction.
Populationsmay respond differently becausetheir baselineratesof illness
differ or becausetheir concentration-responsefunctionsdiffer. Thecom-
mittee encourages EPA to estimate and report benefits by age, sex, and
other demographic factors, when possible. Any assumptions that might
explain the differences among subgroups should be clearly stated.

Analysis of Uncertainty

EPA uses a two-part approach to assess uncertainty in its health
benefitsanalyses. Thefirst part of the approachisaprimary analysisthat

2Pope, C.A. 111, M.J. Thun, M.M. Namboodiri, D.W. Dockery, J.S. Evans, F.E.
Speizer, and C.W. Heath Jr. 1995. Particulateair pollution asapredictor of mortality
inaprospectivestudy of U.S. adults. Am. J. Respir. Crit. CareMed. 151(3 Pt 1):669-
674.

Dockery, D.W., C.A. Pope, X. Xu, J.D. Spengler, JH. Ware, M.E. Fay, B.G.
Ferris, and F.E. Speizer. 1993. An association between air pollution and mortality
insix U.S. cities. N. Engl. J. Med. 329(24):1753-1759.
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producesaprobability distribution for each health outcomeevaluated. For
example, EPA provided aprobability distribution for the number of avoided
deathsin 2030 inthe analysis conducted for the Tier 2 rule-making. Only
one source of uncertainty (the random sampling error associated with the
estimated concentration-response function) was incorporated into the
analysis. EPA typically emphasizesonly the mean val ue of the probability
distribution. Because of the lack of consideration of other sources of
uncertainty, the results of the primary analysis often appear more certain
than they actually are.

Thesecond part of theapproachisancillary uncertainty analyses, which
includealternativeand supplementary cal culationsfor someuncertainties
and sensitivity analysesfor others. Theancillary analysesusually examine
one source of uncertainty at atimeand thereforedo not adequately convey
the aggregate uncertainty from other sources, nor do they discern the
relative degrees of uncertainty in the various components of the health
benefits analysis.

EPA should move the assessment of uncertainty from its ancillary
analysesintoitsprimary analysesto provideamorerealistic depiction of the
overall degree of uncertainty. This shift will entail the development of
probabilistic, multiple-source uncertainty model sbased not only on available
data but also on expert judgment. EPA should continue to use sensitivity
analysesbut should attempt toinclude morethan one source of uncertainty
at atime. EPA also should strengthenitseffortstoidentify theuncertainty
sourcesthat havethegreatest influenceonthefinal results. Thecommittee
emphasi zesthat cost estimatesarea so subj ect to great uncertainty, and the
same standards should be applied to the assessment of the uncertaintiesin
those estimates.

As more sources of uncertainty are incorporated into the primary
analyses, the results inevitably will appear less certain, and the analyses
might appear to be less useful to some. However, uncertainty should be
described as completely and asrealistically as possible for all regulatory
options, recognizing that regulatory action might be necessary inthe pres-
ence of substantial uncertainty. The regulatory decision process will be
better informed by a fair assessment of the uncertainty and a realistic
evaluation of the likely reductions in that uncertainty attainable through
further research.

Accurately characterizing the uncertainties in estimates of health
benefitsfor projected future human popul ationsisdifficult. Therefore, EPA
should consider conducting preliminary analyses that estimate in current
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populations the health benefits resulting from hypothetical changes in
current levels of emissions. Such preliminary analyses would help EPA
develop an idea of the lower bound on the range of uncertainty. These
analyses also would have fewer uncertainties than analyses based on
projected future population exposures and health outcomes.

Presentation of Results

A common complaint about EPA’ sregulatory benefitsanalysesisthat
the methods, the rational e behind the decision-making, and theresultsare
not clearly described or presented. After review of the EPA analyses, the
committee agreesthat the presentations should beimproved. Thecommit-
teeis concerned that important factorsthat drive theresultsof an anaysis
are often buried in appendixes or technical-support documents, and the
rationalesbehind key decisionsarenot clearly discussed. Furthermore, the
amount of discussion devoted to some parameters often doesnot appear to
be proportional to their importance to the analysis. For example, in the
heavy-duty engineand diesal-fuel analysis, aninterpolation method usedin
the exposure assessment is discussed at length, whereas the exclusion of
modeling resultsfor thewestern United Statesisacknowledgedinonly one
sentence.

The committee concludes that many of the problems associated with
EPA'’s presentation of such analyses could be solved by inclusion of a
detailed summary that presents the key information of the analysisin a
straightforward manner. Such information includes the following:

Regulatory options.

Analytical boundaries.

Baselines.

Emissions changes.

Changes in ambient air quality.

Health outcomes eval uated.

Quantified benefits.

Uncertainties associated with the estimates.

Thesummary should highlight all assumptionsthat haveasubstantial impact
on the results of the analysis.
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Theresults of health benefits analyses are typically used as inputs to
cost-benefit or cost-effectivenessanalyses. Therefore, EPA should provide
benefits estimatesin waysthat provide useful input to these analyses. For
example, benefits estimates should be presented when possible by age
grouptoallow calculation of quality-adjusted life-years, ameasureusedin
cost-effectiveness analysis.

RECOMMENDATIONS

Thecommitteerecognizesthat someof thefollowing recommendations
will beeasier for EPA toimplement than others. However, withtheexcep-
tion of research needs, these recommendati ons should not require substan-
tial new resources on the part of EPA, although EPA may need to change
itsapproaches and all ocation of resourcesto accomplish them. The com-
mittee acknowledges that some of the research needed is outside EPA’s
jurisdiction and will require support from other agencies.

® EPA shouldincludeinitsregulatory benefitsanalysescomparative
estimates of the benefits for several regulatory options that represent a
realistic range of choices available to the decision-maker. |f regulatory
options are eliminated at an early stage, the rationale for the elimination
should be provided.

® EPA should examine whether unintended positive or negative
impactson human heal th or the environment might occur fromimplementa-
tion of the proposed regul ation. For example, changesinfuelscouldresult
in water pollution, changes in occupational exposures, or reductions in
greenhouse gas emissions. If important impacts are identified, a plan to
assess them more completely should be included.

® EPA should estimate potential benefitsat reasonableintervals, such
asevery 5 years, over the regulatory time frame, including the period of
regulatory implementation and the expected period of occurrence of all
significant health effects.

® EPA should present theinformation on which emissionsestimates
are based for scenarioswith and without theregulation. Thisinformation
will help readers judge whether the predictions are reasonable and will
suggest which components are most important in driving the emissions
reductions associated with the regulation.
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® EPA should clearly state the projected baseline statistics used in
estimating health benefits, including thosefor air emissions, air quality, and
health outcomes.

® EPA should assessthedegreetowhich modeled predictionsagree
with measured observationsthat have not been used to derive or calibrate
the model. The results of those comparisons should be presented in the
benefitsanal ysisand used to hel p characteri zethe uncertainties associ ated
with the resulting modeled predictions.

® Moreemphasisshould begiventotheassessment, presentation, and
communication of changesinmorbidity and quality of life. Although often
difficult to quantify, thesefactors may beginto play amoredominant role
in benefits analysisif the value assigned to mortality decreases.

® EPA shouldimprovethemethodsused to account for the spectrum
of severity of clinically diagnosedillnesses. When appropriate, EPA should
also usedatafromnon-U.S. studiesinits benefits analyses to broaden the
age ranges to which current estimates apply and to include more types of
relevant health outcomes.

® EPA should strive to present the results of its health benefits
analysesinwaysthat avoid conveying an unwarranted degree of certainty,
such asby roundingto fewer significant digits, increasing the use of graphs,
and placing lessemphasison single numbersand moreemphasison ranges.

® EPA should place the results of its heath benefits analyses in
context by referring not only to absol ute numbersof avoided adverse health
outcomes but also to total projected numbers of these outcomes and to
populationsizes. For exampl e, an estimated number of avoided deathsina
future year should be accompanied by projections of the total number of
deaths and the population size in that year.

® EPA should beginto movetheassessment of uncertaintiesfromits
ancillary analyses into its primary analyses by conducting probabilistic,
multiple-source uncertainty analyses. Thisshiftwill require specification of
probability distributionsfor major sourcesof uncertainty. Thesedistributions
should be based on available data and expert judgment.

® Toobtainexpert judgment needed for itsexpanded primary uncer-
tainty analyses, EPA should rely on internal expertise, as available, and
external experts, asneeded. Inall cases, the expertswhosejudgmentsare
used should beidentified, and the rationales and empirical basesfor their
judgments described.

® As EPA incorporates additional sources of uncertainty into its
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primary analyses, it should anal ytically determinewhich uncertainty sources
have the greatest influence on the mean and spread of the probability
distributions. Theuncertainty sourcesthat havethegreatestimpact onthe
spread of thedistribution should receive high priority for additional research.
® |n presenting the probability distribution for each health benefit
estimated in the primary analysis, EPA should more clearly identify the
sources of uncertainty that are not evaluated in the primary analysis.

e Althoughtheresultsof the benefitsanalysesmay appear to beless
certain, EPA should describetheuncertainty ascompletely andrealistically
as possible, recognizing that regulatory action might be necessary in the
presence of substantial uncertainty.

® EPA should consider providing preliminary analysesthat estimate
in current populations the health benefits resulting from hypothetical
changesin current levels of emissions. Such preliminary analyseswould
help EPA develop an ideaof the lower bound on the range of uncertainty.
These analyses also would have fewer uncertainties than estimates based
on projected future population exposures and health outcomes.

e |nall stagesof thebenefitsanalysis, EPA shouldjustify and clearly
describe the assumptions and methods used to estimate health benefits.

® Eachbenefitsanalysisshould beaccompanied by abrief summary,
such as 20 to 30 pagesin length, that provides all critical elements of the
analysisand the results, so that the reader can approximately estimatethe
benefits on anational level from the information provided.

® To enhance the quality of future regulatory benefits analyses, a
standing, independent, technical review panel should advise EPA in the
initial stages of its benefitsanalysis. This panel should have expertisein
regulatory optionsanalysis, emissionsand exposure assessment, toxicol ogy,
epidemiology, risk analysis, biostatistics, and economics and should be
appointed with strict attention to avoiding conflict of interest, balancing
biases, and ensuring broad representation. The panel should also be sup-
ported by permanent technical staff to ensure consistency of reviewsover
time. EPA shouldfollow the panel’ sguidanceontheneedfor peer review.

® |nreviewing EPA'shealth benefitsanalyses, thecommitteeidenti-
fied several research needs. Some arerelevant to improving the scientific
basis for estimating the health benefits of further reductions of PM and
other air pollutants. Theseresearch recommendationsarementionedinthe
body of the report. Others have to do with the development of improved
methodsfor health benefitsanalysesin general. Theresearch recommen-
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dationsincludetheneedfor improvementsinthefollowing areas: (1) meth-
ods for using expert judgment in support of health benefits analyses, (2)
methodsfor characterizing uncertainty surrounding causal interpretation of
epidemiological findings, (3) efficiency and characterization of uncertainty
in the atmospheric fate and transport models used in support of health
benefitsanalyses, (4) health surveillance systemsto characterize morbidity
outcomes, and (5) analysis of mixtures as well as the single pollutant.
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Preface

The U.S. Environmental Protection Agency (EPA) estimates that thou-
sands of premature deaths and numerous cases of ilIness, such as chronic
bronchitisand asthmaattacks, could be prevented by reducing exposureto
air pollution. These estimates are derived from health benefits analyses,
which attempt to quantify changesin the expected cases of mortality and
illnessthat arelikely to result from proposed regul ations. Theseestimates
are often controversial and the methods used to produce them are often
guestioned. Because of the importance of these estimates in decision-
making, the U.S. Senate directed EPA to request that the National Re-
search Council (NRC) eval uate methods used to derivethe heal th benefits
estimates and make recommendations on best practices for these types of
analyses.

In thisreport, the NRC’'s Committee on Estimating the Health-Risk-
Reduction Benefitsof Proposed Air Pollution Regul ationsreviews recent
EPA analyses and provides recommendations for improvement of the
methodsused. Specifically, thecommittee addressedissuesconcerned with
the structure of theanalysis, such astheregulatory optionsto eval uate, the
timeframeto use, and the assumptionsto make about conditionswith and
without theregulation. Thecommitteeal so consideredissuesregardingthe
exposure assessment, the selection of health outcomes and the concen-
tration-responsefunction, theanalysisof uncertainty, and the presentation
of the methods and results.
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PREFACE

Thisreport has been reviewed in draft form by individual s chosen for
their diverse perspectives and technical expertise according to the proce-
duresapproved by the NRC’ sReport Review Committee. The purpose of
thisindependent review isto provide candid and critical commentsthat will
assist theinstitutionin makingits published report assound as possibleand
to ensure that the report meetsinstitutional standards for objectivity, evi-
dence, and responsivenessto the study charge. Thereview commentsand
draft manuscript remain confidential to protect theintegrity of thedelibera-
tiveprocess. Wewishtothank thefollowingindividualsfor their review of
thisreport: Aaron J. Cohen, Health Effects Institute, Boston, Massachu-
setts; Douglas J. Crawford-Brown, University of North Carolina, Chapel
Hill, North Carolina; Edmund A.C. Crouch, Cambridge Environmental Inc.,
Cambridge, Massachusetts, Daniel Krewski, University of Ottawa, Ottawa,
Ontario; Alan J. Krupnick, Resources for the Future, Washington, DC;
Micha Krzyzanowski, European Centrefor Environment and Health, Bonn,
Germany; Jonathan |. Levy, Harvard School of Public Health, Boston,
Massachusetts; Thomas A. Louis, Johns Hopkins Bloomberg School of
Public Hedlth, Baltimore, Maryland; Robert L. Maynard, U.K. Department
of Health, London; Roger O. McClellan (emeritus), Chemical Industry
Instituteof Toxicology, Albuquerque, New Mexico; Michael H. Scheible,
Air Resources Board, Sacramento, California; George D. Thurston, New
Y ork University School of Medicine, Tuxedo, New Y ork.

Althoughthereviewerslisted above have provided many constructive
commentsand suggestions, they werenot asked to endorsethe conclusions
or recommendations, nor did they seethefinal draft of thereport beforeits
release. Thereview of this report was overseen by Donald R. Mattison,
National Institute of Child Health and Human Development, Bethesda,
Maryland; and Maureen M. Henderson, (emeritus) University of Washing-
ton, Seattle, Washington. Appointed by the NRC, they wereresponsiblefor
making certain that an independent examination of this report was con-
ducted according to institutional proceduresand that all review comments
werecarefully considered. Responsibility for thefinal content of thisreport
rests entirely with the authoring committee and the institution.

Thecommitteegratefully acknowledgesthefollowingindividual sfor
making presentationsto the committee: Robert Brenner and Bryan Hubbell,
EPA; Andrew Whedler, U.S. Senate Subcommittee on Clean Air, Wet-
lands, Private Property, and Nuclear Safety; Robert O'Keefe, Health

Copyright © National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Estimating the Public Health Benefits of Proposed Air Pollution Regulations
http://books.nap.edu/catalog/10511.html

PREFACE

Effects Ingtitute; John Graham, Office of Management and Budget; and
Alan Krupnick, Resources for the Future. In addition, the committee
especially thanks Armistead Russell, Georgialnstitute of Technology, who
provided background information and further analysison air-quality model-
ing to the committee.

The committee is also grateful for the assistance of the NRC staff in
preparing this report. Staff members who contributed to this effort are
Ellen Mantus, project director; Roberta Wedge, program director for risk
analysis, Eileen Abt, program officer; Ruth E. Crossgrove, editor, Mirsada
Karalic-Loncarevic, research assistant; Jennifer Saunders, research assis-
tant; and Lucy Fusco, senior project assistant.

| would especially liketo thank all the members of the committee for
their efforts throughout the development of this report.

John C. Bailar, Il1, Chair
Committee on Estimating the
Health-Risk-Reduction Benefits

of Proposed Air Pollution Regulations
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