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EXECUTSWVEMARY

This reportrepresents an updated analysis of;Bk&lated health burdens under current and alternative
National Ambient Air Quality Standards (NAAQS). Our update includes supplementing previous
estimates for standards of 8 andedm?® by analyzing and presentingstéts for an intermediate standard
of 9eg/m?. In addition, estimatesf reduction in mortality and morbidity burden by alternative standards
were updated (Ehibits 3-4, 3-11).

BACKGROBWNDRESEARCH OBJECTI VES

Air pollution is the greateginvironmental health risk worldwide. Fine particle matter {gNdollution is
comprised of inhalable solid particles and liquid aerosols that are smaller than 2.5 microns in diameter.
These fine particles can penetrate deep into the lungs and can erleratthistream, posing risks of
cardiovascular, respiratory, and neurological diseases. In the United States, populations of color and those
who experience low income bear a disproportionate burden of health impacts associated,with PM
exposure. Th&nited States Environmental Protection Agency (EPA) is required to use the best available
science to set ambient air quality standards that are protective of human health, considering particularly
vulnerable people within our communities.

Currently, the primarfNAAQS for annual mean Pl concentrations i4 2 €.dn/cansideration of a

tighter PM.s NAAQS, EPA published its draft Policy Assessment (PA) for the Reconsideration of the
National Ambient Air Quality Standards for Particulate Matter in October 2021. The draft PA evaluates
the policy implications of available scientific research on thetheald welfare effects of ambient PM

and considers whether the current standards provide adequate public health protection. As our
understanding of air pollution and its impacts on human health have developed througivipaerd
epidemiological and toxadogical research, EPA has made PM standards more protective of public health
over time. In the recent draft PA, EPA concludes that currently available scientific evidence provides
support for tighter standards:

AWhen taken t oget henhattheavailabke acettificteidences; arigqualityu s i o
analyses, and the risk assessmetn reasonably be viewed as calling into question the

adequacy of the public health protection afforded by the combination of the current annual and
24-hour primary PMss t a n d(@ 818%).0

Further, a variety of epidemiological studies presents strong evidence that historically disadvantaged
groups, such as Black and Hispanic communities, are exposed to highecdtidentrations than white
and norHispanic populons, contributing to increased risk of Piglated adverse health effects (Mikati,
2018; Nachman and Parker, 2012; Basu, 2004).

In this report, we assess both the current health burden of & potential benefits of achieving
stronger PM; standardsmaking use of fine scale data that reflects spatial variance in air quality,
population, and baseline health. Use of theseduose datasets enables us to assess the distribution of
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burden and potential benefits across racial and ethnic populatioroapbgas well as those experiencing
poverty. We highlight three specific research objectives addressed in this report:

1 Characterize the PM-attributable health burden undée currentPM. s concentrations,

1 Perform distributional analyses to estimatéeptial benefits from lower Pp NAAQS across
racial and ethnic groups, and those experiencing pq.eamty

1 Assess the sensitivity of PMestimates to the exposure model selected and the spatial scale of
supporting demographic and health data.

CURRERM £XPOSUREHBANDBHRDEN

Usi ng EP A8GE pBgramMve Buantify the current Rivattributable health outcomes across

racial and ethnic groups. First, we assess how different racial and ethnic groups are exposed to differing
concentrations of Pl nationwide. Exhibit ESL shows the fraction of the Hispanic and +dispanic
populations currently exposed to different PMoncentrations based on the 1 x 1 km air quality surface
from Di et al. (2019). Concentrations above 1@npigare highlighted to emphasize the differences in
exposure by ethnicity.
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EXHI BI-T.PERSOPORTI ON OF POPULATI ON EGAROBEEDRADI ®@®MS ABOVE 10
ijg/m3, ETHNIISCIIRTAYT I FI ED
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Exhibit ES1 is clear: Hispanic Americans are consistently exposedjteehiconcentrations of PMthan

white nortHispanic populations. These patterns are similarly present by race (not depicted): Compared to
59% of the white population, larger portions of aghite populations (67 to 74%) are exposed t;PM
concentrationabove 8 ug/m except for Native Americans (45%).
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Next, we estimate PMttributable mortality and morbidity and, where possible, stratify by race and/or
ethnicity. We present PMttributable mortality rates in Exhibit EBusing Di et al. (2017) raespedfic
concentratiorresponse functions. On average, we estimate that among individuals ages 65 and up, 300
deaths per 100,000 population result from particulate matter exposure. This value varies significantly by
race: Black populations experience a heightePMattributable mortality rate (670 deaths per 100,000)
relative to other races (170 to 210 per 100,00). While not depicted, we also find a heighted mortality rate
for Hispanic populations (260 deaths per 100,00).

EXHI EISZ. CURRERM sATTRI BUEABMORTALI TY RATE (PER 100, 000)

RACE PMATTRIBUTABLE MORTALITY (PER 100K)
Asian 170
Black 670
Native American 200
White 210
All 300

Exhibits ES3 further depicts current PM-attributable mortality risk by race. The width of each

rectangle indicates the total population of each race for the given geographic scale, and the height
represents the PM-attributable mortality rate of each race, reported per 100,000 persons of each racial
group. Thus, the area of each rectangle is sgprtative of the current Pi¢attributable burden for each
race, which is reported by racial group. The order of races in this figure represents increasing mortality
burden per capita moving across the horizontal axis.
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EXHI EIS3. CURRENT NATI OMALTRAMUTABLE MORTALI TY BURDEN
800
Black
29,066
o
)
O 600 =
o
o
3]
a
7,
S
©
o)
0O 400 =
Jo)
o)
8
S
pe!
g Native
':3 American White
= 200 4 94 85,343
= -
Asian
3,094
0 T T T T
) Q0 Q0 o0 Q0 Q0
o9 o9 QO Q0 o9
o 0 o° B o o o° a0
Population

BY

In total, we estimate roughly 110,000 deaths result froma F&Mposure on an annual basis. These deaths

are disproportionately borne by Black and Hispanic populations. In addition, we estimate signifieant PM

attributable burden of noefatal health outcomes, displayed in Exhibit-ES
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EXHI EISZ. CURRENT, ARMTRI BUTABLE MORBI DI TY BURDEN (ALL RACE/ ET

CONCENTRATIONRESPONSE PMATTRIBUTABLE
ENDPOINT FUNCTION AGE GROUP CASES

HOSPITALIZATIONS
Non-fatal acute myocardial
infarction (AMI) Peters et al. (2001) 18-99 110,000
Non-fatal AMI Pooling 4 Studies* 18-99 17,000
All Respiratory Ostro et al. (2016) 0-18 9,900
Respiratory-1 Jones et al. (2015) 0-99 6,100
Respiratory-2 Bell et al. (2015) 65-99 2,100
Cardio-, Cgrebro- & Peripheral Bell et al. (2015) 65-99 13,000
Vascular Disease
All Cardiac Outcomes Talbott etal. (2014) 0-99 12,000
Alzheimerds Disease Kioumourtzoglou et al. (2016) 65-99 27,000
Parkinsonds Disease Kioumourtzoglou et al. (2016) 65-99 4,500
EMERGENCY ROOM VISITS
Respiratory Krall et al. (2016) 0-99 75,000
Emergency Hospitalizations 8 | 7. hetiietal. (2009) 65-99 21,000
Respiratory
INCIDENCE
Asthma Tetreaultetal. (2016) 0-17 260,000
Note: values are rounded to two significant figures
*Four AMI studies pooled together include: Pope et al., Sullivan et al., Zanobetti and Schwartz, and Zanobetti et al.
**Emergency Hospitalizations represent emergency department visits that result in a hospitalization.
Attributable burden assumes 100% reduction in fine PM and no threshold below which PM morbidity impacts are not observed.

Notably, the morbidity estimates presented in Exhibi4EBe not stratified by race or ethnicity due to

data limitations. First, the incidence data commonly employed in these analyses (i.e., the default datasets
in BenMAP-CE) are not stratified by race ethnicity. Second, few epidemiological studies of-fetal

PM effects estimate separate concentratesponse functions for these demographic variables. One
exception, however, is Alhanti et al. (2016), which provieglstinates of PM attributabéestima

emergency department (ED) visits stratified by raethhic groups. More specifically, the authors

provide separate concentratioesponse relationships for (@hite, nonHispanics and (b) neWhite

and/or Hispanic populationgxhibit ES-5 present@asthma EDburden per capita (100,000) fibrese

groups.

EXHI EISS. CURRERWM sATTRI BUTABLE ASTHMA ED BURDEN

RACE/ ETHNICITY ASTHMA ED VISITS (PER 100K)
White, Non-Hispanic 10
White Hispanic or Non-white 58

INDUSTRIAL ECONOMICS, INCORPORATED ES6
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The disparities in PMattributable asthma ED burden appear even starker than those for mortality burden.
More specifically, the Alhanti et al. effect coefficients result in a sixfold increase in asthma ED burden for
nonwhite and white Hispanic populatio(rglative to white nofHispanic populations).

BENEFI TSL OERNARNWEH AIM STANDARDS

Next, we assess the potential benefits of more stringent annuals®ddards by examining the PM

attributable healtbhurdenassociated with standards of8a n d 1 8 Using thenDi et al. (2019) 1 x 1

km air quality surface as a baseline, we model alternative standards using two complementary

approaches. First, in areas modeled by EPA, we reduee &¥icentrations by the same proportion as in

the PA. Forexample, in an area where Efffodeled PMsc oncent rati ons drd@ped fr
50% reduction), we would apply an identical relative reduction in concentrations of Di et al. modeled
values in that area. Seconsgltamwéacoddiuntameas mpbi s
For exampl e, und énmnllcancenttatonsdlzovedhe stdndafl waeulgl berset to 8.

The benefits of more stringent B¥standards are sizable. In total, we estimate rougbB04avoided

deaths associated withovingt 0 a st a n d%anddb,0@0favoitled deatlys/asnociated with 8

€ g P. Bxhibit ES6 presents benefiessociated with an alternative standard of 8 dnhd & Y stratified

by race and normalized by population. The exhibit furthstinguishebetween the two standards and by

the areas analyzed by EPA (APA Ar easPA Amdasad)e.as

EXHI BI-8. EBEHSANGE | N AVATBDEDR DEOO BOXOARLTERNATI VE NAAQS

PA NON-PA PA NON-PA
CONCENTRATION NATION | AREAS | AREAS NATION | AREAS AREAS
ORESPONSE

RELATIONSHIP RACE ETHNICITY 10 pg/m® ALT NAAQS 8 1 g/m3 ALT NAAQS
Hispanic All Hispanic 20 44 2 48 91 17
Total All Races All All 10 32 1 35 79 17
Asian Asian All 14 26 1 33 56 11
Black Black All 28 69 3 110 190 58
Native American Erertlt(levr‘iecan All 8 40 1 21 74 8
White White All 8 26 1 27 64 14
Note: Values are rounded to two significant figures . All values are expressed in terms of avoided deaths per
100,000 individuals ages 65+.

Several patterns emerge from Exhibit-ESFirst, unsurprisingly, th pug/m? standardesults in greater
benefits relativeo the 10 pg/ristandard the mortality riskreductions under the more stringent standard
are roughly two to three times greaf€his relationship is heightened when looking at specific
demographic group$or example, th8 pg/n? standardesults inthree to four timegreater mortality

risk reducionsthan the 10 pg/fstandard for white and Black Americans, and in thelRArareas the 8
ug/m? standard mortalityisk reductionis over five times higher for all groups. N®A areas experience

a negligible share of per capita benefits across allpgraii 10 pg/rhbut comprise a meaningful share of
per capita benefits when the standard is lowered to 83ughis pattern is highlighted further in Exhibit

INDUSTRIAL ECONOMICS, INCORPORATED ES7
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ES-7. These findings are reinforced by the supplemental work analyzing the health benefitgexbsocia
with an alternattive standard of 9 e€g/ m

EXHI EIST. MORTALI TY BURDEN UNDER CURRENT AND ALTERNATI VE
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Exhibit ES-7 demonstrates thaicrementally stronger standards further reduce disparities between racial
and ethnic groups and among those |iving &bove
standard resulting in the greatest reduction in disparities across the ddUamd noAPA areas). Based

on the hybrid air quality surface for 2015 (Di et al. 2019), fewer individuals iFP#oareas are exposed

to concentration’s Abvovecl®, asda i dmoridedinmted red@tioasn d
in dispariesmnonP A ar eas, r el at i v3eHowever, we note that airmappdoach in 8

example, we do not model benefits to #oh areas that may resdifom attainment actions taken in PA
areas

CONCLUSI ONS

In this report, we used more finely resolved data sources for air quality, baseline health status,
demographics, and risk to estimate the health burden ef BXpposures in thenited Statesboth n total

and across races, ethnicities, and poverty status. We also estimated the potential benefits of more health

protective PMs standards in thenited Statesicross these subgroups. Our results have provided insights
into the distribution of health bbdens and the potential to both improve public health generally and
reduce discrepancies in risk across subgroups by adopting more protectiveNaAQ&. Further, the

INDUSTRIAL ECONOMICS, INCORPORATED ES8
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results suggest there is value to using analytical inputs at finer geographic sdatgsugparticular to
specific subpopulations to better understand variabilities in risks.

Overall, our results Dbolster t hescdndemrdtionsgsaltim n EPAOG.
significant premature mortality and morbidity nationwidad these impacts are disproportionately borne

by Black and Hispanic populations, and those living in poverty. Strengthening PM NAAQS would lessen
both the overall social costs of air pollution and the disparities in health outcomes by race, ethdicity, an
income levels. Nonetheless, we anticipate that significant disparities would persist under more stringent
standards due to (1) higher aggecific baseline mortality incidence in R@vhite populations and (2)

stronger PMmortality response among theseptations, as estimated by emerging epidemiological
researchFurther, this work provides valuable results that can be broken down across four axes: 1) the
importance of spatial resolution of annual average Ridncentrations in understanding related health
impacts; 2) the distribution of health impacts across groups as defined by race, ethnicity, and income; 3)
expansion upon the important work done by EPA in their most recent PA, and 4@wthtapplicatiorof

our method.

INDUSTRIAL ECONOMICS, INCORPORATED ES9
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CHAPTER IINTRODUCTI ON

BACKGROUND

Air pollution is the greatest environmental health risk worldwigigh much of that risklue toexposures
to fine particle§HealthEffects Institute, 2020)ine particlate matter (PMs) pollutionresults from a
variety of sourcesonsistof a mixture of inhalable solid particles and liquid aerosols that are smaller
than 2.5 microns in diametenuch smaller than a human hdihes fine particlesare small enough to
penetrate deep into the lungs amderthe bloodstreanmaking thenparticularlyhazardousExposure to
PM; s causes heart, lung, and other diseases, which result in emergency department visits,
hospitalizations, missedays of work and school, and even dekttihe United States, populations of
color and those who experience low income bear a disproportionate burden of health impacts associated
with PM; s exposurgMorello-Frosch et al., 2001; MoreHBrosch et al., @2; Schweitzer and Zhou,
201Q Miranda et al., 20108add et al., 20)1The United States Environmental Protection Agendys(
EPA) is required to use the best available science to set ambient air quality sttmganticthuman
health,including thehealth ofparticularly vulnerable people within our communities. The BSA
publishes ambient standardis a daily and annual base PM; 5! Currently, the primary National
Ambient Air Quality Standards (NAAQS) for these pollutants are:

1 Annual mean PM;s212 &g/ m
1 Daily mean PMpsstandard®33 5 &g/ m

As part of its periodice-evaluation of thé®M, s NAAQS, the United States Environmenglotection
Agency (EPA) publishedh October 2021ts draft Policy Assessment (PA) for the Reconsideration of the
National Ambient Air Quality Standards for Particulate Matter. The draft PA evaluates the policy
implications of available scientific research the health and welfare effects of ambient PM and
considers whether the current standards provide adequate public health protection. In doing so, EPA
evaluates the potential benefits stemming from more stringent (i.e., lower) standards and discusses
acompanying uncertainties.

As our understanding of air pollution and its impacts on human health have developed through peer
reviewed epidemiological and toxicological research, EPA has Pldgtandards more protective of

'EPA publishes both pri mary aBRrinhargstaodardsrovidg publit lealtd patedtion, including protectingthe health
of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards provide public welfare protection, including
protection against decreased visibility and damage to animals, crops, vegetation, and buildings. ¢  Shetgs://www.epa.gov/criteria _-air-
pollutants/naags -table . In this report, we focus on the primary annual mean standards for PM 5.

2 The annual PM s standard is mean annual concentrations averaged over a 3-year window.

3 The daily PM, 5 standard is the 98" percentile of dail y mean concentrations over a 3 -year window.

INDUSTRIAL ECONOMICS, INCORPORATED 1-1
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public health over timdn the reent draft PA, EPA concludes that currently available scientific evidence
provides support fatighterstandards:

AWhen taken together, we reach the conclusion
analyses, and the risk assessmentn reasoably be viewed as calling into question the

adequacy of the public health protection afforded by the combination of the current annual and
24-hour primary PMss t a n d(a 8188).0

Further,a variety of epidemiological studipsesent strong evidendesat historically disadvantaged
groups, such as Black and Hispanic communities, are exposed to highecdtdentrations than white
and norHispanic populations, contributing to increased risk offelted adverse health effe¢idikati,
2018; Nachman ahParker, 2012; Bas@004) While EPA estimates considerable public health benefits
from lowering the annual and 2wur standards, the Agency notes some uncertainties regarding which
alternative standard(s) are best supported by scierd&arch.

RESEARXCBHI ECTI VES

In thisreport weassessoth the current health burden of PMind potential benefits @ichieving

stronger PM5s standards, making use of fine scale data that reflects spatial variance in air quality,
population, and baseline health. Use of thesedoate datasetnablesus to assess the distribution of
burden and potential benefits across racial and ethnic gtigrusubgroups, as well as those experiencing
poverty.We highlightthreespecific research objectivasidresseth this report:

1 Characterize the PM_ s-attributable health burden under current conditions. In doing so, we
consider how exposure, deaths atlder adverse P4 effects vary across racial and ethnic groups
and across different income levels under:Rbbncentrations as currently experienced.

1 Perform distributional analyses to estimate potential benefits from lower Plgs NAAQS
across racial ard ethnic groups, and those experiencing povertyncreased policy emphasis on
environmental justice requires a better understanding of the air polteteted health burdens
experienced by historically underserved groups. A growing body of literature explores racial
ethnic disparities in air pollutioexposure (Rosofsky et al., 2018; Tessum et al, 2019; Colmer et
al, 2020; Tessum et al, 2021) and epidemiological studies such as Di et al. 2017 are reporting
differential estimates of risk to different raeethnic groups for the same increment in2M
exposure. In this analysis, we assess risks to various racial groups and those experiencing poverty.
By modeling more protective annual Pdstandards 08, 9,a n d 1 8 wesalyd assess the
potential benefits thahayaccrue to these groups and how ridlative disparities in burden
change under reduced fine partistandards

1 Assess the sensitivity of Pk estimates to the exposure model selected and thgatial scale
of supporting demographic and health dataHybrid exposure models that combine tipié
data sources, includinggulatory monitors, satelliieased estimates, photochemical modeling
and other datesshow promise for identifying exposure gradients at finer spatial Sé&des<plore
how applying finerscale input data for air qualityahdor ot her r el evant 1 nput s
Environmental Benefits Mapping and Analysis Progia@ommunity Edition BenMAP-CE)
tool can affect health burden or benefit estimates both in the aggregate and in terms of the
distribution of health burdens across subgations of thdJnited States.

INDUSTRIAL ECONOMICS, INCORPORATED 1-2
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GENERAL APPROACH

Broadly, |1 Eco6s as s exsssamdanldinvaves (1) characterizihgngeographic P M
distribution ofbaselineannual PMs concentrations corresponding to the cureantditions under the
existingstandard anthe distribution of these concentrations unai@reprotective NAAQSalternatives;

(2) estimating the changes in health effects attributable to a particular policy m@upo the baseline;

and (3) economic valuation of these effe@t®e estimate the impact of ambient P\n health outcomes
(e.g., premature mortalityr morbidity endpoinfsby assessing the difference in risk under a baseline and
control scenaripwhee the latter represents improved air qualitgler more stringent NAAQS-or this
analysis, we use BenMARE, an opersource prograrthatallows users to estimate health and related
economic impacts from changes in ambient air pollution. BeniA&Relies ;m epidemiological
concentratiorresponsdunctions to quantify the change in incidence of adverse health impacts stemming
from changes in ambient pollutant concentratiéxdditional detail on our technical approach can be
found inAppendix E

REPORT CNNST E

This reportappliesastandardanalytic framework for assessing environmental health benlefitaising
some of the latest available input daddetter characterize the distributiohbenefits across
subpopulations. This document is organized Hovis:

1 In Chapter 2wecharacterize current PMconcentrations and estima®/-attributable mortality
and morbidity. We discuss the factors influencing dispaiitiesgace ethnicityand income level
including PM s exposurepaseline incidence, and evidence from epidemiological research.

1 In Chapter 3, w@resent air quality and health benefits modeling results for alternative standards
of 8 and 10 eg/ m

1 In Chapter 4, we provide a std&vel case study on the impact of fiseale morbidity incidence
data using results from New Jersey.

1 In Chapter 5, we presenéwair quality and health benefits modeling results for an alternative
standard® of 9 eg/ m

1 Finally, we summarize the results and discuss the implications of thisisv@hapter 6

1 This report also haéve appendces:Appendix Aprovides details regarding the air quality
surfaces we used in this analyg\apendix Bpresents additional graphics summarizing key
inputs to the analysig\ppendix C presents supplementedghicsof exposurebased on the fine
scale air quality dataAppendix D includes supplemental results for health impawthiding
statelevel results; and Appendix E presents a memo describing the overall methoidotigy
analysis

INDUSTRIAL ECONOMICS, INCORPORATED 1-3
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CHAPTER CURRERM sATTRI BUTABLE HEALTH BURDEN

In this chapter, westimatecurrentPM s-attributablehealth burdenselated toPM. s exposurs
nationwideusing PM s air quality estimates from the year 2018e analyze¢he impacts oincreasingly
fine scale datéor air quality,health and demographide help us to better understand not only total
healthburden, butow thoseéburdens arélistributedacrossace, ethicity, andpoverty status.

We briefly reviewour approach tthe current conditions analysi)enprovide a characterization of the
exposuregxperienced by differerstubpopulationbased on spatial distributioe investigatehe
implications ofPM; s exposure$or mortality amongdifferentgroups.We conclude this chapter by
discussingheeffect ofapplyingfine scale modeling oRM. s exposure and burden estimasesldiscuss
threefactorsaffectingthe overall PMs-attributable burden of each groupxposure, baseline mortality,
and concentratiocnesponse relationships.

APPROACWHERVI EW

Our approach applies the standardthoddor air pollutionhealth impact assessmersted by EPA in its

recent PA andh other regulatory analysassingthis standard framework, wanduct multiple model

runs that vary in the data sets used to charactegiZations inair quality, baselin@ealth statysandthe

level of hazard posed BBM..s. We apply thesedifferent dda sets tdetter model spatial variation (e.g.,

in air quality) variation across subpopulations (e.g., level of hazard), or both (e.g. baseline health status).
We then compare across these runs to assessjhet of these alternative data sources aithéurden

or health benefit result&or example, wapply a 1 x 1 km air quality surfaeed compare toesults

generated using a 12 x kin resolution air quality surfad&PA, 2021)Appendices A, B, and Brovide
additional details obur framework ad methodologyn developingBenMAP-CE runsthatestimate
currentburden

ThePA focuseson PM. s-attributable health burden fd7 core based statistical aré@8SAs)expected

to be most affected by changes in the PM NAAQ(A & Jardatsi2 x 12 km air quality surface is

restrictedto these areaswhich covemany major population centers in theited StatesWe expandon
thegeographic coverage of tiRA to provide additionaperspectiveegarding the potential magnitude of

the PM mortality burdein the countryestimatinghealth burdeffior threedifferent geographic scalegl)

the contiguous Un(2)Pladeas8nd 3} a areadotfimbdebtdi o nd he -AAA (Anon
area® )This allows us tevaluatehow estimatedbased oriine scale datasetompare tadhose that use

datasets from the RAvhile also providing a sense of the poterfoalhealth impacts in the rest of the

country?.

“Not that our results, even those for PA areas, are not disrefectsdiffigrences mpar abl e t o
in the air quality conditions we use as baseline or reference conditions. W e define the baseline as current PM , 5 exposures from 2015, as a
reflection of conditions under the current NAAQS. In the PA, EPAdefines baseline as PM2.5 exposures under a hypothetical scenario modeled to
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We evaluate improvements to the geograghaleand/or raciabr ethnic specificity of the followingey
inputs to a health burden or health benefit analyidiair quality 2) demographics, including population
and poverty statug) baseline health dtas(e.g. current mortality rates from all causes of death); and 4)
measures of the effects @Xposure to particles anortality or emergencylepartment visits.

Our selection of finescaleand racially or ethnically sttified inputsis based on carefueview and

consideration of alternative modeind datasets derived usiogrrent, peereviewedmodeling

technique®r obtained from reputable sources such atency forHeathiCar e Resear ch and
Healtlcare CosandUtilization Project(HCUP). Additional details omodel considerations and rationale

for data set selections can be found\ppendix E

VARI ATITODIBRRERM £XPOSURE

Spatial variability inPM. s concentratiorandwhere people live result in different exposure pesfifor
different groupsExhibit2-1 showsthefractiono f e ac h r a ccerérdgly epposedtdachPM o n
concentrationn the contiguou$/nited Statesbased onhe 1 x 1km air quality surface from Di et al.
(2019. Curves that are taller arsthifted further to the right indicate higher levels of exposure for a
particular groupExhibits 2-1 and2-2 useshadingto emphasiz@opulations exposed to BM
concentratiosabove 10and 8ug/m?, respectivelyand Exhibit 23 provides a tabular summany these
differencesWe present assessments of the health impacts associated with ekebdsesn the current
andalternativeNAAQS in Chapter 3We presentimilar graphicghatshowthe proportion of population
exposed td®M. s concentration by ethnicityin AppendixC.

just meet the current NAAQS in which concentrations in some areas may be higher or lower than currently measured . EPAds approach is
appropriate for the PAG6s policy evaluat i on obchried lbutdenv. s, ib arder ta facilitdtee s wel | sui t ed
fairer comparis on of our results wi-basedEEBulspwse talke2E PkAND sa i arpnpheuBdabei Bppyy it to a separate baseline 12

km x 12 km 2015 current conditions air quality surface modeled by the agency and published in the PA docket (EPA, 2021).
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EXHI BRIIT PROOCRTI ONPOPULATI ON EXPOUSEDMNTENTRATI®NG/°m
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EXHI BRi2T PROPORTI ON OF POPULATI ON {£CRPOSEDTRNB+ M
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Race = ASIAN === BLACK === NATAMER === WHITE

EXHI Bi3T RPROPORTI ON OF POBEDAWPBERROSAT ARI OUS sPM
CONCENTRATI ON

PERCENT OF POPULATION EXPOSED TO:RMONCENTRATIOS!:
BETWEEN BETWEEN
RACE ETHNICITY| >12 ug/m® > 10 pg/md > 8 ug/m® 10& 12 pg/m*® | 8 & 10 ug/m®
Asian All 4% 19% 67% 15% 48%
Black All 2% 18% 74% 16% 56%
Native American All 3% 11% 45% 8% 34%
White All 3% 14% 59% 11% 45%

Values do not sum across rows

As shown in Exhibits A through2-3, Black Americans are consistently exposed to higher concentrations
of PMsthanwhite AmericansAt concentrations betweéhand D pg/m?® (56%of Black Americans
versus45% of white AmericajsWhen we include any concentrations over 8, Black and Asian
Americans are much more likely to be exposed to these levels §idl 67% respectively than white
Americans $9%), while Native Americang45%)arelesslikely to be exposed at these levels.
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75% of Black Americans are exposed to PM2.5
concentrations greater than 8 pg/m 3 each year,

CURRENZO1IPM sATTRI BUTMBREALI TY

BURDEN

compared to 59% of white Americans.

We present belownortality burdenattributable to PMs exposures under current conditions in théted
Statesfirst presentingotal numbers of attributable deatfles the nation as a whokndthenexploring
how this risk burden varies across, race, and poverty status.

TOTANATI ONLALY EPLMATTRI BUTNBREAL BURDEN

Exhibit 2-4 showscurrent(2015)PM; s-attributablemortality burdenfor all races and ethnicitied three
geographic scalegstimated using tractlevel mortality incidenceandair qualitydataset®f varying
spatial scale These estimates reflect current burdsimgincidence datasethat arenot stratified by

race and ethnicity.

EXHI B14T QURRENT,;
(TOTADLEATHAML L

AMTRI BUTABLE

MORTA WIST W GB USRCIKNHEENE
RAEHENI CI TY)

I NCI DENCE

not observed.

Note: values are rounded to two significant figures .
Attributable burden assumes 100% reduction in fine PM and no threshold below which PM mortality impacts are

NATION PA ARE/S NON-PA ARE/S
CONCENTRATION AGE
ENDPOINT RESPONSE FUNCTION |  GROUP 1KM 12KM | 1KM 1KM
All Cause Turner etal. (2016) 30-99 120,000 | 43,000 | 40,000 83,000
Mortality Di et al. (2017) 65-99 110,000 | 40,000 | 37,000 77,000

We estimate current mortality burden nationally to be 120,000 across adults a88@di€fg fine scale

air quality and baseline incidence data, with the majority of this burden falling within the 65 to 99 age

group (110,000)Applying the standaréconom¢ valuef r om EP A6 s
mortality (approximately $10 millioper statistical casa 2020 dollars, assuming a 3% discount rate),
the economic value of this healburdencould beas high a$1.2 trillion dollars not counting mibidity

impacts Current mortality burden estimated within the PA areas using the fine scale air quality surface is
similar to but slightly less than the estimates generated using coarser air quality fenrflagesame year

Exhibit 2-5 alsoshowsthe current (2015) PMs-attributable mortality burdedisplayed in Exhibit 24 but
with the use of a coarser, cousigyel, incidence datased/hen using the countievel incidence, we are
alsoable to estimate the current Rattributable mortality buten in infant$

BenMAP

t ool

5 The Woodruff et al. C -R function excludes neo-natal deaths (those occurring within the first 30 days after birth). Since the tract incidence dataset

does not exclude neo-natal cases, we do not report tract incidence results for the Woodruff et al. study.
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EXHI BiI5T QURRENT, ARMTRI BUTABLE MORTALI TY BURDEN USI NG COARSE
( TOTAL DEATHS, ALL RACE/ ETHNI CI TY)

NON-PA
NATION PA ARE/AS AREAS
CONCENTRATION
ENDPOINT RESPONSE FUNCTION | AGE GROUP 1KM 12KM 1KM 1KM
Woodruff et al. (2008) 0-0 350 120 120 230
Q'Lg;‘ge Turner etal. (2016) 30-99 120,000 | 42,000 | 39,000 83,000
Di etal. (2017) 65-99 110,000 38,000 36,000 76,000
Note: values are rounded to two significant figusgsributable burden assumes 100&6luction in fine PM and no threshold
below which PM mortality impacts are not observed.

For theadult mortality estimateshe use of more highly resolvédctlevel baseline mortalityncidence

results in a slightly greatestimate oturrent burdethan thaestimatedusingcounty incidence

however, theaggregate@stimates are largely in agreemetith one anotherTo betterunderstandhe

impact of these data set choicesvaniability in PM; s-attributable mortalityExhibit2-6p r e sen-t s A b o X
andwhi sker o plots that i | | upedcapitaPMsmortalgy bgrgemteheed and di
census tract level when usidgta of increased resolution or specificlty each plot, the vertical line

within thebox represents the median; the lower and upper ends of the box represefitand 2%’

percentiles, and the ends of the lines extending from the box represefittie $8' percentiles.
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EXHI B16T QURRENT PAM2T.R5l BUTABLE MORTALI TY BOUORDENCERERS100
TRACTHNCLUDEDPA®RAMNALYSUSSI,NVNARYI NG COMBI NATI ONS OF
I NCI DENCE AND AI R QUALI TY DATASETS

Coarse AQS _
Coarse Incidence

Coarse AQS _
Fine-scale Incidence

Fine-scale AQS _ s s .
Coarse Incidence

Fine-scale AQS
Coarse Race-Stratified - —— e o .
Incidence

Fine-scale AQS _

— ew o0 o . ° o . )
Fine-scale Incidence

0 250 500 750 1000 1250 1500
PM, s-Attributable Deaths per 100,000

Note: See Appendix Dfor box-andwhisker plot valuesThe tracts analyzed are limited to the tracts within the PA areas due to
the coarse air quality surface being limited to the PA areas.

Exhibit 2-6 showsanincrease in variabilityn currentpercapita PM s mortality rateswhen moving from

a coarsespatal resolution ofair qualityto a finer air qualitysurface andvhen moving frontoarse
baseline mortality r at @afideadalaairQualityrsarfacd andfeseate i n t he
incidence dataseThe increasing spread, particularly of higher-Bittibutable mortality rates as you

move from the top to bottom of the graifihstratestheadditional information that can be gained when
usingfine-scaledatasetseven wherthere appears to be ngignificant differences in theggregated

nationalPM; s impacts.(Exhibits 2-4 and 25). See Appendix DExhibits D-18 through D21, for

additional tracevel comparisons between the fisede and coarse datasets.

PMATTRI BUTMBREALI TY BURDEN STRATI FI ED BY RACE

Exhibit 2-7 presents per capita current mortality burdsingrace and ethnicitystratifiedbaseline

mortality incidenceratesandrace and ethnicitystratifiedestimates oPM-attributable risk fronDi et al.
(2017) where the latter represent potential differences in hazard to different subgroups exposed to the
same change in PMhese data sets better represent the variation in baseline dighiise

subpopudtions andallows for the possibility oflifferential effects of PM exposure on mortality across
races and ethnicitieBresentinghese results gser capita estimates (current burden per 100p@dSon¥
allows us to compare curreRiV s-related healttburdensacross different groupBetailedmortality

resultsfor the Di et al. (2017) concentratiasponse functionan be foundn AppendixD.
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EXHI Ri7T CURRENT, sARMTRI BUTABLE MPRTBRER TX¥O0O0l, DIOVI DUALS AGED
6599BY RACE

NONPA
NATION PA ARE/AS AREAS
STRATIFIED RISK ESTIMATE RACE ETHNICITY 1KM 12KM 1KM 1KM

Hispanic All Hispanic 260 310 290 240
Total All Races All All 300 330 300 230
Asian Asian All 170 200 190 140
Black Black All 670 770 710 650
Native American Native American All 200 250 230 190
White White All 210 270 240 200
Note: values are rounded to two significant figures . Results based on risk estimates from Di et al., 2017.

Comparing per capita current mortality burden estimates acrosgrasédesuseful takeaway®Black
populations experienagaore tharthree times as mar§M. s-attributable deathger 100,00(ersons
compared to all other racesresult consistent witBP A 6 s fSin thedPAthag BlackAmericansare
disproportionately affected under the current NAAQS relative to other races. However, while the PA
bases their findings on a hypothetical baseticenariahat assumesll areas meet the current standard
but which allows air quality in some areas to worsen amdhars to improve from current valyése gap
we observe reinforces that thesparity isof similar magnitudevhenestimatedanalyzingcurrent
exposures

Currentaggregatednortality burden d@smatesusingthel x 1 kmfine scaleair qualitysurface arsimilar
to estimategusing coarseair quality. For example, across all radesPA areador those aged 699,
current mortality burden estimates arighin 10 percentComparing current per pida healthburden
estimates across PA areas and-Rénareasfor eachrace current burdeiis higher in PA areas thamon
PA areasThis indicates thatvhen we specify raestratified concentration response functicergas
considered in the PA compriiee majority of currenPM, s-attributableburden experienced Bach
groupacross the nation.

Black populations aged 65+experience three times
as many PM s-attributable deaths per capita
compared to all other races .

Exhibit 2-8 depictsthe PM, s-attributable mortality rat@er capiteby raceat the national levalnder
current(2015)PM; s exposuresThis figureis based on thBi et al. (2019) x 1 kmPM, s air quality

surface, countyevel racestratified incidence rates, and Di et al. (20da8especific concentration

response functions fahose age®5 and up. The width of each rectangle indicates the total population of
each race for the givageographicscale, and the height represents the Ratributable mortality rate of
each race,aported per 100,000 persons of each racial group. Thus, the area of each rectangle is
representative of the current Riattributable burden for each raeehich is reportedby racial group
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The order ofaces in this figureepresents increasing mortgltiurden per capitenovingacross the
horizontalaxis.

EXHI BRi8T CURRENATI|I ONPAL -AATTRUTABLE MORBWRDBN RACRKRGES
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This exhibit illustrates thaheresults fortotal PMattributable mortality burden arle risk per person
can be quite different.ooking solely at total burdemmong those 65 and oldevhich is reflected above
by the width of the rectanglewhite American$ave the largest value in absoluterisy but this is driven
in large part by the larger size of the white populatiothis age categoryVhen looking on a pgperson
basis illustrated by the height of the rectangles abdhe story is quite differenAcrossthe Nation

Black Americanshave the highestisk of dying from PM s exposure on a pgrerson basjswith a rate
Black more than triple that of’hite Americans

Exhibit 2-9 mapsour results focurrentP M, s-attributablemortality burden per capita by raatethe
census tract leveéb helpvisualize disparitiescross the Natioand identify areas where risks may be
particularly severéWe find thatincreased per person risk of PM mortality among Black Araesds
found consistentlyhroughout the United StateéBhe map also showsany locations where Asian and
Native Americans experience highresk on a per person basigan their white counterparts.
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EXHI BRI9T FI NE SEe@eMLATTRI

BUTABLE

Asian

MEXico

Guif of
Mexico

CUBR

MEORHEBN I

PER 1 ¢®ROH®S

E AGEDR

CENSUS TRACT

CANADA

MEXICO

] 47TPACBSAs
65-99 Tract Deaths
per 100,000

0

1-50

51 -100

Native American <+~

MEXICO

Gulf of
Mexico

c UK

CANADA

MEXICO

Gulf of
Mexico

CUBA

101-150
151-200
201-250
251 - 300
301 - 350
351-400
401 - 450
451- 500
501 - 600
601-700
701 - 800
801 - 900
901 - 1,000
1,001 - 1,250
1,251 - 1,500
1,501 - 1,750
1,751 - 2,000
2,001 - 2,500
2,501 - 3,000
3,001 - 3,500

INDUSTRIAL ECONOMICS, INCORPORATED

2-10

LEVEL



|EC

PMATTRI BUTMBREALI TY BURDEN BSYPRATEIRAIYE D

Exhibit 2-10illustratesthe current pecapita PMs mortality burden for individualeshose income igess
thantwo times the poverty line. Across the three study areas, individuals who experierinedave
consistently experience higher rates of Rkhortality by 12% to 18%.

EXHI Bi10. QURRENT, sRIMTRI BUTABLE MORTAIPIETRY 1RAB B (NIC)O M B R
THOSE AGBD 65

NONPA
NATION PA ARE/AS AREAS
STRATIFIED RISK
ESTIMATE POVERTY STATUS 1KM 12KM 1KM 1KM
. Below 2x Poverty Line 270 350 330 250
Combined Totals* i
Above 2x Poverty Line 240 310 280 220
Note: values are rounded to two significant figures
*We use the sum of the PM;s.attribut able mortality below or above 2x the poverty line  derived from the Di et
al. (2017) race-specific concentration -response functions.

CURRERM -ATTRI BUTMBREI DI TY BURDEN

PM;sis also associated with numerafatal healthconditions or episodes of poor healitie present
below national estimates ftitese morbidity impacts and then, for one-fatal health impact for which

we have race/bhicity stratified risk information, wetratify these results along that metric to illustrate
disparity in morbidity risks.

TOTANATI| ONLAHVEPLIMATTRI BUTWMBREBI DI TY BURDEN

Exhibit 2-11 shows current Phk-attributablemorbidity burders across thregeographiareas using fine
scaleair qualitybutincidencerates at theounty level(or highej. Similar to themortality results
(presented in Exhibit-8), theseestimates reflect currentorbidity burden whemsingincidence datasets
not stratified by race and ethnicity.
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EXHI B{1T. QURRENATI|I ONPAL sATTRI BUTABLE MORBI DI TY BURDEN (ALL
RACE/ ETHNI CI TY)

NON-PA
NATION PA AREAS AREAS
CONCENTRATION AGE
ENDPOINT RESPONSE FUNCTION | GROUP 1KM 12KM 1KM 1KM
HOSPITALIZATIONS
Nor+fatal acute myocardial Peters et al. (2001) 18-99 110,000 | 37,000 | 35,000 74,000
infarction (AMI)
Non-fatal AMI Pooling 4 Studies* 18-99 17,000 6,000 | 5,600 11,000
All Respiratory Ostro et al. (2016) 0-18 9,900 3,900 | 3,700 6,200
Respiratory-1 Jones et al. (2015) 0-99 6,100 2,400 2,200 3,900
Respiratory-2 Bell et al. (2015) 65-99 2,100 750 700 1,400
Cardio-, Cerebro- & Bell etal. (2015) 65-99 13,000 | 4,900 | 4,600 8,800
Peripheral Vascular Disease
All Cardiac Outcomes Talbott etal. (2014) 0-99 12,000 4,300 | 4,100 8,000
Alzheimerds Disease gg‘{g‘)"”rtzog'o“ etal. | 599 27,000 | 8200 | 82100| 19,000
Parkinson® Disease 88‘{2")0“”209'0“ etal. | 599 4500 | 1,600 | 1,500 3,000
EMERGENCY ROOM VISITS ‘
Respiratory Krall et al. (2016) 0-99 75,000 | 27,000 | 26,000 49,000
Emergency*';'“p"a“za“o”s S | Zanobettietal. (2009) | 65-99 21,000 | 7,000 | 6,500 14,000
espiratory

INCIDENCE ‘
Asthma Tetreault etal. (2016) | 0-17 | 260,000 | 97,000 | 92,000 | 160,000 |
Note: values are rounded to two significant figures
*Four AMI studies pooled together include: Pope et al., Sullivan et al., Zanobetti and Schwartz, and Zanobetti et al.
**Emergency Hospitalizations represent emergency department visits that result in a hospitalization.
Attributable burden assumes 100% reduction in fine PM and no threshold below which PM morbidity impacts are not observed.

For all morbidity endpointsstimategieneratedisng thefine scaleair quality surfaceshowminimal
impacts on the total estimated values in therR@deled areasdVe also find asubstantial Pattributable
morbidity burdenoutside of the PAnodeled areagpotentially up to twethirds of the totaimpacts

ASTHMAMERGENEWYARTMENT BWRSACH/SETHNI CI TY

Exhibit 2-12 presents current morbidity burdper 100,00(ersondor asthma Emergency Department
(ED) visits usingacestratifiedbaselindncidence anadoncentratiorresponsestimates from Alhanti et
al. 2016. Alhanti et al. (2016)provides estimates &M attributablerisk for white nonHispanis and
for all other race/ethnicity combinations.
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EXHI B11Z. QURRERW sATTRI BUTABLE MORBI BORYABURMENEDNVI SI TS
CHI LDREN AGBEDER) 100 ,SOTRATI BIYERACE/ ETHNI CI TY)

NON-PA
STRATIFIED RISK NATION PA ARE/S ARE/S
ESTIMATE
ALHANTI ET AL., 2016 RACE/ETHNICITY 1KM 12KM 1KM 1KM
White White, Non-Hispanic 10 13 12 9
. White, Hispanic
Total Non -white Plus All Other Races, Ethnicities 58 57 69 50

Risks of aPM-relatedasthma ED visit are substantially higher for swanite populationswith slightly
higher rates in the Pfodeled areadJse of the fine scale surface appears to show somendeter per
person ratesompared with the coarser 12 lemrface In generalnonwhite Americansexperience
dramatically higheasthma ED visit burdens than white Adispanic Americandased on the Alhanti
study, on the order of six times higher

The burden of PMattributable asthma ED visits for
non-white Americansis six times higher compared
to white Americans .

EFFEEAOF FISNCEALE MODBEAINKG QUAANDBWSELI NE HEALTHONNE®MDENCE
ATTRI BUTABLE HEALTH BURDEN ESTI MATES

One keyobijectiveof this analysigs to explorethe impacts (if any) of modeling at finer scatesnpared
to what was specified in the PAhe PAspecifies a 12 x 12 km air quality sudaand agestratified
countylevel mortality incidence (not stratified byaga or ethnicity) We build on the PA bassessing
healthburdenwith a 1x 1 km modeledair quality surfacédrom Di et al. (2019) andgestratifiedcensus
tractlevel mortality incidence (not stratified by race or ethniditsed ortheU.S. Smalarea life
Expectancy Estimates ProjettSALEEP).

EFFEOFAPPLYIFN®NECALE Al R QUALI TY DATA

We estimatecurrentP M, s-attributablemortality and morbidityourden (regardless of stratification by race
and/or ethnicityusing thel x 1 km air qualitysurface(provide value}o besimilar butless than

estimates using the 12 x 12 lain quality surface(provide value)vhen summeacross théation\We
evaluate vaethercurrent health burdedifferences are attribable to air qualityby comparingexposures
between bothair quality surfacesacrosshree metrics: (1geographic resolution(2) age, and (3)
race/ethnicity.

Exhibit 2-13 displays thelifferencesn magnitudeof PM. s exposure between tlime-scalel x 1 kmair
guality surfaceand thel2 x 12 km air qualitysurfacewithin areas analyzed by EPA in the RA this
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figure, redandorangeregionsindicatePA areasn which exposures withithefine scaleair quality
surfaceexceedhose of thel2 x 12 kmsurface, while blue and green regions indié&eareasvhere
exposures within th&2 x 12 km surface exceed those of the fine s@tequality surface Grayregions
indicatePA areas in which Pl exposureacross botlair qualitysurfaces are withif.5pug/m? of each
other.

EXHI BRi13. DI FFERENCERRBERM £XPOSWREETWEENX 1 KM AND 12 X 12
QUALI TY SURFACE

In the eastern United Statexposures withifPA areasare relatively similar between bodir quality
surfacesapart fromtwo areasn Texas, which contain areas in which the fine saalgualitys ur f ace 6 s
exposures exceed that of th2 x 12 kmsurface. In the western United States, there is a more noticeable
difference in exposures between both surfasgth manylargedifferencesconcentratedh areas across

central CaliforniaThese wider variations in exposure could potentially be attributdu tevitler spatial
distribution in regulatory monitors across the western United Stegell as thenevenplacement of
regulatory monitors relative to the sizesoimePA areas

Exhibits 2-14 and 215 comparepopulationweightedPM; s exposureacross race for thoseyed65 and
olderusingeither (1)thel x 1 km modehir quality surfacer (2)the PM; s concentratiorat the nearest
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EPA regulatorymonitorin 2015to eachl2 x 12 kmcell. This comparisorllows us to understar@he of
thevariables pollutant exposuranfluencingour PM. s mortality estimateand the differences we may
seeamongthe mortality estimatestthe variouggeographic scalendwhen using thé x 1 kmair

quality surfacesersusthe 12 x 12 km air quality surface.

1
(2015)

EXHI BRi1Z4. DI FFERENGES 9POPUL ATI ON WE I G BETXEPD SRBREET WE E N X
KMAIT R QUALI TY ASNEREAREBHAHAREGULATORY MONI TOR
NATIONAL PA AREAS NONPA AREAS
EPA 2015 EPA 2015 EPA 2015
1X1KM NEAREST | 1 X1KM NEAREST| 1 X 1KM NEAREST
RACE ETHNICITY SURFACE| MONITOR | SURFACE| MONITOR| SURFACE| MONITOR
All Hispanic 8.6 8.7 10 10 7.5 7.7
Asian All 8.8 8.9 9.7 9.9 7.9 8.0
Black All 8.8 8.8 9.7 10 8.3 8.1
Native American All 7.3 7.7 9.8 10 6.7 7.1
White All 8.1 8.2 9.4 9.7 7.6 7.7

Notes: All PMzs-exposures are population weighted using race -, ethnicity - and age-stratified population data from 2015.
Values are rounded to two significant figures.

(2015)

EXHI Bil5. RPERCEDMTFFERENCE BEZ7WEXEPNOSUWRNEPA AREASNOWSA AREAS
FOR 1 KMSURFAKXNED NEAEPREGULATORY MONI TOR
% INCREASE IN EXPOSURE IN PA AREAS VS.
IN NON-PA AREAS
RACE ETHNICITY 1 X 1KM MODEL EPA 2015 NEAREST MONITOR
All Hispanic 35% 33%
Asian All 23% 23%
Black All 17% 24%
Native American All 46% 41%
White All 23% 25%

For results aggregated to large spatial sca@ess all age categories and race/ethnicity grabedine
scaleDi et al. (2019basedbopulationweighted PMs exposurein 2015arevery similar tothose
generated from theuch coarser nearest monitor approdnlmost cases, the fine scalgimates are
slightly lowerthanexposures at the nearest EPA monfitom 2015.However,Black Americans
experiencehe same exposure according with both metmadi®nally, and higher exposuoetside of the
PA-modeled areaskesults according todth air quality surfacesndicateBlack andAsian populations
experiencehe largest exposuseAcross bothair quality inputs Native Americans experience the lowest
populationweighted PM;s exposurecompared to all other races.
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Similar to our comparison dfealth burden usinfine-scale and 12 krmodel surfaces, the true benefit of
using fine scale air quality inputs is less likely to be olebin results aggregated over large areas
Rather, as illustrated earlier in ExhilH6, becausehesemodelsbetter captur smallscale variation in
exposurethe finescale air qualitysurfaceswill produce & improvedrepresentation of variability in
exposuresicross groupand maybetterdetect unusually highisk hot spots not otherwisdentified.

APPYIl NF\G NECALE MORTALI TY | NCI DENCE DATA

When we apply tract incideneghen usingall-raceconcentratiorresponse functionsom Di et al.

(2017), as seen in Exhibit-a, we find thatcurrent mortality burden estimates are larger than when we
apply countylevel mortality incidencé.For morbidity endpoints, wiack the detailed incidence data
needed to explorine influence of local scale datationally. Howeverwe have conducted a staltevel
proof of concept analysia the state of New Jerseysingzip-code levebaselinancidenceof ED visits
stratified by race and ethnicitg evaluatemorbidity burden estimate¥hosecase studyindings are
described in detail in Chapter 4.

CUMULATI VE ©FFIEXKH SCALE MONMEURRERM™M. sATTRI BUTBBREEN

We use alrace currenPM; s-attributablemortality burden estimates froExhibit 2-5 to evaluate the
cumulative effect ofinalyzing scenariosith both fine scale air quality and fine scale mortality incidence
data For the Di etl. (2017) all-raceconcentratiorresponse function, wharsing the 12 x 12 km air
guality surface and countievel mortality incidencewe estimateurrent PM s-attributable mortality
burdenacross PA areds be38,200premature death¥Vhen wereplaceair qualitywith the 1 x 1 km air
guality surfaceandusetractlevel incidencewe estimateurrent mortality burden across PA aréabe
36,700premature death3 hus, when wapplyboth fine scale air quality and mortality incidence, fmd
thatcurrent PM s-attributable mortality burden decreaséightly, by 1,500.We find a similar difference
whenapplyingthe Turner et al.2016 all-race concentratieresponse functianDue to data suppression
issues, we are currently unablestmaluate the impact @bmbining finescale and raespecific baseline
incidence ratesimultaneously.

FACTORBFLUENCI NG DI FNEWRRERNECEWS sATTRI BUTABLE MORTALI TY BURDEN

It is important to not onlgharacterize disparities acrafifferent race, but also examine potential factors
that explainthese differences iourrent PM s-attributablemortality. Exhibit 2-16 presets the factors
explainingdifferences in PMs-attributable mortality by race. These three facioctude(1) PM s air
guality exposureesolution (2) baseline mortality ratesolution and (3)concentratiorresponsé€C-R)
relationshipghatdefinehow mortalityrisk changess a result oincremantal changes in Pt exposure

In this figure, we show results for natioflavel BenMAP-CE scenariosisingDi et al. 019 1 x 1 km
PM; s surface county-level racestratified incidence rates, and the Di et 2017 racespecific
concentratiorresponse functions for ages 65 and up

6 The USALEEP tracmortality incidence dataset is not stratified by race or ethnicity, so  for our PA and national analysis, we are limited to
comparing the impacts of utilizing fine scale mortality incidence data  to all-race concentration -response functions.
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EXHI Ri18. FACTORS | NFLUENSPEGI RAXTETPRM BUTABLE MERTAMATES
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Notes:Results are specific wurrent PM s-attributable mortality burderuns including the use of courdgvel race stratified
incidence ratedDi et al. 019 1 x 1 km PM:s surfaceand the Di et al.2017) racespecific concentrationesponse functions
for ages 65 and ufPercent differenceare relative tahe populatioaveighted average values for ather races.

Overall,the racespecific Di et & (2017 effect coefficients (i.e., slopes of the concentratiesponse
functions)explainmostdifferences irPM-attributable mortality by rac&ffect coefficientgange from
0.0061 (hite) to 0.0189 (Bldk), representing a threefottifferencein mortality impacts due t&®M.s

exposureln comparison, average BMc oncentr at i ons Y(Mativg Ameficandt@.837 .

€ g P (Black)and 65+ laseline mortality incidence ranges fréyi17 deathper 100,000 (Asian) to
4,352 (Black). Across the three dimensions, Blaskericansexperiencehe highesPM. s exposure,
baselineall-causemortality incidence, and PM-mortality response.

7 Baseline mortality incidence for Black and White 65+ populations are relatively comparable nationwide ; however, t his takeaway may be
misleading. Blacks experience significantly higher mortality incidence rates across all age groups; however, their 65+ population is, on average,
younger than the White 65+ population . As such, the aggregate 65+baseline incidence values appear comparable.
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CHAPTER CHANGES J RTPRI BUTABLE HEALTH BURDEN UN
ALTERNATI.VETRNDARDS OF iBg/&AND 10

In this chapter, wexplore how the health burdens we calculated in the previous chapter might change if
EPA were to adopt a more protectNAAQS. For context, wdirst charactrize the likelihood that

socially vulnerable groups live in areas in which RMxposures exceearkrtain concentration thresholds.
Wediscuss how these likelihoodempare across groupsad identifypopulations thatay benefit from
reducingthe current PMls annual averaghAAQS from 12 pg/m to eitherl0or 8 ug/m?.8 We then

present mortality and morbidity risk reduction estimates under both alternative NAAQS scenarios and
comparebenefits across scenarj@gographic areaandsocially winerable groug All analysesocus

on reduction of the annual mean PMNAAQS only and are based d) air quality surfacesither

generated by EPA (for PA areas12 km scaleor 2) air qualitysurfaces reflectinghangest 1 km scale
that arepropotionaltothec hange s r e f lhieqodlitgsdfacesrfor & Rrissiens reduction
strategy focusing on primary BMlsources.

EXPOSURBEOVE ALTERNATI VE STANDARDS

Before discussing health impacts, we fegsaminehow PM; s exposure aredistributedamongsocially
vulnerable groups experience above the standards we are assessing. We focdaaorstmidentify
socially vulnerable group4) racialor ethnicgroups that have been part of historical minortiasd 2)
those experierieg poverty.Within the minority subgroup, we assess impaatsian, Black, and Native
American population& We assess exposure to Hispanic ethnicities separalese available

Exhibits 3-1, 3-2, and3-3 showthe increased likelihood of thesecially vulnerable groups to be exposed
to PMy s concentrations greater than tharentNAAQS (12 pg/nd) or greater than the two alternative
standards assessed in this refb@tand8 pug/m?). The exposure likelihoods are assessdhrae
geographiccales: nationalvithin PA areas, ononPA areasThese graphics usacespecific

populatiors atthe censudract leveldistributed to 1 x 1 km gridsy theproportion of theoverall
populationwithin each 1 x 1 km grid (agé&&-99).1!

8 Our analysis focuses exclusively on changes to the annual average NAAQS. Changes to the daily NAAQS may results in additionabenefits in
particular areas identified by EPA as more sensitive to changes in the daily standard , but that is outside of the sco pe of this analysis.

°This report adopts the term Oominorityo6 for consistency wiulhdrability.of. census dat a.
individual communities that are included uswherepossble resultsifonindividual yadialandgnbr el | a. Thi s
ethnic groups.

YWe define o0low incomed or 0i mgenvome is lesh than twicegthe dedepabpoversy line.h o s e wh o

11 Race specific populations within each censustract are distributed t o each 1 x 1 km grid within a tract using the proportion of the total
population, across all races, within each 1 x 1 km to the total population, across all races, within  the respective tract. For example, a1 x 1 km
grid that contains 50 people and falls within a census tract containing 100 people will be assigned 50 percent of each race s population from that
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EXHI Bi{1T LI KELI HOOD OF L1 Vb NEX GMHEDRSEP EPCMCFOINECCE N T R A Tol
NATI ,0N59 9

Concentrations Exceed 8 ug/m?3

Asian +19.8%
Low Income +5% Black +35.9%
Native American -27.9%
i i 0
Minority +31% White 0359,
Hispanic +5.8%
Concentrations Exceed 10 ug/m>
Asian +84%
Low Income +17% Black
Native American
i i o — |
Minority +70% White
Hispanic +113%
Concentrations Exceed 12 ug/m?
Asian +176%
Low Income +49.6% Black
Native American
i i )
Minority +53.2% White
Hispanic +334

Note: The reference group for each race is all other races combined. Comparisons between individual race groups will vary .

tract. This assumes that the distribution of the race-specific population within each 1 x 1 km grid is the same as the distribution of the race-

spedfic population within the respective tracts.

ONS
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EXHI Bi2T LI KELI HOOD OF LI VL NSXMHERE $PMECI FI ED COBWYAENTRATI

AREAGB6599

Concentrations Exceed 8 ug/m?

Asian +2.6%
0,
Low Income +4.7% Black +9.6%
Native American -0.8%
L o
Minority +7.7% White 7.1%
Hispanic +5.8%
Concentrations Exceed 10 ug/m’ .
Asian
0,
Low Income +29.1% Black +33.9%
Native American +29.1%
N o
Minority +35.2% White
Hispanic +68.5%
Concentrations Exceed 12 ug/m?>
Asian
Low Income +60% Black
Native American +142%
i T 0,
Minority +5% White
Hispanic +220%

Note: The reference group for each race is all other races combined. Comparisons between individual race groups will vary.
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EXHI Bi3T LI KELI HOOD OF LI Vb NGSXWMHERE $PMECI FI EDOGSGNCENTRATI

NONPA AREGASD 9

Concentrations Exceed 8 ug/m?

Asian

Low Income +8% Black

Native American

. 0
Minority +33% White
Hispanic
Concentrations Exceed 10 ug/m? .

Asian

Low Income +4.7% Black

Native American

;o e
Minority 3.6% White
Hispanic
i 3
Concentrations Exceed 12 ug/m —
Low Income +36% Black
Native American
1 1 = ()

Minority 13% White
Hispanic

+6.8%
+45.5%

-32.0%

-24.7%

-15.3%

+1.3%
-0.6%
-53.4%

| +3.8%

+26.8%

-46.7%
+4.3%
-54.5%

| +14.8%

-33.5%

Note: The reference group for each race is all other races combined. Comparisons between individual race groups will vary.

Aside from the nofPA areas, we consistently see increased likeliladdtM. s higherexposureamong

low income and minority populatiormsmong thé5- to 99yearold cohort We also consistently see an
increased likelihood iRPM,sexposure above the stards inthe Asian, Black, and Hispanic populations,
apart fromsome of the current NAAQS scenarios. However, unlike the othewhdr groups, the

Native American population typically displays a decrease in likelihood of exposure above the standards
Thes decreases are particularly dramatioonPA areasAlthough it may appear from the fine scale air
guality surface that Black Americans are less likely in general to live in areas wheggeRideds 12

ug/m?, they still are over four times more likelyan white Americans to live in these high exposure

areas.

MORTALRT®%K REDUCTI ON UNDER ALSTTEARNNDAATRDVSE P M

Exhibit 3-4 showsthe mortality risk reduction under two alternati?®, s standards (10 pug/frand 8
pg/m?) across thregeographic areaand air quality and incidence datasets of varying spatial scale. These
estimates refleavoided death#hen utilizing incidence datasets not stratified by race and ethnicity.
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EXHI B44T RBEDUCTI ON I N MORTABY TXL BEIERDANQ F(EA LNLA A
RACE/ ETHNI CI TY)

NONPA PA NONPA
CONCENTRATION NATION | PAAREA | AREAS | NATION | AREA | AREAS
RESPONSE AGE
ENDPOINT FUNCTION GROUP 10 pg/m3 ALT NAAQS 8 pg/ms ALT NAAQS
COUNTYLEVELINCIDENCE
Woodruff et al.
(2008)* 0-0 14 13 1.2 49 30 18
All-Cause
Mortality (Tzugrl‘g)r etal. 30-99 4,600 4,200 420 | 16,000 | 10,000 | 5,800
Dietal. (2017) 65-99 4,200 3,800 390 | 15,000 9,300 5,400
Tract Level Incidence
All-Cause (Tz”(;i‘g)r etal. 30-99 4,800 4,300 420 | 16,000 | 11,000 | 5,900
Mortalit
y Dietal. (2017) 65-99 4,300 3,900 390 15,000 | 10,000 5,400
Note: values are rounded to two significant figures .
*The Woodruff et al. C -R function excludes neo-natal deaths (those occurring within the first 30 days after birth).  Since the tract
incidence dataset does not exclude neo -natal cases, we do not report tract incidence results for the Woodruff et al. study.

As with thecurrentburden results in Chapterthe Turner et ak2016)and Di et al(2017)
concentratiorresponsdunctions produce higher risk reductions whisingthetractlevel incidence
compared to theounty incidencet the national scale and within PA arddswever, we see much
closer, if not equal, results between the ttagel and countytevel incidence withirthe nonPA areas
This suggests that the trdetel incidencerovides additional context irareas Were population densities
are high which may be useful in futufee-scaleanalysesinterestingly unlike in the ttal current

burden resultshe PA areas aoprisemore tharB0 and60 percent of thenortality risk reductionwhen
assessinthe 10 pg/miand 8 pg/m alternative standasdrespectively.

Exhibit 3-5 presents per capita mortalitigk reductionacross the sangeographiesand air quality
surfacesvhenusingracestratified incidencand aracespecifc concentratiorresponse functigrfrom Di
et al. (2017, for ages 65 to 99.
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EXHI Bi5T GBHANGEAVYO®I DED DEARH®SHOSE ALEBD AL TERNATI VE NAAQS
(PER 100, 00O, STRATI FI ED BY RACE)

NON
PA NON-PA PA PA
CONCENTRATION NATION | AREAS | AREAS | NATION | AREAS | AREAS
RESPONSE
RELATIONSHIP RACE ETHNICITY 10 pg/m3 ALT NAAQS 8 pg/m3 ALT NAAQS
Hispanic All Hispanic 20 44 2 48 91 17
Total All Races All All 10 32 1 35 79 17
Asian Asian All 14 26 1 33 56 11
Black Black All 28 69 3 110 190 58
Native American E;t:evriecan All 8 40 1 21 74 8
White White All 8 26 1 27 64 14
Note: values are rounded to two significant figures .

Not only do weobservanuch larger avoided deathdren comparing the 8 ug8rstandard to the 10
pg/m? in Exhibit 3-4, but wecanalso seghat the8 pg/n? alternative standangeduces mortality risk at
almost twoto threetimes therate ofthe 10 pg/m alternative standarieh the PA areasihen we compare
the reduction in mortality risk at the national lewbke 8 pg/ni standard becomékree tofour times
higherthan the 10 pgn® standardor white and Black Americanand in the nofPA areas the 8 pg/fn
standard mortality rate is over five timieigherfor all groups Non-PA areas experience a negligible
share of per capita benefits across all groups at 1@3it comprise a meaningful share of per capita
benefits when the standard is lowered to 8 |ig/m

Exhibit 3-6 furtherillustrates the potential reductions in the RMttributable mortality rate by race

across the U.S under an alternative standard of 83udims figure complements Exhibit®in Chapter

2; the width of each rectangle indicates the total population of each race for the given geographic scale,
and the bight represents the RMattributable mortality rate of each race, reported per 100,000 persons
of each racial group.
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EXHI Bi6T REDUCTI ON, kANT TPRM BUTABLE MPRTBMDHEHR AN ALTERNATI VE
STANDARD @O©FMBY ijRACE
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On average across thinited StatesBlack Americansstand to gairthe highesteduction in pecapita
mortality riskby reducing concentrations BM2sto 8 ug/nr nationwide while Native American® r i s k
would fall the least. Unlike under the current PMonditions, Asian Americarstand toexperience

greater per capita benefits in terms of mortaigk reductionthanwhite Americansinder an alternative
standard of 8 g/m?.

As shown in Chapter 2, a greater proportion of Black populatiomexposetb PM, s exposures between

8 and 10 pg/m relative to all other race$hese findingare consistent with the findings ababheat these
individualsexperiencdargerbenefitson a petperson basigzhen the current NAAQS is lowered to 10

and8 pg/me. When compared across races, theqagita mortality risk reductiorshowthatBlack

individualsbenefit from moreprotectivestandards atvo tothree timeghe rate ofall other raceswith

this difference in mortality rates increasiogtside the PA areas and at a national s@dlese results are
consistentwith he PA6s findings that Bl ack py®PMuyundet i ons ar
currentconditionsrelative to other races. Howeveuyr analysigrovides additional context on the racial

disparities outside of the PA areas assessed.
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Individuals living in poverty will experience 30
percent higher mortality benefits per capita from
more protective PMs NAAQS.

In additionto assessindifferencesacross race and ethnicity, we estimate thecppita mortality risk
reduction folow-incomeindividuals presented ifExhibit 3-7. Although observedisparities are not as
dramatic ashose experienced WBlack or Hispanigopulationsindividuals living below two times the
poverty linestand taexperience 3@ercenthigherbenefitsdue to reduced mortality ratas alternative
standardscompared tahosewith higher incomes.

EXHI Bi7T GBHANGEAVY®I DED DE@ARHSHOAGED -BBY ALTERNATIVE NAAQS
(PER 100, 000)

NON
NONPA PA PA
CONCENTRATION PA ARE/S | NATION [ AREAS | AREAS | NATION | AREAS
RESPONSE
RELATIONSHIP POVERTY STATUS 10 pg/m3 ALT NAAQS 8 pug/m3 ALT NAAQS
) Below 2x Poverty Line 38 12 3 91 42 22
Combined Totals* -
Above 2x Poverty Line 29 9 1 74 31 15
Note: values are rounded to two significant figures .
*We use the sum of the PM;s.attribut able mortality below or above 2x the poverty line  derived from the Di et al. (2017) race -
specific concentration -response functions.

Exhibit 3-8 present@another view of théindings from Exhibit 36 and 37. It illustratesthe disparities in
mortality risk reductioracross three spatial dimensionsrage,ethnicity,and poverty statystarting

from current mortality burden and endingaatalternative standard of 8 pg?nfs seen in the length of

the connecting lines that demonstrate how per capitasfalfributatbe risks decrease from current
conditions to each alternative standdtt risk benefits vary by group and with each incremental change
in the standardiVefind that BlackAmericansstand to gain the most in terms of reductiongén capita
mortality risk from more protective annual NAAQSowever,evenwhen NAAQS issetat 8 pg/ni,

Black populations stilexperiencd®M. s-attributablemortality risksthat exceed that of all other races by a
substantiamargin.Our results also show that atiigh Hispanic individuals do not benefit from the
alternative standards at the same rate as Black individuals, theamgita benefits are the second highest
amongall sulpopulations. This suggests that Hispanic populations are also disproportioretedthy
poor air quality.

Exhibit 3-8 demonstrates that incrementally stronger standards further reduce disparities between racial

and ethnic groups and among those |iving &@bove an:
standard resulting ithe greatest reduction in disparities across the country (PA arBAaneas). Based

on the hybrid air quality surface for 2015 (Di et al. 2019), fewer individuals iFP#oareas are exposed

to concentr at P Assschastanoardeofl 0 One® grédvidesiimited reductions in

disparitesinnofP A ar eas, rel at i vieHowewer, we nete that alimappdoach ihno@ € g/ m
PA areas does not benefit from the detailed EPA modeling of attainment conducted for PA areas. For

INDUSTRIAL ECONOMICS, INCORPORATED 3-8
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example, we do nanodel benefits to neRA areas that may result from attainment actions taken in PA
areas'?

EXHI Bi8T MORTALRARYEWSNDER CURRENT AND ALTERNATAIGEE® %M NAAQS

A - WD \White
----------------- hhh Black
****** Asian
A< Wb Native American
A -----®  Hispanic
he - - - 4 Below 2x Poverty Line
Above 2x Poverty Line
Ao &---9  White
b ------------------- - K------ o Black
””” ¥---4 Asian
- _,------ @  Native American
 RRREEE L _SEEEEED @ Hispanic
oo ----4 Below 2x Poverty Line
b - - - - - €A Above 2x Poverty Line
B White
- - - - e =  Black

“B  Asian
A®  Native American

&-B  Hispanic
- Below 2x Poverty Li ®  Current Conditions
¢ elow Zx Fovel ine
B Alternative Scenario: 10 ug/m*
Above 2x Poverty Line

4  Alternative Scenario: 8 pg/m?

200 600 800

400
PM, s-Attributable Deaths per 100,000

Exhibits 3-9 and3-10 show the distribution of avoided deaths per 100,000 by race under the two
alternative NAAQS scenarios, 8 and 10 pg/Mhesemaps shovbenefitsfrom using the racstratified

Di et al. (2019) concentratiaresponse function for ages-89. Non-PA aeas wih a zero value for

deaths per capita reflect 1 x 1 km cells tmttaincurrentPM. s exposure levels below the alternative
NAAQS. For example, if a neRA area has aurrent condition®M. s concentration 09 pg/n¥, only the

8 ug/m* NAAQS scenario willmodelbenefitswithin that area of reducing the baseline concentration of 9
pg/m? to 8 ug/n?.t3 For the 10 pg/rhalternative NAAQS scenario, since the baseline Pédncentration

is already below the alternative standard, no benefits are modeled.

As expected, a mogrotective standardf 8 pg/n? results in a higher rate of avoided deaths, particularly
in areas not previously assessed by theA®Aseen by the greater density in coigracross noiPA areas
for the 8 pg/m scenario, lowering the NAAQS from 10 to 8 pd/oapturesa significantporton of

benefits fromnon-PA areas that contain baseliAbl, s concentrations between 8 and 10 pg/m

12 Our analysis only evaluates E P Adirgjuality surface based on control of primary PM s emissionsand does not consider control of secondary (area-
source) PM s emissions

13 Appendix E provides more detail into our modeling approach for estimating benefits under more stringent PM ;5 NAAQS.
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EXHI Bi9T AVOI DED DEATHS
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EXHI BilTO AVOlI DED DEATHS
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MORBI DI'TY RI SK REDUCTI ON UNDBRAADRPRRDPNMATI VE PM

Exhibit 3-11 showsthe morbidity risk reduction under tvadternative standards (10 pgfand 8 pg/m)
across thregeographiesThese estimates reflemtoided hospitalizationgmergencyepartmenvisits,

and incidence of asthma and rfaal acutemyocardial infarctions (heart attacks)sed on baseline rates
of disease nddtratified by racer ethnicity.

EXHI B{1T. 3vO| DEM sATTRI BUTABLE MORBI DI TY BURDEN (ALL RACE/ET

NONPA NON-PA
CONCENTRATION NATION | PAAREA | AREAS | NATION | PAAREA | AREAS
RESPONSE AGE
ENDPOINT FUNCTION GROUP 10 pg/m3 ALT NAAQS 8 ug/m3 ALT NAAQS
HOSPITALIZATIONS
Non-fatal AMI Peters et al. (2001) | 18-99 4,400 4,000 360 | 15,000 9,700 5.500
Non-fatal AMI Pooling 4 Studies* 18-99 640 590 52 2,200 1,400 800
All Respiratory Ostro et al. (2016) | 0-18 420 390 28 1,400 950 440
Respiratory-1 Jones et al. (2015) | 0-99 240 230 20 800 560 280
Respiratory-2 Bell et al. (2015) 65-99 82 75 6.8 280 180 100
Cardio-, Cerebro-
& Peripheral Bell et al. (2015) 65-99 530 480 43 1,800 1,200 610
Vascular Disease
All Cardiac Talbott et al.
Outcomes (2014) 0-99 450 420 36 1,600 1,000 550
Alzheimerds Kioumourtzoglou et | ge gq 1,300 1,200 120 | 5,000 3,000 | 2,000
Disease al. (2016)
Parkinsonds Kioumourtzoglou et
Disease al. (2016) 65-99 210 190 20 720 470 260
EMERGENCY ROOM VISITS
Respiratory Krall et al. (2016) 0-99 3,000 2.800 230 | 10,000 6,700 3.400
Emergency .
o Zanobetti et al.

Hospitalizations 8 |5 65-99 760 690 63| 2,600 1,700 960
Respiratory
INCIDENCE
Asthma (Tze(;;%"’)‘“'t etal. 0-17 13,000 12,000 900 | 41,000 | 28000 | 13,000
Note: values are rounded to two significant figures
*Four AMI studies pooled together include: Pope et al., Sullivan et al., Zanobetti and Schwartz, and Zanobetti et al.
*Emergency Hospitalizations represent emergency department visits that result in a hospitalization.

Overall, when we compare trends across scenarios and space, we find similar conclusimmaddality
benefits analysisAt an alternative standard of 10 ugrRA areas capture the vast majoritybehefits
compared to nofPA areas.
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However, at an alternativéamdard of 8 ug/M while PA areaattributed benefits more than double, non
PA areaattributed benefits increase at a mientgerrate For example, hospital admission reductions
nonPA areasttributed tononfatal acute myocardial infarction (&stimated based oReters et aR001)
rise from358for the 10 pg/mstandard scenario ®§509for the 8 pug/n scenario. This representsrare
than 1,500 percent increase when moving from 10 to 8 jugssuch, under an alternative NAAQS of 8
pg/me, avoidedP M, s-attributable morbidity burden in néPA areas represent nearly half oflahefits.
This indicates the potentibenefits of moving past an alternative standard of 10 fip/r@ pg/n® for
nonPA area populations.

Exhibit 3-12a and 312bpresents avided asthmaelated emergency room vis{ger capitafor children
ages 0 to 18 across the sage®graphiesand alternative NAAQSscenarios but stratified by race and
ethnicitybased orestimates from the Alhanti et al studi/e observe the same trends across alternative
NAAQS scenarios and space as founéxhibit 3-11 for morbidity endpoints not stratified by race or
ethnicity.In generalthe rates opotentialbenefits for norwhite groupdrom more protective NAAQS
are sevil times larger than those for white Americans

EXHITB-32A. AVOI DED A-REHMAED EMERGENCY ROOM VIAGHDI®»P1EGBNY CHI LDRI
ALTERNATI VE( RBRQS500SO®ATI FI ED BY RAGE/ ETHNI CI TY

PA NONPA PA NONPA
NATION AREAS AREAS NATION AREAS AREAS
RACE/ ETHNICITY
10 pg/m3 ALT NAAQS 8 ug/m3 ALT NAAQS
White, Non-Hispanic 0.31 1.1 0.050 1.2 2.8 0.66
All V\(h_|t_e, Hispanic Plus All Other Races, 31 75 0.27 96 19 38
Ethnicities
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EXHI BI1T2 B3AVOlI DED AREHMMAED EMERGENCY ROOM VI SI TS18 N CHI LDR
BY ALTERNATI V(EP ENRA AIQUSO ST &®BTI FI ED BY RACAENDETHNI CI T°

POVERTY
Am  White
e =-9 Black
N oo #--9  Asian
g Ae-- 89 Native American
E F SEETEE S i8----9 Hispanic
5 S O O O U A IS
A --Ee Below 2x Poverty Line
A =y Above 2x Poverty Line
AED  White
Ao ;oo 4 Black
o . @ Asian
g RREEEEEEEEEE L EREEEELE ®  Native American
; R R L SRR ERLE #®  Hispanic
Ae----m-9  Below 2x Poverty Line
M@0 Above 2x Poverty Line
4| \White
- - B Black
. #---82 Asian
2 4-®  Native American
E. & --®  Hispanic
2 R e T B T TR ®  Current Conditions
= Below 2x Poverty Line W Alternative Scenario: 10 pg/m?
&®  Above 2x Poverty Line 4 Alternative Scenario: 8 pg/m?®

50 75 100
PM, s-Attributable Asthma ER Visits per 100,000
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CHAPTER FI NE SCALE MORBSTDUDY: CNMEWY JERSEY

In this chapter, weexplore thesensitivity ofmorbidity results to the spatial scale and demographic
stratificationof incidence dataWhile previous chapteggresentednortality data stratifiedy race and
census tract, the morbiditgcidencedatathat is publicly availabléor use in benefits analysis, at best,
aggregated at the county lewgpically is not stratified byace or ethnidgty. As a proofof-conceptcase
study, we have explordtie useof finer scale inputoth in terms of spatial resolution and raaed
ethnicity-stratification for a single state. \presenbelowour approach andesultsfor a calculation of
PM-attributableasthmarelated emergency department vigitdNew Jersey*

DATA PROCUREMENT AND PROCESSI NG

To compare results across spatial scatelsdemographic compositions, wbtained angrocessed

dischargdevel emergencyepartmentisit data forNew Jersey fron2016 to 2019 from the Healthcare

Cost and Utilizaton Rrji ect 6 s St ate Emergency DeRogaessingment Dat ab
involved identifying all norfatal visits to the emergency department in which the primary diagnoses was

asthma (ICD10 J&). These cases were aggregated to different levels of spatigeagdaphic

aggregationExhibit 4-1 presents thgetwo levels of aggregation for New Jersey incidence data.

EXHI B1lIT MGGREGATI ON OF NEW JERSEY | NCI DENCE DATA

ENDPOINT AGES SPATIAL SCALE RACIAL/ETHNIC STRATIFICATION

White Hispanic, white non-
Hispanic, non-white
Not stratified by race or
ethnicity
Notes: *In instances where ZIP code and demographic stratified ED counts are below 11, we aggregate data from nearby ZIP
codes to estimate a ZIP3-level rate. If cases are still <11, we aggregate further to the state level. The three racial/ethnic
combinations are intended to match the categories in Alhanti et al. (2016). While further stratification is possible (e.g., by
Black, Asian, and Native American), data suppression (i.e., instances where cases <11) results in more frequent use of

imputation using ra tes at coarser geographic scales.

ZIP code*
Emergency Department

Visits, Asthma 0-4,5-18

ZIP3

We producedwo datasets: onfor all race and ethnicitgggregated to the ZIP3 leyand one aggregated
to thefiner ZIP code level and stratifidoly white Hispanicwhite non-Hispanic, andon-white. ZIP3s
represengeographiaggregationsf ZIP codes sharing the firgtree digitsThere are 20 such areas in

1 Our choice of endpoint and state were largely informed by data availability . Asthma ED visits are the only morbidity function for which we use
race-specific effe ct coefficients (Alhanti et al. 2016). Further, we selected New Jersey because it is assessed in the PA (i.e., has relatively high
PM s concentrations and available monitors ) and provides the necessary data (ED counts) and data elements (race, ethnicity, zip code) upon
purchase from the Healthcare Cost and Utilization Project State Emergency Department Database (HCUP -SEDD).
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New Jersey, roughly equivalent to tmember of counties (22}.We opedto compare these two datasets
instead olusing the default BenMARE countylevel incidence to minimize differences in datasets and
data cleaning and processit¥glhus,the comparison presented below isolates the effects of geographic

and demographic aggregation.

As expected fte resulting datatscharacterizdaseline asthma ED incidenagh differing levelsof
variationacross the state. Whereas the ZIP3 file includes 40 disiitidence rates (20 per ageoup),
thefinely resolved dataset includ&s336 unigue values.

ANALYSI S

We investgatethe impact ofncidence datasets by assesdimgcurrent PM s burden statewid€el otal
PM; s-attributableasthma ED visits are presented in Exhibi.4

EXHI B412T PAM -ATTRI BUTABLE

ASTHMA

ED VI SI TS |

N

NEW JERSEY

TOTAL EDVISITS

DIFFERENCE (ZIP$ZIP CODE)

ZIP CODE &

RACE ETHNICITY ZIP3 AGGREGATED| RACE/ETHNICITY TOTAL PERCENT
White Non-Hispanic 7,600 5,400 -2,200 -29.0%
White Hispanic 4,800 2,700 -2,100 -45%
Black ALL 4,000 7,700 3,700 91%
Asian ALL 1,600 2,000 370 23%
N. American ALL 120 220 100 84%

Totals 18,000 18,000 0 0%

Statewide, the twincidence datasets produoemparable estimates overale estimatehat ambient
PM. s results inan equivalent number asthma ED visits each yearsing either data séhe ZIP3 data,
however fails to reflect important differences in incidence by race and ethnicity.

Aggregated incidence rates overstate asthma ED
Incidence for white populations by 30%and
understate incidence for other races by up to 90%

By stratifying esmates by race, ethnicity, aag code, we calculate PMattributable cases that vary
substantiallyffrom theaggregated incidence estimateseach raceln general, we find thatggregated
incidence rates overstateidence fomwhite populatiors and understate incidence fiher racesThese

15 ZIP3s do not align with county borders. In at least one case (086), individual ZIP3 are split and do not represent one contiguous polygon.

16 The differences between the BenMAP-CE and newly processed datasets include: (1) 2014 vs. 20162019 data, (2) medical coding of ICD-9 vs. ICD-
10, and (3) processing for BenMARCE includes further imputation beyond state boundaries (e.g ., regional datasets from HCUPnet).

INDUSTRIAL ECONOMICS, INCORPORATED

4-2



|EC

differences are sizablEmploying finer scale and race/ethnicity stratified réd@gerswhite Hispanic
estimates by 45 percent and increases Black estimatelsgsré&:nt

CONCLUSI ONS

Baseline incidence represents a key data input for estimaitipgllutionattributable health effectsve
demonstrate that coargeographic resolutions (e.g., ZIP3, coudtyguch as those used in the RA
hospitalizations and emergency room viithould accurately characterize ovenadlidence; however,
these datasets do not facilitate thiableestimation ofacespecific effectsHealth datasets are
increasingly reportingates at fine scales ahg demographi¢actors relevant tdistributional analyses.
Finally, wenote thawhile notillustratedin this chapter, fine scale incidence diatanore suitable for
assessingmpacts at smaller scalesggregation tahe state level masks this obseiwat
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CHAPTER GCGHANGES J WTHFRI BUTABLE HEALTH BURDEN UN
ALTERNATI,VETRNDARD @m* 9 i

In this chapter, we explore how thaselinenealth burden calculated €hapter2 might change if EPA

were to adopt a NAAQSf 9 ug/n?. For contextwe first discuss current exposure of different racial and
ethnic groups to Pk concentrations over |@g/n?. Wethencharacterize the likelihood that socially

vulnerable groups live in areas in which PMxposures exceed certain concerdgrathresholds. We

discuss how these likelihoods compare across groups and identify populations that may benefit from
reducing the current PM annual average NAAQS from 12 pgfio 9 pug/me.1” We then present

mortality and morbidity risk reduction estineatundethis alternative NAAQS scenario and compare

benefits across geographic araas socially vulnerable groups. All analyses focus on reduction of the

annual mean Ph NAAQS only and are based on 1) air quality surfaces either generated by EPA (for
areas at 12 km scale) or 2) air quality surfaces reflecting changes at 1 km scale that are proportional to the
changes reflected in EPAOG6s air quality surfaces f
PM.s sources.

CURRERM £XPOSURE

We first assess how Piexposures differ by racial and ethnic groups. Ex&ditshowshe fraction of
the Hispanic and neHlispanic populations currently exposed to differentBbbncentrations based on
the 1 x 1 km air quality surface from Di et 2019). Concentrations above 9 pg/ane highlighted to
emphasize the differences in exposure by ethnicity.

17 Our analysis focuses exclusively on changes to the annual average NAAQS. Changes to the daily NAAQS may result in additionabenefits in
particular areas identified by EPA as more sensitive to changes in the daily standard, but that is outside of the scop e of this analysis.
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EXHI Bi1T PROPORTI ON. SBOBPULATI ON EXPOSEWDNITENPNRATI ONS ABOVE 9
ijg/m3, ETHNIISCIIRTAYT I FI ED

15% -

10% -

5% -

Percent of Population

0% - —
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
PM, 5 Exposure pg/m3

Ethnicity == HISPANIC NON-HISPANIC

Hispanic Americans ammore likely to live in areas witRMsconcentrationgreater than fug/m? than

white norHispanic populationg}4 percent of Hispanic Americans are exposed to annual average PM
concentr at i o’hcempardd@oB® pergeafarHispanic Americans. This disparity occurs
primarily at c¢ onc & butasabstantiahpsrtion df thesHispahi® Amergcdn mpopulation
(over 10 percent) would also benefit from reductions i Pkbdm 10 to 9ug/m?. We presena similar
graphicin Appendix Ausing the EPA 12km surface (in PA areas affly)

Exhibit 5-2 presents a comparable graphic stratified by.raatler segments of these curves reflect 2M
concentrations with greater proportions of rapecific populations living in these areas. Distributions
shifted further to the right indicate higher levels of exposure for a particular group. Like Bxhijbit
Exhibit 5-2 uses shading to emphasize pagiohs exposed to PMconcentrations above 9 pginand
Exhibit 5-3 provides a tabular summary of these differences.

BoPA areasé reflect areas modeled and anaPAzamrde &y 06 EPAf lienctt haelilr @prodadas yo atssied s me
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EXHI Bi2T. PROPORT I

ijg/ms3,

15% -

10% -

5% -

Percent of Population

0% -

EXHI BIi3T PROPORTI
CONCENTRATI ONS

RAEERATI FI ED

< 5 6 7 8

9 10 11
PM, 5 Exposure ug/m3

12 13

14 15 16

Race == ASIAN === BLACK === NATAMER === WHITE

ON. SBBPULATI

ON -AGEBPXBOSED AT

ON. SBEPULATI ON EXPOSEDNITENPFNATI ONS ABOVE

17 18 19

¥YAsRI OUS PM

PERCENT OF POPULATION EXPOSED TO,RMMONCENTRATIONS:
BETWEEN BETWEEN
RACE ETHNICITY | >12 ug/m® | >10 pg/m® | >9pug/m® | >8ug/m® | 10& 12 pg/m® | 8 & 10 ug/m?®
Asian All 4% 19% 43% 67% 15% 48%
Black All 2% 18% 45% 74% 16% 56%
Native American All 3% 11% 24% 45% 8% 34%
White All 3% 14% 35% 59% 11% 45%

Values do not sum across rows

As shown inExhibits5-2 and5-3, Black Americans are consistently exposed to highacentrations of
PM; sthan white Americans. Black and Asian Americans are more likely to be exposaucentrations
above ®g/m? (45% and 43%, respectivglthan white Americans (35%), while Native Americans (24%)
are less likely to be exposed at thbigyherlevels.
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EXPOSUARBEOV Eij ®/3m

Before discussing health impacts, we first examine howsgtMposures are distributed among socially
vulnerable groups above the 9 pgstandard. We focus on two factors to identify socially vulnerable
groups: 1) acial or ethnic groups that have been part of historical minotitisg 2) those experiencing
poverty. Within the minority subgroup, we assess impacts to Asian, Black, and Native American
populationg® We assess exposure to Hispanic ethnicities separately where available.

Exhibits5-4, 5-5, and5-6 show the increased likelihood of these socially vulnerable groups to be exposed
to PMs concentrations greater than the current NAAQS (12 Eigfgneater than the two alternative
standards assesseddhapter 3andgreater than the alternative stardlaf 9 pg/nt assessed in this

report. The exposure likelihoods are assessed at three geographic scales: nation&PitPdticy
AssessmentRA) areas, or noiiPA areas. These graphidivide racespecific populations at the census

tract level distributd to 1 x 1 km grids by the proportion of the overall population within each 1 x 1 km
grid (ages 6599)2*

¥This report adopts the term oOominorityo¢ feomportanbdifferenses iethecsgcialwilnerabilityof S . Census dat a.
individual communities that are included under the 0mi norividtayracialamdbr el | a. Thi s

ethnic groups.
2We define olow incomedgroupéi mpovaepbsshwtiose income is |less than twice the fed

2! Race-specific populations within each census tract are distributed to each 1 x 1 km grid within a tract using the proportion of th e total
population, across all races, within eac h 1 x 1 km to the total population, across all races, within the respective tract. For example, a 1 x 1 km
grid that contains 50 people and falls within a census t popudatonfromrthatai ni ng 100 p
tract. This assumes that the distribution of the race -specific population within each 1 x 1 km grid is the same as the distribution of the race -
specific population within the respective tracts.
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EXHI Bi4T LI KELI HOOD
NATI ON-9 96 5

Concentrations Exceed 8 ug/m?

+5%
+31%

Concentrations Exceed 9 ug/m>

Low Income

Minority

OF LI VL NGXOMHERE

Asian
Black
Native American

White

Hispanic

Asian
Black
Native American

Low Income +6.2%
R o
Minority +41.7% White
Hispanic
Concentrations Exceed 10 ug/m*
Asian
Low Income +17% Black
Native American
inori o, I
Minority +70% White
Hispanic
i 3
Concentrations Exceed 12 ug/m Asian
Low Income +49.6% Black
Native American
inori o,
Minority +53.2% Whits
Hispanic

PMECI FI ED COGNCENTRATI

+19.8%
+35.9%
-27.9%
-23.5%
+5.8%

+37.9%
+43.0%

-34.3%

-29.4%

+27.1%

+84%

+113%

+176%

+334

Note: The reference group for each race is all other races combined. Comparisons between individual race groups will vary.
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EXHI BiI5T. LI KELI HOOD OF LI VL NGSX GVHERE
AREAG6599

Concentrations Exceed 8 ug/m?

Asian
+4.7% Black
Native American

Low Income

Minority +7.7% White
Hispanic

Concentrations Exceed 9 ug/m?

Asian
Low Income +9.7% Black
Native American
- o
Minority +11.6% White
Hispanic
Concentrations Exceed 10 ug/m? )
Asian
Low Income +29.1% Black
Native American
N o
Minority +35.2% White
Hispanic
Concentrations Exceed 12 ug/m?*
Asian
Low Income +60% Black
Native American
i i 0,
Minority +5% White
Hispanic

Note: The reference group for each race is all other races combined. Comparisons between individual race groups will vary.

PMECI FI ED COGNWAENTRATI

+2.6%
+9.6%
-0.8%
-71%
+5.8%

+2.8%
+151%

+2.8%

-10.4%
+13.0%

+24.5%
+33.9%
+29.1%

+68.5%

+142%

+220%
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EXHI BI6T LI KELI HOOD OF LI Vh NEGXWHERE $PMECI FI ED CBNCENTRATI

NONPA AREGSD,9

Concentrations Exceed 8 ug/m?
Asian +6.8%
Low Income +8% Black +45.5%
Native American -32.0%
H o 0,
Minority I — White 247%
Hispanic -15.3%
Concentrations Exceed 9 ug/m3 Asian +20.1%
Low Income +7.0% Black +44.1%
Native American -43.7%
L o
Minority +34.6% ——— White 25 7%
Hispanic -3.5%
C trations E dl10 3
oncentrations Excee ug/m Asian +1.3%
o 0
Low Income +4.7% Black 0.6%
Native American -53.4%
I 0,
Minority -36% —n White +3.8%
Hispanic +26.8%
H 3
Concentrations Exceed 12 ug/m Asian 46 7%
Low Income +36% Black +4.3%
Native American -54 5%
i H _ 0, P——
Minority 13% White +14.8%
Hispanic -33.5%

Note: The reference group for each race is all other races combined. Comparisons between individua | race groups will vary.

Aside from the nofPA areas, we consistently see increased likelihoddghierPM, s exposure among
low income and minority populatioriis the 65 to 99yearold cohort. We alsobservean increased
likelihood in PMbsexposure bove thespecified level$n the Asian, Black, and Hispanic populations,
apart from some of the current NAAQS scenarios. However, unlike the othevhiengroups, the
Native American populatioaxperiences a lowdikelihood of exposure above the stardarThese
decreases are particularly dramatic in #areas.

MORTALRTS®K REDUCTI ONS UNDER AN sSATANERARD [j@EAF P M

Exhibit 5-7 presents the benefiispresented as reductionsrivortality riskd underalternative PMs

standard of 8, 9, and 10ug/m?®. These estimates are presented as national totals and also divided into PA
areas and neRA areasThese estimates reflect avoided deaths when utilizing incidence datasets not
stratified by race and ethnicity.
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EXHI Bi7T REDUCTI ON I N U. S. MORTALI TY BURDEN BY ALTERNATI VE NAAQS (ALL
NONPA PA NONPA PA NON-PA
CONCENTRATION NATION | PAAREAS | AREAS | NATION | AREAS| AREAS | NATION| AREAS| AREAS
RESPONSE AGE
ENDPOINT FUNCTION GROUP 10 pg/m3 Alt NAAQS 9 pg/m?2 Alt NAAQS 8 pg/m?e Alt NAAQS
County Level Incidence
Woodruff et al.
(2008)* 0-0 14 13 1.2 28 22 5.5 49 31 18
All-Cause
Mortality (Tzugi‘g)r etal. 30-99 4,600 4,200 420 | 9,000 7,200 | 1,860 | 16,000 | 10,000 | 5,800
Dietal (2017) 65-99 4,200 3,800 390 8,300 | 6,600 1,700 | 15,000 9,300 5,400
Tract Level Incidence
All-Cause (Tzuori‘g)r etal. 30-99 4,800 4,300 420 | 9,300 | 7,400 | 1,900 | 16,000 | 11,000 | 5,900
Mortalit .
y Dietal. (2017) 65-99 4,300 3,900 390 8,500 6,800 1,700 | 15,000 | 10,000 5,400
Note: values are rounded to two significant figures.
*The Woodruff et al. C -R function excludes neo-natal deaths (those occurring within the first 30  days after birth). Since the tract incidence dataset does not exclude
neo-natal cases, we do not report tract incidence results for the Woodruff et al. study.
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An alternative standard of|8g/m? is associated with a reductionnmortality burden of approximately 28
infants and 9,000 to 9,300 adults {29), over 90 percent of which come from those aged 65 to 99. As
with the current burden results in Chapter 2, the Turner et al. (2016) and Di et al. (2017) concentration
response factions produce higher risk reductions when using theleaet incidence compared to the
county incidence at the national scale and within PA areas. However, consistent with the findings in
Chapter 3, we observe comparable results between thdetvdcand countylevel incidence within the
nonPA areas. Th@A areas comprisgpproximately 8(ercent of the mortality risk reduction when
assessing th@ pg/ne alternative standard.

Exhibits5-8 and5-9 present pecapita and total mortality risk reducti®across the same geographies
and air quality surfaces when using ratetified incidence and a raspecific concentraticnesponse
function, from Di et al. (2017), for ages 65 to 99.
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EXHI B48T CHANGE I N RATES OF AVO|I BEEBEDEGSGEDS 6B ORAITTERNATIIWVERNAMAQS 000, STRATI FI EC
RACE)
PA NON-PA PA NON-PA PA | NONPA
CONCENTRATION NATION | AREAS | AREAS | NATION | AREAS | AREAS | NATION | AREAS | AREAS
RESPONSE
RELATIONSHIP RACE ETHNICITY 10 pg/m? Alt NAAQS 9 pg/m3 Alt NAAQS 8 ug/m3 Alt NAAQS

Hispanic All Hispanic 20 44 2.0 32 68 6.4 48 91 17

Total All Races All All 10 32 1.2 20 56 5.4 35 79 17

Asian Asian Al 14 26 0.75 22 41 3.5 33 56 11

Black Black All 28 69 2.7 61 130 17 110 190 58

Native American Za“"? All 7.9 40 0.51 12 57 23 21 74 8.4

merican

White White All 7.7 26 1.0 15 45 4.4 27 64 14

Note: values are rounded to two significant figures.

EXHI BI19T CHANGE I N AVOI DED DEATHS F9OR BIYH OASLET EARGNEADT (6 H RMAAB®S ED BY RACE)

PA NON-PA PA NON-PA PA NON-PA
CONCENTRATION
AGE NATION | AREAS AREAS NATION| AREAS | AREA | NATION | AREAS | AREAS
AUTHOR ORESPONSE RACE ETHNICITY
GROUP
RELATIONSHIP
10 pg/m2 Alt NAAQS 9 ug/m? Alt NAAQS 8 pg/m?e Alt NAAQS
Hispanic All Hispanic 735 692 43 1,190 1,053 137 1,763 1,411 352
Asian Asian All 254 248 7 417 385 32 619 521 98
(D2|0elt7a)l. Black 65-99 Black All 1,218 1,145 73 2,632 2,186 446 4,749 3,210 1,538
Native
Native American American All 22 21 1 35 29 5 57 38 19
White White All 3,116 2,807 309 6,129 4,800 1,329 10,872 6,783 4,090
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Under an alternative standard ofi§/m?, in PA areas, Black Americans experience agagita mortality

risk reduction larger thatmat of all other races, and nearly three times lower than White Americans. For
all racial and ethnic groups, the geEapita mortality risk is significantly higher in PA areas compared to
nonPA areas. More than 75 percent of avoided deaths for Whiteigamer and nearly 85 percent of
avoided deaths for newhite Americans are experienced in PA areas.

Exhibit 5-10further illustrates the potential reductions in RBiattributable mortality rateby race under
an alternative standard of 9 pudgirthe widthof each rectangle indicates t68-99-yearold population of
each race, and the height represents thesRitributable mortality rate of each race, reported per
100,000 persons of each racial grotipe total area of each rectangle reflects the reduititmtal PM s
attributable mortality.

EXHI BI1TO REDUCTI ON> IsANT TPRM BUTABLE MPRTBMNDHR AN ALTERNATI VE
STANDARDIij@mM3*BY RACE

125

100 =

75 =

Black
2,632

50 =

25 =

N PM, s-Attributable Deaths per 100,000

Native White 'A‘fﬁn
= American 6,129
35
0 1 1 1 1
0 o0 o0 o0 o0 Q0
0 o9 0P 0 0P
o® ®® @w 0 g0 ©°
Population

Black Americansvould experiencéhelargest reduction in mortality risknder an alternativeéM. s

standard 08 pg/n? nationwide. Asian Americansould alsoexperience greater peapita benefits than

white Americans under an alternative standard of 9 figftre per-capita mortality risk reduizins show

that Black individuals benefit frommore protective standagat fourtimes the rate oivhite Americans

These results are consistent with the PAO6s findin
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by PMu s under current conditions relative to other races. However, our analysis provides additional
context on the racial disparities outside of the PA areas assessed.

In addition to assessing differences across race and ethnicity, we estimatediugitpemordlity risk
reduction for lowincome individuals, presented in Exhibil1. Although observed disparities are not as
dramatic as those experienced by Black or Hispanic populations, individuals living below two times the
poverty line stand to experience @ércent higher benefita reduced mortality rates at an alternative
standard of 9 pg/f compared to those with higher incomes.
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EXHI BI{ITL CHANGE I N AVOI DED DEATH RATES9 9F CBRY TAHOSEER NMAGHDPESRN A A QS 00 0)
NON
PA NON-PA PA NON-PA PA PA
CONCENTRAION & NATION | AREAS | AREAS | NATION| AREAS| AREAS | NATION| AREAS| AREAS
RESPONSE
RELATIONSHIP POVERTY STATUS 10 pg/m?3 Alt NAAQS 9 pg/ms Alt NAAQS 8 pg/m2 Alt NAAQS
) Below 2x Poverty Line 12 38 2.6 24 65 8.3 42 91 22
Combined Totals* -
Above 2x Poverty Line 9.0 29 0.50 18 52 4.1 31 74 15

Note: values are rounded to two significant figures.

functions.

*We use the sum of the PMzs.attribut able mortality below or above 2x the poverty line

derived from the Di et al. (2017) race -specific concentration -response
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Exhibit 5-12 presents another view of the findings from ExIsbil0 and5-11 Weillustrate the

disparities in mortality risk reduction across three spatial dimensions by race, ethnicity, and poverty
status.The length of the connecting lines demonstrates hoveqgta PM s-attributable risks decrease
from current conditions to eagifternative standdr Percapita fenefits vary by group and with each
incremental change in the standard. We find that Black Americans stand to gain the most in terms of
reductions in pecapita mortality risk from more protective annual NAAQS. Howevegnenvhen

NAAQS is set at 8 or 9 pgfnBlack populations still experienseibstantially elevateBM; s-attributable
mortality risksrelative to other race®©ur results also show that peapita benefitfor Hispanic

individuals are the second highest amaligubpopulations.

Exhibit 5-12 demonstrates that incrementally stronger standards further reduce disparities between racial

and ethnic groups and among those |iving &@bove an.
standard resulting in the@atest reduction in disparities across the country (PA andPAcareas). Based

on the hybrid air quality surface for 2015 (Di et al. 2019), fewer individuals iFP#oareas are exposed

to concentrat i on®sAssubhpstardar®s ofd mimD 1sDgrdeine linmted reductions

in disparitesinnofP A ar eas, r el at i v3eHowever, we note that alrmappdoachin 8 € g/
nonPA areas does not benefit from the detailed EPA modeling of attainment conducted for PA areas. For
example, walo not model benefits to ndPA areas that may result from attainment actions taken in PA

areas’? Additional exhibits displaying the underlying values for Exhisit2 can be found in Appendix

D.

20ur analysis only evaluates EoRtl®fsprinaiy PM.g endssions and does nat ecorsider dortrel ef decandary (area-
source) PM s emissions.
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EXHI Bi1T2 MORTALI TY
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Exhibit 5-13 shows the distribution of avoided deaths per 100,000 by race under the alternative NAAQS
scenario of 9 pg/fm This map showbenefits from using the racratified Di et al. (2019)

concentratiorresponse function for ages-89. NorrPA areas with zero deaths pmEpitahavecurrent
PM. s concentrations that abelow the9 pg/m?.

At an alternative standard off@/m?, all racial groups experience nonzero-papita mortality risk
reductions across much of the Western and Eastern United States, with particularly higher risk reductions

experienced in Cal

forni

aods

Bay

A r ensortalityBriska ¢ k

Amer

reductions than other racial groups in additional areas, including Eastern Texas and the Northeast United

States. At this alternative standard, many areas within the Great Plains and Mountain regions of the

United States have current Pbtoncentrations below @g/m?® and thus do not experience noticeable

mortality risk reductions
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EXHI Bi1T3 AVOlI DED DEATHS
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MORBI DI'TY RI SK REDUCTI ON UNDEBRSAANBARERWBIMVE PM

Exhibit 5-14 shows the morbidity risk reduction under the alternative standard of ¢ pgrfass three
geographies. These estimates reflect avoided hospitalizations, emergency department visits, and incidence
of asthma and nefatal acute myocardial infarctions (heart attacks) based on baseline rates of disease not
stratified by race or ethritg.
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EXHI BilT4 AVOI DERP s #MTRI BUTABLE MORBI DI TY BURDEN (ALL RACE/ ETHNI CI TY)
PA NONPA PA NONPA PA NONPA
CONCENTRATION NATION | AREAS | AREAS | NATION | AREAS | AREAS | NATION | AREAS| AREAS
RESPONSE AGE
ENDPOINT FUNCTION GROUP 10 pg/me Alt NAAQS 9 ug/m? Alt NAAQS 8 nug/m? Alt NAAQS

HOSPITALIZATIONS

Non-fatal AMI Peters et al. (2001) | 18-99 4,400 | 4,000 360 8,600 | 6,900 1,700 | 15,000 | 10,000 6,000

Non-fatal AMI Pooling 4 Studies* | 18-99 640 590 52 1,250 | 1,010 240 2,200 | 1,400 800

All Respiratory Ostro et al. (2016) | 0-18 420 390 28 800 700 130 1,400 950 440

Respiratory-1 Jones et al. (2015) | 0-99 240 230 20 480 390 90 800 560 280

Respiratory-2 Bell et al. (2015) 65-99 82 75 6.8 160 130 30 280 180 100

Cardio-, Cerebro-

& Peripheral Bell et al. (2015) 65-99 530 480 43 1,020 830 200 1,800 | 1,200 610

Vascular Disease

All Cardiac Talbott et al.

Outcomes (2014) 0-99 450 420 36 890 720 170 1,600 | 1,000 550

Alzheimerds Kioumourtzoglou et | g5 qq 1,000 | 1,000 120| 2,800 | 2,200 620 | 5,000 | 3,000 | 2,000

Disease al. (2016)

Parkinsonts Kioumourtzoglou et | ¢ qq 210| 190 20 420| 330 90 720| 470 260

Disease al. (2016)

EMERGENCY ROOWMISITS

Respiratory Krall et al. (2016) 0-99 3,000 | 2,800 230 5,800 | 4,700 1,055 | 10,000 | 6,700 3,400

Emergency .

Hospitalizations 3 | 22nobetti etal, 65-99 760 | 690 63| 1,500 | 1,200 290 | 2,600 | 1,700 | 1,000

N (2009)

Respiratory

INCIDENCE

Asthma (Tze(;;%"’)‘“'t etal. 0-17 13,000 | 12,000 900 | 24,000 | 20,000 | 4,200 | 41,000 | 28,000 | 13,000

Note: values are rounded to two significant figures

*Four AMI studies pooled together include: Pope et al., Sullivan et al., Zanobetti and Schwartz, and Zanobetti et al.

**Emergency Hospitalizations represent emergency department visits that result in a hospitalization.
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Overall, when weeompare trends across scenarios and space, we find similar conclusions to our mortality
benefits analysis. At an alternative standard of 9 figiA areas capture the majority of benefits

compared to no#A areasHowever, noAPA areas (i.e., those not neddd by EPA) comprise an

important share of overall morbiditglated benefits, reflecting approximately 20% of all benefits across

all analyzed morbidity endpoints.

Exhibit 5-15a and5-15b presents avoided asthiredated emergency room visits (psapita)for children
stratified by race and ethnicityhis stratification i9ased oreffect coefficientdrom the Alhanti et al
(2016)study. In generabercapitabenefitsof an alternative NAAQS of Ag/m? for nonwhite groups
arenearly nine timefarger than for white Americarecross the entire natioAdditional exhibits
displaying the underlying values for ExhiBiL5B can be found in Appendix D.
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EXHI Bi1T5 A. AVOlI DEIREARXATHNMA EMERGENCY ROOIML WREN TAGHEIWNBXHALTERNATI(WERNAAQPS 00O
STRATI FI ED BY RAGE/ ETHNI CI TY

PA NON-PA PA NON-PA PA NON-PA
NATION AREAS AREAS NATION AREAS AREAS NATION AREAS AREAS
RACE/ ETHNICITY
10 pg/m3 Alt NAAQS 9 ug/m? Alt NAAQS 8 pg/m?e Alt NAAQS
White, Non-Hispanic 0.31 1.1 0.050 0.67 1.9 0.22 1.2 2.8 0.66
All V\(h_lt_e, Hispanic Plus All Other Races, 31 75 0.27 59 13 12 96 19 38
Ethnicities
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CHAPTE&ER DI SCUSSI ON

In this report, wausedmore finely resolvediata sources for air quality, béiee health statys
demographics, and risk astimate the health burden of Piexposuresn the United Statesbothin total
and across races, ethnicities, and poverty status. We also estimgtetktitalbenefits of more health
protective PM:s stardards in theJnited Statesicross thessubgroupsOur results have provided insights
into the distribution of health burdens and the potentibbth improve public health generally and
reduce discrepancies in risk across subgroups by adopting more protectiveNahAQ&. Further, the
resultssuggest there is value to usiagalytical inputs afiner geographic scalemnd inputs particular to
spedfic subpopulations to bettemderstand variabilities in riski this chapter, we present the main
conclusions from our analysis, review limitations associated with our approach, and highlight areas for
future research and analysis to further informunuolerstanding of the impact of fiseale inputs on
distributional health risk analysis.

CONCLUSI ONS

Ourresultsbolster the findings ilE P A6 s mo BAf curreret EMsrtdncentrationsesult in

significant premature mortalitgnd morbiditynationwide,and these impacts are disproportionately borne
by BlackandHispanicpopulatiors, and those living in povertgtrengthenind®M NAAQS would lessen
boththe overallsocialcosts of air pollutiorand the disparities in health outconbgsrace, ethnicity, ah
income levels.

This workprovidesvaluable results that can be broken down admsgsaxes: 1the importance of

spatial resolution of annual average Moncentrations in understanding related health impacts; 2) the
distribution of health impacts aiss groups as defined by race, ethnicity, and incomex®nsion upon
theimportantwork doneby EPA in their most recent RAnd 4) statdevel application of our method.

We find thatemployingthefine scale air qualitgurface from Di et al., 201(&t1 x 1 km has a bigger

impact on characterizing variability in risks and identifying hot spatiseatensus tract level than on
modifying large scale aggregations of results nationally. Use of this particular swddtsin highly

similar, but slightlylower estimates of total current health burdearesasmodeled by EPA witi2 x 12

km air quality surfacgin the PA.However, the fine scale results identified a substantial number of
census tracts with high per capitsk levels, many of which were in majority minority census tracts. This
suggests thatse of fine scale air quality dat@ay be even more important for distributional analysis and
neighborhood scale assessmewte. also find that using fine scale (i.at the census tract level) baseline
mortality incidence data tends to produce larger estimates of total current health burden compared to
countylevel mortality incidenceas these data may highlight people in more densely populated areas who
experience porer healthgenerallyand thus may be more susceptible to.BM addition to shifting the
reported health burden totals, these finer scale data can also help to better characterize distributions of
health burden across disadvantaged groups in futurgsasal
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While finer scale spatial variability in air quality and baseline death rates explain some of the observed
disparities in health outcomes, other factors play an important role as well. We estimate that Black
Americans 65 and older experience threset as many Pikelated deaths (per capita) as other racial
groups at current air quality concentrations. This effect is primarily driven by the concentespiomse
relationship estimated by Di et al (2017) for Black Americans. Relative to other remigisy Black
Americans experience 9% higher Pdoncentrations, 3% higher baseline mortality incidence rates, and
a 202% higher PMmortality risk.

Our broader geographigcope enables us to comment on existing disparitiepatedtial benefitoutside
of the PA study area$Vhile concentrations outside of PA areas are notably loweveragedisparities
in health outcomes are, in some castkerfor regions not modeled by EPAIlthough PM-attributable
mortality andmorbidity burdendoes not vargramatically when stratifiedy povertystatuswithin the

PA areasthe pattern diverges significantly elsewhere. Outside of the PA andasduals living in
poverty experienca 30 percent highePM-attributable mortality rate relative to individual#hvhigher
incomesWe note thathe benefits of anore stringeni 0 € gnhualstandardepresent a small fraction
of total benefitsoutside of the PA areaghere baseline concentratiolesd to be lowerhowever for a
more stringent standard$9 and 8ug/m?®, nonPA areaould potentiallycomprisea meaningfulshare

of benefits(20% and 35% respectivelh addition tobroadening the geographic scope to the national
level, we provided atatelevel case study in New Jersey to highlight the value ofdoae morbidity
incidence datalhis application demonstrated that whalggregatediatasets magacilitate the accurat
estimation ototalimpacts, they maynischaracterizenpacts by raceethnicity, or finescale geography.
While we employed data from the same set of databases used in the PA (HCUR BEDB®E that
many states do not make such data availabtidhe stateghat do partner with HCURo not always have
the necessary data elemefatisthese types of analyses (efR code, race, ethnicity).

LI MI TATI ONS

Our analysis is subject the standardsuite ofuncertainties that accompaBgnMAP-style health burden
or health benefits analgsi uncertainties in concentratigrsponse relationships between PM exposure
and health outcomgancertainties in exposuessessment based modeling of concentrations in
locations distanfrom grourd-level monitorsuncertainties in estimates of baseline health ratese

data may need to be imputedvanere available data must be used to approximate the population of
interest;scenario uncertaintselated to predicting future PM changes to meetmidttive PM NAAGS;

and in the economic values used to monetize these implt®ver, in addition to these theage some
additional limitations particular to o@pproach and objectives.

First,we notethat conclusions based onr use ofine scale modeigc o mpar ed with EPA®&s 1
model are limitecy our use of a single air quality model for comparjsmmparisons with additional

hybrid air quality models would help make our findings more rol8estondour use oambient air

guality estimates frorthe Di et almodel in noRPA areasparticularly outside of metropolitan aress,

subject to greater uncertainty thidne results in the PA locationd/ealsod i r ect readers to EI
thoroughdiscussion of ambient PMexposure estimation in Chapter 2 of the. ERA comments on the

heightened uncertainty in exposures inwesternUnited Statesind in areadistant from monitors

fiExcellent performance in crosalidation tests suggests thgtbrid methods are reliabfer
estimating PMs exposure in many applicatislh However, there are also important limitations
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associated wi t h Perfdrnreanceevdlatioesdor thei [hybBrid RMaodeling]
methods are weighted toward densely monitored urban areassatthe of representation of the
monitoring networks. Predictions at different scales or in sparsely monitored areas are relatively
untested. Second, studies have reported heterogeneity in performance with relatively weak
performance in parts of the westésnited Statesat low concentrations, at greater distatce
monitors, and under conditions where the reliability and availability of key input datasets (e.g.,
satellite retrievals and air quality modeling) are limidg(g. 2-61).

This discussiomnderscoresur conclusion thainodelingPM-attributable health effectsutside of PA
areas isaccompanied by greater uncertaindglditionally, we apply a simplistic approach to modelaig
guality in thenon-PA areas under an alternatid®AQS in lieu of conductingadditional air quality
modeling of changes to specific emissions squand itmay differ from theultimateapproackspursued
at the state and local lev®l achieve compliancas definedunder the Clean Air AcWe believe ar
approach is likely t@approximatehe magnitude dbenefits of air quality changes in areas currently
exceeding a revised NAAQS/e also note that would notreflectadditionalbenefitsof air quality
management plans that woulesult fromreducing enissions sources thatould alsoaffectPM; 5
concentrationsreas belovproposedalternativeNAAQS levels.

Second, our use of USALEHfased mortality incidence data at the cerisarst levelreflects not only the
uncertainties associated with the model used in that study, buhelisdesapproximation®f rates for
the 85+ category, which were not reported in the USALEESRIts. We are currently in the process of
obtaining administrativeata sets for a series of locations that we will uggréwide some spot
validations of these estimat&s.

The racespecific concentrationesponse estimatepplied in this study are derived from high quality
peerreviewed epidemiological literatueand huild off a substantial foundation of such studiesiducted
over decades that have found associations between fine particle exposures and mortality and morbidity.
Nonetheless, thestimation of these racand ethnicitystratified risk estimates isrecert development in
the evolution of this literaturexdditional studies in this area will help giwe a fuller picture of the
uncertainty and variability ieffect modificatiorof PM mortality impactdy race and ethnicityDur
benefit results foNAAQS lewels as low agd0 or8¢ g £ presumehatlevels at or near these would still
result inhealth impactsand that the relationship would continue to be lingsiis assumed by EPA iis
PA; this assumption continues to be supported by stfididi®ig health impacts usingtudies oimore
recent air quality featuring lower mean concentrati@g.,Pope et al, 2019, Wang et al. 2020u et al.,
2020.

Finally, our exploration of the usine scale datawasunable to address the impact of combined
improvementsn the geographic scale of inputs such as baseline healtraratesprovements inthe
racespecificity of these dataue toextensive data suppression issues resulting from parkthgsedata
across both dimensions.

Our suppl ement al work analyzing the health benef.i

raised two additional limitations with respect to the air quality surface employed in this analysis. First,
EPAO6s PA provides modeled air qualitybunotrfdr@ces

2 |nitial comparisons between USALEEP data and administrative data in Alameda County look promising. Using modeled USALEEP ®9 incidence
rates and observed death rates in the county, we calculate a Pearson correlation coefficient of 0.881 between  values at the tract level .
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ug/me. Instead, EPA conducted a linear interpolation of the air quality modeling results between 10 and 8
pg/m? to produce an air quality surface for an alternative NAAQS of 9 figfhus, our use of this

interpolated air quality surface may not capture the effects of the sophisticated air quality modeling
techniques employed for the two alternative NAAQS studiettie IEc (2022) report.

Second, EPA only applies the interpolated 9 [fgdinquality surface to CBSAs they found to be
controlled by the annual standard, which was 30 of the 47 CBSAs in their policy assessment. For this
analysis, we perform the same elation for all 47 CBSAs. Notably, the 30 CBSAs specified by EPA
are responsible for 77% of all P&ea mortality and 73% of all Pérea asthmeelated impacts for the
racestratified runs.

AREAS FOR FUTURE STUDY

Given the limitations of the current stdve present several areas for future weéiikst, we opted to

analyze two alternative standards 8 a n d&. THefagmritgde amdistribution of benefitvaried in

important respects for each alternatiden al ysi s of i nt e3 ambmre stringent( e. g . ,
st andar ds 3 may.bgwarantéhoweyerapidemiological literature may be limited to a

greater degree at lower concentrations.

Second, we demonstrated thanefits calculations are sensitive to the input data selé€ctedideration

of additional datasets, such as air quality models or epidemiological studies, may be needed to better
understand the range of potential benefits. While we selected the best available detaséiisg to our
judgment, these datasets are noelettsassociated witluncertainty andexplorationof additional
datasetsvould help improve the robustness of these findikgs example, additional investigatiand
comparison ohybrid air quality modeperformance in the Westetinited Statescross modelgould be
usefulto better understand irigations of these uncertainties on results in gwation of the country.

Finally, our understanding dhe potential improvements resulting from mgemgraphicaland
population specific data would benefit fradditional investigation intetatistical methods for
addressing the censored dsgasthat resulivhendata are parsed across multigimensionsEvaluation
of dternative approachds improve our understanding of spatialsubpopulation variatigrenhane
reliability in results generated using these datg seisprotecti n d i v pridacyaide kefto further
progress toward the adjtive ofmorelocally tuned benefits analysis.
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APPENDBI|XAI R QUAILNPAWT S

CURRERM L£ONDI TS ON

We usedwo air quality surfaces to represent current conditions and estimate the current burden. of PM
For comparison againsttieP A 6 s  2,@Draft Pdidyl Assessmeniye used the EPA 1Rm

monitoredair quality surface from the 2021 PA, which is limited to the 47 CBSAs assessed in the PA
(Exhibit A-1). For the fine scalburden analysis, we used the 1 kmDi et al., 201%ir qualitysurface
which utilizes satellite and monitor datantmdel2015daily andannual PMs concentrations in the US
(Exhibit A-2).24 Unlike the EPA 1% 12 kmair qualitysurface, the Di X 1 km air qualitysurface was
notrestricted to the 47 CBSAs assessed in theWdassessed the annual average fMlues of each

air qualitysurface to estimate thmseline health burden associated with ambient pollutibaseair

guality surfaces also represented the control surfateEsn assessing more stringent Rigtandards.

24 We reviewed several model air quality surfaces for use in our benefit analysis. In total, we reviewed six studies against four criteria for inclusion:
the model must incorporate satellite and monitor data; the model ~ must have a spatial resolution less than 12km 2; the model was generated tuned
to the extent of the US (i.e., not a global model); and the model performed well (i.e., had a goodnessof-fit value greater than 0.75). Our review
found that only two studies, Di et al., 2016 and Di et al., 2019, met all of our criteria requirements. Since the Di et al., 2019 study was a more
recent version of the Di et al., 2016 study, we decided that only Di et al., 2019 model w ould be assessed.
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EXHI BY1T 2A021 PA HKPAL21BKOWI|I TORER QUASURFKAELEI MI TED TO THE PA AREAS
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EXHI B4i2T DAIET AL . (12 0X1 91)2 KM5 ANNUABREBTRI CTED TO THE PA AREAS

“ Di 1km CC
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ALTERNATI,VESETRNDARDS

We evaluated the Di et al. (2018¥ qualitysurface against two alternative standards, 8 pigid 10
ug/me. To generatehese air quality surfaceee treated grid cells within the PA aredifferently from
those outside of the PA are&®r grid cells within thd>A areaswe appied an adjustment factor to each
1-km grid cell derived from thassociatedEPA modeledL2-km grid cell. That is, we will s¢a the

baseline Di results proportionally based on the percentage change indpeMh c ent r at i on i n E
alternative NAAQS control scenar i o®Forehkrentaininge t o EP.
l-kmgridcells we wi | | aprpdlyl abasdknp|laffiaidr igual ity measur

cells to model benefits associated with just meeting the modeled stdinelaifia grid cell is above the
standard it is set to equal the standard)

“Note that we deliberately do not compare the results agaibusdenasEumihar Basel ine
quality degraded to a point where all ar eas modeled would just meet the current NAAQS. That is, the US would still be in compliance with the
current, but concentrations in some areas would be higher than currently experienced. That scenario assumes conditions approp riate for a PA -
type analysis which evaluates what conditions could be like if the standard remained unchanged. Our analysis focuses on assessing burden a nd
benefits relative to current conditions as observed at monitors and estimated using state  -of-the-art hybrid modeling.

INDUSTRIAL ECONOMICS, INCORPORATED A-4



|EC

APPENBI|XDATA | NPUTS

DATA | NPUTS

SeeAppendix EMethod Memorandum for details amput datasets and method#is Appendix provides

supplemental graphicd the datasets used in camalysis.

POPULATI ON

EXHI B11T PBERCENTAGE OF TRACT POPULATI RACE
Asia Blac
< <
2
& O 4
i q g
& B
3 2 [_Jarpacasas
3 0 Q : Percent of Tract Population
2 0%
1% - 10%
1% - 20%
a I 21% - 30%
I 31% - 40%
B 1% - 50%
B 51% - 60%
B 1% - 70%
B 71 - 80%
B 1% - 90%
I o1 - 100%
»
Qz; e &
q&
0
2 -
INDUSTRIAL ECONOMICS, INCORPORATED B-1




|Ec

EXHI Bi2T.. PBERCENTAGE OF

TRACT- PIOPRIAMITC ON

[

Percent of Tract
o

T e

[ RICE
W 2 -0
[ I
B a0
| B
W o

| I e

I e -o0
| R

Population

INDUSTRIAL ECONOMICS, INCORPORATED

B-2



|Ec

BASELMORTALI NI DENCE

EXHI Bi3T TBRACBTASELI|I NE MORNAILIDEWCE SOGEPERS 100, 000
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POVERTY

EXHI B14T BRACT PERCENTAGE OF POPULATI ON BELOW TWO TI MES THE
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EXPOSURE TO RIOPRAMITC ONS

EXHIl T-1.C PROPORTI ON9O OFP®PULATI ON EXROSENCENTRNMTAIBONE
10 gijf
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EXHI B43T PCROPORT | CON9 OFPOPULATI ON EXROSENCERTRMNAIBOVE
ijg /

Population by PM, s Exposure
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EXHI B14T PCROPORT I ON9 OFP@PUL ATI ON EXPOSED; TE0N®RRN TORJAT IPOGWN S

PERCENT OF POPULATION EXPOSED TO,RMONCENTRATIONS
BETWEEN BETWEEN
RACE ETHNICITY > 12 pg/m?® > 10 pg/m?® > 8 pg/m? 10 & 12 pg/m® | 8 & 10 pg/m?
All Hispanic 7% 25% 65% 17% 40%
All Non-Hispanic 2% 13% 60% 11% 48%

INDUSTRIAL ECONOMICS, INCORPORATED C-3



|EC

EXPOSWRAESED ON EKPA21 XM Al RSQRAIAEREA AREAS ONLY

EXHI Bi5T PCROPORTI ON9 OFP WPUL ATI ON EXROSEGDNMCEDNTRNTAIBONSE
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Percent of Population
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EXHI B17T PCROPORT I ON9 OFP®@PUL ATI ON EXRBROSENCERNTRMI IABNVE
10ijg/ MBYETHNI CI TY

Population by PM, 5 Exposure
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ENDI|XSUPPLEMENEALTH | MPACT RESULTS

This Appendix provides

T
T

Thefull estimates for health impact results reported as rates per 100,000 in Chapters 2 and 3

State and CBSA specific resulty race and ethnicity for atlause mortality (ages 65 to 99) and
asthmarelated emergency room visits (ages 0 tg 18)

Additional graphics comparing tralevel results using coarsersus finescale datasetsind

The rates per 100,000 represented in ExhibBs 312B,5-12, ands-15B.

CURRENTL -RMTRI BUTABLE HEALTH BURDEN

EXHI BDIITT CURRENT sARMTRI BUTABLE | MIRTA
NON-PA
CONCENTRATION
AGE NATION PA ARE/S AREAS
AUTHOR dRESPONSE RACE ETHNICITY
GROUP
RELATIONSHIP
1KM 12KM 1KM 1KM
Hispanic All Hispanic 9,644 4,775 4,585 5,059
Asian Asian All 3,101 1,883 1,765 1,336
(Dz'oeltf)‘" Black 65-99 Black All 29,108 12,669 11,897 17,211
Native American Native
American All 551 126 120 431
White White All 85,482 27,594 25,843 59,639
EXHI B+2T (DURRENT PAW2T.R5l BUTABLE MBRTROVERTY STATUS
NON-PA
CONCENTRATION
POVERTY | NATION PA ARE/S ARE/S
AUTHOR dRESPONSE
GROUP STATUS
RELATIONSHIP
1KM 12KM 1KM 1KM
Below 2x
Dietal. (2017)  Combined Totals 65-99 POA‘SZF\%LZ'QE 40,492 | 14,292 | 13,262 27,230
Poverty Line 77,750 | 28,555 26,460 51,291
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|EC

EXHI BI3T MURRENT, sRMTRI BUTABLE MORBI DI TAYS TBHHWRAD EEND WO RSI1 T S
(STRATI FI ED BY RACE/ ETHNI CI TY)
NON-PA
CONCENTRATION
NATION PA AREAS AREAS
AUTHOR ORESPONSE RACE ETHNICITY
RELATIONSHIP
1KM 12KM 1KM 1KM
. White Non-Hispanic
White 4117 1,365 1,273 | 2,844
Non-white White Hispanic
. 9,820 5,295 5,056 4,764
Alhanti .
et al Non-white 0-18 Asian Al
) 2,254 1,271 1,182 1,072
(2016)
Non-white Black Al
7,691 3,439 3,236 4,455
Non-white Native All
American 459 153 145 314

EXHI B14T MURRENT, sRMTRI

BUTMBREAL BURD BN

RACE/ ETHNAND TRFOVERTY) STATUS

STABHRATI

NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
AL 2,718 8 1,125 7 1,578 11 1,143
AZ 1,441 26 112 34 1,269 254 485
AR 1,372 5 360 4 1,003 10 587
CA 12,520 1,638 2,067 98 8,716 3,038 4,049
co 1,059 21 92 7 940 172 305
cT 1,220 14 190 1 1,015 67 306
DE 415 4 133 1 277 8 119
DC 418 3 369 1 46 7 137
FL 6,824 62 1,532 13 5,218 1,241 2,468
GA 4,149 40 1,958 5 2,145 47 1,654
D 439 3 3 5 428 15 155
L 5,616 116 1,657 10 3,832 275 1,845
IN 2,916 12 469 5 2,430 44 1,009
A 1,133 5 39 2 1,088 11 333
KS 958 9 114 7 829 31 312
KY 1,932 6 283 2 1,641 9 754
LA 2,348 11 1,144 7 1,186 29 1,036
ME 384 1 4 1 378 1 116
MD 2,797 55 1,339 4 1,399 41 731
MA 1,758 36 188 1 1,532 60 420
M 4,570 37 1,245 18 3,271 81 1,645
INDUSTRIAL ECONOMICS, INCORPORATED
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NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
MN 1,365 19 81 10 1,255 13 359
MS 1,730 4 887 3 836 4 817
MO 2,534 14 523 7 1,990 22 893
MT 361 2 2 16 341 4 119
NE 583 3 46 3 531 12 182
NV 724 42 125 6 551 75 259
NH 305 2 3 - 300 2 66
NJ 3,470 110 877 3 2,479 297 897
NM 395 4 21 24 347 204 162
NY 6,928 241 2,023 10 4,653 771 2,169
NC 4,398 26 1,715 30 2,627 38 1,712
ND 171 - 1 5 164 1 46
OH 5,954 32 1,326 9 4,587 53 2,054
OK 1,441 12 225 83 1121 29 565
OR 1,201 30 40 11 1,211 36 414
PA 6,924 65 1,299 4 5,556 120 2,120
RI 349 3 23 322 12 93
sc 2,240 9 1,026 4 1,201 16 893
SD 230 1 3 10 217 1 72
™ 2,832 12 772 5 2,043 16 1,118
-~ 8,452 165 2,122 32 6,133 2,282 3,296
uT 479 11 10 3 455 33 137
VT 157 1 1 - 155 1 45
VA 3,182 62 1,180 6 1,933 51 958
WA 1,776 101 114 19 1,542 58 496
WV 850 2 56 1 791 2 331
Wi 2,041 14 182 14 1,831 29 583
WY 89 - 1 1 86 5 25
INDUSTRIAL ECONOMICS, INCORPORATED
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EXHI BI5T MWURRENT, sRMTRI BUTABLE ASTHMA ESDI ABIESRIATTS F |
RACE/ ETHNI CI TY AND POVERTY STATUS)
NATIVE WHITES WHITE- BELOW 2X
STATE TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
AL 345 11 209 4 80 42 148
AZ 393 23 42 26 50 253 169
AR 181 6 101 3 40 30 85
CA 3,780 568 393 70 238 2,511 1,492
(6{0) 225 16 26 6 48 130 71
CT 296 31 81 3 67 115 98
DE 67 5 33 1 13 15 21
DC 60 2 45 - 4 9 22
FL 1,633 78 621 13 214 707 660
GA 915 61 531 7 134 181 361
ID 59 3 3 3 25 26 22
IL 1,155 105 358 12 215 466 419
IN 123 6 15 1 76 25 39
1A 84 7 15 1 39 22 28
KS 149 11 28 4 49 56 54
KY 202 11 78 1 82 30 82
LA 369 12 250 5 69 33 167
ME - - - - - - -
MD 795 68 507 6 97 117 255
MA 274 38 67 3 68 98 92
Ml 560 46 232 9 178 95 224
MN 205 40 57 7 60 40 65
MS 257 5 191 3 44 15 124
MO 201 18 113 4 114 42 108
MT 31 1 1 9 15 4 11
NE 61 4 13 2 19 23 23
NV 170 19 30 3 17 100 72
NH 41 5 3 - 25 7 9
NJ 839 116 267 8 122 326 286
NM 101 2 5 13 7 74 46
NY 2,759 334 1,011 45 266 1,102 1,201
NC 731 45 340 20 146 180 289
ND 21 1 2 5 11 3 7
OH 636 39 262 4 249 82 249
OK 250 14 52 57 58 69 105
OR 153 18 11 6 a7 71 51
PA 1,099 99 384 9 362 244 409
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NATIVE WHITES WHITE- BELOW 2X

STATE | TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
RI 54 5 12 1 12 24 21
SC 304 9 198 3 56 38 129
SD 32 1 3 10 14 4 12
TN 288 14 135 2 87 50 119
X 3,142 201 598 39 281 2,022 1,321
uT 50 5 3 2 18 23 16
VT 6 - 1 - 4 1 2
VA 545 74 226 5 121 119 152
WA 277 51 32 12 71 111 87
wv 55 2 10 - 38 5 21
wi 266 21 97 8 65 75 114
WY 10 - 1 1 5 4 3

EXHI B1I6T MMURRENT, sRARMTRI BUTABLE MORTALI Z2Y BANROEBESAMBATI FI
BY RACE/ ETHNI CI TY)
NATIVE
CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC

Detroit -Warren-Dearborn, Ml 2,286 25 950 5 1,306 37
New York-Newark-Jersey City,

NY-NJ-PA 6,889 311 2,301 8 4,269 972
Logan, UT-1D 22 - - - 21 1
Ogden-Clearfield, UT 131 2 4 1 124 9
Prineville, OR 9 - - - 9 -
Chicago-Naperville -Elgin, IL-IN-WI 4,051 110 1,559 8 2,374 280
Cleveland-Elyria, OH 1,254 9 459 1 785 20
South BendMishawaka, IN-MI 162 1 32 1 129 2
Philadelphia-CamdenWilmington,

PANJ-DEMD 3,128 57 1,189 3 1,880 79
Akron, OH 417 2 92 1 323 1
Pittsburgh, PA 1,418 7 214 1 1,196 5
Elkhart-Goshen, IN 80 - 7 - 73 1
Salt Lake City, UT 192 7 5 1 179 17
Lebanon, PA 84 - 1 - 83 2
Altoona, PA 83 - 2 - 81 -
Johnstown, PA 93 - 4 - 89 1
Lancaster, PA 280 2 12 - 266 10
Canton-Massillon, OH 254 1 33 - 220 2
INDUSTRIAL ECONOMICS, INCORPORATED D5
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NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Sacramento-Roseville-Folsom, CA 758 84 119 6 549 85
Napa, CA 60 3 2 - 54 6
Weirton - Steubenville, WV-OH 86 - 8 - 78 -
Provo-Orem, UT 68 1 1 - 66 3
Wheeling, WV-OH 90 - 4 - 87 -
Stockton, CA 337 42 57 3 235 73
Indianapolis-Carmel-Anderson, IN 807 5 209 1 592 6
Modesto, CA 230 10 14 3 204 53
Cincinnati, OH-KY-IN 935 6 210 1 718 3
Merced, CA 95 6 12 1 76 34
Madera, CA 52 1 6 1 44 20
St. Louis, MO-IL 1,406 10 443 2 950 9
Fresno, CA 453 39 55 6 354 152
Louisville/Jefferson County, KY -IN 583 3 149 1 431 4
Visalia, CA 194 7 9 2 175 79
Hanford-Corcoran, CA 59 3 7 1 49 23
Evansville, IN-KY 161 - 19 - 140 1
San Luis ObispePaso Robles, CA 77 2 2 1 72 8
Las VegasHenderson-Paradise, NV 536 36 117 3 380 63
Bakersfield, CA 330 16 40 5 269 108
Riverside-San Bernardino-Ontario,
CA 1,295 80 224 12 978 403
Los AngelesLong BeachAnaheim,
CA 4,555 749 989 28 2,789 1,308
Little Rock -North Little Rock
Conway, AR 315 1 100 1 213 2
Atlanta -Sandy SpringsAlpharetta,
GA 2,057 31 1,012 3 1,012 32
El Centro, CA 47 1 3 1 42 51
Birmingham-Hoover, AL 656 2 316 1 337 3
MaconBibb County, GA 140 - 84 - 55 -
Houston-The Woodlands Sugar Land,
TX 2,216 91 821 8 1,297 359
McAllen-Edinburg-Mission, TX 192 1 3 - 188 257
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EXHI BI7T MURRENT, AMTRI BUTABTHMA ED B/M S47TSPA CBSAS (STRATI
RACE/ ETHNI CI TY)
NATIVE WHITES WHITE -

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Detroit -Warren-Dearborn, Ml 292 28 155 2 70 36
New York-Newark-Jersey City,
NY-NJ-PA 3,085 396 1,098 46 258 1,286
Logan, UT-ID 1 - - - 1 1
OgdenClearfield, UT 10 1 1 - 4 4
Prineville, OR 1 - - - - -
Chicago-Naperville -Elgin, IL-IN-WI 933 91 283 10 124 425
Cleveland-Elyria, OH 136 7 73 1 35 21
South BendMishawaka, IN-MI 2 - 1 - 1 -
Philadelphia-CamdenWilmington,
PA-NJ-DEMD 679 79 320 5 132 143
Akron, OH 41 3 18 - 16 3
Pittsburgh, PA 143 12 53 1 68 9
Elkhart-Goshen, IN - - - - - -
Salt Lake City, UT 30 4 2 1 9 15
Lebanon, PA 14 1 2 - 5 6
Altoona, PA 7 - 1 - 5 -
Johnstown, PA 7 - 2 - 5 1
Lancaster, PA 53 4 9 1 22 18
Canton-Massillon, OH 20 1 7 - 11 2
Sacramento-Roseville-Folsom, CA 146 37 27 3 18 62
Napa, CA 5 1 - - 1 3
Weirton -Steubenville, WV-OH 4 - 1 - 3 -
Provo-Orem, UT 5 - - - 3 2
Wheeling, WV-OH 4 - 1 - 3 -
Stockton, CA 126 24 15 2 8 76
Indianapolis-Carmel-Anderson, IN 20 1 3 - 13 3
Modesto, CA 74 7 5 1 7 54
Cincinnati, OH-KY-IN 109 8 46 1 42 12
Merced, CA 37 4 2 1 2 28
Madera, CA 241 8 13 9 10 200
St. Louis, MO-IL 174 11 90 1 56 16
Fresno, CA 85 11 8 2 4 60
Louisville/Jefferson County, KY -IN 111 7 56 1 32 16
Visalia, CA 81 4 4 2 4 68
Hanford-Corcoran, CA 4 - - - - 3
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WHITE &
NATIVE WHITE-

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Evansville, IN-KY 5 - 1 - 3 -
San Luis ObispePaso Robles, CA 7 1 - - 2 5
Las VegasHenderson-Paradise, NV 149 17 29 2 13 88
Bakersfield, CA 168 10 16 4 9 129
Riverside-San Bernardino Ontario,
CA 491 43 57 9 26 357
Los AngelesLong BeachAnaheim,
CA 1,437 214 154 19 67 983
Little Rock -North Little Rock -
Conway, AR 64 2 40 1 12 9
Atlanta -Sandy Springs Alpharetta,
GA 579 50 330 4 73 121
El Centro, CA 47 1 2 1 1 43
Birmingham-Hoover, AL 91 3 58 1 18 11
MaconBibb County, GA 21 1 16 - 3 1
Houston-The Woodlands Sugar Land,
TX 964 89 238 12 74 551
McAllen-Edinburg-Mission, TX 189 2 2 1 1 183
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AV Ol DEM -ATTRI

BUTMBREALAND MORBIUNIDER ALTERNATI VE

STANDARDS

EXHI BDI8T CHANGE I N AVOI DEDALOERMNHAS I B/E( SRRABI FI ED BY RACE)
PA NONPA PA NONPA PA NONPA
CONCENTRATION
AGE NATION | AREAS AREAS NATION | AREAS AREAS | NATION | AREAS | AREAS
AUTHOR ORESPONSE RACE ETHNICITY
GROUP
RELATIONSHIP
10 pg/m3 Alt NAAQS 9 pug/m3 Alt NAAQS 8 ug/m? Alt NAAQS
Hispanic All Hispanic 735 692 43 1,190 1,053 137 1,763 1,411 352
Asian Asian All 254 248 7 417 385 32 619 521 98
(D2|Oelt76)1l. Black 65-99 Black All 1,218 1,145 73 2,632 2,186 446 4,749 3,210 1,538
Native
Native American American All 22 21 1 35 29 5 57 38 19
White White All 3,116 2,807 309 6,129 4,800 1,329 10,872 6,783 4,090

INDUSTRIAL ECONOMICS,
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EXHI BDI9T CHANGE | N AVOI

DED DEATHS BY ALTERNATI VE NAAQS
PA NONPA PA NONPA | NATIO PA NONPA
CONCENTRATION
AGE POVERTY NATION | AREAS AREAS | NATION| AREAS AREAS N AREAS | AREAS
AUTHOR ORESPONSE
GROUP STATUS
RELATIONSHIP
10 pg/m 3 Alt NAAQS 9 pg/m3 Alt NAAQS 8 ug/m? Alt NAAQS
Below 2x
Di et al. Combined Totals 65-99 Poverty Line 1,769 1,497 272 3,424 2,573 851 5,952 3,639 2,313
(2017) Above 2x
Poverty Line 2,842 2,724 118 5,788 4,826 962 10,345 | 6,913 3,433
EXHI B+1TO VOl DED AREHMHMAED EMERGENCY ROOM VI SI TS I N CHILDREN BY ALTERNATI
PA NONPA PA NONPA | NATI PA NONPA
CONCENTRATION
GE NATION | AREAS | AREAS | NATION| AREAS AREAS ON AREAS | AREAS
AUTHOR ORESPONSE RACE  ETHNICITY
GROUP
RELATIONSHIP
10 pg/m3 Alt NAAQS 9 pg/m? Alt NAAQS 8 ng/m3 Alt NAAQS
Non-
White White Hispanic 132 116 16 283 214 69 520 312 208
Alhanti Nonwhite White Hispanic 693 661 32 1,170 1,054 116 1,784 1,445 339
?2t 6’111'-6) Non-white 0-18 Asian Al 122 117 5 232 209 24 379 300 79
Nonwhite Black All 261 242 19 626 515 111 1,158 787 371
Native
No-white American All 19 18 1 33 29 4 55 40 15
INDUSTRIAL ECONOMICS, INCORPORATED
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EXHI B+tITL ®OHANGE I N AVOI DED DEATHS BY OAL TIHRNMBYI SEANRBAQS
(STRATI WI RACE/ ETHNI CI' TY AND POVERTY STATUS)

NATIVE BELOW 2X
STATE TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC | POVERTY LINE
AL 69 - 36 - 32 - 28
AZ 2 - - - 2 - 1
AR 10 - 4 - 6 - 4
CA 1,857 208 344 17 1,288 583 701
(6{0) 4 - 1 - 3 2 2
CT - - - - - - -
DE 23 - 8 - 14 1 6
DC 5 - 5 - - - 2
FL - - - - - - -
GA 66 1 35 - 30 1 24
ID 3 - - - 3 - 1
IL 320 9 132 1 179 23 107
IN 163 1 44 - 117 4 58
1A - - - - - - -
KS - - - - - - -
KY 38 - 9 - 29 - 13
LA 14 - 5 - 9 - 5
ME - - - - - - -
MD 29 - 12 - 17 - 7
MA - - - - - - -
Ml 263 3 112 1 147 4 100
MN - - - - - - -
MS 13 - 7 - 6 - 7
MO 10 - 4 - 6 - 3
MT 10 - - - 9 - 3
NE - - - - - - -
NV 15 1 3 - 10 2 6
NH - - - - - - -
NJ 109 3 31 - 75 7 27
NM - - - - - - -
NY 85 4 34 - 46 14 27
NC 14 - 6 - 8 - 5
ND - - - - - - -
OH 306 2 98 - 206 3 109
OK - - - - - - -
OR 12 - - - 12 - 4
PA 771 8 184 - 579 13 236

INDUSTRIAL ECONOMICS, INCORPORATED D11
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NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
RI - - - - - - -
sC 1 - 1 - - - 1
SD - - - - - - -
™ 1 - - - 1 - 1
TX 255 9 91 1 153 66 102
uT 72 3 2 - 67 6 20
VT - - - - - - -
VA 6 - 2 - 3 - 1
WA 7 - - - 6 - 2
WV 9 - 1 - 9 - 3
Wi 5 - - - 4 - 1
WY - - - - - - -
EXHI B#1T2 CHANGE | AVOlI DED DEATHS BY AWTUBMNABITMEENAAQS OF
(STRATI FI ED BY RACE/ETHNICITY AND POVERTY STATUS)
NATIVE BELOW 2X

STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
AL 170 - 84 - 85 1 72
AZ 8 - 1 - 7 1 3
AR 57 - 22 - 35 - 24
CA 2,514 299 473 22 1,721 766 925
co 10 - 2 - 8 4 4
cT 5 - 1 - 4 1 2
DE 39 1 14 - 24 1 11
DC 29 - 27 - 2 - 11
FL 13 - 5 - 8 3 5
GA 274 4 145 - 125 4 102
ID 9 - - - 9 - 4
IL 663 17 260 1 385 44 221
IN 371 2 85 1 284 7 131
IA 4 - - - 3 - 1
KS 1 - - - 1 - -
KY 134 1 29 - 104 1 47
LA 91 - 43 - a7 1 39
ME - - - - - - -
MD 161 3 82 - 76 2 44
MA 1 - - - 1 - -
MI 519 5 206 1 307 8 194
INDUSTRIAL ECONOMICS, INCORPORATED D-12
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BY OAB TE/RMBAYT ISNTATNEA A QS

POVERTY

NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
MN 1 - 1 - 1 - 1
MS 62 - 33 - 29 - 30
MO 114 1 42 - 71 1 36
MT 19 - - - 18 - 7
NE 1 - - - 1 - -
NV 65 4 15 - 45 8 25
NH - - - - - - -
NJ 350 11 96 - 242 31 89
NM - - - - - - -
NY 474 23 198 1 252 80 153
NC 118 1 51 - 66 1 46
ND - - - - - - -
OH 694 4 190 1 500 7 243
oK 2 - - - 1 - 1
OR 30 - - - 29 1 11
PA 1,299 13 295 1 990 23 399
RI 1 - - ; ; ; )
sC 10 - 5 - 4 - 4
SD - - - - - - -
™ 16 - 5 - 11 - 7
TX 574 18 189 2 365 174 234
uT 101 3 3 1 95 9 28
VT - - - - - - -
VA 37 1 12 - 24 1 9
WA 29 2 1 - 26 1 10
wv 35 - 3 - 32 - 12
wi 19 - 1 - 18 1 5
WY - - - - - - -
EXHI B+1B. OHANGE I N AVOI DED DEATHS
(STRATI FI ED BY RACE/ETHNICITY AND
NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
AL 381 1 174 1 205 2 161
AZ 23 1 3 - 20 5 8
AR 154 - 56 - 98 1 67
CA 3,276 407 618 28 2,223 967 1,176

INDUSTRIAL ECONOMICS, INCORPORATED
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NATIVE BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE
co 26 1 4 - 21 8 8
cT 36 - 7 - 28 3 10
DE 59 1 21 - 37 1 17
DC 73 - 66 - 6 1 25
FL 76 1 24 - 51 13 31
GA 573 7 300 1 265 7 222
ID 23 - - - 22 1 8
IL 1,134 25 400 2 707 66 378
IN 627 3 128 1 495 11 221
IA 39 - 2 - 37 1 12
KS 14 - 3 - 11 1 6
KY 291 1 56 - 233 2 106
LA 265 1 134 1 129 3 117
ME - - - - - - -
MD 417 8 215 1 193 6 112
MA 5 - 1 - 3 - 1
MI 883 9 314 2 558 15 325
MN 9 - 3 - 5 - 4
MS 204 - 109 - 94 - 99
MO 251 2 81 - 168 2 82
MT 36 - - 1 34 - 12
NE 13 - 3 - 10 - 5
NV 115 8 26 1 81 14 44
NH 1 - - - 1 - -
NJ 601 19 164 1 416 55 155
NM - - - - - 1 -
NY 897 42 369 1 485 147 291
NC 418 3 180 1 234 4 164
ND - - - - - - -
OH 1,228 7 312 2 908 12 431
oK 37 - 7 2 27 1 15
OR 77 1 1 1 74 2 27
PA 1,876 19 407 1 1,449 34 578
RI 3 - - - 3 - 1
sC 83 - 43 - 39 1 36
SD 5 - - - 4 ; 1
™ 178 1 58 - 120 1 71
T 1,149 31 352 4 762 344 465
uT 130 4 4 1 122 11 36
VT 1 - - - 1 - -
INDUSTRIAL ECONOMICS, INCORPORATED
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NATIVE BELOW 2X

STATE | TOTAL ASIAN BLACK  AMERICAN  WHITE | HISPANIC| POVERTY LINE

VA 182 5 59 - 118 4 49

WA 82 4 4 1 72 27

Y 83 - - 76 - 30

wi 124 1 13 1 109 3 35

WY - - - - - - -

EXHI B+1T. AWOI| DAEADTHMA ED B/M SALTTSERNATI VGEF NIMAGBY STATE
( STRATI ED BY RACE/ETHNICITY AND POVERTY
NATIVE WHITES WHITE- BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
AL 9 - 6 - 2 1 4
AZ 1 - - - - - -
AR 2 - 1 - - - 1
CA 690 73 67 13 33 503 305
co 2 - - - - 2 1
cT - - - - - - -
DE 4 - 2 - 1 1 1
DC 1 - 1 - - - -
FL - - - - - - -
GA 18 2 10 - 2 4 6
ID - - - - - - -
IL 79 7 25 1 10 36 29
IN 4 - 1 - 3 1 1
IA - - - - - - -
KS - - - - - - -
KY 6 - 3 - 2 1 3
LA 2 - 1 - 1 - 1
ME - - - - - - -
MD 7 - 4 - 1 1 2
MA - - - - - - -
M 32 3 17 - 8 4 14
MN - - - - - - -
MS 2 - 1 - - - 1
MO 1 - 1 - - - -
MT 1 - - - - - -
NE - - - - - - -
NV 4 - 1 - - 2 2
INDUSTRIAL ECONOMICS, INCORPORATED D-15
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NATIVE WHITES WHITE- BELOW 2X
STATE | TOTAL | ASIAN BLACK  AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
NH - - - - - - -
NJ 26 3 9 - 5 9 9
NM - - - - - - -
NY 48 6 18 1 4 20 21
NC 3 - 1 - - 1 1
ND - - - - - - -
OH 32 2 16 - 10 4 13
oK - - - - - - -
OR 1 - - - - - -
PA 122 12 48 1 36 25 46
RI - - - - - - -
sC - - - - - - -
SD - - - - - - -
™ - - - - - - -
T 107 9 24 1 7 66 45
uT 10 1 1 - 3 5 3
VT - - - - - - -
VA 1 - - - - - -
WA 1 - - - - - -
Y 1 - - - - - -
wi 1 - - - - - -
WY - - - - - -
EXHI BDI15. AVOI DED ASTHMA ED VI SITS BY AGTBBRWAITATEE NAAQS OF
(STRATI FI ED BY RACE/ ETHNICITY AND POVERTY STATUS)
NATIVE WHITES WHITE- BELOW 2X

STATE | TOTAL | ASIAN BLACK  AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
AL 22 1 14 - 4 3 9
AZ 3 - - - - 2 1
AR 11 - 7 - 2 1 5
CA 904 103 90 17 44 650 393
co 4 - 1 - - 3 2
cT 2 - 1 - - 1 1
DE 7 1 3 - 1 1 2
DC 4 - 3 - - - 2
FL 3 - 1 - - 1 2
GA 70 6 a1 1 8 14 26
INDUSTRIAL ECONOMICS, INCORPORATED D-16



NATIVE WHITES WHITE- BELOW 2X
STATE | TOTAL ASIAN BLACK  AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
ID 1 - - - - - -
IL 158 14 50 2 21 70 57
IN 12 1 2 - 7 3 4
IA - - - - - - -
KS - - - - - - -
KY 19 1 9 - 6 3 8
LA 14 1 9 - 3 1 6
ME - - - - - - -
MD 46 4 30 - 5 7 16
MA - - - - - - -
M 64 6 33 1 16 9 27
MN 1 - - - - - -
MS 9 - 6 - 1 1 4
MO 14 1 7 - 4 1 5
MT 1 - - - 1 - -
NE - - - - - - -
NV 18 2 3 - 1 11 8
NH - - - - - - -
NJ 85 11 28 1 13 32 29
NM - - - - - - -
NY 273 32 103 4 19 115 122
NC 23 2 11 - 4 6 9
ND - - - - - - -
OH 73 4 33 - 26 9 30
oK - - - - - - -
OR 3 - - - 1 1 1
PA 208 20 79 2 62 45 78
RI - - - - - - -
sC 1 - 1 - - - 1
SD - - - - - - -
™ 2 - 1 - - - 1
TX 244 18 49 3 16 158 106
uT 14 2 1 - 4 7 4
VT - - - - - - -
VA 7 1 2 - 2 2 2
WA 4 1 - - 1 2 2
WV 2 - 1 - 2 - 1
wi 3 - - - 1 1 1
WY - - - - - -
INDUSTRIAL ECONOMICS, INCORPORATED
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STATUS)

EXHI B+18. Ay Ol DED ASTHMA ED VI SI' TS BYORLBERBATEVATENAAQS
(STRATI FI ED BY RACE/ETHNI CI TY AND POVERTY
NATIVE WHITES WHITE- BELOW 2X
STATE TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
AL 49 2 31 - 10 6 21
AZ 10 - 1 - 1 7 5
AR 26 1 17 - 5 3 12
CA 1,142 139 116 21 57 809 487
(6{0) 10 - 1 - 1 7 4
CT 12 1 3 - 2 5 4
DE 10 1 5 - 2 2 3
DC 10 - 8 - 1 1 4
FL 19 1 8 - 2 7 8
GA 137 11 81 1 17 27 52
ID 2 - - - 1 1 1
IL 251 22 80 3 39 108 92
IN 23 1 3 - 14 5 7
1A 4 - 1 - 2 1 1
KS 3 - 1 - 1 1 1
KY 36 2 16 - 12 5 15
LA 40 1 27 - 8 3 18
ME - - - - - - -
MD 121 10 79 1 13 18 40
MA 1 - - - - - -
Ml 110 10 52 1 30 17 45
MN 4 1 2 - - 1 2
MS 29 - 22 - 5 2 14
MO 29 2 15 - 9 3 10
MT 3 - - 1 2 - 1
NE 2 - 1 - - 1 1
NV 32 4 6 - 3 19 14
NH - - - - - - -
NJ 146 20 48 1 21 56 50
NM - - - - - - -
NY 501 57 190 8 35 211 223
NC 78 5 38 1 14 20 31
ND - - - - - - -
OH 130 8 56 1 48 17 52
OK 7 - 2 2 1 3
OR 8 1 - - 2 4 3
PA 299 28 111 2 92 65 113
INDUSTRIAL ECONOMICS, INCORPORATED D-18
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NATIVE WHITES WHITE- BELOW 2X

STATE TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC| POVERTY LINE
RI 1 - - - - - -
SC 12 - 8 - 2 1 5
SD 1 - - - - - -
TN 19 1 9 - 5 3 8
X 469 34 93 6 33 304 203
) 17 2 1 - 5 8 5
VT - - - - - - -
VA 35 6 11 - 8 9 8
WA 11 2 1 1 3 5 4
Wv 6 - 1 - 4 1 2
wi 19 1 6 - 4 7 9
WY - - - - - - -

EXHI B+t1lT. ®HANGE I N AVOI DED DEATHS BYOALUBRNMBYI YE RAAQBSAS
(STRATI FI ED BY RACE/ETHNI CI TY)

NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Detroit -Warren-Dearborn, Ml 254 3 111 1 140 4
New York-Newark-Jersey City,
NY-NJ-PA 125 6 44 - 75 18
Logan, UT-ID 2 - - - 2 -
Ogden-Clearfield, UT 8 - - - 8 1
Prineville, OR 1 - - - 1 -
Chicago-Naperville -Elgin, IL-IN-WI 355 9 145 1 200 25
Cleveland-Elyria, OH 172 1 72 - 99 3
South BendMishawaka, IN-MI 11 - 2 - 9 -
Philadelphia-CamdenWilmington,
PANJ-DEMD 365 7 147 - 211 9
Akron, OH 34 - 8 - 26 -
Pittsburgh, PA 299 2 50 - 247 1
Elkhart-Goshen, IN 2 - - - 2 -
Salt Lake City, UT 62 2 2 - 57 6
Lebanon, PA 9 - - - 9 -
Altoona, PA 1 - - - 1 -
Johnstown, PA 5 - - - 5 -
Lancaster, PA 60 - 3 - 57 2
Canton-Massillon, OH 17 - 2 - 14 -

INDUSTRIAL ECONOMICS, INCORPORATED D-19
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NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Sacramento-Roseville-Folsom, CA 21 2 3 - 15 2
Napa, CA 2 - - - 1 -
Weirton - Steubenville, WV-OH 11 - 1 - 10 -
Provo-Orem, UT 1 - - - 1 -
Wheeling, WV-OH 2 - - - 2 -
Stockton, CA 63 8 12 1 43 14
Indianapolis-Carmel-Anderson, IN 90 1 26 - 64 1
Modesto, CA 59 2 4 1 52 14
Cincinnati, OH-KY-IN 52 - 13 - 38 -
Merced, CA 18 1 2 - 15 7
Madera, CA 12 - 2 - 10 5
St. Louis, MO-IL 13 - 4 - 8 -
Fresno, CA 162 14 22 2 124 54
Louisville/Jefferson County, KY -IN 32 - 9 - 23 -
Visalia, CA 87 3 5 1 78 36
Hanford-Corcoran, CA 35 2 4 1 28 14
Evansville, IN-KY 1 - - - 1 -
San Luis ObispePaso Robles, CA 5 - - - 4 -
Las VegasHenderson-Paradise, NV 15 1 3 - 10 2
Bakersfield, CA 178 8 23 3 143 59
Riverside-San Bernardino-Ontario,
CA 345 22 65 3 254 113
Los AngelesLong BeachAnaheim,
CA 834 140 198 5 492 249
Little Rock -North Little Rock -
Conway, AR 9 - 3 - 6 -
Atlanta -Sandy Springs Alpharetta,
GA 64 1 33 - 30 1
El Centro, CA 10 - 1 - 9 11
Birmingham-Hoover, AL 64 - 34 - 30 -
Macon-Bibb County, GA 1 - 1 - - -
Houston-The Woodlands Sugar Land,
TX 212 9 84 1 119 35
McAllen-Edinburg-Mission, TX 1 - - - 1 2

INDUSTRIAL ECONOMICS, INCORPORATED D-20



|EC

EXHI B1T8 CHANGE I N AVOI DED DEATHS BY AKT/BEMBNABI7TVEPANEBQASOF
(STRATI FI ED BY RACE/ ETHNI CI TY)

NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Detroit -Warren-Dearborn, Ml 453 5 197 1 249 7
New York-Newark-Jersey City,
NY-NJ-PA 700 32 257 1 410 106
Logan, UT-1D 3 - - - 3 -
OgdenClearfield, UT 17 - 1 - 16 1
Prineville, OR 2 - - - 2 -
Chicago-Naperville -Elgin, IL-IN-WI 678 17 276 1 384 48
Cleveland-Elyria, OH 254 2 105 - 147 4
South BendMishawaka, IN-MI 24 - 5 - 19 -
Philadelphia-CamdenWilmington,
PA-NJ-DEMD 618 11 248 - 358 16
Akron, OH 68 - 16 - 52 -
Pittsburgh, PA 403 2 67 - 334 1
Elkhart-Goshen, IN 9 - 1 - 9 -
Salt Lake City, UT 77 3 2 - 71 7
Lebanon, PA 16 - - - 16 -
Altoona, PA 9 - - - 9 -
Johnstown, PA 13 - 1 - 12 -
Lancaster, PA 81 1 4 - 77 3
Canton-Massillon, OH 37 - 5 - 32 -
Sacramento-Roseville-Folsom, CA 72 8 12 1 52 8
Napa, CA 7 - - - 6 1
Weirton -Steubenville, WV-OH 17 - 2 - 16 -
Provo-Orem, UT 5 - - - 5 -
Wheeling, WV-OH 10 - - - 10 -
Stockton, CA 82 10 15 1 56 18
Indianapolis-Carmel-Anderson, IN 153 1 44 - 108 1
Modesto, CA 69 3 5 1 60 16
Cincinnati, OH-KY-IN 130 1 33 - 96 -
Merced, CA 24 1 3 - 19 8
Madera, CA 15 - 2 - 12 6
St. Louis, MO-IL 143 1 50 - 91 1
Fresno, CA 186 16 25 2 143 61
Louisville/Jefferson County, KY -IN 84 - 24 - 60 1
Visalia, CA 96 4 5 1 87 39
Hanford-Corcoran, CA 38 2 5 1 31 15
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NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Evansville, IN-KY 16 - 2 - 14 -
San Luis ObispePaso Robles, CA 12 - - - 11 1
Las VegasHenderson-Paradise, NV 64 4 15 - 45 8
Bakersfield, CA 195 9 25 3 157 64
Riverside-San Bernardino-Ontario,
CA 410 27 77 4 303 134
Los AngelesLong BeachAnaheim,
CA 1188 199 280 7 701 354
Little Rock -North Little Rock
Conway, AR 41 - 14 - 26 -
Atlanta -Sandy SpringsAlpharetta,
GA 236 4 123 - 109 4
El Centro, CA 13 - 1 - 12 15
Birmingham-Hoover, AL 115 - 61 - 53 -
MaconBibb County, GA 14 - 9 - 5 -
Houston-The Woodlands Sugar Land,
TX 393 17 155 1 220 65
McAllen-Edinburg-Mission, TX 20 - - - 19 27

EXHI Bt19. ™HANGE I N AVOI DED DEATHS BY OAB T¢E/RMBAT I4VIE PNAA ICBS A S
(STRATI FI ED BY RACE/ETHNI CI TY)

NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Detroit -Warren-Dearborn, Ml 649 7 282 1 358 10
New York-Newark-Jersey City,
NY-NJPA 1270 58 468 2 743 194
Logan, UT-ID 4 - - - 4 -
OgdenClearfield, UT 26 - 1 - 24 2
Prineville, OR 2 - - - 2 -
Chicago-Naperville -Elgin, IL-IN-WI 999 25 405 2 567 71
Cleveland-Elyria, OH 336 2 139 - 194 6
South BendMishawaka, IN-MI 36 - 8 - 29 -
Philadelphia-CamdenWilmington,
PANJ-DEMD 869 16 348 1 505 22
Akron, OH 102 1 24 - 77 -
Pittsburgh, PA 507 3 84 - 420 2
Elkhart-Goshen, IN 17 - 2 - 15 -
Salt Lake City, UT 91 4 3 1 85 8
Lebanon, PA 23 - - - 23 1
Altoona, PA 17 - 1 - 17 -
Johnstown, PA 21 - 1 - 20 -
Lancaster, PA 102 1 5 - 96 4
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NATIVE

CBSA NAME TOTAL ASIAN BLACK AMERICAN WHITE HISPANIC
Canton-Massillon, OH 58 - 8 - 50 -
Sacramento-Roseville-Folsom, CA 124 14 21 1 88 14
Napa, CA 12 1 1 - 11 1
Weirton -Steubenville, WV-OH 24 - 2 - 21 -
Provo-Orem, UT 10 - - - 9 -
Wheeling, WV-OH 19 - 1 - 18 -
Stockton, CA 101 13 18 1 69 22
Indianapolis-Carmel-Anderson, IN 215 1 61 - 152 2
Modesto, CA 78 3 5 1 69 18
Cincinnati, OH-KY-IN 208 1 53 - 153 1
Merced, CA 29 2 4 - 23 10
Madera, CA 17 - 2 - 14 7
St. Louis, MO-IL 272 2 95 - 174 2
Fresno, CA 209 18 28 3 161 69
Louisville/Jefferson County, KY -IN 135 1 38 - 96 1
Visalia, CA 105 4 5 1 95 43
Hanford-Corcoran, CA 41 2 5 1 34 16
Evansville, IN-KY 31 - 4 - 27 -
San Luis ObispePaso Robles, CA 18 1 - - 17 2
Las VegasHendersonParadise, NV 114 8 26 1 79 14
Bakersfield, CA 211 10 27 3 170 70
Riverside-San Bernardino-Ontario,
CA 476 31 89 4 351 156
Los AngelesLong Beach-Anaheim,
CA 1538 258 361 10 910 458
Little Rock -North Little Rock -
Conway, AR 72 - 26 - 46 -
Atlanta-Sandy SpringsAlpharetta,
GA 406 6 211 1 188 6
El Centro, CA 17 - 1 - 15 19
Birmingham-Hoover, AL 165 - 88 - 77 1
MaconBibb County, GA 27 - 17 - 10 -
Houston-The Woodlands Sugar Land,
TX 572 24 224 2 321 95
McAllen-Edinburg-Mission, TX 38 - 1 - 37 51
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EXHI BI2TO ADVvL| DED ASTHMABED AVYTSERN&8TI| VEF NipgANGBY 47 PA CBSAS
(STRATI FI ED BY RACE/ ETHNI CI TY)

NATIVE WHITES WHITE -

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Detroit -Warren-Dearborn, Mi 31 3 17 - 7 4
New York-Newark-Jersey City,
NY-NJ-PA 58 8 20 1 5 24
Logan, UT-ID - - - - - -
OgdenClearfield, UT 1 - - - - -
Prineville, OR - - - - - -
Chicago-Naperville -Elgin, IL-IN-WI 80 7 25 1 10 37
Cleveland-Elyria, OH 19 1 11 - 4 3
South Bend-Mishawaka, IN-MI - - - - - -
Philadelphia-CamdenWilmington,
PA-NJ-DEMD 77 9 37 1 14 16
Akron, OH 3 - 1 - 1 -
Pittsburgh, PA 30 3 12 - 14 2
Elkhart-Goshen, IN - - - - - -
Salt Lake City, UT 10 1 1 - 3 5
Lebanon, PA 1 - - - 1 1
Altoona, PA - - - - - -
Johnstown, PA - - - - - -
Lancaster, PA 11 1 2 - 4 4
Canton-Massillon, OH 1 - - - 1 -
Sacramento-Roseville-Folsom, CA 4 1 1 - - 2
Napa, CA - - - - - -
Weirton -Steubenville, WV-OH 1 - - - - -
Provo-Orem, UT - - - - - -
Wheeling, WV-OH - - - - - -
Stockton, CA 23 4 3 - 1 14
Indianapolis-Carmel-Anderson, IN 2 - - - 1 -
Modesto, CA 18 2 1 - 2 14
Cincinnati, OH-KY-IN 6 - 3 - 2 1
Merced, CA 7 1 - - - 5
Madera, CA 63 2 3 2 2 53
St. Louis, MO-IL 2 - 1 - - -
Fresno, CA 30 4 3 1 1 20
Louisville/Jefferson County, KY -IN 6 - 3 - 2 1
Visalia, CA 36 2 2 1 2 30
Hanford-Corcoran, CA 2 - - - - 2
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WHITE &
NATIVE WHITE-

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Evansville, IN-KY - - - - - -
San LuisObispo-Paso Robles, CA - - - - - -
Las VegasHenderson-Paradise, NV 4 - 1 - - 2
Bakersfield, CA 90 5 9 2 5 69
Riverside-San Bernardino Ontario,
CA 135 12 16 2 7 98
Los AngelesLong Beach-Anaheim,
CA 264 38 29 4 11 182
Little Rock -North Little Rock -
Conway, AR 2 - 1 - - -
Atlanta -Sandy SpringsAlpharetta,
GA 17 2 10 - 2 4
El Centro, CA 10 - - - - 9
Birmingham-Hoover, AL 8 - 6 - 2 1
MaconBibb County, GA - - - - - -
Houston-The Woodlands Sugar Land,
TX 92 9 23 1 7 53
McAllen-Edinburg-Mission, TX 1 - - - - 1

EXHI Bi2T1 AVLI DED ASTHMA ED VI SI TS BY Ad/TYBRYN MT7l VPEA NCABASQASS O F
(STRATI FI ED BY RACE/ETHNI CI TY)

NATIVE WHITES WHITE-

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Detroit -Warren-Dearborn, Ml 56 5 30 - 13 7
New York-Newark-Jersey City,
NY-NJ-PA 328 40 120 5 25 138
Logan, UT-ID - - - - - -
OgdenClearfield, UT 1 - - - 1 1
Prineville, OR - - - - - -
Chicago-Naperville -Elgin, IL-IN-WI 152 14 47 2 19 70
Cleveland-Elyria, OH 28 1 16 - 6 4
South BendMishawaka, IN-MI - - - - - -
Philadelphia-CamdenWilmington,
PANJ-DEMD 131 15 63 1 25 27
Akron, OH 7 1 3 - 3 -
Pittsburgh, PA 41 4 16 - 19 3
Elkhart-Goshen, IN - - - - - -
Salt Lake City, UT 12 1 1 - 3 6
Lebanon, PA 3 - - - 1 1
Altoona, PA 1 - - - 1 -
Johnstown, PA 1 - - - 1 -

INDUSTRIAL ECONOMICS, INCORPORATED D-25



|EC

WHITE &
NATIVE WHITE-

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Lancaster, PA 15 1 2 - 6 5
Canton-Massillon, OH 3 - 1 - 2 -
Sacramento-Roseville-Folsom, CA 14 3 3 - 2 6
Napa, CA 1 - - - - -
Weirton -Steubenville, WV-OH 1 - - - 1 -
Provo-Orem, UT - - - - - -
Wheeling, WV-OH - - - - - -
Stockton, CA 30 6 4 1 2 18
Indianapolis-Carmel-Anderson, IN 4 1 - 2 -
Modesto, CA 22 2 1 - 2 16
Cincinnati, OH-KY-IN 15 1 7 - 5 2
Merced, CA 9 1 1 - - 7
Madera, CA 74 2 4 3 3 63
St. Louis, MO-IL 17 1 9 - 5 2
Fresno, CA 34 5 3 1 2 23
Louisville/Jefferson County, KY -IN 16 1 8 - 4 2
Visalia, CA 39 2 2 1 2 33
Hanford-Corcoran, CA 2 - - - - 2
Evansville, IN-KY - - - - - -
San Luis ObispePaso Robles, CA 1 - - - - 1
Las VegasHendersonParadise, NV 18 2 3 - 1 11
Bakersfield, CA 98 6 9 2 5 76
Riverside-San Bernardino-Ontario,
CA 161 14 19 3 8 117
Los AngelesLong BeachAnaheim,
CA 376 55 41 5 16 260
Little Rock -North Little Rock -
Conway, AR 8 - 5 - 2 1
Atlanta -Sandy SpringsAlpharetta,
GA 65 6 37 - 8 14
El Centro, CA 13 - - - - 12
Birmingham-Hoover, AL 15 - 10 - 3 2
MaconBibb County, GA 2 - 2 - - -
Houston-The Woodlands Sugar Land,
TX 170 16 42 2 12 98
McAllen-Edinburg-Mission, TX 19 - - - - 18
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EXHI BI22 ALI DED ASTH

MA BED AYTSERNATI| VCGEF Ngh AIQBSY

47 PA CBSAS

(STRATI FI ED BY RACE/ETHNI CI TY)
NATIVE WHITES WHITE -

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Detroit -Warren-Dearborn, Ml 81 8 43 1 19 10
New York-Newark-Jersey City,
NY-NJ-PA 597 72 218 9 46 252
Logan, UT-ID - - - - - -
OgdenClearfield, UT 2 - - - 1 1
Prineville, OR - - - - - -
Chicago-Naperville -Elgin, IL-IN-WI 225 21 70 2 29 103
Cleveland-Elyria, OH 37 2 21 - 9 6
South BendMishawaka, IN-MI - - - - - -
Philadelphia-CamdenWilmington,
PA-NJ-DEMD 184 22 88 1 35 38
Akron, OH 10 1 5 - 4 1
Pittsburgh, PA 51 4 20 - 24 3
Elkhart-Goshen, IN - - - - - -
Salt Lake City, UT 14 2 1 - 4 7
Lebanon, PA 4 - - - 1 2
Altoona, PA 1 - - - 1 -
Johnstown, PA 2 - - - 1 -
Lancaster, PA 19 1 3 - 8 7
Canton-Massillon, OH 5 - 2 - 2 -
Sacramento-Roseville-Folsom, CA 24 6 4 - 3 10
Napa, CA 1 - - - - 1
Weirton -Steubenville, WV-OH 1 - - - 1 -
Provo-Orem, UT 1 - - - - -
Wheeling, WV-OH 1 - - - 1 -
Stockton, CA 37 7 5 1 2 22
Indianapolis-Carmel-Anderson, IN 5 - 1 - 3 1
Modesto, CA 25 2 2 - 2 18
Cincinnati, OH-KY-IN 24 2 11 - 9 3
Merced, CA 11 1 1 - 1 8
Madera, CA 85 3 5 3 3 72
St. Louis, MO-IL 33 2 18 - 10 3
Fresno, CA 38 5 4 1 2 26
Louisville/Jefferson County, KY -IN 26 2 14 - 7 4
Visalia, CA 43 2 2 1 2 36
Hanford-Corcoran, CA 2 - - - 2
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WHITE &
NATIVE WHITE-

CBSA NAME TOTAL ASIAN BLACK AMERICAN NONHISPANIC HISPANIC
Evansville, IN-KY 1 - - - 1 -
San Luis ObispePaso Robles, CA 2 - - - - 1
Las VegasHenderson-Paradise, NV 32 4 6 - 3 19
Bakersfield, CA 107 6 10 2 6 82
Riverside-San Bernardino Ontario,
CA 187 16 22 3 9 136
Los AngelesLong BeachAnaheim,
CA 488 71 53 7 21 337
Little Rock -North Little Rock -
Conway, AR 15 1 10 - 3 2
Atlanta -Sandy SpringsAlpharetta,
GA 112 10 64 1 13 24
El Centro, CA 17 - 1 - - 16
Birmingham-Hoover, AL 22 1 15 - 4 3
MaconBibb County, GA 4 - 3 - - -
Houston-The Woodlands Sugar Land,
TX 248 23 61 3 18 143
McAllen-Edinburg-Mission, TX 36 - - - - 35
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COMPARI NobGM®PRTALI TY BURDEN USI NG -CCAREE DANBSETBSE

EXI Bl R3DRATI O OF-AFPNMRI BUTABLE DEATHS (PER 100,A000) I N TRAC
MAJ ORI TYWNDRE POPULATI ON

Ratio of Di 1km surface with tract incidence to
EPA 12km surface with county incidence
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EXHI Bi2T4 PATI O OFsAFRMRI BUTABLE DEATHS (PER 100, 000) I' N TRAC"
MAJORI TY WHI TE POPULATI ON

Ratio of Di 1km surface with tract incidence to
EPA 12km surface with county incidence

EXHI B+2T8 BDOXANBPNWNHI SKER PLOT VALUES -FCRRRENMB4ALRMTRI BUTABLE
MORTALI TY BURDEN (PER 100, 000) USI NG VARYI NGAIC®RMBI NATI ONS
QUALI TY DATASETS

LOWER
INPUT MEDIAN IQR UPPER IQR 5TH % 95TH %

12 x 12 km AQS;county-level incidence 291 250 340 114 476
12 x 12 km AQS;tract -level incidence 303 261 361 111 511
1 x 1 km AQS;county-level incidence 259 215 309 75 449
1 x 1 km AQS; countylevel race -stratified

incidence 268 215 348 26 548
1 x 1 km AQS;tract -level incidence 265 210 336 25 524
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EXHI Bi26. BDOXANBPNHI SKER PLOT VALUES FGR ARNXXYHIDBI TS D
LOWER UPPER
INPUT SUBSET MEDIAN IQR IQR 5TH% 95TH %
All Tracts 0.9 0.8 11 0.3 1.6
) o Tracts with a majority
1 x 1 km AQS withtract -level incidence & . .
) o non-white population 1.0 0.9 1.2 0.4 1.6
12 x 12 km AQS with county-level incidence
Tracts with a majority
white population 0.9 0.7 11 0.3 1.6
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RESULTS PER 100, 000 CAPTURED I N EGRRFEHERCS AND CHAPTER

EXHI B+2T7 TDOTAMORTAL R RAYEER 100BYORACE AND EAMNTWCRBELDN | N EXHABBLT2S 3

PA | NON-PA PA | NON-PA PA | NON-PA PA | NON-PA
CONCENTRATION
AGE NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS
AUTHOR RESPONSE RACE | ETHNICITY]
RELATIONSHIP GROUP
CURRENT CONDITIONS 10 pg/m3 Alt NAAQS 9 ug/m3 Alt NAAQS 8 pg/m® Alt NAAQS
Hispanic Al Hispanic 261 295 237 241 250 235 229 227 230 214 204 220
Asian Asian All 166 186 145 152 160 144 143 146 141 133 131 134
(Dzioelt;)“' Black 65-99 Black All 671 713 646 643 644 643 611 582 629 562 520 588
. . Native 199 235 191 191 194 191 187 177 189 179 161 183
Native American American All
White White All 210 242 199 202 216 198 195 197 194 183 179 185
EXHI B#2T8 . DOTAL MORTALIPIEYR RIAOTE, 000 BY POVERTY STATUS GCSAPATNNERED | N EXHI BI TS 3
PA | NONPA PA | NON-PA PA | NON-PA PA | NONPA
CONCENTRATION
AGE POVERTY | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS
AUTHOR RESPONSE
RELATIONSHIP GROUP STATUS
CURRENT CONDITIONS 10 pg/m3 Alt NAAQS 9 ug/m3 Alt NAAQS 8 ug/m? Alt NAAQS
. Below 2x 274 331 253 262 267 260 251 245 254 234 223 240
Dietal. . Poverty Line
(2017) Combined Totals 65-99 Above 2x
: 240 282 223 231 270 214 222 248 210 208 227 199
Poverty Line
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EXHI B129. TDOT AMORB| DRATYEER 100BYORACE AND EAMNTWCREDN | N EXBHBBIGFIS B3

PA | NONPA PA | NONPA PA | NONPA PA | NONPA
CONCENTRATION
AGE NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | ARE/S
AUTHOR RESPONSE RACE | ETHNICITY]
RELATIONSHIP GROUP
CURRENT CONDITIONS 10 pg/m? Alt NAAQS 9 ug/m3 Alt NAAQS 8 pg/m3 Alt NAAQS
White White Non- 10 12 9.1 9.4 10 9.0 9.0 9.6 8.8 85 8.7 8.4
Hispanic
Non-white White Hispanic 56 68 47 52 59 47 49 54 46 46 49 44
g‘,'“f;}}'lg Non-white 0-18 Asian All 53 63 45 50 57 45 48 52 44 44 47 42
Non-white Black Al 63 74 56 61 69 56 58 62 55 53 56 52
Non-white Native Al 45 71 38 43 62 38 41 57 37 39 51 36
American

EXHI B+3T0O0 . DOTAL MORBI DIPTER RATOE 000 BY POVERTY STATUS CIA2PBI UARNEDD BI N EXHI BI TS 3

PA | NONPA PA | NON-PA PA |NONPA PA | NON-PA
CONCENTRATION
AGE POVERTY | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS | NATION| AREAS | AREAS
AUTHOR RESPONSE
RELATIONSHIP GROUP STATUS
CURRENT CONDITIONS 10 pg/m3 Alt NAAQS 9 pg/m3 Alt NAAQS 8 pg/m? Alt NAAQS
Below 2x
Alhnati et _ Poverty Line 29 43 17 27 41 17 26 39 16 24 37 14
al. (2016) Combined Totals 0-18 AbOVE 2X
: , 22 a4 7.4 21 42 7.4 21 40 7.0 19 38 5.9
Poverty Line
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MEMORANDUM | » RP2i | 15

T O Mindi DePaola, Mariddarris, and Ananya Roy, Environmental Defense Fund (EDF)
F R O MCaroline Borden, Joseph Chang, Melanie Jackson, Stefani Penn, William Raich, an
Henry Romanindustrial Economics, Incorporated (IEc)

S U B J E Proposed Methodology for Assessing PMalth Burden and Estimating Benefits of a
Lower Annual PM s Standard Using Finer Scale Inputs

I NTRODUCTI ON

In October 2021, the United States Environmental Protection Agency (EPA) published its draft Policy
Assessment (PA) for tiiReconsideration of the National Ambient Air Quality Standards for Particulate
Matter. The draft PA evaluates the policy implications of available scientific research on the health and
welfare effects of ambient particulate matter (PM) and considers whiéheurrent standards provide
adequate public health protection. In doing so, EPA evaluates the potential benefits stemming from more
stringent (i.e., lower) standards and discusses accompanying uncertainties.

EPA publishes ambient standards fortwoadass of particles: fine particl es
(PM2s) and particl e s).?Cerenly, thehpanmary Nalienah Anjbleid Air Quality
Standards (NAAQS) for these pollutants are:

1 Annual mean PM;s?’1 2 &g/ m
1 Daily mean PMpsstandard:23 5 &g/ m
1 Daily mean PMystandard:*®1 50 % g/ m

These standards have changed over time based on the stateref/jpyeed research, such as
toxicological and epidemiological studies on the effects of PM on public health. In the recenAdraft P
EPA concludes that currently available scientific evidence provides support for more stringent standards:

AfWhen taken together, we reach the conclusion
analyses, and the risk assessmentn reasonablige viewed as calling into question the

adequacy of the public health protection afforded by the combination of the current annual and
24-hour primary PMss t a n d(a 818%).0

Further, EPA presents strong evidence that historically disadvantaged,gsoap as Black and Hispanic
communities, are exposed to higher Rloncentrations than white and nbiispanic populations,

%EPApubl shes both primary and s Brinarysiaadards psovide publia medlth prdtestion, iRcMding protecting the health
of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards provide public welfare pro tection, including
protection against decreased visibility and damage to animals, crops, vegetation, and buildings. ¢  Shetms://www.epa.gov/criteria _ -air-
pollutants/naags -table . In this memorandum, we focus on the primary standards for PM ;5.

27 The annual PM s standard is mean annual concentrations averaged over a 3-year window.
28 The daily PM, 5 standard is the 98" percentile of daily mean concentrati ons over a 3-year window.

2% The daily PM, standard is not to be exceeded more than once per year, on average, over a 3 -year window.
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contributing to increased risk of RMlated adverse health effects. While EPA estimates considerable
public health benefits frodowering the annual and Z#bur standards, the Agency notes some
uncertainties regarding which alternative standard(s) are best supported by scientific research.

In this memorandum, we summarize our proposed approach for assessing both the currdntrealth

of PM.s and potential benefits of stronger Pstandards, making use of finer scale data that reflects

spatial variance in air quality, population, and baseline health. Use of thesediraedata sets will enable

us to assess the distributiohbmrden and potential benefits across racial and ethnic population
subgroups, as wel |l as those experiencing poverty.
analyses that make use of cuttiedge data that enables us to characterize distribltieaéth risks using

a finer lens. In the following sections, we first present our research objectives and then outline the

methods and data sources we anticipate employing for this analysis. We also provide examples of figures
and statistics to serve asemplate for the results of our work.

ANALYTI C DESI GN

In this section, we state our research objectives and outline our methodology for addressing these
objectives. Attachment A (accompanying .xIsx file) provides additional detail on the Bei@®®EARBNS
planned to carry out this methodology.

RESEARCH OBJECTI VES

We aim to address three primary research objectives. First, we asgdss the sensitivity of P4

estimates to theexposure modekeleced and the scale of supporting demographic and health data.
Hybrid exposure models that combine multiple data sources, inclogfijpgatory monitors, satellite

based estimatephotochemical modeling and other datlaow promise for identifyingxposure gradients

at finer spatialscaleE PA6s draft PA employs a hybrid model at
assessment; we will explore how applying fiseale input data for air quality and for other relevant

i nputs i n ECEAOlsan Bffeat hdadti® burden or benefit estimates both in the aggregate and
in terms of the distribution of health burdens across subpopulations of the US. We will also explore what
these data can tell us about potential impacts throughout the contlg8pusareas not modeled in the

PA. In addition, we will explore the impacts of supplementing-fioale air quality data with higher

resolution estimates of mortality rates and demographic variables such as poverty status.

Second, we aim toharacterizedisparities in PMz s-attributable health burden under current
conditions. In doing so, we will consider how deaths and other adverse Efiécts are distributed
across racial and ethnic groups and for those who experience poverty under cugrecfehtrations.
We will further assess geographic disparities by leveraging fine spatial scale datasets.

Third, we aim tgperform distributional analyses to estimatecurrent burden and potential benefits

from lower PM; s standards across racial and ethnic gsups, and those experiencing poverty

Increased policy emphasis on environmental justice requires a better understanding of the air-pollution
related health burdens experienced by historically underserved groups. A growing body of literature
explores raciaethnic disparities in air pollution exposure (Rosofsky et al., 2018; Tessum et al, 2019;
Colmer et al, 2020; Tessum et al, 2021) and epidemiological studies such as Di et al. 2017 are reporting
differential estimates of risk to different racithnic goups for the same increment in Pddxposure.

In this analysis, we focus specifically on Blacks, Hispanics, and those experiencing poverty. By modeling
more stringent annual PMstandards, we can assess the potential benefits to different raciahaicd et
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groups and groups stratified by income related to the national poverty level. This objective builds upon
EPAGs exi sting mo dstrdtified betefit<fdr altprmative stashdarsls, vy sincomorating
alternative datasets (e.g., fiseale & quality modeling) that improve our ability to detect and
characterize disparate impacts. We currently plan to assess the benefi® ofeafystandard and may
consider either an intermediate standardg(1 P) or, if data allows, a more stringentraiard not

evaluated in the draft PA & g £).m

GENERAL APPROACH TO ASSESSI NG HEALTH | MPACTS

Broadly, | Eco6s as s exsssamdandinvaves (1) characteriziagngeographic P M
distribution ofbaselineannual PMs concentrations corresponding to the curentditions under the
existingstandard anthe distribution of these concentrations unaere stringenNAAQS alternatives;

(2) estimating the changes in health effects attributable to a particular policy ceohpathe baseline;
and (3) economic valuation of these effefte estimate the impact of ambient P\Mn health outcomes
(e.g., premature mortality) by assessing the difference in risk under a baseline and control sdesr&io
the latter represenisiproved air quality resulting from policy chang@sor this analysis, we use
BenMAP-CE, an opersource program employed by EPA for their regulatory impact analR$as).
EPArelies on health impact functions to quantify the change in incidence akadwealth impacts
stemming from changes in ambient pollutant concentratibimsse functions can take multiple forms, but
a common type for PM exposures is the following

Yoo & 0p QI A én
whereYwis the change in the incidence of the adedrealth effectp is the baseline incidence rate for
the health effect, beta ] is a coefficient derived from a relative risk (RR) estinfatea specific
exposure change published in an epidemiological sta is the change in concentrationfisfe
particulate matter, anlopis the exposed populatidh.

Thehealth impact function highlights the datasets required for our analysis: two air quality surfaces per
analysis, one baseline and one control; population, ideally stratified by age ncethicity; and

baseline incidence rate of the health endpoint being evaluated (e.g, deaths from all causes per person per
year), again ideally stratified by age, race, and ethnicity. These datasets, described in greater detail in
Section 3, may be summized at different spatial scales in BenMARE. These model components are
illustrated in Figure 1.

30 In our analyses, the baseline and control scenarios will vary for each BenMAP -CE run. To assess the current burden of ambient PM, s, the baseline
scenario wild.l reflect current conditions and the contr olMsscaneent@ationsare wi | | reflec
set to either zero or a best estimate of non -anthropogenic background. To assess the benefits of more stringent standards, the baseline scenario
will reflect current conditions and the control scenario will reflect hypothetical conditions under compliance with the more stringent standard.
These differ somewhat f PA nwhchBRAsssunesparbasealicerscenano wheheell modeled areas are estimated to just
meet the 12 O g /3 MAAQS.

31 Based upon the functional form of the underlying concentration -response function, the functional form of the health impact function may differ.
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FI GURE 1. -BENMAPASETS AND PROCESS

Pollutant change Population Baseline incidence

w Effect Health

——
B z estimate impact

Following quantification of health effects, we value these outcomes using available economic research,
includinga mix of willingness to pay (WTP) and cost of illness (COIl) estimates. Collectively, these
values capture the welfare losses associated withsRaNtibutable death and dise&Se.

The scope of our PM burden and alternative NAAQS benefit andbyises on changes to the annual

primary PMsst andar d ( c d)rFmeparicleyarelredpomsiplé for the majority of-Fllated

public health costs, and EPA notes that the annual
much of he United States. We generally aim to assess impacts nationwide; however, we are limited to
assessing impacts in the Continental United States based on the geographic scope of air quality surfaces,
which are consistent wi tdraftPA Addigtonallyl sgleci BenMpfeE f or me d
runs will be restricted to the 47 cepased statistical areas (CBSASs) evaluated in the PA. Finally, we will

rely on data sources from 2015 to best characterize conditions, consistent with the approach taken by EPA

in the draft PA analysis.

COMPARI NG HEALTH | MPACTS BASED ON AI R QUALI TY DATA FROM D

IEc will assess the sensitivity of BMrelated health impacts to exposure estimates derived from 1)

EPAGs 12km air qual it ydownscalihgaaimtegratevrhonioihdataivdtiersodeB ay e s i
data from a chemical tr an s {m airtqualitycssdrface for thee nodtigub)s Di e |
US, which used an ensemble model that integrateglsMimates from neural network, random forest

and gradient boosting algorithms based on satellite data, meteorological variables, land use variables,
elevation, chemical transport model predictions, and reanalysis datasets (Di et al., 2019). It is important to

note that the EPA Rm air quality suface only provides Pk estimates for 47 cofleased statistical

areas (CBSAs, see Figure 2) across the US, which are defined by the Office of Management and Budget
(OMB) to consist of the county or counties associated with at least one urban corest 40800

people and the adjacent counties with a high degree of social and economic integration with the core

area®® EPA performed the analysis within the 47 CBSAs based on the existence ofi&ign values

for 2014 to 2016 that are either close t@rceed the current annual and/or daily NAAQS. Further, these

areas have readily available grodmalsed monitoring data and include a variety of regions across the US

32 WTP represents the willingness of individuals to pay for a good or service, such as a reduction in the annual risk of illness or death. COI estimates
include the direct medical costs and lost earnings associated with illness . Generally, we prefer valuing adverse health outcomes using high quality
WTP estimates relative to high quality COI estimates because WTPist hought to i ncorporate the opain and suffering
outcomes. For example, valuing non -fatal cardiovascular hospitalizations using only medical expenditures and lost productivity (i.e., a COl  -based
approach) would ignore the intangible ¢ osts (pain, discomfort, dread) associated with these events. Despite our preference for WTP -based
estimates, economic valuation research is limited for many endpoints, resulting in the use (by EPA and others) of COI -based estimates for most
non-mortality e ndpoints.

33 US EPA. 2013. R2 Core Based Statistical Area (CBSA), 2013; TIGER/Lin Shapefile.
https://edg.epa.gov/metadata/catalog/search/resource/details.page?uuid=%7BE2C1506F -9E1G4238-A3F30A620B06548A%7D
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that may include a representative subset of the US population. We perform the congfdresith
impacts based on the satellite surfaces both within these 47 CBSAs and nationwide using the Di et al.
(2019) air quality surface.

FI GURECB2SAS REPRESENTED I N US EPAG6S 12KM Al RDRUADI PA) SURF /

B .
= u-"’l' o i

&

= b 4

v
4
Number of Urban Study Controlling Population (230
Areas (CBSAs) Standard years old)
30 Annual (Blue) ~50M
11 Daily (Green) ~4M
6 Mixed (Grey) ~5M
Total: 47 ~60M

For compar i s 2kmdenndcdled EuRatedbasedlon the methods in Berrocal et al., 2012, we

evaluated alternative hybrid air quality models by comparing them against the selection criteria described
in Table 1.
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TABLE1 AIR QUALITY MODEL SELECTION CRITERIA

MODELED AIR QUALITY SURFACE FEATURE] DESCRIPTION
Air quality data should be modeled at most Analysts have been able to produce PM; s
finely resolved geographic scale estimates at the 12km, 10km, and 1km scale.

We aim to use estimates at the most highly
resolved geographic scale available that
meets our other criteria .

Air quality data should be tuned to the extent Analysts have tuned satellite surfaces

of the contiguous US* globally, to North America, to the US, and to
specific regions of the US based on their
goals. We aim to use estimates that are tuned
specifically to the contiguous US.

Satellite model performance analysis Analysts must have completed a ten -fold
required. cross validation analysis and achieved R?
value of greater than .75 at the US extent.

Datasets should be publicly available. Our analyses should be publicly available and
therefore replicable by any user with
appropriate software and analytical
experience.

We compared satellite models described in draft PA TaB3le, 2hcluding Berrocal et al. (2012), Di et al.

(2016), Hu etl. (2017), van Donkelaar et al. (2019), Di et al. (2019), and Hammer et al. (2020). From

these, we have selected Di et al. (2019), modeled atkhe dcale to produce daily and annual M

values using a neparametric neural network validated at the éX&nt with a teffold cross validation

R? of 0.86 (daily) and 0.89 (annual). We will use the Di et al. (2019) 1km surface with annual average

values for calendar year 2015 to estimatePMMoncent r ati ons both within EPA
of those BSAs within the contiguous US.

The Di et al. 2019 modeled values closely align with the grdoasgd monitor values fRor both daily

and annual concentrations are greater than 0.86), these grathidg comparisons are most relevant for
the areas ra air quality monitors, which tend to be located in population centers. The accuracy of the Di
et al. (2019) i&km air quality grid is less well characterized in regions where monitor density is low and
topography is variable (for example, the Appalactsiad Rocky Mountain regions had lower\Rilues

than more populous areas) (Di et al., 2019).

34 Air quality model surfaces typically include the  contiguous United States, exclusive of Alaska, Hawaii, and territories.

35 We will obtain the data from the publicly available Di et al. (2019) air quality surface posted to the Socioeconomic Data and Applications Center
(SEDAC) at Columbia Universitywebs t e .  We wi | | downl oad and extract data for 2015 from the fil
for the Contiguous United States, 1 -km Grids, v1 (200062 0 1 6 ) . 6
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We wi | | us e -EPtéoh descibedirVBdion 2.2, to calculate health impacts associated

with the EPA 12km surface within the 47 CBSAs and the Di ef{2019) 1km air quality surface

nationwide. The health impacts calculated using the ERRm.2urface will establish a comparison

between the draft PA and our analyses; the Di et al. (26k8) 4urface will allow comparison with the

EPA 12km surface witin the 47 CBSAs and will provide a baseline value for the areas outside the
CBSAs. We will use the same baseline incidence, population, and epidemiological effect estimates to
calculate these health impacts, with air quality surfaces varying betweeseaniysolate the effects of

PM; s estimates on the value and distribution of health impacts. We will run these analyses with finer
scale baseline incidence data, as well, to isolate the impacts of fine scale demographic data on the value
and distribution of health impacts.

We will produ@ maps that show baseline concentrations from each air quality surface (e.g.,-ERA 12
surface and Di et al. 2019KIn surface), as well as maps that show the differential between each pair of
surfaces. We will also produce national level summary talfleiolence estimates and provide finer
spatial scale results as appendices.

ASSESSI NG DI SPARI TI ES

In addition to the effect of using finer scale hybrid air quality data on total health impacts, we are further
interested in how these data affect estenaif the distribution of health risks across subpopulations.
These risks may vary for several reasons: groups may be differentially exposegstocedise of where
they live relative to key emissions sources or pollutant transport patterns; theméaselith may be

worse, rendering them more susceptible; and/or the proportional effect of a unit change in fine PM on
mortality rates may be greater for some subgroups than others. Compliance with the NAAQS is analyzed
at the county level; however, diffait neighborhoods within these counties may experience local
emissions sources that expose some people or communities to very high concentrationsndfileM
exposing other people or communities to much lower concentrations of(B&ow the NAAQS). Vé

aim to assess whether these potential community differences fall along racial or economic lines; that is,
are populatiorweighted PMs exposures different by ractathnic group or income relative to the

national poverty level

To assess these potentiidparities under current conditions and at alternative fNVAAQS, we will
analyze:

1 Populationweighted PMs exposure at current conditions by raedthnic group and income
relative to the national poverty level using census tract average exposufedathe EPA 12
km downscalar model within the 47 CBSAs; #nd

1 Populationweighted PMs exposure by raciatthnic group and income relative to the national
poverty level using census tract average exposure data from the Di et al. (20dddel
within the 47 CBSAs and across the.US

We will produce summary maps, graphs, and tables that illustrate health impacts and relative distribution
of burden by raciakthnic group and by income relative to the national poverty level for each of these air
guality scenarios. With information on the locations in exceedance of alternative standards and the
populations who live there, we will produce figures that describe the likelihood that that members of

%] Ecds assess mianctgmup lwil use thedBerdAP definitions for race (White, Black, Asian, Native American) and ethnicity (Hispanic,
Non-Hispanic).
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socially vulnerable groups live in areas of higher exposue,i ng f
2021 report AClimate Change and

EPA 2021

MODELI NG MORE S TR ISNTGAENNDTA RPDVS

We will evaluate the disparities associated withRM s-attributable health burden across groups
characterized by 1) race and ethnicity and 2) income relative to the national poverty level at an alternative
PM.s NAAQS of 8 ug/n? and compare these results against those found by EPA in the draft PAill We w
also observe the distribution of exposures at current conditions and determine if it will be necessary to
additionally model disparities for either antermediate standard (10 pug)hor a more stringent standard
(e.g.,5 pg/n?).

Similar toSection 23, we will conduct a set aluns thatisolate thehealth impactsf either usingine
scaleair qualitydataor fine scale demographtataon raciat, ethnic and incomerelated disparities at
an alternative NAAQS.

US EPA estimates the health benefits of changing the current annpabfidard of 12 pg/fto 8 or

10 pg/nfusing two alternative emissions scenarios forBMhefi pr i mar y 0 emi ssi ons sce
preferentially adjusts PM emissions to be more localized around direct (or primary) emissions sources,
while the Asecondar y o0 eemisspisitodamoreeveryspread across theiru st s |
study area (as erpted with secondary formation of Byl For the purposes of this analysis, we focus on
simulating the Aprimaryo emissions scenario; this
potentiallyair i sk popul ations using the fAprimaryo scenar.i

While US EPA models benefits from moving from the current RAMAQS to a modeled alternative

standard, we will model benefits from moving from current conditions to a modeled alternative standard.

To estimate benefits from moving from current air quality condititmn8 pg/n, we will use the Di et al.

2019tk m air quality surface to estimate baseline ai
surface that reflects air quality under an alternative £dtandard o8 pg/n®, relative to current

conditions.

The manner in which the fAcontrolo air quality sur/
finescal e grid cell is within one of the 47 CBSAs i
CBSAs, we will start with the Di et al (2018)rface and apply an adjustment factor to eakmrid

cell derived from EPA-sEPAQgrd eell withigwhichetratkin tefl falls.or t h e
That is, we will scale the baseline Di results proportionally based on the percentage chiaedtvis
concentration in EPAOGs alternative NAAQS control |
scenaric®® Since the spatial resolution of the Efffodeled surface (2Rm) is different from the Di et

al. 2019 surface (km), we will apply the same proportional scaling factor for all Di et al. cells within

each EPA 1Zm cell.

SAn example o0likelihoodé figure is shown in Figure 3.2 ofnerdbBgr&psAés report witd|
currently live in areas with the h ighest projected increases in annual premature deaths from climate -driven effects on PM, 56

®¥Note that we deliberately do not compare the results agaibusdenasEumihar Basel ine
quality degrade d to a point where all areas modeled would just meet the current NAAQS. That is, the US would still be in compliance withth e
current, but concentrations in some areas would be higher than currently experienced. That scenario assumes conditions approp riat e for a PA-
type analysis which evaluates what conditions could be like if the standard remained unchanged. Our analysis focuses on asse ssing burden and
benefits relative to current conditions as observed at monitors and estimated using state  -of-the-art hy brid modeling.
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For the entire nation (includinggells outside the CBSAS), we will apply a simplified natien d e Ar ol |
backo of air qual it Eforeoa ofatmienmae cetlsgto model bénefits Bisadeiated
with just meeting the modeled standard. Available resources and time do nofoalf@yerous

photochemical transport modeling of alternative emissions change scenarios resulting in compliance with
alternativeNAAQS. As an alternative, we assume a more basi
where baseline air quality concenioais are above 8 pgfunder current conditions will be reduced to 8
ug/m? in the control scenario and all areas starting below the alternative standard will be unmodified.
Since we only model out of attainment areas to just meet the modeled standarid, foutiinese runs

reflect the lower bound of the range of potential benefits to historically excluded and currently
marginalized groups for meeting the PA\tandard, as strategies for meeting the alternative NAAQS

would likely reduce PMs concentratios more broadly.

For both modeling scenarios (ERased proportional reduction, natiauide rollback to the standard),
we will estimate the change in mortality from meeting an alternative standard of 8ipgio ways: 1)
using countylevel incidence datstratified by race and ethnicity, and 2) using eithefczige or census
tract level mortality incidence data not stratified by race and ethnicity.

We will stratify monetized and unmonetized results by CBSA or@BSA designation, to reflect the

different modeling approaches used in those areas and the associated implications for levels of uncertainty
in results. For CBSA areas, we will compare results from both modeling scenarios and discuss observed
differences. For each modeled standard, we will pidseth total count and change in baseline mortality

and morbidity by race and ethnicity and stratified by income relative to the national poverty level. We

will stratify monetized benefits from the more stringent standards in a similar format.

We will alsopresent mortality and morbidity results at the national level. Our results will indicate the
potential benefits of just meeting more stringent.Bbtandards to different racial and ethnic groups and
to groups experiencing poverty. In addition to respitesented at broad geographic levels (47 CBSAs,
Nation), we will provide EDF with the associated .csv outputs from Bend@ERat finer geographic
resolutions (e.g., tracts), should EDF wish to undertake its own analyses of these data.

DATA | NPUTS

Table 2 povides a summary of the chosen data inputs for this work. Several inputs are novel to this study
relative to EPAGs dr af-scaldak quality sucfdce ahd trdeyel altbaese b as el i n.
mortality incidence rates. We will also use sel/ararbidity and mortality health impact functions that

were not considered in the draft PA.

Section A.1 in the Appendix provides detailed information on all air quality surfaces considered for the
analysis, as well as the rationale for choosing the Oi @049 surface to represent the baseline air

guality scenario. Section A.2 details all chosen health impact functions and endpoints, which include both
mortality and morbidity outcomes.

Sections A.3 and A.4 detail all chosen incidence and valuation dmscind Section A.5 specifies
additional data inputs, specifically trdetvel income related to the national poverty level.

INDUSTRIAL ECONOMICS, INCORPORATED E10
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TABL2E DATA | NPUTS SUMMARY

SPECIFIC TO IEC STUDY?

DATA INPUT CATEGORY DATA INPUT(S)
(RELATIVE TO DRAFT PA)

Baseline Air Quality Surface Di et al., 2019 neural network air quality Yes
surface (1-km resolution)

Health Impact Functions EPA Standard Health Functions for mortality Morbidity impacts not
and morbidity f rrQEnoolEP /4 includedin 2021 draft PA.
plus additional race -stratified health impact Pope et al, 2019 function
functions extracted from 2019 PM ;5 added for race -stratified
Integrated Science Assessment for mortality mortality endpoint.

Baseline Incidence Tract-level all -cause mortality inc idence Yes

rates for ages 30-99.

County-level race -stratified all -cause
mortality incidence rates for ages 30 -99. Mix
of county -level and national -level incidence
data for morbidity endpoints.

Valuation Functions EPA Standard Valuation Functions for No
mortality and morbidit
BenMARCE tool.

Population Census tract-level population data for the Yes
entire United States

Other Censustract level poverty estimates Yes

NEW JERSEY SUPPLEMENT

The national analyses descrikedabve will incorporate datasets with a mix of @glunty spatial scales,
including Xkm air quality data, Census tract and/or zip code level mortality incidence data, and Census
tract population. Morbidity incidence rates, however, are all currently @stinaé the county or national
levels in BenMARCE. We aim to explore the sensitivity of results to the spatial scale of these data by
conducting a case study in New Jersey with newly developed morbidity incidence data at the zip code
level.

IEc will purchase dischargéevel emergency room and hospitalization data from the Healthcare Cost and
Utilization Project (HCUP) for 2028019 for the State of New Jersey, from which we will develop a zip
code level dataset of baseline incidence rates for the statainWwte compare resulting counfigvel and

zip codelevel results from these data for a subset of morbidity outcomes (e.g., respiratory
hospitalizations) whose incidence can be estimated based on hospital admissions or emergency
department visit data. Addbihally, we will explore whether these data allow us to meaningfully stratify
incidence rates by race and ethnicity, subject to data suppression con¥traints.

39 per the HCUP data use agreement, any summary values less than 10 must be suppressed to address privacy concerns; in such cass rates for the
specific subgroup for that zip code would be imputed from rates at a larger geographic scale for w  hich data are not suppressed. If substantial
proportion of zip code level values will require imputation for a given health endpoint, IEc will consult with EDF to determi ne whether or not to
proceed with a stratified analysis for that endpoint.
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APPENDI X A: DATA | NPUTS

A.1 AIR QUALITY

We reviewed multiple finescale PM: air quality surfaces for use in assessing the baseline health burden
associated with ambient pollution. Since we are using the ERdnlonitored surface from the 2021

PA, our review focused only on model air quality surfaces. The air quality surfatésedmenefits and
limitations of each are described below. The air quality surfaces and the benefits and limitations of each
are described below.

Baseline Model Sur face(s)

We reviewed model air quality surfaces as they can often provide pollutant nseatsiimer resolutions

in areas where the monitoring network is less dense. Model surfaces can incorporate meteorological and
geographical variables that fill in these gaps and potentially better characterize the spatial distribution of
pollutants than thaeearest monitors could. However, in areas with robust monitoring networks, the
monitor data best represents grodexdel ambient concentrations. For this reason, we focused our review
of model surfaces on hybrid models which incorporate both the acanframynitor data with the spatial
coverage of model data.

In addition to the hybrid model criteria for air quality surfaces, we assessed model surfaces against three
criteria:

1 Spatial resolutiorg since the goal of our health burden and potential benedibslysis is
to perform distributional analyses to assess fine scale benefits of stronges PM
standards across racial, ethnic, and incebased groups, we prioritized modedsthe
most highly resolved geographic scale available that meets our otheriayite

1 Model extentc we prioritized models that were derived for the Contiguous US, our
study area, over a global scale or contingntle model;

1 Model performanceg we prioritized models with high goodneséit values, greater
than 0.75, when crosgalidaed

We wused t he HkDd#tdslicyAssesdmerr & a starting point for gathering high quality
hybrid model surfaces. The 2021 draft PA discussed four hybrid models: Berrocal et al. 2021, Di et al.
2016, Hu et al. 2017, and van Donkelaar et aL2@fter reviewing these studies, we discovered a more
recent publication of the Di et al. 2016 method, Di et al. 2019, as well as the Hammer et al. 2020 study.
Table A.1 contains the details of the six criteria for each model, Whalde A.2presents anatrix of the
criteria met by each study.
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TABLAE.

A

MODEL

SURFACE

STUDY DETAI

LS

AUTHOR

MODEL
YEAR

SPATIAL

SCALE

TEMPORAL
SCALE

MODEL
EXTENT

HYBRID MODEL
METHOD

MODEL
PERFORMANCE
(RMSE UNIT

pg/m?3)

Berrocal
etal.,
2012

2002

12km

Daily

Eastern US

Bayesian
downscaler 6fuse
EPA Air Quality
System (AQS)
monitoring
network with the
CMAQ modelled
data

No R
provided,;
RMSE of 12

Di et al.
2016

2000
2012

1km

Daily

us

Neural network &
using EPA AQS
monitoring
network, and a
variety of satellite
measures (MAIAC
AOD, GEOShem,
NDVI, etc.)

R of 0.84;
RMSE of 2.94

Hu et al.,
2017

2011

12km

Daily

us

Random forest &
using EPA AQS
monitoring
network as well as
AOD data,
meteorological
fields, and land
use variables

R of 0.80;
RMSE of 2.83

van
Donkelaa
retal. ,
2019

2000
2016

1km

Monthly

North
America

Ground weighted
regression (GWR)
dusing EPA AQS,
Canada @omml
Air Pollution
Surveillance
(NAPS, CASTNET
and IMPROVE
monitoring data,
satellite and AOD
data, and GEOS
Chem data

R of 0.70;
No RMSE
provided

Di et al.
2019

2000
2015

1km

Daily/ Annual

us

Neural network -
using EPA AQS,
IMPROVE, and
CASTNET
monitoring
network, and a
variety of satellite
measures (MAIAC
AOD, GEOSChem,
NDVI, etc.)

R? of 0.86;
RMSE of 2.79

Hammer
etal.,
2020

INDUSTRIAL ECONOMICS,

1998
2018

1km

Annual

Global

GWR of residualsd
using World

Health
Organization
(WHO) Global

R of 0.81
(globally)
RMSE of 6.8
(globally) &
1.78 (North

INCORPORATED
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MODEL
PERFORMANCH
MODEL SPATIAL TEMPORAL MODEL HYBRID MODEL (RMSE UNIT
AUTHOR YEAR SCALE SCALE EXTENT METHOD pg/m3)
Ambient Air America, High

Quality Database Income)
monitoring data
satellite and AOD
data, and
simulation data
(GEOSChem)

TABLEAE. MODEL SURFACE CRITERI A ASSESSMENT

INCORPORATES SATELLIT| FINE SCALE MODEL
AND MONITOR DATA RESOLUTION TUNED TO THE PERFORMANCEH
AUTHOR (HYBRID MODEL) (<12KM) EXTENT OF THE US R? >0.75
Berrocal et al. , 2012 Yes No No No
Dietal., 2016 Yes Yes Yes Yes
Hu etal., 2017 Yes No Yes Yes
van Donkelaar et al. ,
2019 Yes Yes No No
Dietal., 2019 Yes Yes Yes Yes
Hammer et al., 2020 Yes Yes No Yes

Our review of the studies found that only two studies, Di et al., 2016 and Di et al., 2019, meet all of our
criteria requirements. Since the Di et al., 2019 study is a more recent version of the Di et al., 2016 study,
we have decided that only Di et alQ1® model will be assessed. Although the Hu et al., 2017 study does
not meet the fine scale resolution criteria, we have decided to also include this study in our analysis as our
monitor baseline surface is the same resolution (12km) and it meets altritréa requirements. As

part of our analysis, we will perform spatial comparisons between the EPA 12km air quality surface and
the two model surfaces to better understand differences between the monitor and satellite model data.

Baseline Moni(tsor Sur face
As mentioned previously, we will be assessinggPMe al t h i mpacts using the EPA
surface as our baseline 6monitordé surface. This s

the CMAQ chemical transport model predictiorigjidated from the EPA AQS monitoring data.

Although this surface is not solely monitor based, it does not incorporate the satellite data and variables
used by the model baseline surfaces. As a result, and mentioned above, our monitor surface provides the
lowest spatial resolution of the Bpsurfaces assessed and may limit our ability to assess the spatial
distribution of health impacts across racial, ethnic, and indossed groups.

Rol |l back Gri ds
As discussed in Section 2.5, for the entire contiguoustJre d St at es, we wi || develc
guality grids to estimate health impacts of just meeting each alternatvesPMa nd ar d . I f a gri
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baseline PMs concentration is greater than the specified alternative standard, then we will ratsbeick
quality to 8 pg/m. I f t he gr i dscaneehtrhtiorsis ldsstisae the speeifiedPallernative
standard, its air quality remains unchanged.

Thus, the outputs for these areas represent the potential benefits of just meeting eadheaRddnat
standard, assuming areas already in attainment do not become out of attainment after the more stringent
PM. s standard is enforced.

HEALTH | MPACT FUNCTI ONS

To estimate risk of atause mortality associated with letegm PM s exposure, we used health impact
functions from Di et al. (2017) and Turner et al. (2016). EPA selected these studies fiartong
mortality analyses in the draft PA, and they are among the EPA Standard Health Functions that are
available in BenMARCE. Casistent with the draft PA, we used Di et al. (2017) focallse mortality
analyses stratified by race and ethnicity, which provided functions for Asian, Black, Hispanic, Native
American, and White populations.

In addition to mortality, we chose to ass¢he set of morbidity endpoints for which both codatel

incidence data and at least one EPA Standard Health Function were readily available in BEEMAP

also included asthma incidence in children, despite having limited spatial resolutionlinebaséence,
because evidence suggests disparities in asthma prevalence have been growing in the 2000s, particularly
among norHispanic blacks and Hispanics of Puerto Rican descent, as well as those of multiple race,
American Indians, or Alaska Nativersons (Bhan et al, 2015 and CDC, 2012).

Table A.3 contains a summary of the selected health impact functions and corresponding endpoints.
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TABLE A. 3 SEL ECITMERDA GHHIENMMATTIHONS AND CORRESPONDI NG ENDPOI NTS
ENDPOINT HEALTH IMPACT FUNCTION AGERANGE
(YEARS)
Mortality, All -Cause Turner et al. 20161 30-99
Di et al. 201712 65-99
Woodruff et al. 2008 * 0-0
Acute Myocardial Infarction, Nonfatal Peters et al. 20011 18-99
Sullivan et al. 20051 18-99
Pope et al. 2006* 18-99
Zanobetti and Schwartz 2006' | 1g g9
Zanobetti et al. 2009 ! 18-99
Emergency Hospital Admissions, All Zanobetti et al. 2009 * 65-99
Respiratory
Emergency Room Visits, Asthma Alhanti et al. 2016 *3 0-18
Emergency Room Visits, All Cardiac Ostro et al. 20161 0-99
Outcomes
Emergency Room Visits, Respiratory Krall et al. 2016 1 0-99
Hospital Admissions, All Cardiac Outcomes Talbott et al. 2014 * 0-99
Hospital Admissions, All Respiratory Ostro et al. 20091 0-18
Hospital Admi ss Dieease, Kioumourtzoglou et al. 2016 * 65-99
Hospital Admissions, Cardio-, Cerebro- and Bell et al. 2015* 65-99
Peripheral Vascular Disease
Hospital Admissions, Kioumourtzoglou et al. 2016 * 65-99
Hospital Admissions, Respiratory-1 (ICD-9 Jones et al. 2015* 0-99
466,480-486, 490-493)
Hospital Admissions, Respiratory-2 (ICD-9 Bell et al. 2015 65-99
464-466, 480-487, 490-492)
Incidence, Asthma Tetreault et al. 2016 ? 0-18

1EPA Standard Health Functiors (2021) available in BenMARCE 1.5.8

2Racestratified functions available for Asian, Black, Hispanic, Native American, and White populations

3 Race-stratified functions available for Asian, Black, Hispanic White, Native American, and Non -Hispanic White
populations

POPULATI ON

For the analyses of the EPA current conditionkd®surface we will rely on the 2015 -kn population
within the BenMARCE database. These data are disaggregated by age, gender, race, and ethnicity. (see
the BenMARCE User Manual for Appendix J for detailed methdds).

For the analyses of thekin air quality surfaces, awill rely on the 2010 Census tract population data,
disaggregated by age, gender, race and ethnicityvWese the Woods and Poo0(5) countylevel
forecasts, developed by age, gender, race and ethnicity, to project the census tract papu2atian
(see the BenMARCE User Manual for details on the Woods and Poole (2015) methods).

40 The U.S EPA BenMAFRCE User Manual can be found here: https://www.epa.govi/sites/default/files/2015 -04/documents/benmap -

ce_user_manual_march_2015.pdf
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BASELI NE | NCI DENCE

Baseline incidence refers tioe number of new cases in a given population over a specified time period.
In BenMAP-CE, incidence rates are typically summarized per person per day or per year at a specified
geographic scale. The program includes a set of coantynationalevel morality and morbidity
incidence rates, described below, that we plan to supplement with finer resolution datasets.

Mortality I ncidence

We will rely on a mix of mortality incidence inputs to characterize the baseline numbers of deaths by
cause, age, geograptand in some cases, race and ethnicity. First, we will uselénaatallcause
mortality incidence rates recent U§ySmdlareadifeoped by
Expectancy Estimates Proj€tiSALEEP) study*! These rates provide a firseale representation of

deaths for all US Census tracts using 2015 data. We will validate the geographic variability of these rates
by comparing them with any public and freely available tlae¢l mortality rates constructed from
administrative data (i.edeath records). Additionally, we will employ cousdéyel racestratified and
ethnicity-stratified mortality incidence rates. These data are currently available in BetAdhd were
developed by IEc in 2021. The data represent deaths over the pe?id@/ofo 2016. Subounty data are

not currently available for deaths stratified by race and ethnicity. Additional detail on these data are
available in the BenMARZE user manud?

Morbidity I ncidence

BenMAP-CE includes a set of counltgvel incidence ratefor the period 20£2014 for emergency room
visits and hospitalizations. These data are supplemented by nd¢ieslalates for other morbidity

endpoints, including incident asthma. Additional information on the default incidence rates is available in
the BenMARCE user manual.

As discussed in Section 4 (New Jersey Case Study), the Ber@EARorbidity rates are not stratified by
race or ethnicity. IEc is exploring whether HCUP data will allow for finer scale benefits estimation, and
how estimates may dér when processed at finer spatial scales and by race and/or ethnicity.

VALUATI ON FUNCTI ONS

While we anticipate reporting incidence estimates (e.g., counts of premature deaths, hospitalizations) as
the primary outputs of our work, IEc is also planninggport monetized benefits using the default

valuation functions in BenMARE. These functions include a mix of WTP and COI values, including
the EPAOGs val ue p eAdditonakdetail srtheseduhctiond i agailabls ibh thema t e .
BenMAP-CE wser manual.

OTHER DATA | NPUTS

We use data from the American Community Survey (ACS) to provide Censuketreicsummaries of
income related to the national poverty levidiese data represenyBar average ACS estimates from
2015 to 2019 for the fraction of the total population in the tract that falls below the federal poverty line
and the fraction of the tract population below 200% of the poverty line.

41 https://ww.cdc.gov/nchs/nvss/usaleep/usaleep.html

“2 hitps://www.epa.gov/benmap/benmap _-ce-manual-and-appendices
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All estimates are generated at the Census tract level for 72,538 tracts in the contiguous United States. For
each estimate, we generate a coefficient of variation (CV) equal to the ratio of the standard error to the
point estimate. For tracts with a CV gredtean 0.3, we impute the tralevel estimate with a county

level estimate following Census guidance, which defines any estimate with a CV greater than 0.3 as low

reliability and to be used with extreme caution. In cases of counties with a CV grea@i3thaa impute
with a statdevel estimate.
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