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BACKGROUND: Recently enacted environmental justice policies in the United States at the state and federal level emphasize addressing place-based
inequities, including persistent disparities in air pollution exposure and associated health impacts. Advances in air quality measurement, models, and
analytic methods have demonstrated the importance of finer-scale data and analysis in accurately quantifying the extent of inequity in intraurban pol-
lution exposure, although the necessary degree of spatial resolution remains a complex and context-dependent question.

OBJECTIVE: The objectives of this commentary were to a) discuss ways to maximize and evaluate the effectiveness of efforts to reduce air pollution
disparities, and b) argue that environmental regulators must employ improved methods to project, measure, and track the distributional impacts of
new policies at finer geographic and temporal scales.

DiscussIiON: The historic federal investments from the Inflation Reduction Act, the Infrastructure Investment and Jobs Act, and the Biden

Administration’s commitment to Justice40 present an unprecedented opportunity to advance climate and energy policies that deliver real reductions in
pollution-related health inequities. In our opinion, scientists, advocates, policymakers, and implementing agencies must work together to harness criti-

cal advances in air quality measurements, models, and analytic methods to ensure success. https://doi.org/10.1289/EHP13063

Introduction

Twenty-three states and the federal government have enacted
environmental justice policies since the 1990s, but only recently
have significant resources been allocated at both state and fed-
eral levels. Currently, five states (California, Colorado, Illinois,
New York, and Washington) and the Biden Administration’s
Justice40 Initiative! directly designate a minimum percentage
investment allocation to prioritized locations (Climate and
Economic Justice screening tool (https://screeningtool.geoplatform.
gov), ClimateXchange (https://climate-xchange.org/dashboard/),
Colorado Department of Public Health and Environment (https://
teeo-cdphe.shinyapps.io/COEnviroScreen_English/), Illinois Power
Agency,” California Office of Environmental Health Hazard
Assessment,® New York State Climate Justice Working Group,*
and Washington State Department of Health’). (Table 1; see
also “Place-based environmental justice policies with invest-
ment or resource allocations” in the Supplemental Material). To
define which locations qualify under these environmental jus-
tice investment allocation programs, a range of socioeconomic,
demographic, and environmental variables at the census tract or
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census block group scale are currently being used (Table 1; see
also “Place-based environmental justice policies with investment or
resource allocations” in the Supplemental Material). Notably, the
Biden Administration has allocated tens of billions of dollars via
the Justice40 Initiative,! which calls for 40% of federal program
benefits to be directed to geographically defined “disadvantaged
communities” (Table 1; see also “Place-based environmental jus-
tice policies with investment or resource allocations” in the
Supplemental Material). The Inflation Reduction Act (IRA) allo-
cates $296 million for investments in air monitoring specifically.®
In addition, for the first time, the federal government is inviting
the use of air pollution data to guide investment of >$30 billion
in funds focused on climate pollution reduction, advanced indus-
trials, community revitalization, and other pollution mitigation
programs.® These new place-based prioritizations, combined
with federal climate and clean energy funding through the
Infrastructure Investment and Jobs Act (IIJA),” present an un-
precedented opportunity to address longstanding disparities in air
pollution exposure and impacts that have persisted under prior
regulatory structures (e.g., the Clean Air Act). We assert that to
maximize and evaluate the effectiveness of these efforts, federal
and state agencies will require improved methods to measure,
model, project, and track the distributional impacts of new poli-
cies. Hence, there is a pressing need for scientists, advocates,
policymakers, and implementing agencies to collaboratively de-
velop new data collection and analytic frameworks to aid the
implementation of place-based policies. Here, we offer recom-
mendations informed by relevant recent research on criteria air
pollutants leveraging satellite remote sensing, new monitoring
technologies, hybrid models, and fine-scale health impact assess-
ment approaches to a) characterize past and current inequities in
air pollution exposure, b)) model expected health equity benefits
of past and potential future air pollution policies, and ¢) empiri-
cally determine whether expected air quality and health benefits
are achieved following policy implementation.
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Table 1. Environmental justice policies with place-based allocations or investment provisions.

Qualifying criteria

Proportion
Climate  Pollution Health non-White/ Proportion
Policy (date) Allocation provision Spatial unit burden burden burden Hispanic low income
California Climate Investment Act At least 25% Census tract — v v — v
(2016)
Colorado Modernize the Public At least 40% renewable Census block group v v v v v
Utilities Commission Act (2021) energy
Illinois Climate and Equitable Jobs 25% solar funding, 45% Census block group — v — v v
Act (2021) EV funding
New York Climate Leadership and 35%, with a goal of 40% Census tract v v v v v
Community Protection Act
(2019)
Washington Climate Commitment 35%, with a goal of 40%, Census tract — v v v v
Act (2021) 10% to Indian tribes
United States Justice40 Executive 40% for qualifying federal ~ Census tract v v v — v
Order (2020) programs

Note: Table is based on Climate and Economic Justice screening tool (https://screeningtool.geoplatform.gov), ClimateXchange (https://climate-xchange.org/dashboard/), Colorado
Department of Public Health and Environment (https:/teeo-cdphe.shinyapps.io/COEnviroScreen_English/), Illinois Power Agency,? California Office of Environmental Health
Hazard Assessment,? New York State Climate Justice Working Group,* and Washington State Department of Health.> —, not applicable; EV, electric vehicle.

“10% to low-income communities, individuals, and households.

Discussion

Characterizing Inequities in Air Pollution Exposures

Advances in air pollution modeling and satellite-derived meas-
urements have enabled progress in characterizing criteria air pol-
lutants at spatial resolutions relevant to current environmental
justice place-based policies (e.g., census tract). Most analyses
find significantly higher pollution concentrations in areas with
higher proportions of residents identifying as Black, Asian, or
Hispanic; reporting low income; or residing in an area subjected
to historic patterns of discrimination.®~'* Generally, intraurban
differences in air pollutant concentrations are greater for primary
(i.e., directly emitted) pollutants, such as nitrogen dioxide (NO;)
and ultrafine particles, compared with secondary pollutants (i.e.,
which are formed from chemical reactions), such as ozone and a
portion of particulate matter <2.5 um in aerodynamic diameter
(PM, 5).11:1415 Research into the spatial resolution needed to
accurately quantify pollution inequities suggests that county-
scale analyses can underestimate the magnitude of total U.S.
PM, 5 and NO, exposure disparities by race and ethnicity com-
pared with those employing finer-scale data aggregation (census
tract, block group, and block)'® but that the resolution of current
satellite measurements (e.g., 20-60 km?) can quantify a large
(although perhaps incomplete) fraction of intraurban NO, in-
equality.®!718 National, state, regional, and city government
agencies, along with private companies, now have access to fund-
ing (and are subject to mandates) that welcome or require a focus
on remedying health inequities. There is great potential to lever-
age recent research and novel data to inform strategies in reduc-
ing intraurban and regional pollution disparities.

Modeling to Evaluate Health Equity Impacts of Pollution
Mitigation Policies

Recent research has also advanced modeling frameworks to predict
expected benefits of policies aimed at reducing race, ethnicity, and
income inequities. To estimate health burdens associated with air
pollution exposure within a given geography and the expected ben-
efits of exposure reductions, health impact assessments generally
use area-level (e.g., county, census tract, census block group) expo-
sure, baseline disease rates, and concentration—response functions
derived from previous epidemiological studies. Values for each of
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these quantities can vary across geographies and population sub-
groups, driven by environmental and social determinants of health.

Inequities in baseline disease burden are a result of many
processes.'2! As one example, current and historical discrimi-
natory practices based on presenting race and ethnicity can lead
to inequities in health burden via chronic social stress, in addition
to causing air pollution exposure differences via segregation.?2>3
A recent study has demonstrated the use of fine-scale baseline
disease rates in identifying overburdened neighborhoods with
overlapping high exposures and poor health.2* An assessment of
the San Francisco Bay Area (California) using census block
group mortality rates yielded 15% higher spatially aggregated
estimates of pollutant-attributable mortality rates, as compared
with the application of county baseline disease rates.?> Despite
their potential importance in health impact assessment, highly
resolved baseline disease rates or individual-level air pollution
exposure data are rarely publicly available, in part because of
concerns around identifiability; instead, for baseline disease rates,
many health impact assessments rely on coarsely resolved data
(e.g., county-level or coarser) or modeled estimates at a finer re-
solution (e.g., census tract or finer).

Recent analyses using a fine-scale (1-km?*) gridded exposure
data set®® aggregated to the census tract, concentration-response
functions derived from a longitudinal study of Medicare recipi-
ents,”” and fine-scale (census tract) incidence data estimated
PM, s-attributable mortality for Americans >65 years of age, and
reported mortality rates three times higher for Black Americans
compared with white Americans.?®?” These studies applied race-
specific concentration-response functions to represent a range of
race-based disparities and discriminatory processes that result in
health burden inequities. The race-specific concentration—response
functions used in the above studies were derived from an underly-
ing epidemiological study with exposure estimates at the ZIP code
level,?” which could lead to mischaracterization due to exposure
variation within ZIP codes. In addition, nonlinear concentration—
response relationships may be important to consider in accounting
for the known drivers of disparities.>°

To effectively implement place-based policies in support of
environmental justice, we believe it will be critical to identify
specific emission sources and sectors contributing to air quality
inequities with the highest spatial precision that is feasible. In
addition, current evidence using reduced-form air pollution
models—developed to reduce the computational costs of model
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runs—suggests the magnitude of disparities and relative contri-
butions of different sectors can vary across U.S. Regions, as
well as urban and rural areas.3! Therefore, we suggest that the
emission sources that need to be reduced to maximally reduce ex-
posure inequalities may differ by location. Fine-scale (e.g., census
tract or higher resolution) source attribution may need to reflect
weather patterns, built infrastructure, and local sources*?; current
regulatory modeling typically operates at broader spatial scales
(county or state) and without fine-scale local information. Source
attribution at the hyperlocal scale is currently limited both by
input data (e.g., emissions inventories, meteorological fields) and,
for conventional models, by the spatial precision of computation-
ally tractable models.>* Air pollution-relevant emission invento-
ries based on data provided through the U.S. Environmental
Protection Agency (EPA) National Emissions Inventory (NEI)3*
for the continental United States are available at 12-, 4-, and
1-km? resolution,'>-31-35-38

Researchers have made advances in identifying census block or
finer exposure inequities associated with different sources, such
as restaurants® and traffic-related air pollution.®!11540-44 QOther
research has studied inequities associated with other sectors of the
economy, such as electricity generation*>#6 and interstate freight.*’
Using fine-scale air quality change estimates, Wang et al.*® and
Dressel et al.!” suggested that targeted, location-specific reduction
strategies are needed to reduce current racial and ethnic PM; s and
NO, exposure inequalities, with Wang et al.** demonstrating the
potential of reduced-form modeling to inform selection of locations
for emission reductions. In our view, such location-specific regula-
tory approaches would complement the main current approaches
to air pollution regulation, such as the National Ambient Air
Quality Standards and sector-specific emission-reduction technol-
ogy requirements.

In summary, we believe characterizing within-neighborhood
ambient air pollution concentrations and health metrics will enable
a) more refined characterization of exposure in epidemiological
analyses used for defining concentration—response functions,
b) improved exposure and baseline disease rate inputs for health
impact assessments, and ¢) enhanced attribution to emissions sources.
The end result would be to better prioritize policies that could sub-
stantially reduce air pollution-mediated health inequities (e.g., utility
investments in electric vehicle charging infrastructure).

Monitoring Policy Effectiveness

Although the existing federal regulatory monitoring network is
essential to develop and evaluate clean air policies and standards,
it does not provide geographic coverage adequate to resolve
neighborhood-scale pollution variability.’*>! Expanding innova-
tive approaches to monitoring will help track and verify progress
[i.e., accountability research (see Boogaard et al.>?)] in reducing
air pollution exposure inequities. For example, the impact of clo-
sures of industrial facilities on air pollution and associated health
outcomes was quantified using an ensemble model that incorpo-
rates land-use and satellite-derived variables to estimate weekly
ambient PM, 5 concentrations in each ZIP code before and after
facility closure.>® Recent research has demonstrated the potential
utility of fine-scale satellite atmospheric composition measure-
ments for evaluating the impacts of policy changes on exposure
disparities, such as quantifying changes in the magnitude of
racial/ethnic disparities in NO, concentrations in U.S. urban areas
associated with reductions in traffic during the early months of
the COVID-19 pandemic,'® evaluating the effect of diesel emis-
sion control strategies on air pollution inequity,®>* and examin-
ing the localized air quality impacts of freeway rerouting.>
Studies also show that diesel emission control technologies
reduce but do not eliminate disparities.®>® Other research has
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used empirical models that incorporate regulatory monitor meas-
urements and satellite observations to quantify changes in the
magnitude of national racial/ethnic and socioeconomic air pollu-
tion disparities over multiple decades.®!'!

From our perspective, further advancement in methods for
monitoring fine-scale changes in pollution concentrations over
time (e.g., mobile monitoring,*® low-cost sensors®’) will assist in
tracking and confirmation of the impact of place-based policy
interventions on reducing air pollution-related health disparities.
Characterizing uncertainty (e.g., data quality, accuracy, represen-
tativeness) also must be a key priority.’® For example, hourly,
daily, and weekly temporal variation in emissions, as well as data
on residents’ movements through space, can refine analyses of
exposure inequities.”® In addition, movements of residents over
yearly timescales should be considered when tracking effective-
ness given that lessons from other place-based programs, such as
hazardous waste clean-ups and allocation of education resources,
indicate gentrification processes could reduce long-term benefits
accrued to the original residents.®0-62

Recommendations

We believe that to ensure the effectiveness of future environmental
and climate policies in addressing longstanding and persistent air
pollution inequities, scientists, advocates, and environmental regu-
lators must collaboratively develop new data collection and ana-
lytic frameworks to aid the design and implementation of place-
based policies [Figure 1 (inspired by a California Air Resources
Board white paper®)]. Specifically, environmental regulators
must prioritize projecting and tracking the distributional impacts of
new policies at appropriate geographic and temporal scales. The
U.S. EPA Scientific Advisory Board recently emphasized this
need in calling for the U.S. EPA to “develop a strategy for system-
atic, quantitative evaluation of the environmental justice impacts
of ... regulations,” as part of their recent regulatory reviews of sci-
ence supporting the U.S. EPA’s proposed rule on control of air
pollution from new motor vehicle standards.®* Novel monitoring
and modeling technologies have the potential to greatly aid the
effort to characterize and abate air pollution sources contributing
to health disparities. To meet that potential, regulators will need
to update and expand regulatory frameworks to incorporate new
data. For example, a recent analysis in California demonstrated
how satellite-derived estimates can inform air quality manage-
ment by screening locations not represented within the regulatory
monitoring network.®> Recent public comments from a coalition
of environmental and public health advocates emphasized that
the U.S. “EPA must amend its monitoring network requirements
to ensure adequate monitoring of air pollution in at-risk com-
munities, including communities of color and low-income com-
munities” and called on the U.S. EPA to “issue guidance as soon
as possible to ensure that data collected. . .using new technolo-
gies and hybrid approaches may factor into regulatory decision-
making.”®® We recommend that regulators leverage insights
from novel data sources, including community-led monitoring
supported by new U.S. EPA funding, to improve and expand the
regulatory monitoring network and inform regulatory decision-
making that alleviates pollution disparities.

The scientific community must work closely with regulators,
advocates, and impacted communities to advance data collection
and analysis strategies that match the goals of environmental and
climate justice policies, integrating diverse data streams using ac-
cessible reporting methods while also acknowledging and charac-
terizing uncertainty as accurately as possible.’® We assert that
collaboration by governments, scientists, and advocates will be
critical to address key technical, governance, and ethical ques-
tions and challenges, including how to enable broad access and
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Figure 1. Diagram illustrating relationships between data sources, models, collaboration for synthesis, and policy and communication. Central circles represent
components of an integrated data analysis and policy framework to maximize reduction in air pollution-related health inequities. Lighter colored rectangles are
examples of observational data sets, models across health and environmental sciences, and relevant policy and communication outcomes. This figure was modi-

fied from a figure by the California Air Resources Board.®?

understanding of an increasingly complex data ecosystem, syn-
thesize data from multiple sources into information useful to
policymakers and community leaders, and ensure feedback
mechanisms that incorporate local lived experience. Critically,
this collaborative work must be grounded in the principles of
environmental justice,®’ antiracism,%%%° and community sci-
ence,’® including centering the priorities of impacted commun-
ities and ensuring that community representatives serve in
decision-making roles. These efforts can build on work already
underway, including the collaborative work of the community-
based organization Comite Civico del Valle and government and
academic partners to deploy the Imperial County Community
Air Monitoring Network”! and the activities of the National
Aeronautics and Space Administration Health and Air Quality
Applied Sciences Team to advance the use of satellite data for
environmental justice (https://haqast.org/tiger-teams/), and
can leverage new resources, including funding through the
U.S. EPA’s Environmental Justice Collaborative Problem
Solving Cooperative Agreement Program (https://www.epa.
gov/environmentaljustice/environmental-justice-collaborative-
problem-solving-cooperative-agreement-5), and the Environmental
Justice Thriving Communities Technical Assistance Centers
(https://www.epa.gov/environmentaljustice/environmental-justice-
thriving-communities-technical-assistance-centers).

With federal resources made available via the IIJA and IRA,
we believe it is now more important than ever to advance the col-
lection and analysis of fine-scale spatial and temporal environ-
mental and health data to support the design, implementation,
and evaluation of policies that reduce inequities in air pollution
exposure and associated health impacts.

Acknowledgments

Author contributions: Conceptualization: J.M.G., M.H.H., AR.,
T.M.T., and M.D.; Methodology: J.M.G., M.H.H., AR., TM.T,
and M.D.; Investigation: J.M.G., M.H.H., A.R., TM.T., M.D.,
S.CA, JSA., MAAGD.,, IMD., GHK.,, JDM., AEN,,
REP. SEP., and V.A.S.; Visualization: J.S.A., AEN., S AV,

Environmental Health Perspectives

125003-4

M.HH., and JM.G.; Funding acquisition: R.A.A. and S.A.V.;
Project Administration: JM.G., M.H.H., M.D., R A.A,, and S.A.V_;
Writing—original draft: J.M.G., M.H.H., A.R., and T M.T.;
Writing—review and editing: J.M.G., M.H.H., A.R., TM.T.,
MD., RAA, SCA. JSA, MAAGD, IMD., GHK,, ]JD.M.,
AEN,RFP,SEP,V.AS., and S AV.

This manuscript grew from discussions during a year-long
virtual seminar series (2021-2022) on air quality and health
inequities organized by Environmental Defense Fund. We
acknowledge contributions from participants in the seminar
series. We also acknowledge authors of the California Air
Resources Board white paper® that inspired Figure 1.

Funding was provided to authors by the following organizations:
Valhalla Foundation (J.M.G., M.H.H., AR., TM.T., M.D.,
R.A.A., A[ENN., and S.A.V.), Quadrivium Foundation (J.M.G.,
M.HH., AR.,, TM.T., M.D,, RAA., AEN., and S.A.V.),
University of Virginia College Science Scholars Program (LM.D.),
University of Virginia Double Hoo Award (ILM.D.), National
Aeronautics and Space Administration New (Early Career)
Investigator Program in Earth Science (8ONSSC21K0935) to
S.E.P., National Science Foundation CAREER Award (AGS
2047150) to S.E.P. Data and materials availability: All data
are available in the main text or the Supplemental Material.

References

1. White House. 2022. FACT SHEET: Biden-Harris Administration holds Justice40
Week of Action to highlight historic investments in overburdened and under-
served communities. Published online 23 May 2023. https://www.whitehouse.
gov/briefing-room/statements-releases/2022/05/23/fact-sheet-biden-harris-
administration-holds-justice40-week-of-action-to-highlight-historic-investments-
in-overburdened-and-underserved-communities/ [accessed 1 November 2023].

2. lllinois Power Agency. 2022. 2022 Long-term Renewable Resources Procurement
Plan. Final Plan. https://ipa.illinois.gov/content/dam/soi/en/web/ipa/documents/
2022-long-term-plan-23-august.pdf [accessed 15 January 2023].

3. California Office of Environmental Health Hazard Assessment. 2022. SB535
Disadvantaged Communities, 2022 Update. https;/oehha.ca.gov/calenviroscreen/sh535
[accessed 15 January 2023].

4. New York State Climate Justice Working Group. 2022. Disadvantaged
Communities Criteria. https://climate.ny.gov/resources/climate-justice-working-
group/#disadvantaged-communities-map [accessed 15 January 2023].

131(12) December 2023


https://haqast.org/tiger-teams/
https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-agreement-5
https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-agreement-5
https://www.epa.gov/environmentaljustice/environmental-justice-collaborative-problem-solving-cooperative-agreement-5
https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-technical-assistance-centers
https://www.epa.gov/environmentaljustice/environmental-justice-thriving-communities-technical-assistance-centers
https://www.whitehouse.gov/briefing-room/statements-releases/2022/05/23/fact-sheet-biden-harris-administration-holds-justice40-week-of-action-to-highlight-historic-investments-in-overburdened-and-underserved-communities/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/05/23/fact-sheet-biden-harris-administration-holds-justice40-week-of-action-to-highlight-historic-investments-in-overburdened-and-underserved-communities/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/05/23/fact-sheet-biden-harris-administration-holds-justice40-week-of-action-to-highlight-historic-investments-in-overburdened-and-underserved-communities/
https://www.whitehouse.gov/briefing-room/statements-releases/2022/05/23/fact-sheet-biden-harris-administration-holds-justice40-week-of-action-to-highlight-historic-investments-in-overburdened-and-underserved-communities/
https://ipa.illinois.gov/content/dam/soi/en/web/ipa/documents/2022-long-term-plan-23-august.pdf
https://ipa.illinois.gov/content/dam/soi/en/web/ipa/documents/2022-long-term-plan-23-august.pdf
https://oehha.ca.gov/calenviroscreen/sb535
https://climate.ny.gov/resources/climate-justice-working-group/#disadvantaged-communities-map
https://climate.ny.gov/resources/climate-justice-working-group/#disadvantaged-communities-map

20.

21.

22.

23.

24.

25.

Environmental Health Perspectives

. Washington State Department of Health. 2022. Washington Environmental

Health Disparities Map, Version 2.0, Technical Report. https://doh.wa.gov/sites/
default/files/2022-07/311-011-EHD-Map-Tech-Report_0.pdf?uid=63e13f2febb79
[accessed 15 January 2023].

. Nowlan A. 2022. Historic investments in air quality monitoring can give com-

munities a voice in clean air solutions. Published 8 September 2022. https://
globalcleanair.org/health/historic-investments-in-air-quality-monitoring-can-give-
communities-a-voice-in-clean-air-solutions/ [accessed 19 July 2023].

. White House. 2023. A Guidebook to the Bipartisan Infrastructure Law. https://

www.whitehouse.gov/build/guidebook/ [accessed 13 November 2023].

. Demetillo MAG, Harkins C, McDonald BC, Chodrow PS, Sun K, Pusede SE.

2021. Space-based observational constraints on NO, air pollution inequality
from diesel traffic in major US cities. Geophys Res Lett 48(17):e2021GL094333,
https://doi.org/10.1029/2021GL094333.

. Jbaily A, Zhou X, Liu J, Lee TH, Kamareddine L, Verguet S, et al. 2022. Air pollu-

tion exposure disparities across US population and income groups. Nature
601(7892):228-233, PMID: 35022594, https://doi.org/10.1038/s41586-021-04190-y.

. Kerr GH, Goldberg DL, Anenberg SC. 2021. COVID-19 pandemic reveals persis-

tent disparities in nitrogen dioxide pollution. Proc Natl Acad Sci USA 118(30):
€2022409118, PMID: 34285070, https://doi.org/10.1073/pnas.2022409118.

. Liu J, Clark LP, Bechle MJ, Hajat A, Kim SY, Robinson AL, et al. 2021.

Disparities in air pollution exposure in the United States by race/ethnicity and
income, 1990-2010. Environ Health Perspect 129(12):127005, PMID: 34908495,
https://doi.org/10.1289/EHP8584.

. Tessum CW, Paolella DA, Chambliss SE, Apte JS, Hill JD, Marshall JD. 2021.

PM, 5 polluters disproportionately and systemically affect people of color in
the United States. Sci Adv 7(18):eabf4491, PMID: 33910895, https://doi.org/10.
1126/sciadv.abf4491.

. Lane HM, Morello-Frosch R, Marshall JD, Apte JS. 2022. Historical redlining is asso-

ciated with present-day air pollution disparities in U.S. cities. Environ Sci Technol
Lett 9(4):345-350, PMID: 35434171, https://doi.org/10.1021/acs.estlett.1c01012.

. Bramble K, Blanco MN, Doubleday A, Gassett AJ, Hajat A, Marshall JD, et al.

2023. Exposure disparities by income, race and ethnicity, and historic redlining
grade in the greater Seattle area for ultrafine particles and other air pollutants.
Environ Health Perspect 131(7):077004, PMID: 37404015, https://doi.org/10.1289/
EHP11662.

. Saha PK, Presto AA, Hankey S, Marshall JD, Robinson AL. 2022. Racial-ethnic

exposure disparities to airborne ultrafine particles in the United States.
Environ Res Lett 17(10):104047, https://doi.org/10.1088/1748-9326/ac95af.

. Clark LP, Harris MH, Apte JS, Marshall JD. 2022. National and intraurban air

pollution exposure disparity estimates in the United States: impact of data-
aggregation spatial scale. Environ Sci Technol Lett 9(9):786-791, PMID:
36118958, https://doi.org/10.1021/acs.estlett.2c00403.

. Dressel IM, Demetillo MAG, Judd LM, Janz SJ, Fields KP, Sun K, et al. 2022.

Daily satellite observations of nitrogen dioxide air pollution inequality in New
York City, New York and Newark, New Jersey: evaluation and application.
Environ Sci Technol 56(22):15298-15311, PMID: 36224708, https://doi.org/10.
1021/acs.est.2c02828.

. Demetillo MAG, Navarro A, Knowles KK, Fields KP, Geddes JA, Nowlan CR, et al.

2020. Observing nitrogen dioxide air pollution inequality using high-spatial-
resolution remote sensing measurements in Houston, Texas. Environ Sci Technol
54(16):9882-9895, PMID: 32806912, https://doi.org/10.1021/acs.est.0c01864.

. Braveman P, Gottlieb L. 2014. The social determinants of health: it's time to

consider the causes of the causes. Public Health Rep 129(suppl 2):19-31,
PMID: 24385661, https://doi.org/10.1177/00333549141291S206.

Homan P, Brown TH, King B. 2021. Structural intersectionality as a new direc-
tion for health disparities research. J Health Soc Behav 62(3):350-370, PMID:
34355603, https://doi.org/10.1177/00221465211032947.

Jeffries N, Zaslavsky AM, Diez Roux AV, Creswell JW, Palmer RC, Gregorich SE,
et al. 2019. Methodological approaches to understanding causes of health dispar-
ities. Am J Public Health 109(S1):528-S33, PMID: 30699015, https://doi.org/10.2105/
AJPH.2018.304843.

Gee GC, Payne-Sturges DC. 2004. Environmental health disparities: a frame-
work integrating psychosocial and environmental concepts. Environ Health
Perspect 112(17):1645-1653, PMID: 15579407, https://doi.org/10.1289/ehp.7074.
Payne-Sturges DC, Cory-Slechta DA, Puett RC, Thomas SB, Hammond R,
Hovmand PS. 2021. Defining and intervening on cumulative environmental neuro-
developmental risks: introducing a complex systems approach. Environ Health
Perspect 129(3):035001, PMID: 33688743, https://doi.org/10.1289/EHP7333.

Castillo MD, Kinney PL, Southerland V, Arno CA, Crawford K, van Donkelaar A,
et al. 2021. Estimating intra-urban inequities in PM,s-attributable health
impacts: a case study for Washington, DC. Geohealth 5(11):e2021GH000431,
PMID: 34765851, https://doi.org/10.1029/2021GH000431.

Southerland VA, Anenberg SC, Harris M, Apte J, Hystad P, van Donkelaar A,
et al. 2021. Assessing the distribution of air pollution health risks within cities:
a neighborhood-scale analysis leveraging high-resolution data sets in the Bay

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44

45.

46.

125003-5

Area, California. Environ Health Perspect 129(3):037006, PMID: 33787320,
https://doi.org/10.1289/EHP7679.

Di Q, Amini H, Shi L, Kloog |, Silvern R, Kelly J, et al. 2019. An ensemble-
based model of PM,5 concentration across the contiguous United States
with high spatiotemporal resolution. Environ Int 130:104909, PMID: 31272018,
https://doi.org/10.1016/j.envint.2019.104909.

Di Q, Wang Y, Zanobetti A, Wang Y, Koutrakis P, Choirat C, et al. 2017. Air pollu-
tion and mortality in the Medicare population. N Engl J Med 376(26):2513-2522,
PMID: 28657878, https://doi.org/10.1056/NEJMoa1702747.

Industrial Economics, Incorporated. 2022. Analysis of PM,s-Related Health
Burdens Under Current and Alternative NAAQGS. https://globalcleanair.org/
files/2022/05/Analysis-of-PM2.5-Related-Health-Burdens-Under-Current-and-
Alternative-NAAQS.pdf [accessed 1 February 2023].

Spiller E, Proville J, Roy A, Muller NZ. 2021. Mortality risk from PM,s: a com-
parison of modeling approaches to identify disparities across racial/ethnic
groups in policy outcomes. Environ Health Perspect 129(12):127004, PMID:
34878311, https://doi.org/10.1289/EHPI001.

Daouda M, Henneman L, Goldsmith J, Kioumourtzoglou MA, Casey JA. 2022.
Racial/ethnic disparities in nationwide PM, 5 concentrations: perils of assuming
a linear relationship. Environ Health Perspect 130(7):077701, PMID: 35857400,
https://doi.org/10.1289/EHP11048.

Tessum CW, Apte JS, Goodkind AL, Muller NZ, Mullins KA, Paolella DA, et al.
2019. Inequity in consumption of goods and services adds to racial—ethnic dis-
parities in air pollution exposure. Proc Natl Acad Sci USA 116(13):6001-6006,
PMID: 30858319, https://doi.org/10.1073/pnas.1818859116.

Lateb M, Meroney RN, Yataghene M, Fellouah H, Saleh F, Boufadel MC. 2016.
On the use of numerical modelling for near-field pollutant dispersion in urban
environments—a review. Environ Pollut 208(pt A):271-283, PMID: 26282585,
https://doi.org/10.1016/j.envpol.2015.07.039.

Russell A, Dennis R. 2000. NARSTO critical review of photochemical models
and modeling. Atmos Environ 34(12-14):2283-2324, https://doi.org/10.1016/
S$1352-2310(99)00468-9.

U.S. EPA (U.S. Environmental Protection Agency). 2015. Air Emissions Inventories.
Published 11 March 2015. https://www.epa.gov/air-emissions-inventories/national-
emissions-inventory-nei [accessed 13 November 2023].

Goodkind AL, Tessum CW, Coggins JS, Hill JD, Marshall JD. 2019. Fine-scale
damage estimates of particulate matter air pollution reveal opportunities for
location-specific mitigation of emissions. Proc Natl Acad Sci USA 116(18):8775—
8780, PMID: 30962364, https://doi.org/10.1073/pnas.1816102116.

Harkins C, McDonald BC, Henze DK, Wiedinmyer C. 2021. A fuel-based method
for updating mobile source emissions during the COVID-19 pandemic. Environ
Res Lett 16(6):065018, https://doi.org/10.1088/1748-9326/ac0660.

Li M, McDonald BC, McKeen SA, Eskes H, Levelt P, Francoeur C, et al. 2021.
Assessment of updated fuel-based emissions inventories over the contigu-
ous United States using TROPOMI NO, retrievals. J Geophys Res 126(24):
€2021JD035484.

Ma S, Tong DQ. 2022. Neighborhood emission mapping operation (NEMO): a 1-
km anthropogenic emission dataset in the United States. Sci Data 9(1):680,
PMID: 36351966, https://doi.org/10.1038/s41597-022-01790-9.

Shah RU, Robinson ES, Gu P, Apte JS, Marshall JD, Robinson AL, et al. 2020.
Socio-economic disparities in exposure to urban restaurant emissions are
larger than for traffic. Environ Res Lett 15(11):114039, https://doi.org/10.1088/
1748-9326/abbc92.

Clark LP, Millet DB, Marshall JD. 2014, National patterns in environmental
injustice and inequality: outdoor NO, air pollution in the United States. PLoS
One 9(4):e94431, PMID: 24736569, https://doi.org/10.1371/journal.pone.0094431.
Clark LP, Millet DB, Marshall JD. 2017. Changes in transportation-related air
pollution exposures by race-ethnicity and socioeconomic status: outdoor nitro-
gen dioxide in the United States in 2000 and 2010. Environ Health Perspect
125(9):097012, PMID: 28930515, https://doi.org/10.1289/EHP959.

Chambliss SE, Pinon CPR, Messier KP, LaFranchi B, Upperman CR, Lunden
MM, et al. 2021. Local- and regional-scale racial and ethnic disparities in air
pollution determined by long-term mobile monitoring. Proc Natl Acad Sci USA
118(37):22109249118, PMID: 34493674, https://doi.org/10.1073/pnas.2109249118.
Rowangould GM. 2013. A census of the US near-roadway population: public
health and environmental justice considerations. Transp Res D Transp Environ
25:59-67, https://doi.org/10.1016/j.trd.2013.08.003.

Nguyen NP, Marshall JD. 2018. Impact, efficiency, inequality, and injustice
of urban air pollution: variability by emission location. Environ Res Lett
13(2):024002, https://doi.org/10.1088/1748-9326/aadch5.

Thind MPS, Tessum CW, Azevedo IL, Marshall JD. 2019. Fine particulate air
pollution from electricity generation in the US: health impacts by race, income,
and geography. Environ Sci Technol 53(23):14010-14019, PMID: 31746196,
https://doi.org/10.1021/acs.est.9b02527.

Luo Q, Copeland B, Garcia-Menendez F, Johnson JX. 2022. Diverse pathways
for power sector decarbonization in Texas yield health cobenefits but fail to

131(12) December 2023


https://doh.wa.gov/sites/default/files/2022-07/311-011-EHD-Map-Tech-Report_0.pdf?uid=63e13f2febb79
https://doh.wa.gov/sites/default/files/2022-07/311-011-EHD-Map-Tech-Report_0.pdf?uid=63e13f2febb79
https://globalcleanair.org/health/historic-investments-in-air-quality-monitoring-can-give-communities-a-voice-in-clean-air-solutions/
https://globalcleanair.org/health/historic-investments-in-air-quality-monitoring-can-give-communities-a-voice-in-clean-air-solutions/
https://globalcleanair.org/health/historic-investments-in-air-quality-monitoring-can-give-communities-a-voice-in-clean-air-solutions/
https://www.whitehouse.gov/build/guidebook/
https://www.whitehouse.gov/build/guidebook/
https://doi.org/10.1029/2021GL094333
https://www.ncbi.nlm.nih.gov/pubmed/35022594
https://doi.org/10.1038/s41586-021-04190-y
https://www.ncbi.nlm.nih.gov/pubmed/34285070
https://doi.org/10.1073/pnas.2022409118
https://www.ncbi.nlm.nih.gov/pubmed/34908495
https://doi.org/10.1289/EHP8584
https://www.ncbi.nlm.nih.gov/pubmed/33910895
https://doi.org/10.1126/sciadv.abf4491
https://doi.org/10.1126/sciadv.abf4491
https://www.ncbi.nlm.nih.gov/pubmed/35434171
https://doi.org/10.1021/acs.estlett.1c01012
https://www.ncbi.nlm.nih.gov/pubmed/37404015
https://doi.org/10.1289/EHP11662
https://doi.org/10.1289/EHP11662
https://doi.org/10.1088/1748-9326/ac95af
https://www.ncbi.nlm.nih.gov/pubmed/36118958
https://doi.org/10.1021/acs.estlett.2c00403
https://www.ncbi.nlm.nih.gov/pubmed/36224708
https://doi.org/10.1021/acs.est.2c02828
https://doi.org/10.1021/acs.est.2c02828
https://www.ncbi.nlm.nih.gov/pubmed/32806912
https://doi.org/10.1021/acs.est.0c01864
https://www.ncbi.nlm.nih.gov/pubmed/24385661
https://doi.org/10.1177/00333549141291S206
https://www.ncbi.nlm.nih.gov/pubmed/34355603
https://doi.org/10.1177/00221465211032947
https://www.ncbi.nlm.nih.gov/pubmed/30699015
https://doi.org/10.2105/AJPH.2018.304843
https://doi.org/10.2105/AJPH.2018.304843
https://www.ncbi.nlm.nih.gov/pubmed/15579407
https://doi.org/10.1289/ehp.7074
https://www.ncbi.nlm.nih.gov/pubmed/33688743
https://doi.org/10.1289/EHP7333
https://www.ncbi.nlm.nih.gov/pubmed/34765851
https://doi.org/10.1029/2021GH000431
https://www.ncbi.nlm.nih.gov/pubmed/33787320
https://doi.org/10.1289/EHP7679
https://www.ncbi.nlm.nih.gov/pubmed/31272018
https://doi.org/10.1016/j.envint.2019.104909
https://www.ncbi.nlm.nih.gov/pubmed/28657878
https://doi.org/10.1056/NEJMoa1702747
https://globalcleanair.org/files/2022/05/Analysis-of-PM2.5-Related-Health-Burdens-Under-Current-and-Alternative-NAAQS.pdf
https://globalcleanair.org/files/2022/05/Analysis-of-PM2.5-Related-Health-Burdens-Under-Current-and-Alternative-NAAQS.pdf
https://globalcleanair.org/files/2022/05/Analysis-of-PM2.5-Related-Health-Burdens-Under-Current-and-Alternative-NAAQS.pdf
https://www.ncbi.nlm.nih.gov/pubmed/34878311
https://doi.org/10.1289/EHP9001
https://www.ncbi.nlm.nih.gov/pubmed/35857400
https://doi.org/10.1289/EHP11048
https://www.ncbi.nlm.nih.gov/pubmed/30858319
https://doi.org/10.1073/pnas.1818859116
https://www.ncbi.nlm.nih.gov/pubmed/26282585
https://doi.org/10.1016/j.envpol.2015.07.039
https://doi.org/10.1016/S1352-2310(99)00468-9
https://doi.org/10.1016/S1352-2310(99)00468-9
https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
https://www.ncbi.nlm.nih.gov/pubmed/30962364
https://doi.org/10.1073/pnas.1816102116
https://doi.org/10.1088/1748-9326/ac0660
https://www.ncbi.nlm.nih.gov/pubmed/36351966
https://doi.org/10.1038/s41597-022-01790-9
https://doi.org/10.1088/1748-9326/abbc92
https://doi.org/10.1088/1748-9326/abbc92
https://www.ncbi.nlm.nih.gov/pubmed/24736569
https://doi.org/10.1371/journal.pone.0094431
https://www.ncbi.nlm.nih.gov/pubmed/28930515
https://doi.org/10.1289/EHP959
https://www.ncbi.nlm.nih.gov/pubmed/34493674
https://doi.org/10.1073/pnas.2109249118
https://doi.org/10.1016/j.trd.2013.08.003
https://doi.org/10.1088/1748-9326/aa9cb5
https://www.ncbi.nlm.nih.gov/pubmed/31746196
https://doi.org/10.1021/acs.est.9b02527

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

Environmental Health Perspectives

alleviate air pollution exposure inequities. Environ Sci Technol 56(18):13274—
13283, PMID: 36070515, https://doi.org/10.1021/acs.est.2c00881.

Thind MPS, Tessum CW, Marshall JD. 2022. Environmental health, racial/ethnic
health disparity, and climate impacts of inter-regional freight transport in the
United States. Environ Sci Technol 57(2):884-895, PMID: 36580637, https://doi.org/
10.1021/acs.est.2c03646.

Wang Y, Apte JS, Hill JD, Ivey CE, Patterson RF, Robinson AL, et al. 2022.
Location-specific strategies for eliminating US national racial-ethnic PM, 5 ex-
posure inequality. Proc Natl Acad Sci USA 119(44):e2205548119, PMID:
36279443, https://doi.org/10.1073/pnas.2205548119.

Wang Y, Apte JS, Hill JD, Ivey CE, Johnson D, Min E, et al. 2023. Air quality pol-
icy should quantify effects on disparities. Science 381(6655):272—-274, PMID:
37471550, https://doi.org/10.1126/science.adg9931.

deSouza P, Kinney PL. 2021. On the distribution of low-cost PM,5 sensors in the
US: demographic and air quality associations. J Expo Sci Environ Epidemiol
31(3):514-524, PMID: 33958706, https://doi.org/10.1038/s41370-021-00328-2.
Sullivan D, Krupnick A. 2018. Using Satellite Data to Fill the Gaps in the US Air
Pollution Monitoring Network. Resources for the Future. https://www.rff.org/
publications/working-papers/using-satellite-data-to-fill-the-gaps-in-the-us-air-pollution-
monitoring-network/ [accessed 4 July 2023].

Boogaard H, van Erp AM, Walker KD, Shaikh R. 2017. Accountability studies on
air pollution and health: the HEI experience. Curr Environ Health Rep 4(4):514—
522, PMID: 28988407, https://doi.org/10.1007/s40572-017-0161-0.

Chen C, llango SD, Henneman LRF, Casey JA, Benmarhnia T. 2023. The local
impacts of coal and oil power plant retirements on air pollution and cardiores-
piratory health in California: an application of generalized synthetic control
method. Environ Res 226:115626, PMID: 36907346, https://doi.org/10.1016/j.
envres.2023.115626.

Patterson RF, Harley RA. 2021. Effects of diesel engine emission controls on
environmental equity and justice. Environ Justice 14(5):360-371, https://doi.org/
10.1089/env.2020.0078.

Patterson RF, Harley RA. 2019. Effects of freeway rerouting and boulevard
replacement on air pollution exposure and neighborhood attributes. Int J
Environ Res Public Health 16(21):4072, PMID: 31652720, https://doi.org/10.3390/
ijerph16214072.

Marshall JD, Swor KR, Nguyen NP. 2014. Prioritizing environmental justice
and equality: diesel emissions in Southern California. Environ Sci Technol
48(7):4063-4068, PMID: 24559220, https://doi.org/10.1021/es405167f.

Do K, Yu H, Velasquez J, Grell-Brisk M, Smith H, Ivey CE. 2021. A data-driven
approach for characterizing community scale air pollution exposure disparities
in inland Southern California. J Aerosol Sci 152:105704, https://doi.org/10.1016/j.
jaerosci.2020.105704.

National Academies of Sciences, Engineering, and Medicine. 2022. Communities,
Climate Change, and Health Equity—State-Level Implementation: Proceedings of
a Workshop—in Brief. Washington, DC: National Academies Press.

Park YM, Kwan MP. 2017. Individual exposure estimates may be erroneous when
spatiotemporal variability of air pollution and human mobility are ignored. Health
Place 43:85-94, PMID: 27914271, https://doi.org/10.1016/j.healthplace.2016.10.002.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

125003-6

Acolin A, Crowder K, Decter-Frain A, Hajat A, Hall M. 2022. Gentrification, mo-
bility, and exposure to contextual determinants of health. Hous Policy Debate
33(1):194-223, PMID: 37200539, https://doi.org/10.1080/10511482.2022.2099937.
Loh J, Loh TH. 2020. How we define ‘need’ for place-based policy reveals
where poverty and race intersect. https://www.brookings.edu/research/how-
we-define-need-for-place-based-policy-reveals-where-poverty-and-race-
intersect/ [accessed 6 September 2022].

Cassidy AW, Hill EL, Ma L. 2022. Who benefits from hazardous waste clean-
ups? Evidence from the housing market. NBER Working Paper No. w30661.
https://doi.org/10.2139/ssrn.4282511.

Cohen RC, Preble CV, Apte JS, Kirchstetter TW, Arnett M. 2023. An integrated
framework to guide improvements in air quality at community, urban, and re-
gional scales: Recommendations for the future of the air quality ecosystem in
California. https://ww2.arb.ca.gov/integrated-framework-guide-improvements-air-
quality-community-urban-and-regional-scales [accessed 13 November 2023].

U.S. EPA. 2022. Science Advisory Board Regulatory Review Report of Science
Supporting EPA Decisions for the Proposed Rule: Control of Air Pollution from
New Motor Vehicles: Heavy-Duty Engine and Vehicle Standards (RIN 2060-AU41).
EPA-SAB-23-001. https://sab.epa.gov/ords/sab/f?p=114:18:9476967133120:::RP,18:
P18_ID:2625 [accessed 15 February 2023].

Gladson L, Garcia N, Bi J, Liu Y, Lee HJ, Cromar K. 2022. Evaluating the utility of
high-resolution spatiotemporal air pollution data in estimating local PM,5 expo-
sures in California from 2015-2018. Atmosphere (Basel) 13(1):85, https:/doi.org/10.
3390/atmos13010085.

U.S. EPA. 2023. Comment submitted by Appalachian Mountain Club et al. to
EPA Apr 3, 2023 EPA-HQ-0AR-2015-0072-1543. Published online 3 April 2023.
https://www.regulations.gov/comment/EPA-HQ-0AR-2015-0072-2233 [accessed
5 July 2023].

Van Horne YO, Alcala CS, Peltier RE, Quintana PJE, Seto E, Gonzales M, et al.
2023. An applied environmental justice framework for exposure science. J
Expo Sci Environ Epidemiol 33(1):1-11, PMID: 35260805, https://doi.org/10.1038/
s41370-022-00422-z.

Payne-Sturges DC, Gee GC, Cory-Slechta DA. 2021. Confronting racism in environ-
mental health sciences: moving the science forward for eliminating racial inequi-
ties. Environ Health Perspect 129(5):055002, PMID: 33945300, https://doi.org/10.
1289/EHP8186.

Wilkins D, Schulz AJ. 2023. Antiracist research and practice for environmental
health: implications for community engagement. Environ Health Perspect
131(5):055002, PMID: 37224068, https://doi.org/10.1289/EHP11384.

Pandya R, Aurbach EL, Burns K, Chalk AM. 2023. Recommendations for an NSF
Convergence Accelerator Track on Community Science A Community Science
Report of an NSF-funded Convergence Accelerator Workshop Facilitated by
the American Geophysical Union. ESS Open Archive. Preprint posted online
March 12023, https://doi.org/10.22541/essoar.167768122.22544063/v1.

English PB, Olmedo L, Bejarano E, Lugo H, Murillo E, Seto E, et al. 2017. The
Imperial County Community Air Monitoring Network: a model for community-
based environmental monitoring for public health action. Environ Health
Perspect 125(7):074501, PMID: 28886604, https://doi.org/10.1289/EHP1772.

131(12) December 2023


https://www.ncbi.nlm.nih.gov/pubmed/36070515
https://doi.org/10.1021/acs.est.2c00881
https://www.ncbi.nlm.nih.gov/pubmed/36580637
https://doi.org/10.1021/acs.est.2c03646
https://doi.org/10.1021/acs.est.2c03646
https://www.ncbi.nlm.nih.gov/pubmed/36279443
https://doi.org/10.1073/pnas.2205548119
https://www.ncbi.nlm.nih.gov/pubmed/37471550
https://doi.org/10.1126/science.adg9931
https://www.ncbi.nlm.nih.gov/pubmed/33958706
https://doi.org/10.1038/s41370-021-00328-2
https://www.rff.org/publications/working-papers/using-satellite-data-to-fill-the-gaps-in-the-us-air-pollution-monitoring-network/
https://www.rff.org/publications/working-papers/using-satellite-data-to-fill-the-gaps-in-the-us-air-pollution-monitoring-network/
https://www.rff.org/publications/working-papers/using-satellite-data-to-fill-the-gaps-in-the-us-air-pollution-monitoring-network/
https://www.ncbi.nlm.nih.gov/pubmed/28988407
https://doi.org/10.1007/s40572-017-0161-0
https://www.ncbi.nlm.nih.gov/pubmed/36907346
https://doi.org/10.1016/j.envres.2023.115626
https://doi.org/10.1016/j.envres.2023.115626
https://doi.org/10.1089/env.2020.0078
https://doi.org/10.1089/env.2020.0078
https://www.ncbi.nlm.nih.gov/pubmed/31652720
https://doi.org/10.3390/ijerph16214072
https://doi.org/10.3390/ijerph16214072
https://www.ncbi.nlm.nih.gov/pubmed/24559220
https://doi.org/10.1021/es405167f
https://doi.org/10.1016/j.jaerosci.2020.105704
https://doi.org/10.1016/j.jaerosci.2020.105704
https://www.ncbi.nlm.nih.gov/pubmed/27914271
https://doi.org/10.1016/j.healthplace.2016.10.002
https://www.ncbi.nlm.nih.gov/pubmed/37200539
https://doi.org/10.1080/10511482.2022.2099937
https://www.brookings.edu/research/how-we-define-need-for-place-based-policy-reveals-where-poverty-and-race-intersect/
https://www.brookings.edu/research/how-we-define-need-for-place-based-policy-reveals-where-poverty-and-race-intersect/
https://www.brookings.edu/research/how-we-define-need-for-place-based-policy-reveals-where-poverty-and-race-intersect/
https://doi.org/10.2139/ssrn.4282511
https://ww2.arb.ca.gov/integrated-framework-guide-improvements-air-quality-community-urban-and-regional-scales
https://ww2.arb.ca.gov/integrated-framework-guide-improvements-air-quality-community-urban-and-regional-scales
https://sab.epa.gov/ords/sab/f?p=114:18:9476967133120:::RP,18:P18_ID:2625
https://sab.epa.gov/ords/sab/f?p=114:18:9476967133120:::RP,18:P18_ID:2625
https://doi.org/10.3390/atmos13010085
https://doi.org/10.3390/atmos13010085
https://www.regulations.gov/comment/EPA-HQ-OAR-2015-0072-2233
https://www.ncbi.nlm.nih.gov/pubmed/35260805
https://doi.org/10.1038/s41370-022-00422-z
https://doi.org/10.1038/s41370-022-00422-z
https://www.ncbi.nlm.nih.gov/pubmed/33945300
https://doi.org/10.1289/EHP8186
https://doi.org/10.1289/EHP8186
https://www.ncbi.nlm.nih.gov/pubmed/37224068
https://doi.org/10.1289/EHP11384
https://doi.org/10.22541/essoar.167768122.22544063/v1
https://www.ncbi.nlm.nih.gov/pubmed/28886604
https://doi.org/10.1289/EHP1772

	State-of-the-Science Data and Methods Need to Guide Place-Based Efforts to Reduce Air Pollution Inequity
	Introduction
	Discussion
	Characterizing Inequities in Air Pollution Exposures
	Modeling to Evaluate Health Equity Impacts of Pollution Mitigation Policies
	Monitoring Policy Effectiveness

	Recommendations
	Acknowledgments
	References


