Air quality, health, and
equity in the Washington,
DC region

Susan Anenberg, PhD

Metropolitan Washington Air Quality Committee
October 27, 2021

Milken Institute School
of Public Health

THE GEORGE WASHINGTON UNIVERSITY




Key points

* Air pollution continues to place a large burden on public health globally
and in the U.S.

* Air pollution-related health risks vary within cities, driven by
concentrations and disease rates, contributing to health inequity

* Air pollution may worsen in the future under climate change

* Future air quality management requires a shift from engineering controls
to reducing burning, with many LOCAL and IMMEDIATE benefits for public
health



Efficacy of the Clean Air Act is observable from space

Nitrogen dioxide observed by the Ozone Monitoring Instrument:

20-60% decrease from 2005 to 2016 Courtesy Bryan Duncan, NASA



Evolution of air pollution exposure assessment

Figure 17.1 Cities from which data on exposure to PM;; or TSP during

1985~1999 are available from monitoring cites

610M people

Pop-wt PM, , 12 ygm*®

a3 avadabile Ao .o
. y o oo f
2 A

2004: Surface air quality
monitors used to
estimate 800,000
premature deaths
associated with urban
PM, s (Cohen et al. 2004)

2010: Global chemical
transport model used
to estimate 3.7 million
PM, . deaths and

700,000 ozone deaths

globally (Anenberg et al.

2010)

2012: Satellite observations,
global chemical transport model,
and ground observations
combined to estimate 3.2 million
PM, ; deaths and 152,000 ozone
deaths (Lim et al. 2012)

!

2016-2019: methods
refined to estimate ~4
million PM, . deaths
and 200,000 ozone
deaths (Forouzanfar et
al. 2016, etc.)

f

Future:
geostationary
satellites, low-
cost sensors,
mobile
monitoring, ???




PM, . mortality in cities worldwide
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Ozone mortal
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Mapping Yearly Fine Resolution Global Surface Ozone through the
Bayesian Maximum Entropy Data Fusion of Observations and Model
Output for 1990-2017
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Deaths (Thousands)
® 1
® 2

Deaths

a 1096.63316
403.42879
148.41316
54.59815
20.08554

Top 5 Cities with the Greatest Ozone-attributable Deaths by Region in 2017
Latin America & Caribbean
(n=428)

Africa (n=653)

Europe (n=763)

N. America (n=302)

Asia (n=2941)

Mexico City, Mexico (497.3)

Cairo, Egypt (498.6)

Madrid, Spain (306.2)

Los Angeles, CA, USA (829.5)

New Delhi, India (2840)

SA£o Paulo, Brazil (314.9)

Johannesburg, South Africa (167.2)

Milan, Italy (165.9)

New York, NY, USA (389.5)

Shanghai, China (2619.6)

Buenos Aires, Argentina (128.2)

Kinshasa, DRC (109.7)

Naples, Italy (150.7)

Phoenix, AZ, USA (326)

Kolkata, India (2422.1)

Curitiba, Brazil (83.5)

Algiers, Algeria (66)

Athens, Greece (138.9)

Chicago, IL, USA (234.5)

Beijing, China (2364.7)

No. Oceania (n=30)
1 Sydney, Australia (9.2)
2 Melbourne, Australia (8.6)
3 Brisbane, Australia (3.3)
4 Perth, Australia (2.9)
5 Adelaide, Australia (2.5)

Ciudad JuAjrez, Mexico (61.6)

Mbuji-Mayi, DRC (65.7)

Guadalajara, Spain (128.5)

San Diego, CA, USA (186.7)

Guangzhou; China (2179.5)
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Nigeria) to 48% (Shanghai,
Exceeded 20% in 92 cities,
located in both developed and
developing countries.

nd Paediatric asthma incidence is associated with exposure to traffic-related air pollution (TRAP). but the  Laset Fase sesit 1019

In 125 major cities, the percent of

new pediatric asthma cases
attributable to NO,:

» Ranged from 6% (Orlu,
incidence attributable to ambient NO, pollution: estimates

Global, national, and urban burdens of paediatric asthma
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Ambient air quality guidelines and standards (€W

. _ Ratio: U.S. EPA
WHO.A"' WHO.Alr . . NAAQS: WHO
Quality Quality China Class China Class AQG 2021
Pollutant  Averaging time Guideline 2021 Guideline 2005 U.S. EPA EU 1(2012) 2(2012)
PM2.5 (ug/m3) Annual 5 10 12 25 15 35 2.4
24-hour 15 25 35 - 35 75 24
PM10 (ug/m3) Annual 15 20 - 40 40 70 No NAAQS
24-hour 45 50 150 50 50 150 33
03 (ug/m3) Peak season 60 - - - - - No NAAQS
8-hour 100 100 140 120 100 160 14
1-hour - - - - 160 200 No NAAQS
NO2 (ug/m3) Annual 10 40 100 40 40 40 10
24-hour 25 - - - 80 80 No NAAQS

1-hour 200 200 200 200 200 200 1



PM, ; Concentration {pug/m?)
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WASHINGTON D.C. - Annual Average PM, s Concentration (pg/m?®)
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PM, 5 (po'm?)

Hammer et al. 2020

EPA NAAQS =12 ug/m3

114

10

WHO AQG 2005 = 10 ug/m3

Satellite-derived PM2.5 concentrations (Hammer et al. 2020)
Urban concentration averages (Southerland et al. submitted)
Urban area (GHS-SMOD dataset)

https://share.streamlit.io/nigel1998/urbanag/master/UrbanAQ.py
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03 Concentration (ppb)

https://share.streamlit.io/nigel1998/urbanag/master/UrbanAQ.py

Multi-model average concentrations (Delang et al. 2021)
Urban concentration averages (Malashock et al. in prep)
Urban area (GHS-SMOD dataset)

T T
2010 2012 2014 2016 2018 2020

Year

WHO AQG 2021 =30 ppb




EPA NAAQS = 53 ppb

NO, trends — Washington, DC metro GW

WASHINGTON D.C. - Annual Average NO, Concentration (ppb)

—

224

WHO AQG 2005 = 20 ppb

20

184

16

NO, Concentration (ppb)

144

124
Multi-model average concentrations (Anenberg et al. forthcoming)

Urban concentration averages (Anenberg et al. forthcoming)
Urban area (GHS-SMOD dataset)

104
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Estimating disease burden from air pollution

Expos:i![se level Population

Age | Sex | Year | Location Attri butable
Fraction

Optimal Level

Risk Exposure
Global

Disease-specific | Attributable
Burden Disease Burden




Air pollution inequity in Washington,

Temporal trend in PM, c-attributable mortality Spatial pattern, links with demographics
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PM - 2018 =— Annual " = ALL == COPD = LC 9% Black
Endpoint _ AST == IHD = STR []5-23
B 23-41
Il 41-59
Il 59-77
Ml 77-95

Satellite-derived PM, ¢ concentrations from Hammer et al. (2020)
Disease rates from DC Health

Castillo et al., GeoHealth, forthcoming 13



Contributions to air pollution in DC for 2011

:Change in Exposure :States iSpecies (ng/m3) :Change in Exposure :States ‘Sectors ‘Species (pptv) ‘Change in Exposure :States ‘Sectors

BC OC NH3NOxSONOCs ; H
DC 0.32 S e S an 3 3 % s a DC 1.37 ONR Lo rég:cov%?s - e SECtor
) e e EGU 157 1566 bc 1.10 SFOI'E! wu Abb . .
ONR 0.79 113 176 181 155 165 e o reVlatlonS
SECTORS | wo 277 | *v o= Qew o = | EGTORS on e e SECTORS AG -
SF 081 35 454 180 30 23 167 MD 13.16 . I
" b2 i Agriculture
oy OTH - o0zl 16 3: 12 g? 110 - .
NG 049 == | R o EGU — Electrical
OH 0.76 EGU 0.26 25 227 SF 135 m 221
o OTH 051 15 72 91 96 42 189 ONR 119 1100 54 39 MD 8.73 H H
AG 026 263 3 NG 217 OTH 097 862 32 0 e Generatlon Unlt
EGU 038 o4 258 2 OH 1.43 O o ™ osr 1 o
PA 1.59 ONR oz 2 20 18 w0 107 EQU L0} 1064 IND 048 ONR - On'road
SF 031 9 83 24 62 18 117 PA 4.33 ONR 157 1347 109 112
—— - R 2 B = = IND - Industry
EGU 087 965
PMz_s ONR 076 75 127 155 216 182 03 NO2 SF 1.26 NON — Non_
NON 043 %0 113 57 170 ONR 697 6630 142 104 EGU 035
14.13 uglm3 VA 3.25 51.81 ppbv 19.29 Ppb\l PA 118 ONR ot roa d
VA 13.54 CITH 3
237 deaths R Ik 25 deaths W owr B e - SF — Surface
BES SR 1T w1z NON 275 2406 143 197
OTH ozef]l 6 13 17 82 134 10 E . .
wv 0.51 Eay OTH = 029 0 4 & ;: ‘: 7 SPECIES SF 197 [l 1690 267 ONR 322 missions
SPECIES oPT 026 6 50 197 8 EGU 068 78
CAN 085 - o o %o m =2 om ) R VA 614 RES -
" AG 031 an CAN 210 67 = BIT 248 522 IND 026 . .
EGU o0 7 613 8 i 15! e NON 112 RES|dent|a|
ONR 0.65 20 32 26 253 320 ONH o 3052 430 354 SF 1.26
ROD 3.59 IND 026 13 8 50 124 57 OPFT 0.68 642
NON 054 16 21 ™ 423 ROD 1147 IND 083 811 42 T4 — 7
NON 1.97 1115 349 504 ONR 079
SF 080 fl 15 122 34 140 65 428 - N . ROD 214 - —
OTH osll 7 2 10 7 s 2 OTH 050

Nawaz et al. submitted. Emission to concentration sensitivities from GEOS-Chem model




2011 Daily g
Contributions é
in DC 8
Eﬁ

Sectors

OTH Other Sectors
RES Residential

SF Surface Emissions
NON Non-road
IND Industry

ONR On-road
EGU Energy Generation

AG Agriculture

PM,, . Contribution (ng/m?®)

\QT Nawaz et al. submitted. Emission to concentration sensitivities from GEOS-Chem model




TROPOMI NO, can identify local pollution relatively well GW

Geostationary and Polar-orbiting Satellites T F Y= =

TROPOMI NO, Baltimore, MD TROPOMI NO,

Polar-orbiting Satellite X - May 1, 2018 - Dec 31, 2019 May 1, 2018 - Dec 31, 2019

[ B

Geostationary
Satellite

The cBIfS.COM

Goldberg et al., 2021,

Earth’s Future
Open Access
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What would this look like if
meteorology was
“normalized” out?

* What does this reveal about
environmental justice issues
related to air quality?

* How did varying degrees of
social distancing and urban
transportation changes cause
these NO, decreases?

Earth’s Future

RESEARCH ARTICLE  TROPOMI NO, in the United States: A Detailed Look
at the Annual Averages, Weekly Cycles, Effects of
Temperature, and Correlation With Surface NO,
Concentrations

Daniel L. Goldberg'* ©, Susan C. Anenberg' ©, Gaige Hunter Kerr' ©, Arash Mohegh' ©,
Zifeng Lu” 2, and David G. Streets”

P

TROPOMI NO,

% Mar 13 through Jun 13: 2020 - 2019




Natural influences on TROPOMI NO,
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Disentangling the impact of the COVID-19

lockdowns on urban NO, from natural variability

Method 0
TROPOMI NO, change 2020 only
(Jan-Feb vs. Mar 15-Apr 30)

Method 1 — account for season
TROPOMI NO, 2019 vs. 2020
(Mar 15 — Apr 30)

Normalize TROPOMI NO, by meteorology, 2019 v. 2020
(Mar 15 — Apr 30)

Method 3 — account for season & meteorology
TROPOMI NO, vs. simulated “normal” times, 2020 only
(Mar 15 — Apr 30)

Geophysical Research Letters

RESEARCH LETTER Disentangling the Impact of the COVID-19 Lockdowns

on Urban NO, From Natural Variability

Daniel L. Goldberg'

5 ction: ,Susan C. Anenberg' (), Debora Griffin® (), Chris A. McLinden®
Linkin -\‘.“.li;h’ et Zifeng Lu’

,and David G. Streets’

Change in column NO, [%]

@ Method 0 @ Method 1 Method 2 @ Method 3 Median of Methods 1-3
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Figure created by Gaige Kerr
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During COVID-19 precautions, less educated, m|nor|ty

communities experience the largest decreases in NO &

(c) A NO3/10%3 [molec cm™?] (d) Ethnic background [%]

Largest drops

Average

Smallest drops
Hispanic Non-Hispanic

(e) Household income [$] (f) Educational attainment [%)]

Largest drops

Average

Smallest drops
High school College Graduate

(g) Racial background [%)] (h) Household vehicle ownership [%]

Largest drops
Average

Smallest drops

White Black OQOther None One or more

Largest gains (top decile in urban areas)

COVID-19 pandemic reveals persistent disparities in Average (middle decile in urban areas)
nitrogen dioxide pollution Smallest gains (bottom decile in urban areas)
Gaige Hunter Kerr*'(, Daniel L. Goldberg™(, and Susan C. Anenberg®

i W S Baseline: 13 March — 13 June 2019
Edited by Susan Solomon, Massachusetts Institute of Technology, Cambeidge, MA, and approved June 11, 2021 (recelved for review Ottober 26, 2020) LOdeown: 13 MarCh _ 13 June 2020

The unequal spatial distribution of ambient nitrogen dioxide surcd from satellite instruments (21, 24-27) over the United
{NO3), an air pollutant related to traffic. leads to higher expo-  States. China. and Europe. According to government-reported

20



COVID-19 lockdowns did not eliminate NO,

disparities by race

COVID-19 pandemic reveals persistent disparities in
nitrogen dioxide pollution

Gaige Hunter Kerr*'(, Daniel L. Goldberg™*®, and Susan C. Anenberg*®

D of i and O« ional Health, Milken Institute School of Public Health, George Wiashington University. Washington, DC 20052;
and *Energy Systems Division, Argonne National Laboratory, Lemont, il 60439

Edited by Susan Sobomon, Massachusetts Institute of Technobogy, Cambridge. MA, and approved June 11, 2021 (received for review October 26, 2020}

The unequal spatial distribution of ambient nitrogen dioxide sured from satellite instruments (21, 24-27) over the United
(NO;), an air pollutant related to traffic, leads to higher expo-  States, China, and Europe, According 1o government-reported

* In many cities, the post-lockdown NO,
amounts in the least white communities are
still ~50% larger than the pre-lockdown NO,
amounts in the most white communities

* Also holds for income and educational
attainment

Most (top decile)
Least (bottom decile) ®  Most white

All

Rural
Urban
New York
Los Angeles
Chicago
Dallas
Houston
Washington
Miami
Philadelphia
Atlanta
Phoenix

Boston

San Francisco

Riverside
Detroit

Seattle

o ——-

@
| S

‘¢
o

®  Least white —— Baseline

---- Lockdown



Using satellites to link NO, disparities to sources

Figure credit: Dan Goldberg and Galge Kerr

l Warehouse actlwty

(including Amazon
BWI1 warehouse)

\

Interstate 95 ) e, ' (Dundﬂk“
(allows trucks) |

/ ‘é!en Burnia ‘Riviera Beach

Balt.-Wash. Parkway

(prohibits trucks)

B CAnnapolis

TROPOMI NO, oversampled to ~1 x 1 km? over the Baltimore-Washington metropolitan region for March 13-September 13,
2020. Only retrievals exceeding a quality assurance flag > 0.75 are included. Colorbar saturates at (left) 2.75 x 10%> and (right) 2.5

x 101> molecules cm™ for greater contrast.
22



Air pollution, climate change, and health are

interconnected

Emission

PM, s, nitrogen oxides, volatile organic sources
compounds, carbon monoxide, sulfur
dioxides, ammonia, and other

pollutants released from incomplete
combustion

CO,, methane, and black carbon (a
component of PM, ¢) released from
complete and incomplete combustion

Meteorology, photolysis, natural (wildfire smoke,
dust, biogenic volatile organic compounds), and

anthropogenic emissions (e.g. air conditioning) .
] Climate

change

Air quality

Radiation absorption/reflection, cloud interactions,
snow/ice deposition, planetary albedo

Premature mortality,
cardiovascular disease,
respiratory disease, lung cancer, G
diabetes, birth outcomes, PUb'IC
cognitive decline, etc.

Mortality and morbidity from
changes in heat, air quality,
vector-borne disease, water-
borne disease, extreme
weather, etc.

Health

Anenberg et al., Earth’s Future 2019



Time to rethink air quality management

From “end of pipe” engineering controls

Catalytic converters,
Diesel particulate filters

Scrubbers




New decision-support tool: Pathways-AQ

owEEEA ] ..
CITIES UNIVERSITY of ORBIS AIR
—_— htssndiell WASHINGTON

Cc40

CITIES

C40 Climate
Action Planni
Programme

Comprehensive support
for ambitious and equitable

climate action plans Source
Sectors
(Traffic,
Buildings,
Energy, etc)

Urban planningand Reduced GHG
policy decision-making Emissions

Ak q.::::gfgmm o R Prioritize strategies that
I_ N maximize public health
I Air quality benefits Reveal unintended
«  AQmodel I . consequences Integrated
!
I

+  Public health Identify new strategies planning,

|
impact
i | Public health benefits

More effective AQ+GHGs
communication of near-term

benefits of action

Assess win/win, improve

www.resourcecentre.c40.0rg
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Integrating AQ into urban CAPs

Buenos Aires

ANNUAL AVERAGE CONCENTRATION PM, . [ pg/My ]

https://cdn.locomotive.works/sites/5ab410c8a2f42204838f7
97e/content_entry5c8ab5851647e1]...]4e5a4f200a691392¢/
files/PAC 2050 - ENGLISH .pdf?1623076753

13.00
12.14
11.96
1200 | 11.67 -
& =
BASE
1.00
285 %
& e /0
10.00
4 35 %

9,00 - EDUCTIO! Johannesburg

2.00 —\

8.00 9?776 g 30%
t Grid electricity decarbonization

7.00 E ‘
7]

2015 2023 2030 2040 2050 =
2 ) 20%
E S Existing Residential - Cooking On-road - MOdE’ shift
";J' © Existing Commercial - Water heating
o ¥
o<
- 10% Industrial - Energy efficienc
g ) . : On-road - Fuel switch
- Informal - Cooking .
k New Commercial - Water heating
2
° Industrial - Fuel switch
0% — L
10.00% -5.00% 0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%
https://www.joburg.org.za/departments /Documents/EISD/City New Residential - Cooking
%200f%20Johannesburg%20- ) .
-10% % of Total PM, , Concentration Reduction (Year 2050)

%20Climate%20Action%20P1an%20%28CAP%29.pdf
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Key points

* Air pollution continues to place a large burden on public health globally
and in the U.S.

* Air pollution-related health risks vary within cities, driven by
concentrations and disease rates, contributing to health inequity

* Air pollution may worsen in the future under climate change

e Future air quality management requires a shift from engineering controls
to reducing burning, with many LOCAL and IMMEDIATE benefits for public
health

* We look forward to working with partners across the DC region and beyond
to reduce air pollution, eliminate environmental and health injustice, and
slow climate change.



