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* Overview of the Global Burden of Disease and air pollution
* BEstimating NO, disease burdens from local to global scales

* Satellite remote sensing of NO, using OMI and TROPOMI

* Questions



Air pollution is a major risk factor for global health
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https://vizhub.healthdata.org/gbd-compare/

What’s missing?

* Current air pollution risks (PM, 5, O) don’t fully characterize urban air pollution
(especially related to motor vehicle exhaust)

* Currently, no accounting for impacts on asthma

Four of world's biggest cities to ban
diesel cars from their centres

)

Paris, Madrid, Athens and Mexico City will ban the most polluting cars and vans

e / /
~ ’ o g ! " - ’ " by 2025 to tackle air pollution
! ! ! | ,‘ . ‘ N C
il i

L0 ) J—
wooth | " Tigherad
" swwoth
TaAlwe
Wai ;.lu--al
o Tvheredd
Normel sy Asthematic srway fathmanc sngsthma.ca

uring sk

Cars sit in traffic in Mexico City, Mexico. Photograph: Brett Gundlock/Getty Images
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Legend

Freeways Major Roads

NO Concentration (ppb) )
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Background

* Multiple meta analyses indicate associations between TRAP
exposure, as characterized by high resolution nitrogen dioxide

(NO,), and pediatric asthma.



NO, and asthma

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
Carlsten et al. 2010-at 7 y.o. 0.2253 0.1448 0.6% 1.25[0.94, 1.66] s
Clark et al. 2010 LUR - at mean age of 4 y.o. 0.0489 0.0171 9.5% 1.05[1.02, 1.09] e
Dell et al. 2014 LUR - 5to 9 y.o. 0039 0.04 5.0% 1.04 [0.96, 1.12] T
Deng et al. 2016 - 3to 6 y.0. 0.1374 0.0689 2.4% 1.15[1.00, 1.31]
Gehring et al. 2015 b - BAMSE birth to 16 y.o. 0.0397 0.0498  3.8% 1.04 [0.94, 1.15] i
Gehring et al. 2015 b - PIAMA birth to 14 y.o. 0.0665 0.0246 7.8% 1.07 [1.02, 1.12] o
Gehring et al. 2015b - GINI&LISA North birth to 15 -0.0679 0.1235 0.8% 0.93 [0.73, 1.19]
Gehring et al. 2015b - GINI&LISA South birth to 15 -0.0252 0.0602 2.9% 0.98 [0.87, 1.10] |
Jerret et al. 2008 - 10 to 18 y.o. 0.0874 0.033 6.1% 1.09 [1.02, 1.16] =
Kimetal. 2016 -6to 7 y.o. -0.0214 0.0219 8.4% 0.98 [0.94, 1.02] T
Kramer et al. 2009 - 4 to 6 y.o0. 0.0698 0.069 2.3% 1.07 [0.94, 1.23] -
Liu et al. 2016 - 4 to 6 years old 0.0877 0.0215 8.5% 1.09 [1.05, 1.14] -
Macintyre et al. 2014 - CAPPS&SAGE only birth to 8 0.1111 0.1268 0.8% 1.12[0.87, 1.43]
McConnell et al. 2010 - 4th to 6th grade 0.0698 0.0281 7.1% 1.07 [1.01, 1.13] R
Molter et al. 2014 b - MAAS only birth to 8 y.o. 0.574 0.2374 0.2% 1.78 [1.11, 2.83] >
Nishimura et al. 2013 - 8 to 21 y.o. 0.0632 0.0269 7.3% 1.07 [1.01, 1.12] ol
Oftedal et al. 2009 - birth to 10 y.o. -0.0359 0.0196 8.9% 0.96 [0.93, 1.00] Bl
Ranzi et al. 2014 - birth to 7 y.o. 0.0289 0.0701 2.3% 1.03[0.90, 1.18] =
Shima et al. 2002 - 6 to 12 y.o. 0.1136 0.0534 3.5% 1.12[1.01, 1.24] R
Tetreault et al. 2016 - birth to 12 y.o. 0.0153 0.0048 11.6% 1.02 [1.01, 1.03] B
Total (95% CI) 100.0% 1.05[1.02, 1.07] &
Heterogeneity: Tau? = 0.00; Chiz = 54.38, df = 19 (P < 0.0001); I2 = 65% =0'5 0f7 ] 1f5 2

Test for overall effect: Z = 3.76 (P = 0.0002) Decreased risk Increased risk

(per 4 Hg/m3, blrth _ 21 yrS) Khreis H, et al. Environ Int. 2017. doi: 10.1016/j.envint.2016.11.012;
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Background

— Biological plausibility



Biological Pathways
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Background

— US EPA, 2016; Health Canada, 2016: Likely a causal
relationship between long-term NO, exposure and pediatric
asthma development.




Background

* Global exposure estimation at required spatial resolution



Exposure Global hlgh resolutlon (1 OOm) NO_2 model

Mexico City, Mexico

A Delhi, India

Santiago, Chile Johannesburg, South Africa

Larkin A, Geddes J, Martin RV, Xiao Q, Liu Y, Marshall JD, Brauer M, Hystad P. A Global Land Use Regression Model for Nitrogen Dioxide Air
Pollution. Environmental Science & Technology. 2017

’ (@nasa_haqast



Estimating global NO, disease burdens
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Estimates of the Global Burden of Ambient PM,; 5, Ozone, and NO, on Asthma

Incidence and Emergency Room Visits

Susan C. Anenberg,” Daven K. Henze? Veronica Tinney," Pawrick L. Kinney,” Willam Raich,* Neal Fann,* Chris S. Malley,*
Henry Roman,* Lok Lamsal” Bryan Duncan,” Randall V. Martin,** Aaron van Donkelaar, Michael Brauer,™ "
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BACKGROUND: Astimm is $he mast prevalent chronic repiratory disease worklwide, affecting 358 million people in X115, Ambies
erbates asthma amang populations around tie warld and may also confribute 0 new-onset asfima,

OWECTIVES: We aimed to estimate the number of aséima emergency room visiss and new onset aséima cases ghobally atoributah
mater (PM, 4 ), ozone, and nigogen dinxide (NO, ) concentmations

METHODS: We used epdemiokogical healéh inmpact functions combined with dets descabing populstion, haseline aséima moide
and polkitant concentrations. We conssucied & new dataset of natiomal and regional anergency room visit rates among people wit
lished survey dats

RESULTS: We estimated thet 9-23 million 2nd 5-10 million anmual asthms anergency roam visits glally in 2015 could be atwil
PM. s, respectively, representing $-20% and £-9% of @i annwl mumber of global visits, respectively. The range reflects the 3

Surface NO, from OMI
satellite retrieval plus
GMI-Replay model

0.1° resolution

1:45pm =2 24hr avg

risk estimates from differant epideminlogical mets.amlyses. were resq ke for ~37% and 3% of ozone and PMas
impacts, respectively. Remaining impacts were attritutable to rm.nl]v occurring auone precursar emissions (e.g., from vegaation, hightning) and

PM: s (e5., dust, sea sal), thoughseveral of these sources are abio influenced by humans, The lrges impacts were estimated in China and dia
CONQUSONS: These findings estimate f1e magnitude of the global aséim bunden Giat could be avaided by reducing ambient air palluson. We ako

identified key uncerstinties and dats limiations 1o he addrescad 10 enable refined estimation. ips:fdoiorg/]

Introduction

Approximately 358 million people worldwide were estimated to
have had asthma in 215 (GBD 2015 (ronic Respirstory Disease
Collahorators 2017), including shout 4% of the world’s children
(Global Asthma Network 2014). Asthma prevalence is considered
the fourth leading cause of yeus lived with disability (YLDs) for
children ages 5-14 globally, and the 16t leading cause of YLDs

1289/EHP3 766

tion] and indirect costs (e.g., school and work days lost; Bahadon
et al. 2009). Epiemidlogical and clinical experimental studies
have shown over decades that exposure to air pollution is a key
sk factor for asthm exacerbation and may also contribue to
new-onset wsthma (Guamieri and Balmes 2014; Toskals and
Kennedy 2015).

Ambient fine particulate matter (PM; <) exposwre, cumendy

idered the leading environmental risk factor globally, is esti

for all ages (GBD 2015 Qwonic Respiratory Disease Collaborators
2017). Ashma is among the top causes of YLDs among chikiren

ages 5-14 across al Mxx)dcmouxplm. index categories, affecting
both high- and kow-income populations. Ecoromic costs are sub-
stantial and include both direct fe inpatient care, emergency
room viits (ERVs), physician visits, diagnostic s, and medics-

Address comespondence 1 S. Anenbesg, 950 Neu Hampshire Ave. NW,
Washingon, DC 20052, Email smenherg®
Supplemennl Mazeaal nl\xlmlemlm:\'ﬂ‘ %m.cvr'lll 125%EHP3766).
The anthors declare they have no acmal or poential competing finncal
inerests.
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Note to readers with disabllities: EHP strives © enswre that all joumal
content is accessible 1 dll maders. However, some figwres and Supplemental
Mazerial publishad in EHP articles may not conform 0 508 standaxis due ©
the complexity of fhe mfarmation bemg prsented. If you need assistance
accessing pumal content, please contact ehpon line @ mehsnih gov. Oor saff
will work with you 10 Msew and meet your accessibility needs wiin
3 warking days.

Environment | Health Pespadtives

mated to be associated with 4.2 million premature deaths and 103
million Disability Adjusted Life Years (DALYs YLDs phs
Years of Life Lost) in 2015 (Coben et al. 2017). Updated for
2016, the PMy 5 disease burden estimate includes 4.1 million
deaths and 106 million DALYs (GBD 2016 Risk Factors
Collaborators 2017). This global burden attributable © PM, 5
accounts for 27% of all DALY from chronic obstructive pulmo-
nary disease (COPD; an additional 6% are attributable to ambient
ozone): 20% of those from ischemic hean disease; 16% of those
from stoke; 17% of these from tracheal, bronchus, and lung can-
cer; and 31% from child acute lower repiratory infections (GBD
2016 Risk Factors Collaborators 2017). The Global Burden of
Disease Study 2016 estimated that smoking and occupational asth-
magens were each responsible for 10% of DALY s from asthma in
2016 (GBD 2015 Quonic Respiratory Disease Collsborators
2017).

The ibution of air pollution 10 asthma erby and
new asthma incidence remains unquantified and has not been
included in global burden of disease studies (Cohen et al. 2017,

107004-1 126{10) October 2018

Surface NO, from land use

regression
* 100m resolution

* Average 2010-2012
e GOME2 and
SCIAMACHY satellite

retrievals

Articles

Global, national, and urban burdens of paediatric asthma

incidence attributable to ambient NO, pollution: estimates

from global datasets

FattarnunAchgdwisul, Michod Braser, PerryHystad Susan C Anerberg

Summary

Background Paediatric asthma Incidence 1s assoclated with exposure to traffic-related atr polluion (TRAP), but the

TRAP-aurtbuable burden remains poordy quanttfied. Nitrogen dioxide (NO,) 1s a major component and common
w0

proxy of TRAP. In this study, we estimated the annual global number of new asthma cases auril
Ni

, CxposUre at a resohmon sufficient 1o resolve tntra-urban exposure gradiems.

Methods We obatned 2015 country-spectfic and agegroup-spectfic asthma incidence rawes from the Instiune for
Health Metrics and Evaluaton for 194 coumries and 2015 populatton counss at a spatial resolutton of 250250 m
from the Global Human Sewdement population grid. We used 2010-12 annual average surface NO, concentrations
derwved from land-use regression at a resolution onoox 100 m, and we derived cmccnmuon-ruponse funcions

Lancet Mlanet Hesth 2013

SIG47-5196(1G)20053-7

Mikan lrattuns School of
Pabiic Health, Gooze

from relatve risk esttmates repored tn a mul lysts. We then d the NOanrtbwable burden
of asthma tncidence in children aged 1-18 years in 194 countries and 125 major cleles at a ruoluuon of 2505 250 m.

Findings Globally, we esttmated that 4.0 million (95% uncenainty tnserval [U1] 1-8-5-2) new paedtawric asthma cases
could be auribusable 10 NO, polk lly; 64% of these occur tn urhan centres. This burden accounts for 13%
(6~16) of global tncidence. Reglonally, the gremest burdens of new asthma cases assoctated with NO, exposure
nor 104004 childron worp estimated for Andean Latin America (340 cases per year, 95% UI 150-440), highIncome
-400), and high-tncome Asta Pactfic (300, 140-370). Within cites, the greatest burdens of
Aawed with NO, exposure per 100000 children were estmared for Lima, Peru (690 cases
0); Shanghat, China {650, 340-770); and Bogoa, Colombta (580, 270-730). Among 125 major
1ew asthma cases aurtbutable o NO; polhution ranged from 5-6% (95% UI 2-4-7-4) tn Orlu,
tn Shanghat, China. This contribution exceeded 209 of new asthma cases in 92 citles. We
& of paedfatric asthma tncidence aurtburable w0 NO, exposure occurred in areas with annual
s lower than the WHO gultdeline of 21 pans per billon.

‘educe NO, exposure could help prevem a subswantal portton of new paediarric asthma cases
eveloping countries, and especially in urban areas. Traffic emisstons should be a targes for
tegies. The adequacy of the WHO guideltne for ambient NO, concemrations might need o

pon University.

uthor(s). Published by Flsevier Lid. This 1s an Open Access aricle under the CC BY NC ND

in asthma development®® Although the putattve agent

ma prevalence has Increased (or agents) within the TRAP mixwre has yet to be
5, and asthma s now the most  1demified ” eptderntological studtes have most often relsed
communicable disease among  on nirogen dioxde (NOy) as a proxy, because NO,
ner the past decade, several mmeasurements are readily avatlzble in many coumrses,
5 dome m Nonth America. and the varabilty of TRAP mixwure appears to be well
and east Asta have reponed  characierised by NO, " Resubs from four mewa-analyses
fic-related atr pollution (TRAP) of TRAP exposure and paediarric asthma incidence
t ashma tn children, whereas all Indicated constsiemt assoclations whh NO, b
5 clear tn aduks ?“ Corroboraung  resuhs were mived for assoctations with fine pariculae
ogical and geneenvironment maner {PM, ; appendix)?* Reviews™ done by the US
13t TRAP causes axsdadve injury  Environmental Protecrion Agency and Heakh Canada,
) nfismmation and remodelling  published tn 2016, also concluded that the overall evidence
disposed tndividual, could resuk  indicates that 2 cusal relasonship probably extss

Worw thelancet comypinetay hestth Published onitne Aprl 10, 2019 httpy . dolorg/10.1016/ 52542 5106{19130046-4
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Estimating (global) disease burden from air pollution

Exposure level

Rk Population
Age | Sex | Year | Location Attributable
Fffect Size Fraction
Risk-outcome
r\J—J ] o€,

Optimal Level

Risk Exposure
Global

| Attributable
Disease Burden

Disease-specific
Burden



Methods: Finding global datasets that can resolve intra-city and near-
roadway exposures

2010-2012 global surface NO, modeled by land-use regression at 100m x 100m (Larkin et al., 2017)

Bangkok, Thailand TR | A, B L New Delhi, India

02468 12 16 20 25 30 35 40 (ppb)

Traffic-related NO, generally declines to urban background levels at a distance beyond 300-500 m from roadways
(HEI, 2010).

’ (@nasa_haqast



Each year, 4 million (95% Ul 1.8-5.2) children developed asthma due to NO,
pollution, accounting for 13% (6-16) of the global annual burden (2010-2015)

(a) Number of new asthma cases due to NO, exposure

1,001-2,500
2,501-5,000
5,001-7,500
7,501-10,000
10,001-30,000
30,001-50,000
50,001-70,000
~ 70,001-90,000
90,001-100,000
100,001-200,000
200,001-400,000
400,001-600,000
600,001-800,000

EEEREEDNOOCOOOOO 'gu

« Top national burdens (attributable cases/year): China (760,000), India (350,000), USA (240,000),
Indonesia (160,000)

« We estimate that ~97% of children lived, and ~92% of NO.-attributable pediatric asthma incidence
occurred, in areas below the current WHO guideline of 21 ppb for annual average NO..

Achakulwisut et al., 2019, Lancet Planetary Health (2019) (@nasa_haqast



Spatial pattern of NO,-attributable asthma
impacts differs from PM, - mortality

(c) Percent of new asthma cases due to NO, exposure

Achakulwisut et al., 2019, Lancet Planetary Health (2019)
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Achakulwisut et al., 2019, Lancet Planetary Health (2019)
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How can satellites help us improve estimates of the

olobal burden of NO, on asthmar

* Consistency with GBD comparative framework

— Full global coverage

— Temporal trends

* High spatial resolution
e Urban vs rural

* Capture near roadway
concentrations

OMI NO, 2019

I R 10" molecules/cm?

005 115 2 3 4 5 6 8 10 15 20t
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Number of AQ monitors globally are sparse

PM2.5 monitors / Million
o 23
By 02 (3-4
0.2 - 050 4-5
Cos5-1 HM5-10
[J1-2 M >10

Fig. 1. Number of PM, 5 monitors per million inhabitants by country for any of the years 2010-2016.

From Martin et al., 2019: “No one knows which city has the highest concentration of fine particulate matter”
’ (@nasa_haqast
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NO, from satellite instruments: 101

Names of the satellite instruments: Passive Optical

* OMI (Ozone Monitoring Instrument) e UV and Visible light
(pixels are ~13 X 24 km?) e Daytime only

* TROPOMI (Tropospheric Monitoring
Instrument) (pixels are ~3.5 X 5.5 km?)

Key points:
* Polar-orbiting; global coverage once per day
* Quantities reported are column contents
between surface and ~12 km in altitude
5 4 A AN N

e Units: molecules per cm

* Measures during the mid-afternoon only Atmosphere
(~1:30 PM local time)

Surface

ANNNNNNNN

WWw. hll(]i\ St. org

Figure from: Dr. John Kerekes, RIT @nasa_haqas



Trends of NO, using satellite (OMI) data

OMI NO, 2005

_. - [ _ 10* molecules/cm®

005115 2 3 4 5 6 8 10 15 20+

OMI = Ozone Monitoring
Instrument, launched July 2004

* Largest regional decreases since
2005 are in the United States

* Moderate decreases in Europe

* Increase in China between 2005
and 2012, then decrease since
then

* General increases in India (with

the exception of Delhi itself)

(@nasa_haqast



Trends of NO, using satellite (OMI) data

OMI NO, 2005

20

OMI = Ozone Monitoring
Instrument, launched July 2004
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* General increases in India (with
the exception of Delhi itself)

S

Mean OMI NO, within 50 km of city

_ 10” molecules/cm’
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Using TROPOMI NO, to quantity urban/rural gradients

Largest values encompass cities
TROPOMI NO, & P :
May 1, 2018 - Dec 31, 2019

but other small scale features
can be seen:

* Power plants in Ohio River
Valley and rural western US

Roadway networks (e.g,,
Idaho and Montana)

O1il & gas operations
including Permian basin
(Texas), Uintah Basin (Utah)
Bakken (North Dakota)

5

Airports (e.g., Dulles)
Cement kilns (e.g,, Mexico)

Copper mining operations
(Utah & Arizona)

Steel mills (e.g., E Chicago)

, (@nasa_haqast



Using TROPOMI NO, to quantity urban/rural gradients

.

May 1, 2018 — Dec 31, 2019 China
2 * Trending downward
= since 2012

4.0

* Alllarge power plants

. have controls

‘ * NOx originating from
= - 430 other sources
(transportation /
residential / industrial,

32N etC.)

India

* Stll trending up in
most communities

* Very few power plants
have full NOx controls

Figure courtesy:
Zifeng Lu
Argonne National Laboratory

84E 9CE 108E 12C0E 132E

Check out Fei Liu’s work (Bryan Duncan HAQAST PI) if you want information on how precautions due to COVID-19

is affecting air quality in China: https://www.carthobservatory.nasa.gov/images/146362/airborne-nitrogen-dioxide-plummets-over-china

www.haqgast.org (@nasa_haqast


https://www.earthobservatory.nasa.gov/images/146362/airborne-nitrogen-dioxide-plummets-over-china

Weekday / Weekend Cycles of Air Pollution

1.2
TROPOMI NO, T
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g
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,qﬂ) B New York City
g 0.6  Chicago
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M AN 10" cm?
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* NO, highest on weekdays; lower on Saturdays; lowest on Sundays

* Some interesting unexpected city-specific trends N @nssa_hagast



Seasonal Cycles of Air Po.

TROPOMINO,  |IE ] B e s s

May - Sept during 2019 Washington, DC
4
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Normalized mean TROPOMI NO, within 50 km of city
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B SN 10" cm™
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* NO, is larger during winter (longer NO, lifetime) even though emissions are likely larger during summer.
* NO, concentrations # NO, emissions. In many cases, NO, concentrations ~ NO, emissions, but make sute you are
comparing similar months or seasons! ) @nasa_hagast



Annual Surface NO, concentrations

% Annual 2011 NO,
ﬁ‘? concentration (ppb)

HEALTH

EFFECTS
INSTITUTE

www.haqast.org ’ (@nasa_haqast


https://pubs.acs.org/doi/abs/10.1021/acs.est.7b01148

The future i1s now! TEMPO & GEMS

Characteristics:
J/ Ohn Burnle

//\\i

o Geostationary orbit
o TEMPO: North America

=< o GEMS: East Asia

o Houtrly resolution that can show
diurnal variability of emissions!

v.A :': J — : -
o / ’
LA\ %) ; }
/ :
Alexandm»-\(/ \921« ariboro

/,_%Cr_}/"’ nlu"é"\ \
&

o Spatial resolution:

e, o TEMPO: 2 km x 4.5 km
N o GEMS: 7 km x 8 km

-
~ © OpeaStreetMan contridudors. Ties courtasy of MaoQuest ksl

Image: TEMPO Science Team

[ (@nasa_haqast



Traffic pollution, Asthma Genetics (TAG)

Significant interaction

6.0

5.0

4.0

NO, - Asthma, by GSTP1
rs1138272

3.0

2.0

1.0 == |

0.0

OR (95%Cl) for 10-unit increase
1
1

GSTP1 and TNF Gene variants and associations between air

pollution and incident childhood asthma: the traffic, asthma and

genetics (TAG) study. Macintyre EA, Brauer M, Melén E, Bauer CP,

Bauer M, Berdel D, Bergstrom A, Brunekreef B, Chan-Yeung M, | | | | | | | !
Klimper C, Fuertes E, Gehring U, Gref A, Heinrich J, Herbarth O,

Kerkhof M, Koppelman GH, Kozyrskyj AL, Pershagen G, Postma DS, Pooled BAMSE G/L G/L PIAMA CAPPS SAGE &
Thiering E, Tiesler CM, Carlsten C; TAG Stud.y Group. Environ m - TT/TC: M - CC South North Van. CAPPS
Health Perspect. 2014 Apr;122(4):418-24. doi: 10.1289/ehp.1307459. Adjusted for study, city, intervention, gender, maternal age at birth, maternal smoking during pregnancy,

environmental tobacco smoke in the home, birth weight and parental atopy

(@nasa_haqast


https://www.ncbi.nlm.nih.gov/pubmed/24465030

Combining satellite and ground monitoring to estimate exposure

| . | log(PMZ.Sst)
Bayesian Hierarchical Model (DIMAQ2) — ﬁOst + ﬁlst log(SATS) + ﬁB..PXst + Est

Raw PM2.5 Exposure, 2019

Spatially varying determinants of AOD-PM, 5
x  relationship (from chemical transport model,
20 other) + hierarchical random effects

" Ground measurements
N = 10,408 unique locations, from 116 countries

Median R2=0.9

~11 x 11 km resolution, annual average Median Pop-weighted RMSE = 10.1 pg/m?

+ Shaddick et al. 2018. Data integration model for air quality: a hierarchical approach to the global estimation of exposures to ambient air pollution. J. R. Stat. Soc. C, 67: 231-253.
+ Shaddick et al. 2018. Data Integration for the Assessment of Population Exposure to Ambient Air Pollution for Global Burden of Disease Assessment. Environ Sci Technol. 2018 Aug

21;52(16):9069-9078.

(@nasa_haqast
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Ozone Trends
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Methods: Quantifying the global, national, and urban burdens of
pediatric asthma incidence attributable to ambient NO,

Burden = Inc; , X z Pop; jq X (1 — e‘ﬁXi,j)

/ l;]

2015 national incidence rates 2010-2012 gridded surface NO,

from IHME (for 1-4, 5-9, 10-14, (100 m x 100 m) from Land Use

15-18 year age groups) Regression modeling by Larkin et
al. (2017) - aggregated to 250 m
x 250 m

2015 gridded population at 250 m x 250 m from

the European Commission Joint Research Relative risk from Khreis et al. (2017)
Center GHS-POP + gridded age-group fractions

from 2010 NASA CIESIN GPWv4

We apply the health impact function in each 250 m x 250 m grid cell globally, and sum results over 21 regions,
194 countries, and 125 major cities — assuming counterfactual concentrations of 0, 2, and 5 ppb.

City extents from the GHS-SMOD (defined as any contiguous cells with =50,000 people and a population
density of =1,500 inhabitants/km? or a density of built-up >50%.) @nasa_haqast



Using TROPOMI NO, to quantify urban/rural gradients

Washington, DC & Baltimore, MD (May — Sept 2019)

— Baltimore, MD

Dulles airport ~ Baltimore port

Highway corridor

Downtown

East t t oradient
Washington, DC ast to west gradien

of pollution

www.haqast.org

, (@nasa_haqast



Using TROPOMI NO, to quantity urban/rural gradients

. " May 1, 2018 — Dec 31, 2019
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wwwhaqast.org Figure courtesy: Zifeng Lu, Argonne National Laboratory @nasa_haqast



Using TROPOMI NO, to quantity urban/rural gradients
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wwwhaqast.org Figure courtesy: Zifeng Lu, Argonne National Laboratory @nasa_haqpast





