Developing a United States Air Quality Assessments System Based on GEOS-Chem
High Performance (GCHP) to Support NASA Earth Science to Action (ES2A

NASA’s Earth Science to Action (ES2A) for Air Quality

Builds on NASA’s portfolio to create an air quality information system (Auir-

quality Information Resource for the United States; AIR4US) to support
policy decisions
Satellite-constrained emissions to enhance air quality (AQ) prediction

Provide AQ attribution information and “what-if” scenario analyses
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Virtuous Cycle
* User needs inform next iteration of programs,
missions and initiatives

Publlc Understanding & Exchange
Put more scientific understanding into public sphere
» Deliver applied science to users
 Participate in multi-way info exchange
» Use input to inform subsequent work

Air aquality portal (AIR4US)

Solutions & Societal Value
« Offer models, scientific findings and info through Open-
Source Science principles
» Support climate services
* Provide science applications and tools to inform decisions

Earth System Science & Applied Research
» Grow scientific understanding of Earth’s systems
* Develop predictive modeling for science
applications and tools to mitigate, adapt and
respond to climate change

NASA chemDA B IGAC TOAR-2

Foundational Knowledge,
Technology, Missions & Data
« Technology innovation
» Earth observations missions
» Data collected from space, air and ground

Observing system

(CEOS-AC-VC,

Satellite Data Integration: JPL MOMO-Chem System

* Recent advances in satellite remote sensing and data assimilation (DA)
have generally improved the ability to quantify AQ attributions.

e JPL’s Multi-mQdel Multi-cOnstituent Chemical data assimilation (MOMO-
Chem) is a powerful capability that harnesses NASA's satellites to quantify
AQ changes and provides information for decision-making.

Daily anthropogenic, biomass burning, and biogenic emissions for 2005—

2025 provide a basis for assessing trajectories to support policy decisions.
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Primary pollutants

SO2, NOx, CO, VOCs, NH3,
Primary aerosols (dust, carbon)j

TES, AIRS/OMI, CriS

Secondary aerosols
(nitrate, sulfate, ammonium)
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Tropospheric Chemistry
Reanalysis v3 (TCR-3)

20 years (2005—-2025),
two-hourly, 1.1° resolution

- Concentrations of 35 species
- Emissions of NO,, CO, SO,,
CsHg OC, BC, Dust, Sea-Salt

OMI,TROPOMI

(Miyazaki et al., ACP, 2020a;
(SO2,NO2,CH20)

Miyazaki et al., ESSD, 2020b)

MODIS, VIIRS MOPITT, TROPOMI
(AOD) (CO)

ML/AIl/Digital Twin TEMPO, OCO-2/3, GOSAT-GW

Satellite observations of
atmospheric composition
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Scenario Experiments
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Transportation

urban corridors,
major metro areas

EV transition /
on-road controls

Agriculture

relevant to PM, 5
formation

Ports

major US ports and
shipping corridors

e ECA /IMO Tier lll

e Green Shipping Corridors

All sectoral contributions:

on-road, off-road,

m industry, energy,

area sources

Baseline (BAU)

HTAP v3, NEI 2016&2022,
GFAS v1.2, MEGAN v2.1

NH,;, livestock, fertilizer

e Clean Ports Program

Transport

High

Model processes
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Chemistry Emissions Deposition

Model output example (Surface NO,)

Chemical transport modeling
and data integration
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Modeling Approach
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Sensitivity tests and future /
intervention scenarios
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Mitigation

Reduce emissions and

climate impacts

Air Quality Management

Improve air quality and
protect ecosystems

Public Health Response

Reduce exposure and
protect communities

Evidence-based policy and
management decisions

DECISIONS

» INSIGHT

» ACTION

From satellite observations to informed policy for a cleaner, healthier future

West Coast / Wildfire smoke Agricultural regions
Pacific inflow western fires and NH; emissions
marine air > long-range transport contribute to
inflow Y affecting large areas ! PM, 5 formation
\%\' 7 Vi
/]
| 5" "F ' )
* e - ;» ; a ‘- 'f.- ¥ 47 = / * A\ /i
/¥ B FACL T . e / [ A
—, | 7 !"‘/\ \ N QS {165 ,rﬁ}, Eastward 9
p ey A o , S 7/ k= outflow
L / ~ « y a0 " - A' by/"‘ \
-—y ? ‘-.\ » '.ﬂg Y # /I; # // export to
-L‘ - 'eg ¢ L STV AL k '/ Atlantic and
(- ﬁé\\ w. 7 - T B LA : g >/ downwind
X \ ped / WL 4 e 7 . regions
\.\\ ' v \.\ Y == , 1’/"., ', s » . <
N [ d,:‘. ol \ i 2 ’ 2 .’ 5
w "‘ﬁéj} '@ X # \
A f R Y
(] 2 ¢
/ \\'.'-’ 4 \\ﬁé‘i‘ 3 ~ ¥ —— _ \.
N S JJ ‘_\'_ J 2 pse \ \
,I f ¢ N 3‘!&. ‘\l s ) \
\ -~ vl ~
4 Kz =
e \ \
\ \
\ |
‘ go:j;(:ern fahforma / 2 Naarcond i/
i S ﬂh industry
ozone & smog exposure
Mal(_)r urban hotspots in I6eal PM, 5
corridors sunny, high-traffic hotspots regional /
ozone / smog regions valley
hotspots in concentrations
major metros

P A 3

T A
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B3 What We Quantify Decision Support

Evaluate

Environmental

Policies

Trade-Offs

Prioritize
High-Impact
Sectors and
Regions

Deliver
Decision-
Support Tools

GEOS-Chem High

AO3 [ppbv]

Zero-Out Emission Impacts
On Surface O,

b SN N T For: Clean Air Act, NAAQS, SIPs, Tier 3 Vehicle
‘|T|T v B Standards, Tier 4 Nonroad Diesel Standards,
-'-ﬂ;_;l CSAPR, NSPS, and more

AO3 [ppbv]

Impacts of the U.S. Ports Emission Reductions
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For: Clean Ports Program, EPA Ports Initiative, DERA, North American
ECA/ IMO Tier lll, Green Shipping Corridors, and more

Reanalysis (TCR-2/3) Performance (GCHP)
. : 0.56° x 0.56° — C90 (1°x1.25°) —
H I I
BRcgg' resolution 1.4°x 1.1° C720 (0.125°x0.156°)
Vertical resolution 32 layers to 4 hPa 72 layers to 0.01 hPa
Forecast model MIROC-Chem GEOS-Chem vi4

A priori emissions

HTAPv3, GFED, MEGANv2.1

HTAPv3+NEI, GFASv1.2, MEGANv2.1

Assimilated
measurements

TROPOMI, OMI, SCIAMACHY, GOME-2,
MODIS, VIIRS, MOPITT, MLS, CrIS, TES

TROPOMI, MOPITT, MLS

Assimilated species

The U.S. Focused GCHP Stretched Grid System
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(0.125°x0.156° over the U.S.)
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Over the northeastern U.S., the 2023 Canadian wildfires elevated ozone and PM. 5 by 4 pp'b and 3 /g m=3
on average from May to September, respectively, with acute episodic enhancements that reached

up to 15 ppb and 60 /g m=3 during direct plume intrusions. .
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