Evaluation of in situ size-resolved composition model from the 2023
AEROMMA airborne field mission against ground-based and space-borne
remote sensing aerosol optical measurements
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Aerosol data used for model

construction and evaluation -

# Ground Sites:
EPCAPE - La Jolla, CA
NYC-METS — New York City
FROG-MNY — New York City
THE CIX — Toronto, Canada
Atlanta, GA
Chicago, IL

NASA STAQS

Mew York City, Chicago,
Toronto, Los Angeles

marine Pacific, New York City,
Ch:cagn, Turunm. Lm Angeles

Chelsea R Thompson NOAR'

Ongoing work:
TEMPO aerosol data
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Summary of dataset used in this presentation

Instrument/ Dataset Point of Contact Affiliation

NOAA AEROMMA A. Piasecki, S. Albertin, A. Middlebrook CU CIRES / NOAA CSL
AMP (NMASS, UHSAS, C. Brock, M. Lyu, A. Ahern, H. Huynh CU CIRES / NOAA CSL
CMASS)
AOP (CRDS-PAS) H. Huynh, A. Ahern, C. Brock, M. Lyu CU CIRES / NOAA CSL
DLH G. Diskins NASA LaRC
MMS C. Gatebe NASA ARC
PALMS-NG X. Shen, J. Jacquot, D. Cziczo Purdue U.

NASA STAQS HSRL-2 J. Hair NASA LaRC

NASA AERONET AERONET P. Gupta NASA GSFC

NASA TEMPO AOD-ALH (v02) S. Kondragunta, H. Zhang, Pubu Ciren, A. STC/ NOAA

Huff
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https://csl.noaa.gov/projects/aeromma/
https://www-air.larc.nasa.gov/missions/staqs/
https://aeronet.gsfc.nasa.gov/
https://science.nasa.gov/mission/tempo/

Aerosol optical model validation effort milestones for the AEROMMA field mission

This work
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Example of size-resolved composition mapping:

Number concentration (top) and mass concentration
(bottom) of an urban plume from 2023-08-01 Chicago
flight

Prescribed size-resolved aerosol comp. allows us to
apply particle intrinsic properties to determine optical
properties (e.g., extinction)

3 pm
Tt
e = | D% (Dp i )N (D) dlog(Dp)
3 nm

refractive index

ngg(A) = 1.506 + 1.04 x 10°(A~39)
Ahern et al., JGRA (2025)
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Vertically-resolved and size-depenent aerosol profiles from 2023-08-01 flight
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Example of DC-8 spiral in homogeneous atmosphere (2023-08-02): Spiral aerosol extinction profile matches HSRL retrieved profile

over the same spiral area
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In situ DC-8 AODs are on
average ~20 % smaller than
both AERONET and HSRL
AQD retrievals

Tighter correlation between
observation-based AODs and
HSRL AODs due to aircraft
coordinated efforts

AQOD variation between
aircraft spiral and other
remote sensing meas. does
not depend on BB mass
fraction or any other particle
type mass fraction
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Subtracted AERONET AOD (unitless)

Markers colored by DC-8 flight dates

Markers sized by BB mass fraction of DC-8 spirals
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Vertically-resolved aerosol composition provides aerosol extinction-to-backscattering (i.e. lidar) ratio (S,) validation for
satellite retrieval algorithm for specific aerosol types (e.g., CALIOP aboard CALIPSO)
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Comprehensive in situ
& coordinated aerosol
measurements
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Satellite AOD evaluation with our aerosol optical model

Completed work
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Previously: AOD comparison b/w in situ measurements and VIIRS

satellite-derived values from ATom field campaign (Thompson et al.,
BAMS, 2022)

Wang and Brock et al., JGR, 2024
Brock et al., ACP, 2021

Ongoing work: Evaluation of observation-based aerosol optical

model against TEMPO aerosol data products
= AOD

= Aerosol layer height (ALH)
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ALH supplements AOD by identifying vertical location of dust, smoke, etc. in the atmosphere
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remote-sensing ‘(HSRL-Z) ALH

TEMPO ALH‘on average about 2x higher than in situ (DC-8) compared to close agreement between DC-8 and
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Current scientific objective: Derive observation-based aerosol optical model and compare against TEMPO aerosol

LUT
Table 1. Opbcal Propertes of the Acrosol Models Used for the V3.2 Over-Land Lookup Table®
Modcl __Mode _hy pm a Vg, jum’pum® Refractive Index: k
Contincotal
Waler Solub ~ 0.176 1.09 3.05 1.53 — 0.0058; |
153 — 0.006i; 2
153 — 0.006i; 3
142 — 0.01i; 4
Dhusst 176 1.0% 7364 153 — 0.008i; |
153 — 0.008i; 2
153 — 0.008i; 3
122 — 0.00%; 4
Sool 0050 0693 0.105 1.75 — 0.453; 1
1.75 — 0.44i; 2
1.75 — 0.43i; 3
181 — 0.50i; 4
Moderately Absorhing/Tieveloping )
Accum 00203+ + 0145 01365 + 0374 01642 477 143 — (—0.0025 + 0.00R)i
Coarse 033641 + 3,101 0,098 + 0.729 0.1482 258 143 — (—0.0027 + 0.008)i
Absorhing Smokc
Accum 00096+ + 0134 0079045 + 0383 01748 4250 151 — 0.02i
Coarse 094897 + 348 00409 + 0743 01043 5 151 — 0.02i
Morisabssort/Urban-Tid
Accum 00434 + 0060 01529 + 0364 QLITIR 05 142 — (—0.00155 + 0.007)i
Coarse 04T + 3325 01638 + 0759 00934 57 142 — (—0.00157 + 0.007)i
Sphcroid Tust
Accum 01416 ¢ 202 07561 +"19% Q08T o' [ e || 1 e TRl |

1A% ™™ _ 0.002i; 2

1. 4%+ Eﬁ — (00018 Eﬁi;z

_ 146 — (00018 i; 4

Coarse 22 0.554 ¢ 40 06786 v L4k M — (00025 i 1
1A% ™™ _ 0.002i; 2

LR ™™ _ 00018 "™, 3

(Ol R
1461 — (D018 "N 4

*Listcd For cach maodel arc the individual lognormal modes, and the final S5A atl differenl wavelengihs. Listed for cach mode are the volume modal radics
I, stamtand deviation o of the volume distribution, and total volume of the mesde, V. The complex refractive index is assumed for all wavclengths (1, 2, 3,
amd 4 fow 04T, 055, 0.6k, and 2.1 gem, reapoctively), unless otherwise moted. The abaorbing and moederatcly absorbing model paramctcrs (r,, o, and k) arc
delfimed for o+ <2 200 for = 200, we assumc 7 = 2.0, Likewise, the nonabsorbing and sphenid model paramcters anc defined for <2 100V, (for all modicls)

is defined for all +. Levy et al., JGR, 2007
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THANK YOU! Q&A

Interested in our aerosol dataset? Available
NetCDF files for distribution!

Contact: Han Huynh (han.huynh@noaa.gov) and
Adam Ahern (adam.ahern@noaa.gov)
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