
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

Han N. Huynh,1,2 Adam T. Ahern,1,2 Charles A. Brock,2 Ming Lyu,1,2 Xiaoli Shen,3 Justin Jacquot,3 Daniel J. Cziczo,3 Alison 
Piasecki,4 Ann M. Middlebrook,2 Sarah Albertin,1,2 Glenn S. Diskin,6 Charles K. Gabete,6 John Hair,5 Pawan Gupta,7 Hai 

Zhang,8 Shobha Kondragunta,9 Pubu Ciren,8 Amy Huff,8 Daniel M. Murphy,2 and the AEROMMA team 

1Cooperative Institute for Research in the Environmental Sciences (CIRES), CU Boulder, Colorado, USA
2NOAA Chemical Sciences Laboratory (CSL), Boulder, Colorado, USA

3Department of Earth, Atmospheric, and Planetary Sciences, Purdue University, Indiana, USA
4US Geological Survey, Denver, Colorado, USA

5Langley Research Center, NASA, Hampton, Virginia, USA
6Ames Research Center, NASA, Moffett Field, California, USA

7Goddard Space Flight Center, NASA, Greenbelt, Maryland, USA
8Science and Technology Corporation at NOAA, College Park, MD, USA 

9NOAA/NESDIS/STAR, College Park, MD, USA

16 June 2026
16/23/2026



26/23/2026

Aerosol data used for model 
construction and evaluation

Ongoing work:
TEMPO aerosol data 
product evaluation
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Field mission Instrument/Dataset Point of Contact Affiliation

NOAA AEROMMA AMS A. Piasecki, S. Albertin, A. Middlebrook CU CIRES / NOAA CSL

AMP (NMASS, UHSAS, 
CMASS)

C. Brock, M. Lyu, A. Ahern, H. Huynh CU CIRES / NOAA CSL

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. 
Huff

STC / NOAA

Summary of dataset used in this presentation

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/
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Size distribution
3 nm–50 µm

(NMASS, UHSAS, 
CMASS, CAPS*)

Size-dependent 
single-particle 
composition
(PALMS-NG)

Bulk composition
(SP2, HR-ToF-

AMS, PiLS)

AEROMMA mission In situ aerosol optical properties measurements
(AOP, LiNeph, ACES, BrC-PiLS, Nephelometer)

Validate

Dry aerosol 
optical model

Ongoing work

Ground-based 
AOD 

measurements 
(AERONET)

Vertically and 
horizontally resolved 
aerosol optical model

Remote 
sensing 

measurements 
(HSRL)

Validate

Validate

Satellite AOD 
retrievals 
(TEMPO, 

VIIRS)

Aerosol 
optical 

properties 
from LUT

Radiance 
measurement

Update & inform

Distribute to 
modeling 

community as 
netCDF

Validate

Validate

Humidified 
aerosol optical 

model

This work

Aerosol optical model validation effort milestones for the AEROMMA field mission

Huynh, Ahern, and Brock et al., in prep

*CAPS coarse size distribution not yet finalized (3 nm ≤ Ddry ≤ 3 µm) 
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AMS 
inorganic

AMS 
org

BB

σext,i = �
3 nm

3 μm
π
4 Dp

2 αi Dp, ni, λ Ni Dp dlog Dp

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

)nBB λ = 1.506 + 1.04 × 109(λ−3.8

refractive index

Ahern et al., JGRA (2025)

PALMS-NG comp.
(Dp > 0.35 µm)

AMS comp.
(Dp ≤ 0.35 µm)

AMS 
org

Example of size-resolved composition mapping: 
Number concentration (top) and mass concentration 
(bottom) of an urban plume from 2023-08-01 Chicago 
flight
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Example of vertically-resolved and 
size-dependent aerosol profiles 
averaged for 2023-08-01 flight: 

Ambient mass concentration of AMS 
inorganic captures an optically thick 
layer of hygroscopic aerosol at 2 km 
– a ~50 % increase in effective 
radius (reff) from 0.14 µm to 0.21 µm
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2023-08-01 flight paths superimposed on a base map from ArcGIS server 
REST API  (http://server.arcgisonline.com/ArcGIS)

A

B

John Hair and HSRL team, NASA Langley

Collocation of in situ DC-8 aerosol measurements with remote-

sensing aerosol meas.:

 Space-borne lidar meas. (HSRL on NASA G-V)

 Ground-based remote sensing Sun-sky radiometers meas. 

(AERONET)
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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 
AOD retrievals 

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

 AOD variation between 
aircraft spiral and other 
remote sensing meas. does 
not depend on BB mass 
fraction or any other particle 
type mass fraction

9
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Vertically-resolved aerosol composition provides aerosol extinction-to-backscattering (i.e. lidar) ratio (Sa) validation for 
satellite retrieval algorithm for specific aerosol types (e.g., CALIOP aboard CALIPSO) 

Aerosol type

CALIPSO v4 LUT 
S𝟓𝟓𝟓𝟓𝟓𝟓 (sr)

(Kim et al., AMT, 
2018)

Clean marine 23 ± 5 

Dusty marine 37 ± 15 

Dust 44 ± 9

Polluted dust 
(dust + BB) 55 ± 22

Elevated Smoke 
(> 2.5 km – region 
above PBL)

70 ± 16

Polluted 
continental/smoke 70 ± 25 

Clean continental/
background 53 ± 24 
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Comprehensive in situ 
& coordinated aerosol 

measurements

Vertically-resolved & 
size-dependent aerosol 

optical model

Validation against 
remote-sensing 

meas. 

Update aerosol 
LUT for satellite 

retrievals

 Ambient extinction profile (σext,amb)
 Aerosol optical depth (τλ)

 Lidar ratio (Sa)

 Ångström exponent 
(αλ1−λ2)
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Size distribution
3 nm–50 µm

(NMASS, UHSAS, 
CMASS, CAPS*)

Size-dependent 
single-particle 
composition
(PALMS-NG)

Bulk composition
(SP2, HR-ToF-

AMS, PiLS)

AEROMMA mission In situ aerosol optical properties measurements
(AOP, LiNeph, ACES, BrC-PiLS, Nephelometer)

Validate

Dry aerosol 
optical model

Ongoing work

Ground-based 
AOD 

measurements 
(AERONET)

Vertically and 
horizontally resolved 
aerosol optical model

Remote 
sensing 

measurements 
(HSRL)

Validate

Validate

Satellite AOD 
retrievals 
(TEMPO, 

VIIRS)

Aerosol 
optical 

properties 
from LUT

Radiance 
measurement

Update & inform

Distribute to 
modeling 

community as 
netCDF

Validate

Validate

Humidified 
aerosol optical 

model

Completed work

Satellite AOD evaluation with our aerosol optical model

*CAPS coarse size distribution not yet finalized (3 nm ≤ Ddry ≤ 3 µm) 
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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
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Ongoing work: Evaluation of observation-based aerosol optical 
model against TEMPO aerosol data products
 AOD
 Aerosol layer height (ALH) Example of a DC-8 spiral 

on 2023-08-04

τspi,550 ≈ 0.31 ± 0.09



2023-08-09

TEMPO AOD ~1.2x larger than spiral AOD – similar to HSRL and AERONET AOD comparison to spiral AODALH supplements AOD by identifying vertical location of dust, smoke, etc. in the atmosphere
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TEMPO ALH on average about 2x higher than in situ (DC-8) compared to close agreement between DC-8 and 

remote-sensing (HSRL-2) ALH

6/23/2026 15
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Current scientific objective: Derive observation-based aerosol optical model and compare against TEMPO aerosol 

LUT

Levy et al., JGR, 2007



THANK YOU! Q&A
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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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