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Motivation
Water uptake by aerosols impacts aerosol physical characteristics (size, shape, composition) which in
turn affect aerosol optical properties (e.g. scattering, extinction, depolarization)

Changes in these aerosol characteristics impact their: 1) radiative effects, 2) ability to act as Cloud
Condensation Nuclei and Ice Nuclel, 3) role in aqueous chemistry

Large diversity in the magnitude of aerosol humidification in models (e.g. Burgos et al., ACP, 2020)
Evidence that some models have too large an increase in aerosol extinction with relative humidity

Airborne HSRL measurements often reveal changes of aerosol properties (backscatter, extinction,
depolarization) with RH. Can we quantify these changes and relate this variability to aerosol
humidification factors derived from in situ measurements and represented in models?



1) NASA CAMP2Ex (Aug-Oct 2019) (Philippines)

= CAMP2EXx addresses aerosol and cloud microphysics

= NASA LaRC HSRL-2 deployed on P-3B aircraft for nadir viewing measurements
= P-3B, based at Clark Air Base, conducted 19 science flights between Aug. 24 and Oct. 5, 2019

= Dropsondes deployed from P-3B aircraft

= Data available from https://wwwe-air.larc.nasa.gov/cqgi-bin/ArcView/camp2ex

2) NASA EVS-3 ACTIVATE (Feb-Mar, Aug-Sep 2020; Jan-Jun, Dec 2021; Jan-Jun 2022; data used here are from

2020-2021) (western North Atlantic Ocean)

= Focus on marine boundary layer (MBL) clouds off the US Mid-Atlantic
Coast

= NASA LaRC HSRL-2 deployed on LaRC King Air aircraft for nadir
viewing, Dropsondes deployed from LaRC King Air aircraft

» |n situ instruments deployed on NASA LaRC HU-25 Falcon aircratft to
simultaneously measure BL clouds and aerosols below King Air

= Data available from https://www-air.larc.nasa.qgov/cqi-
bin/ArcView/activate.?2019, https://www-air.larc.nasa.gov/cqi-
bin/ArcView/activate.2021
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HSRL-2 Products from CAMP2Ex and ACTIVATE
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Expanded View of Aerosol Backscatter and Extinction Images
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Quantifying the Aerosol Enhancement Factors Associated with the
Increase in Relative Humidity (RH) using HSRL-2 and Dropsondes
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As RH increases with height within Mixed Layer, hygroscopic particles ,B(RH) (100—RH )
take on water, so aerosol backscatter and extinction increase. f(RH) - — L — [ 0 ]V
To quantify this increase, we compute aerosol enhancement factor f(RH), L (RH,) (100—RH)

gamma (y), kappa (k) within the mixed layer (i.e. Z/Z, <1)

Aerosol backscatter profiles from HSRL2; RH profiles from dropsondes RH

Mixed Layer Height (Z,) derived from HSRL-2 aerosol backscatter profiles ~ 1 + K[ ]

Restrict cases to nearly constant water vapor mixing ratio so aerosol 100—RH

properties vary with RH and not due to changes in concentration

Values in the comparisons are for f(RH=80%/RH=20%) f(RH),y computed for aerosol backscatter (8) and

aerosol extinction (o)



Humification Factors ([f(RH)] for aerosol extinction slightly
higher than for aerosol backscatter

» f(RH) factors for aerosol extinction were slightly higher than for aerosol
backscatter for both CAMP2Ex and ACTIVATE

= Consequently, aerosol extinction/backscatter ratio (“lidar ratio”) increases 5-
30% with increasing RH, depending on the range of RH

» HSRL-2 CAMP2Ex f(RH) (355 nm) Y HSRL-2 ACTIVATE f(RH) (355 nm)
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Aerosol Humidification Factors derived from HSRL-2/dropsondes are
typically larger than from airborne in situ measurements

. Average f(RH=80%/RH=20%) (532 nm) derived from
HSRL-2 and dropsonde data was about 1.7 for

backscatter, and 1.8-2 for extinction, during CAMP2EXx

and ACTIVATE
» These values were higher than the corresponding

values from airborne in situ measurements during both
(1.30-1.39)

CAMP2Ex and ACTIVATE
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= Higher f(RH) values from HSRL-2 & dropsonde are

likely because lidar observes both fine and coarse (sea
salt) aerosol in contrast to airborne in situ
measurements of only fine mode aerosol

= Example from CAMP2EXx Sept. 21, 2019 flight
— Insitu f(RH) ~ 1.0-1.1
— HSRL-2/dropsonde f(RH); ~ 1.5, f(RH),~ 1.6
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HSRL-2/dropsonde humidification [f(RH)] factors related to HSRL-2

aerosol type and CAMP2EX chemical influence flag

= HSRL-2 measurements of aerosol
intensive variables used to infer aerosol
type (Burton et al., 2012)

= Diskin Trace Gas CO, CH,, and O; and
DLH H,O measurements used to separate
chemical regimes

=  During CAMP2EX, f(RH) values derived
from HSRL-2/dropsonde data were
somewhat higher for urban/pollution and
lower for biomass burning

» HSRL-2/dropsonde f(RH) appear most
consistent with marine & urban aerosol

Shingler et al., JGR, 2016 (in situ)
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Comparison of f(RH) derived from HSRL-2/dropsonde
measurements with GEOS model
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Inferring f(RH) for coarse mode sea salt (CAMP2EXx)

HSRL-2/dropsonde humidification factors are larger than airborne in
situ values because lidar observes both fine and coarse (sea salt)
aerosol in contrast to in situ measurements of only fine mode.

Therefore, we attempted to infer coarse mode humidification factors.

Assumption:

— Coarse mode aerosol comprised of sea salt and is entirely
within PBL

— In situ measurements of f(RH) correspond to only fine mode

Coarse mode aerosol extinction estimated from Research Scanning
Polarimeter (RSP) retrievals of coarse mode AOD and HSRL-2
retrievals of PBL height

Fine mode aerosol extinction derived from HSRL-2 measurements
of total aerosol extinction and estimates of coarse mode aerosol
extinction

Coarse mode f(RH), derived from change in aerosol extinction with

RH measured by HSRL-2, in situ measurements of fine mode f(RH);

and estimates of fine and coarse mode aerosol extinction

Mean and median values of coarse mode f(RH). between 2-3; the
larger values associated with in situ measurements of fine mode
f(RH);~ 1
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Summary

Aerosol humidification factors [e.g. f(RH)] for aerosols within well mixed PBL are derived using HSRL-2
measurements of aerosol backscatter and dropsonde measurements of RH during NASA CAMP2EX
and ACTIVATE (2020-2021) missions.

Average f(RH=80%/RH=20%), (532 nm) was about 1.7, f(RH),~1.8-2, during CAMP2Ex & ACTIVATE.

These values were higher than values from airborne in situ measurements (1.30-1.39). Higher f(RH)
values derived from HSRL-2 & dropsonde data are likely because lidar observes both fine and coarse
(sea salt) aerosol in contrast to in situ measurements of only fine mode aerosol.

Higher f(RH) values were derived for urban aerosols and lower values for biomass burning.

Higher values of f(RH) for aerosol extinction than for aerosol backscatter indicates lidar ratio increases
with RH.

Estimates of coarse mode (sea salt) f(RH) around 2-3 based on HSRL-2, in situ f(RH), RSP
measurements and retrievals.

GEOS model values of f(RH) are higher (~2.1), and have less variability, than those derived from both
HSRL2+dropsonde and airborne in situ values. Work is ongoing to further evaluate GEOS
humidification factors relative to those derived from HSRL-2/dropsonde.

Future work will examine aerosol humidification factors from other missions and regions (e.g. CPEX-
AW, CPEX-CV).



= Backup



Gamma vs. Kappa Fit for f(RH)

sonde 97 gamma= 0.29755 conf= 0.29141  0.3037
rsg= 0.98983 rmse= 0.01677
fRH= 1.5106 kappa= 0.14095

“Gamma” relationship was found to

provide a consistently better fit to the
HSRL-2/dropsonde data than the “kappa”
fit (e.g. Brock et al., 2016, ACP)
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Aerosol Enhancement Factors Measured by HSRL-2&Dropsonde
During CAMP2EX and ACTIVATE

« HSRL-2 f(RH)g is similar for each wavelength * HSRL-2 f(RH), increases with wavelength, perhaps
associated with larger sea salt particles observed

during ACTIVATE
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HSRL-2/dropsonde and GEOS model enhancement
factors vs. wavelength

HSRL-2&Dropsonde enhancement factors are more variable and, on average,

show little change with wavelength
GEOS model enhancement factor are less variable and increase with wavelength
0.7 0.7 0.7
CAMP2EX CAMP2EX CAMP2EX
0.6 [ §(RH) 0.6 [ f(RH) 0.6 f(RH)
HSRL2 355 nm 1.66 +/- 0.36 HSRL2 532 nm 1. /- 0.32 HSRL2 1064 nm 1.65 +/-0.32
GEOS 355 nm 1.7 +/-0.072 GEOS 532 nm 2.0 GEOS 1064 nm 2.43 +/-0.13
0.5 0.5 0.5
?';0.4 B %‘0.4 - %‘0.4 B
z.. 8, Nos
= £ £
- 0.2} - 0.2 — ] - 0.2
0.1F 0.1F ’_( 0.1}




