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= CAMP2EXx addresses three NASA focus areas

— Aerosol and cloud microphysics
— Cloud and aerosol radiation
— Aerosol and cloud meteorology

= 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

HSRL-2/CAMP2EX 15 Sep

HSRL-2 Available Data Products s om om Tk om
» Aerosol Extensive Measurements
— Particulate backscatter profiles (355, 532,1064 nm)
— Particulate extinction profiles and AOT (355, 532 nm)
* Aerosol Intensive measurements
— Particle depolarization profiles (355, 532, 1064 nm) b b ’
— Extinction-to-backscatter ratio profiles (355, 532 nm) 4 L L aden, s *"Wﬁﬁl
— Angstrom exponent profiles
 Extinction: 355-532
» Backscatter 355-532, 532-1064
* Aerosol Type
* Mixed Layer Heights

s

“iu zZgs) ‘.(JS-IJJW) Joeos)oeg |OSOIDY

=] g
(1. ww) (wu zeg) vonounxy josoiay

HSRL-2 data from CAMP2Ex data at L
https://wwwe-air.larc.nasa.gov/cgi-bin/ArcView/camp2ex#HOSTETLER.CHRIS/
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Mixed Layer Heights derived from HSRL?2

Mixed Layer (ML) heights derived from
cloud-screened aerosol backscatter
profiles

ML heights can be a good proxy for
daytime PBL heights

Technique uses a Haar wavelet
covariance transform with multiple wavelet
dilations to identify sharp gradients in
aerosol backscatter (adapted from

Brooks, JAOT, 2003)

Automated HSRL algorithm chooses ML
from among aerosol gradients with input
from manual inspection where necessary 5 3
(Scarino et al., 2014, ACP)

During CAMP2EX, median MLH =557 m

Dropsonde data from Sue van den Heever (CSU)
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HSRL2 Measurements of Aerosol Optical
Thickness (AOT) During CAMP2EX

CAMP2Ex (all flights)
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Aerosol Backscatter and Extinction Increase with Height in
Mixed Layer associated with Increase in Relative Humidity (RH)
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HSRL-2 Reveals Horizontal and Vertical
Variability of Aerosol Properties
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HSRL2 Measurements used to Infer
Aerosol Type
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Aerosol type inferred from measurements of aerosol _
intensive parameters (Burton et al.,

2012, AMT)
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AOT and Aerosol Extinction Apportioned

to Aerosol Type

AOT Confribution (532 nm) (%)

Majority of AOT and aerosol extinction classified using
HSRL2 data during CAMP2EX attributed to smoke

N
o
TT

N w
o o
L RARRRRRRE

o
L AR

o
TTTTTTTT

E_ Aerosol Optical Thickness (532 nm)

lllllllllllllllllllllllllllllllllllllll

Altitude, km

4

N

1 - L L

Pure Dust
Dusty Mix

Marine
Polluted Marine
Urban

Fresh Smoke
B smoke

Aerosol Extinction (532 nm)

50 100 150
Aerosol Extinction (632 nm), Mm™

200



Example: HSRL-2/GEOS-5 Comparison of
Aerosol Extensive Parameters for Sept. 15
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HSRL- 2/GEOS-5 Comp
Aerosol Profiles for all of CAMP2EX
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Deployed from the NASA P-3B aircraft, the NASA LaRC airborne HSRL-2 measured profiles of
aerosol extensive and intensive properties during all 19 CAMP2EX science flights

» Aerosol backscatter and depolarization (355, 532, 1064 nm)

* Aerosol extinction and aerosol optical thickness (AOT) via HSRL technique (355, 532 nm)

« Additional products include aerosol type and mixed layer heights

Median mixed layer height was about 560 m

Associated with the increase in RH near the top of the mixed layer, HSRL2 measurements reveal.

» Aerosol backscatter and extinction are systematically larger by about 30-40% near the top of the mixed layer due to the
increase in fine mode scattering and fine mode particle size associated with increased RH

* Slight decrease in aerosol depolarization associated with particles becoming more spherical due to water uptake

About 40% (60%) of AOT was within (above) the mixed layer
Majority of AOT and aerosol extinction classified by HSRL2 attributed to smoke
HSRL2 data are being used to evaluate:

=  GEOS-5 simulations of aerosol distributions and properties

= Variability of aerosol distributions and properties associated with cold pools

Future work to include lidar-only and combined lidar+polarimeter retrievals of aerosol physical and optical
properties



Median Variabllity of Aerosol Intensive
Parameters Within the Mixed Layer

Z, = mixed layer height

09F b 09k f 09pF [
08 " " 08F [ 0.8 L
_07F " 0.7F L _07r "
N i N
— 06 " -N. 06F L ~ 06 "
N N N
05F " 05} , 05p "
0.4} ; 0.4} - 0.4 -
0.3F L 03F L 0.3F "
0.2 n n n n n n 0.2 b b - 0.2 - - -
82 84 86 88 90 92 94 0 0.01 0.02 0.03 0.04 20 30 40 50 60
Relative Humidity (%) Aerosol Depolarization (532 nm) Lidar Ratio (532 nm)

Analysis using entire CAMP2EX dataset; as
RH increases near the top of mixed layer:

= Slight decrease in aerosol depolarization as 1 - T v : :

. . . r 09r
particles become more spherical so Ol . sl
particulate depolarization decreases | , o.7h

= Increase in fine mode particle scattering so E 0.6 : S osf -
backscatter color ratio (532/1064) increases 0.5F - 0.5F '

= Slight increase in fine mode size so | |
backscatter color ratio (355/532) decreases 02 — P

. o : 1 11 12 13 14 15 16 17 18 19 2 21 22 23 24
= Very little change in lidar ratio Backscatter Color Ratio (355/532) Backscatter Color Ratio (532/1064)

2.5



Systematic Vertical Variability of Aerosol Backscatter
and Extinction within the Mixed Layer Due to RH
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Systematic Vertical Variability of Aerosol Backscatter
and Extinction within the Mixed Layer Due to RH

Z, = mixed layer height
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Vertical Variability of Aerosol Properties within the
Mixed Layer Associated with Relative Humidity (RH)
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As RH increases near top of Mixed Layer, fine
mode hygroscopic particles take on water

= Aerosol backscatter and extinction increase

» Particles become more spherical so
particulate depolarization decreases

» Increase in fine mode particle scattering so
backscatter color ratio increases
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Example: |
Aerosol Intensive Parameters for Sept. 15

SRL-2/GEOS-5 Comparison of
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