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The NASA Langley Research Center airborne High Spectral Resolution Lidar

(HSRL-2) provided extensive measurements of smoke above shallow HSRL2IORACLES 22 Sept 2016 ORACLES HSRL-2 data
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NASA EV-S Observations of Aerosols above Clouds and their Interactions
(ORACLES) mission. During the first ORACLES field campaign in September | e
2016, the ER-2 was deployed from Walvis Bay, Namibia and conducted e A

flights over the southeastern Atlantic Ocean. HSRL-2 measured profiles of |
aerosol backscattering, depolarization, extinction and aerosol optical
depth (AOD) at 355 and 532 nm and aerosol backscattering and
depolarization at 1064 nm and so provided an excellent characterization
of the wide-spread smoke layers above shallow marine clouds. We
present profiles of aerosol microphysical properties such as concentration NI SN, IS E
and effective radius that are derived from the HSRL-2 multiwavelength = HSRL-2 Aerosol Backscatter | =
measurements of backscatter and extinction. 2 { Cosoi- il Measurements on Sept. 22, 2016 "
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HSRL-2 aerosol backscatter measurements are used 0 0.2 0.4 0.6 0.8 1

.. . . . . . . _ Probability

HSRL-2 Data/Measurements/Retrievals: Ehe NASA EV-S ORACLES mission is being c0|‘1du.cted to study the climate impacts of Afrlcan.blomass to characterize smoke and cloud layer heights and %

— urning aerosols. Smoke produced over Africa is transported over the southeastern Atlantic Ocean thicknesses as well as the thickness of the aerosol- ¢
e Aerosol bac.kscz.atter, depolarlzatl.on (355, 532, 1064 nm) and above the subtropical stratocumulus cloud deck. The direct radiative effects of the smoke free layer between the smoke and cloud layers. The E
° Aero.sol .extmctlon and A.O-D proﬂles (355, 532 nm) depend on the optical properties of the smoke as well as the reflectance and coverage of the clouds results for all HSRL-2 measurements acquired during g
* Qualitative aerosol classification below. Depending on the relative vertical location of the smoke aerosols and low level clouds, the all the ORACLES flights are shown. 8
* Mixed layer height smoke can change the cloud condensate, thickness, and lifetime. The airborne HSRL-2 provides an ""E"'
» Multiwavelength aerosol retrievals of particle properties (e.g. effective radius, important suite of measurements to characterize the smoke and cloud heights and thicknesses as § 0 0.1 %fobab"ﬂf’ 04 05

concentration) well as the smoke layer optical properties.
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Multiwavelength “3p3 + 2a” aerosol microphysical retrievals using HSRL-2 data from September 22, 2016
Input Output
HERL-ZMORACLES 22 Sept. 2016 HERL-ZIORACLES 22 Sept. 2016 ORACLES TIITIEIIUT:I SePt 222016 ORACLES TI"'IE{UT:I SEpt 222016
Time(UT) Time{UT) 8 9 10 11 12 13 14 15 8 9 10 11 12 13 14 15

B 9 10 11 12 13 14 15 g 3 10 11 12 13 14 15 500 2
AT AT PR B | TS : : :
Aerosol Backscatter (355) - T i ) 3 ;'I-"-Jl'.'-|'." Sl SRR ; 2 , Aerosol Fing Mode Effective Radius
: W ™ L :li'-i-l..' LN 1y =
b N ] I f iyl ¥ . 5 5 6 18 x
: l I} : 0 ¢ %
g \ - 3 _ 0 —_ E
g 152 ! hll oy - EE DE EE '1E§
1 Mg T 4 - i o T, | | 2 34 E}
- : : | | i : 2 ‘ 1 1500 2 E 2
: z <3 . .:|- - kA | = 23 | \I Ul 3 < 3 14 %
g E ’ - g 2 , I I h'“'ll m |H UL 1000 3 ) g
‘f & h - A TR Y = 12%
1 MI it ' 1 3 1
i Aerusul Extinction {3 55) 1 u
0 - 1
HESRL-ZNRACLES 22 Sept. 2016 HERL-ZHORACLES 22 Sapt. 216
— — ORACLES Time(UT Sept. 22 2016 ORACLES Time(UT) Sept. 22 2016
B g 10 11 12 13 14 15 8 g 10 11 12 13 14 g g 10 11 12 13 14 15 g 9 10 11 12 13 14 15
T 0
11,62 < . .
g 1623 7 . § 7 I |
g @ T | | ||| ||
o 8
E 100 % 3] | 0 gl I| | II I| ] |II | I II :II IIII:I‘||“| ’I:“i“” |h“| “" I 5;.
. = = o —_ 0 —_ 5 o
: : % = g £ I* IHH d | i 2 < | |I L ” I I|'|I |'I|'I'+| I ‘“ ||I' i |'|'I:, |||||||| 5
3 5 : i 3 4 0 2 §4 | | ‘J I || ||: L =3
: : L3 (| * ﬂ' : iin lqrhl"r' i ," ; bl b r|||1 | "ﬁ' .. .
& = = | , " = < 3 i | | |||||| 1| ||! |u| |h I N
] . > 1 ol 'u" i ~3 i u n ||'"u||" i ||,| 'IIH 1”“ 5
': 18 2 S 10 T 2 “”' . >
El %
1 9 1
HERL-2I0RACLES 55 Sept. 2016 227 801 4323 172 4659 887 MM 229WLat o AT
Time(UT) y 8.01 322 .61 5,04 0.2 685 13 65Len ; i i '22;93 & i : , , : , , , - :
B g 10 11 12 13 14 12'65 363 3:?3 _1'5 565 0119 5;34 13'5?, ELon 12,65 8.03 3.23 16 £.05 0.19 6.84 13.67 ELon
Aerosol Backscatter (1064) /
' _ Multiwavelength lidar retrieval
" ) ”1 g Baﬁzg;ﬁer: Efg;ﬁ?sn: algorlthms (Muller et al 1999, 2013/09/12 Smith Point 14:27 - 14:43 2013/09/14 Smith Point 13:26 - 13:40 2013/09/13 Galveston 14:05 - 14:23
_ ’ it 355nm 4 355nm Veselovskii et al. 2002; etc) ' ' I ' ' | ] (e | ' ' O In situ (amb) —O— HSRL-2
. g | 22mm 4 Jnmo o Veselovskil et al. 2002; etc
3 5 | 1064nm
2 i—; lidar particle size
g measurements ||distribution =
3 \ =
< \ ® . . . . . .
\ INVERSION \ § Lidar mlcrqphy5|cal retrievals of effectlve -rad!us and
| | ( < concentrations compare well to airborne in situ measurements
227 1801 1323 172 1659 1857 2111 -22.9WLat ! B(A) — J Kﬁ(r: m, A)'D(T)d?‘ from DOE TCAP ([V]u//er etal. 2014 AMT) and
12.68 8.01 3.22 161 5.04 0.2 6.85 13.6ELon . . ’ ’
( - :
(1) = J K. (r,m, Dv(r)dr | l | . _. NASA DISCOVER-AQ missions (Sawamura et al., 2017, ACP)
3B+20L considered the minimum information content 0 15 300 0 5 10 15 045  0.25 0 250 500 0 10 20 015 025 0 15 300 0 5 10 15 015 025
. . . .. : : : surf Area Conc Volume Conc Effective Radius Surf Area Conc Volume Conc Effective Radius Surf Area Conc Volume Conc Effective Radius
necessary for microphysical retrievals (Béckmann et al., 2005) size, refractive index, wavelength [um? cm'?] [jam® cm] [am)] [um? cm?] [um® cm?] [um] [um? cm'?] [um® em] fum]
HSRL-2 AOD comparisons with AERONET S umma ry Outlook. Pursuing combined lidar+polarimeter retrievals
HSRL-2 measurements of aerosol optical depth (AOD) are routinely compared with * NASA LaRC airborne HSRL-2, deployed on the NASA ER-2, characterized smoke layer e Limits in information content for lidar-only microphysical retrieval means absorption is
those from AERONET. Here are examples from the DISCOVER-AQ campaigns over properties over the Southeastern Atlantic Ocean during the first ORACLES mission retrieved less well than size distribution parameters
California and Houston in 2013 (Sawamura et al., 2017, ACP) e The smoke layer was generally confined to altitudes between 1 and 6 km e Synergistic combination of active (lidar) and passive (polarimeter) measurements will
 Low level clouds were ubiquitous and were generally confined to altitudes below 1 to 1.5 km optimize information content on vertical profile of absorption properties
DAQ Callfornla e The smoke layer was in contact with low level clouds over 40% of the time
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