Airborne Multi-wavelength High Spectral Resolution Lidar . ASR

mad’g Atmospheric

Observations and Applications from TCAP

INASA Langley Research Center, Hampton, VA, USA

. . . o . 2Lockheed-Martin, NASA Langley R hC , H , VA, USA
Chris Hostetler?, Richard Ferrare?!, John Hair', Anthony Cook’, David Harper', Terry Mack?, Rich Hare'!, iscince systems and Applicctions. Inc.. Hamnton. VA, USA

Craig Cleckner!, Ray Rogers?, Detlef Muller3, 4 Sharon Burton', Amy Jo Scarino?, s i e oo Moo e
Michael D. Obland?, Duli Chand?, Jason Tomlinson8, Brian Cairns?, Phil Russell®, Jens Redemann®, SNASA Ames Research Center, Moffett Field, CA, USA

. . 7 . 18 8 8 8 ’Bay Area Environmental Research Institute NASA Ames Research Center, Moffett Field, CA, USA
Yohei Shinozuka’, Beat Schmid®, Jerome Fast®, Larry Berg®, Connor Flynn spacific Northwest National Laboratory, Richland, WA, USA

= — P
—20120709 | . ¥

Introduction P— Extensive Aerosol Data Products (used in 3+2a retrievals) |z
® NASA Langley has developed the first airborne multi-wavelength TR s Backscatter 355. 532. 1064 nm — 20120721
high spectral resolution lidar (HSRL) instrument, “HSRL-2 Y g 7 Intensive Aerosol Data Products (used for Aerosol Classification) — 20120725 _
* Follow-on to HSRL-1 flown on past ASR missions MR Tl s SepaleriErn 355, 532, 1064 nm 42 ” TT
* Prototype lidar for the NASA Aerosols-Clouds-Ecosystems O | - Depolarization spectral dependence 1064/532, 532/355 ; CRL -2 :
(ACE) satellite mission HSRL/AERONET AOT Com pariSOn Backscatter spectral dependence 1064/532, 532/355 o' N ‘ il |
® The Two-Column Aerosol Project (TCAP) was the first 1 | | | | Extinction spectral dependence 532/355 TCAP flight tracks
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deployment of HSRL-2 i o -idar Ratio 393,332 m 27W_ 70W 68 W 66 W
® Data from TCAP are being used to retrieve vertically resolved o AOT S3anm Aerosol classification: two layers on 25 July 2012
aerosol microphysical parameters using the “3p + 2a” technique 08 ’ ' e wars s s me s s asos e e BT T v o
* The 38 + 2a retrieval provides separate vertically-resolved _ L Aerosol Classification !
profiles of scattering and absorption that are required for Q o4l - Mmoo 2
estimates of direct and semi-direct aerosol forcing and m | 13 | it
radiative heating S e o/ ) : | el
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and loading (via concentration) enables assessments of Urban outflow indicated by high lidar ratio and
aerosol transport models 0.2" g"’p’_:ﬁiﬁ{;’fégts gi_ﬁiﬁfé’f - : larger backscatter angstrom (smaller particles)
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particle size enhance studies of aerosol-cloud interactions | BieeDiference =-0016  Bias Difierence = 0.029
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ummary and Conclusions
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g 532 nm Backscatter : j Absorption : Basic Level-2 Products
z,] e’ * Much higher laser energy and hence much higher Sighal-to-Noise Ratio than HSRL-1
36 7~ ; * 355 and 532 nm aerosol extinction validated via comparison to AERONET AOT
i - o : ‘ Aerosol Classification
o _671?:9 -ez:?:s * Aerosol type full-curtain product provides context for composition measured in situ at
| | | | 6 | | | | | G1 altitudes.
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Preliminary 3 + 2« retrieval of aerosol microphysics and optical properties

* Aerosol effective radius typically in good agreement with in situ measurements, but
outliers exist

Aerosol concentrations typically in good agreement with in situ
* Surface area concentration shows excellent agreement
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3 i Surface Area * Number and volume concentrations have outliers
. 4 ) Concentration : , : : : :
£, 5 Separation of total extinction into scattering and absorption
> A * Aerosol total scattering and extinction in good agreement with in situ measurements
1 : | . === ) ! * Absorption biased high relative to in situ measurements in some cases
b e T Overall: 3B + 2a aerosol microphysics products are preliminary. Work is underway

Effective to assess the products against in situ observations and improve the

; l Radius — algorithms/software.
: : 5 — I Outlook: Advanced microphysical products (e.g., effective radius, concentration,
= & = — F02g . . . .
; : z — s scattering vs. absorption) and aerosol type from HSRL-2 provide full horizontally and
1 || i ! - vertically resolved curtains for extrapolating detailed information gathered in situ on G-1
P e e e A e e o e e s cLon aircraft for estimating aerosol microphysical evolution by type.
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