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Airborne High Spectral Resolution Lidar (HSRL)

= Focused on providing guantitative
measurements of aerosol optical
properties

= Different from standard backscatter
lidars: independently measures
backscatter and extinction (532 nm)

— Aerosol backscatter (532, 1064 nm)
(Ax ~1 km, Az ~ 60 m)

— Aerosol extinction (532 nm)
(Ax ~ 6 km, Az ~ 300 m)

— Aerosol depolarization (532, 1064 nm)
(Ax ~1 km, Az ~ 60 m)

= 15 science flights, 60 flight hours
— 5flights with J-31
— 6 flights with G-1
— 4 flights with C-130
— 5 MISR coincidences
— 9 MODIS coincidences
— 11 overpasses of TO
— 8overpasses of T1



Science Objectives

= Map vertical and horizontal distribution of aerosols

Use profiles of extinction, backscatter, and depolarization to
characterize the vertical distribution of aerosol optical properties and

Lype
Determine relative contribution of various aerosol types to aerosol
extinction and optical depth

Provide vertical context for in situ measurements on the G-1 and C-130
and remote measurements on the J-31 and use the in situ _
measurements to assess the inferred aerosol types from the HSRL lidar.

Compare observations to model transport predictions — Jerome Fast

Compare aerosol extinction and optical depth measurements with
sensors on J-31, G-1, and C-130 — Phil Russell

= Assess satellite (MODIS, MISR) retrievals

= Investigate active—passive retrieval techniques of aerosol optical and
microphysical properties



Characterizing Aerosol Spatial Distribution
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Characterizing the spatial distribution of aerosol type

LaRC Airborne HSRL Measurements over Mexico City, March 13, 2006
e western part of city- high S_, high WVD, low depolarization — urban aerosol
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Recent Field Missions

3 major field campaigns during 2006 (over 200 flight hours)

82" W 80" W 78" W 76"\t ’
F >

MILAGRO CALIPSO Validation TexAQS 11/GOMACCS
International, Multi-agency Phase 1 NOAA-DOE-NASA
DOE-NSF-NASA-Mexico June 14-30 Aug 27 — Sep 29
March 1-30
15 science flights, 20 CALIPSO validation 22 science flights,
60 flight hours fllghts :’go?ﬂ%ﬁ N
-3 ﬂ!ghtS W!th 121 8 night flights — & flights with NOAA Twin Otter
- B ﬂ!ghts w!th -1 — 12 day flights ~ 7 flights with CIRPAS Twin Otter
- 4 flights W.Ith.':- 120 — 5 flights coordinated with ~ 2 flights over the RHB
- 5 MISR coincidences other platforms on - Tgrgzﬁségvelr@g:m C;r hﬂifdv Tower
— 9 MODIS coincidences TexAQS/GoMACCS I xS

14 MODIS coincidences



Aerosol Intensive Parameters derived from
HSRL data
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» MILAGRO
* higher depolarization, smaller color ratio, smaller S,
* larger, more non-spherical
* dominated by “dust”
» GOMACCS/CALIPSO
* smaller depolarization, higher color ratio, larger S,
* smaller, more spherical
* dominated by “urban/biomass”



Characterization of aerosol types using HSRL Data

HSRL measurements

from MILAGRO,

CALIPSO, GOMACCS

Cluster analysis of HSRL s,
aerosol intensive

parameters used to
determine major aerosol et

types

1 pure dust
2 dust (large)

4 oceanic
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Characterizing/Assessing aerosol optical properties/type

Providing vertical context for G-1 in situ measurements

Aerosol Extinction (km 1) {632 nm) Aarosol Dapolarizatlon (532 nm) N A S A KI n g AI r & D O E G _ 1

0.?0 D.IOE 0.]12 0.I18 0-|24 0]30 O.Pll EI.ICIS 0-|1lil 0-:5 0-?0 0-?5 . .
| coordinated fight — March 9, 2006

S T 17 S 1 S 1 1T S (1 S ' Ml BdE a2 M RS NSt u
I VN T N T SN N Y Ty A A A A

DOE G-1 March 9, 2006

= 22:08 - 22:18 UT 3.6 km MSL
' 250 prmp—pp—pr—y—rgey—r—p—r—y—

S 200 E Aerosol
= 150 E extinction (550 nm)

Depolarization (53 nm)

1
© o o
N £ =Y
reff {um)

2100 .
! Q : :
; .E 50 E- foff (PCASP) -
: ‘>'<' OE 1 e 1 1 1 4
E w ! v ! ' T ¥ T T T T T T
0.95F Aerosol 450 nm, 550 nm, 700 n
. 0.90 single scattering albedo

Asrosol Exlinction Backscalter Rato (&) (532 ) Aarosal Wavalongih Dapondance (1064/532) 0.85
P S N :
L i L L L L I
[ I ] v S 120 =
2 2
i i 29144 143 31440 3944 Hih a4 HET] Fik1Y i 12 240 2198 2136 M ur o o E S
s ] DRl T o o | B el | L P P I | & 80 -_ 9 ;_-:
! r @ F AN P AN
S 40F S~ SO =0
s BN e ; 2, : I n
: O 260 10
R 4 " e 240 | ds .E
i ] I { £
§ s 220 ls =
- © 8 00l . 1° 8
£ 200 wind b 14 &
; : o 180 M T L LY n
-99.4 -99.3 -99.2 -99.1 -99.0 -98.9 -98.8 -98.7
]

! Longitude

1|ii||1 III.\TII W]?& .14 WIW WISB Wi“ mf‘ |nia| min 10.78 !ﬁifd n ll'l.!IQ Iﬂiﬂﬁ IBIH Hlat

A s B e B ] PRELIMINARY DATA

L R A3 M2 8N R GBAE ABTY SRR B2 ELon




Assessment of Inferred Aerosol Types

In situ measurements generally support inferred aerosol types

e nonspherical, larger dust (HSRL) -

e smaller, urban/biomass (HSRL)
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Aerosol Characterization Example

Altitude {m)

March 15, 2006 flight around Mexico City
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Apportionment of Aerosol Optical Thickness

AOT Contribution (532 nm) (%)
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Summary and Future Analyses

NASA/LaRC airborne HSRL acquired extensive aerosol data during
MILAGRO/MAX-Mex/INTEX-B.

= Data Archived (INTEX-B Archive), HDF Files also available
= Data Images and flight track maps available on website
»  http://science.larc.nasa.gov/hsrl/
HSRL aerosol measurements are used to infer aerosol types

MILAGRO (Mexico City) — aerosols were dominated by
nonspherical dust particles

CALIPSO/GOMACCS (eastern U.S. and Houston) — aerosols were more
characteristic of urban/biomass

Future Studies

Assess aerosol model simulations

Compare aerosol extinction and optical depth measurements with sensors
on J-31, G-1, and C-130

Integrate HSRL measurements with airborne and surface aerosol
measurements to assess aerosol optical and physical properties

Assess satellite (MODIS, MISR) retrievals

Investigate active—passive retrieval techniques of aerosol optical and
microphysical properties
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Characterization of aerosol types using HSRL Data

= Use aerosol intensive
parameters

— backscatter, extinction
wavelength dependence

— depolarization

— extinction/backscatter ratio
derived from lidar
measurements to infer
aerosol types

= Lidar aerosol intensive
parameters corresponding to
various aerosol types were
derived using ground based
AERONET retrievals (Cattrall
et al., 2005)
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%spheuc Science Program (ASP)
- \

HSRL Data

Characterization of aerosol types using

Extinction/Backscatter Ratio

Aerosol Depolarization Ratio
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Apportionment of Aerosol Optical Thickness vs.
Distance from Mexico City

For distances within 100 km, urban mixture contribution decreases with increasing distance
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ofile Comparison: HSRL, AATS14, and HIGEAR

MODIS Optical Depth Aerosol Extinction

HSRL (B200)

In situ (C-130)
/ Sun photometer (J-31)

Spiral location
for J31 & C130

= Several flights coincident with MODIS (10) and MISR (5) for retrieval studies

= Coordinated flights with J-31 and C-130 for comparison of data products (aerosol
extinction) and retrieval studies (e.g., combined HSRL and RSP photo-polarimeter)
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