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ODbjectives

 Retrieve aerosol extinction and optical thickness profiles
from lidar data

e Use combination of airborne lidar and MODIS to provide
Information regarding the vertical distribution of aerosol
properties (size, fine mode fraction)

o Identify aerosol types vs. altitude

 Evaluate ability of GOCART model to simulate aerosol
extinction profiles and aerosol type



NASA Langley Airborne UV DIAL Measurements
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Aerosol Profile Retrievals

* Problem - Backscatter lidar equation (1 equation with 2 unknowns)
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* Solution — we use aerosol optical thickness (e.g. total aerosol
transmission) derived from MODIS and/or model (e.g. GOCART) to
constrain solution and derive average lidar ratio



MODIS and GOCART AOT - TRACE-P

» Since DC-8 flights occurred over areas not
measured by MODIS, we require other ways to
estimate AOT over flight tracks

* For TRACE-P, we used GOCART simulations
of AOT that have been adjusted according to
least-squares fit between GOCART and MODIS
AOT

MODIS vs GOCART for TRACEP (VS)
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MODIS and MATCH AOT - INTEX NA

» Since DC-8 flights occurred over areas not measured
by MODIS, we require other ways to estimate AOT
over flight tracks

* For INTEX-NA, we have initially used MATCH
simulations of AOT provided by NCAR for CERES

* MATCH assimilates MODIS AOT
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Aerosol Profile Retrieval — July 22, 2004

« MODIS and MISR Aerosol Optical Thickness
(AOT)
e Terra Overpass at 15:30 UT on July 22, 2004 -
DC-8 Flight 11
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Aerosol Scattering Ratio — July 22, 2004

 Attenuation correction applied

Aerosol Scattering Ratio (688 nm)
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Preliminary Aerosol Extinction Comparison — July 22, 2004

Altitude, KM ASL

UV DIAL
* NASA Ames Airborne Sun Photometer (AATS14) on J-31 aircraft

o Scattering (nephelometer) + Absorption (PSAP) in situ on DC-8

Aerosol Extinction (km”) (VS)
0.0901 0.0910 U.UTIUU U.1IUUU 1.0|000

[ THlN T T TS

13:00 14:00 15:00 16:00 17:00 18:00 1%:00 20:00 uTt
o e e b b I [

INTEX Flight 11

DC8UVDIAL1633 1642 430N 69.7 W
J-31 AATS14 15:42-16:03; 42.9 N, 69.5 W 1
DC-8 In Situ 15:58-16:36; 43.0 N, 69.5 W_

e J\/ DIAL (588 nm)

€
=

> o 3 == UV DIAL (1064 nm)
2 e ARTS14 (604 NM)
£ 2] e AATS14 (1019 N

e |11 Situ (Neph+PSAP) (550 nm)

1-
37.|52 37.|71 41.|45 43.|IJ? 44.|9IJ 49.|21 5|J.|15 45.|31 N Lat O : - -
FrHHHHH R YT e e e T
| | | | | | | | 000 005 010 015 020 025 030
7264 7115 -68.56 -63.4% -67.44 -B2.24 -B63.55 -67.73 ELon

Aerosol Extinction (km'™)



Preliminary AOT Comparison — July 22, 2004

Altitude, KM ASL

e UV DIAL
e NASA Ames Airborne Sun
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MODIS+lidar Aerosol Retrieval

* Retrieval algorithms — (2 Wavelength)

e (Kaufman et al., IEEE, 2003; GRL, 2003; Leon et al., JGR, 2003)
 Aerosol size distribution — bimodal lognormal
 MODIS aerosol models — 20 combinations of 4 fine, 5 coarse
particles
« Size of each mode is assumed to be altitude independent
 Relative weight of each mode is determined as a function of
altitude from lidar backscatter color ratio
 Retrievals are constrained to fit MODIS measurements

e Spectral reflectance

e Column AOT and r

e Modifications — (3 Wavelength)

« UV wavelength (300 nm) — more information on fine particle size
 Depolarization — adjust the backscatter phase function for
nonsphericity



Preliminary Aerosol Profile Properties — Retrieval Results - July 22, 2004

- (biomass) High HCN, ethyne, CO, O3, H20, airmass from Canada, mixed with pollution (NO2 spike)
- (poliytion) High SO2, CO, O3, low H20, fresh urban and industrial. trajectories from great lakes, and East Coast

(near end) but very similar chemical signature
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Comparison of Vertical Profiles — DIAL and GOCART (TRACE-P)
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Vertical Profile of Aerosol Composition - GOCART
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Comparison of Vertical Profiles — DIAL and GOCART- TRACE-P

Can we use DIAL measurements of aerosol intensive parameters (backscatter and extinction
color ratios, depolarization) to help identify aerosol type?
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Aerosol Classification Using DIAL Measurements

» Aerosol types were grouped using
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Summary

« MODIS data helped constrain airborne lidar retrievals of aerosol extinction profiles,
and backscatter and extinction color ratios - TRACE-P (2001) and INTEX NA (2004)
« Combination of three-wavelength lidar/MODIS measurements over ocean used to
retrieve profiles of fine mode fraction and effective radius

* INTEX NA data used to evaluate results
» General good agreement with extinction, fine mode fraction
 Evaluating GOCART simulations (TRACE-P)
 Aerosol extinction - GOCART in generally good agreement with lidar near
surface, somewhat lower amounts aloft
 Backscatter and extinction color ratios — GOCART shows less vertical variability
than derived from lidar
» On-going work (TRACE-P and INTEX NA, B)
 Use cluster analysis techniques to identify and group aerosols
* Derive aerosol types to help evaluate GOCART aerosol compositions
 Future
 Use aerosol extinction, backscatter, depolarization measurements from LaRC
airborne High Spectral Resolution Lidar (HSRL) — MILAGRO (Mexico City),
TEXAQS/GoMACCS (Houston)
* Proposed to use combination of CALIPSO/MODIS/PARASOL data
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Aerosol Wavelength Dependence — July 22, 2004

e
 Attenuation correction applied e

using MODIS AOT constraint S S L
» Correction retrieves profiles under = '

layers of large aerosol attenuation
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NASA Langley Airborne UV DIAL Measurements

 Ozone Differential Absorption Lidar (DIAL) Profiles

(A =289 NnM & A =300 Nm)

 Aerosol & Cloud Scattering Ratio Profiles (300, 576, & 1064 nm)
« Simultaneous Nadir and Zenith Ozone & Aerosol Profiling

e Nadir Aerosol Depolarization Profiles (576 nm)

e Deployed on NASA DC-8 for TRACE-P (2001), INTEX NA (2004)
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GOCART and MODIS AOT Comparisons

COCART AOT 550 nm

MODIS vs GOCART for TRACEP (VS)
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Aerosol Extinction and Color Ratio Profiles — July 22, 2004
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Vertical Profile of Aerosol Extinction Color Ratio - GOCART

Altitude, km ASL
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Vertical Profile of Aerosol Backscatter Color Ratio - GOCART

Altitude, km ASL

Altitude, km ASL

Color Ratio of Backscatter VS/IR (550 / 1000 nm)
0.90 1.90 2.|00 3.90 4.90 5.ICICI

23:00 1:00 3:00 5:00 7:00
e e e e b b e b Py I

P3 IIEND

MOIIT’I'I'I'

BC

Color Ratio of Backscatter VS/IR (550 / 1000 nm)
0.90 1.90 2.90 3.|00 4.90 5.90

[(THN T 7 TN

23:00 1:00 3:00 5:00 7:00
v v b b b b P e P 1

P3 IEND Mol?l'l-l'

N Co

= OC

—_—

35.74 30.85 2373 23.68 30.30
N T T N T T S T A I AR U A
L L B I I
139.35 144.65 148.84 137.37 134.91

TRACE-P March 24, 2001

uT

uTt

Color Ratio of Backscatter VS/IR (550 / 1000 nm)

0.90 1.90 2.90 3.90 4.90 5.90

(O Tl T T
23iﬂﬂ :I | :‘ | :‘ | :‘ uT
L L1l p\géNlD L \MIOPI-II-I-I L - - | I L1l L1l L
B e 6
] — B
] ; — DUSt ®
4 a . . ‘ == s
3 : = -3
2 + N2
1 - o 5 -
o — = - - ‘o
35174 | 3nias | 23.‘73 | 23.‘58 | 30.‘30 | N Lat
L B o e A o
139.35 144.65 148.84 137.37 134.31 E Len
Color Ratio of Backscatter VS/IR (550 / 1000 nm)
U.IOCI 1.90 2.90 3.90 4.|00 5.90
[Tl Tl 7 T
23:.00 1:00 3:00 ut

P3 IIEND

137.37 134.81

Altitude, km ASL

Backscatter Color ratios
*BC- 1.6-1.7
*Dust-1.0-1.1
+0OC-23

e Seasalt-1.1-1.7
 Sulfate- 2.2-2.4

Color Ratio of Backscatter VS/IR (550 / 1000 hm)
0.00 1.00 2.00 3.00 4.00 5.00

23:00 1:00 3:00 5:00 7:00
e b b b b b B b b 1
PSFND MOI;-’I'I'I'
oy
=" ulitate
—_—
3574 30.85 2373 23.68 30.30
P I VIR AN A TAN ST AT AN ANAN ANUNANEN ANUT A
L L L L L A B A O
138.35 144.65 14884 18737 134.91

ut



Preliminary Aerosol Profile Properties — Retrieval Results - July 22, 2004

- (biomass) High HCN, ethyne, CO, O3, H20, airmass from Canada, mixed with pollution (NO2 spike)
- (poliytion) High SO2, CO, O3, low H20, fresh urban and industrial. trajectories from great lakes, and East Coast
(near end) but very simimal chemical signature
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Altittude (km)

Flight 11 case 1 July 22 2004 13081330 UT
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Aerosol Measurements — July 15, 2004

DC-8 Flight 8

Aerosol Scattering Ratio (VS) (uncorrected)
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Aerosol Extinction Comparison — July 15, 2004

« Comparison with ground-based Univ. of Wisconsin HSRL i e~ : I
lidar that measures backscattering and extinction directly ) - -ocfil - i
» UV DIAL retrieval constrained using MODIS AOT (land) = & K
* Better agreement when using lower error bound of MODIS =~ pes - A
AQOT which supports investigations that indicate MODIS 2 S, ey >SS ——g
AOT over land is biased slightly high R ¥ - x
10 ——— — ) 5 2 ol =T s
9 = "‘:"‘a__ .L-:H-; o T . .,' o
8 0.00 ©.20 0.40 o.lso 0.:30 TIODGDUCGIﬂ?:;;;z;ﬁ?;?o)cefg'z:\LOT;,37 UT (INTEX fit 08)
Aerosol Extinction (km™) (VS)
7 0.0901 0.0910 U.OTIUU 0.1900 1.0|000
E 6 14:00 16:00 17:00 15:00 uTt
é I\III‘I\IlIII\Il\IIIIlII|IIIII|IIIII
o 5
©
= 4
<_E 3 |
2 e UW HSRL (surface); AOT =0.21; Measured S_= 60 sr :;'
@ DIAL (airborne) using MODIS AOT min = 0.21; Derived S_= 60 sr E
DIAL (airborne) using MODIS AOT = 0.30; Derived S, =72 sr <
1 @mmm DIAL (airborne) using MODIS AOT max = 0.40; Derived S, =84 sr
0 ) bl |

1E-3 0.01 0.1

Aerosol Extinction (532) (km™)



March 24, 2001 MODIS+GOCART
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MODIS+lidar Aerosol Retrieval Example

Altitude (km)

 TRACE-P Flight 14 March 23-24, 2001

» Good agreement between techniques for this test case
 Results show qualitative agreement with in situ measurements
* Plan to evaluate additional cases from TRACE-P, INTEX NA
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March 24, 2001 MODIS+GOCART

136

14

I:I'erra I\I{IQD“[SW

140 142 L]

. FAOT (555 nm)

e AT

00:300,

rE

3

0.00

Effective_Optical_Depth_Bast_Ocean2, Mone

020 040 060 080 1.00

140 142 144 146 148

I _Exponenii_Ocaand, Hone
080 1.10 1.40 1.70 2.00

GOCART

max = 1.58

bO3I23A27

BDE 90E 100E TIDE 120E 130E 140E 180E  160E

0.00 005 007 010 045 020 030 050 1.00 2.00 400 6.00

Pust AOT 500nm 20010324 ¢t O3GMT 1207

max = J.36

bO3IZ23f27

BDE 90E 100E TDE  120E  130E 140E 180E  180E

0.00 0.03 006 010 015 030 045 060 075 1.00 1.50 3.00

Splfate AQT 500qm 20010324 at O3GMT 12JLT

)

—

=<

max = .78

bO323.427

80E 90E 100E T0E  120E  130E 140E 150E  180E

0.00 003 006 000 045 030 045 060 075 1.00 1.50 3.00

[OC AOT, 500nm

Organic Carbon AOT (500 nm) vi

20010324 gt O3GM] 12T,

BON

= 1.11

T T
max

bO3Z23.527

H0E 30E 100E 1M0E 120E 130E 140E 1B0E 160E

0.00 003 006 040 020 040 080 1.00 150 2.00 3.00 500



Comparison with GOCART

Altitude, km ASL

 TRACE-P Flight 14 March 23-24, 2001
 Attenuated aerosol scattering ratio
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Comparison with GOCART

* TRACE-P Flight 14 March 23-24, 2001
e Aerosol Extinction
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GOCART March 24, 2001
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Comparison with GOCART

Altitude (km)

 TRACE-P Flight 14 March 23-24, 2001
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Aerosol Profile Retrieval — July 22, 2004

o Attenuation corrected applied using MODIS AOT constraint
 Correction at low altitudes ~ 200-300% at 588 nm, 20-40% at 1064 nm
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Aerosol Extinction Profiles — July 22

e Retrievals used constrained with
MODIS AOT

 Currently limited to locations

where satellite retrievals of AOT
are present
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