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AERONET Growth
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The ‘version’ game

e Version 0: 1992 to 1998

® Version 1: 1998 to 2006

e Version 2: 2006 to Present
e Version 3

— Cloud Screening
— Real Time QA database
— New 1nversion processing/products

— Uncertainties for each product
— PP



Proposed Hybrid Skyscan: Combine PP and Almucantar to maximize scattering angle
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Table 1, shows the principle parameters measured by sun and sky scanning spectral
radiometers for the aerosol types likely encountered. Eleven published
validations/comparisons were made during field campaigns over the last 16 years;
these are Ra=Ramanathan et al, 2000; Re=Remer et al., 1998; H=Haywood et al,
2003; L=Leahy et al.,, 2008; B=Bergstrom et al,, 2003; Chand et al., 2006; E=Eck et al,,
2010; Rp=Reid et al, 2003; Ru=Reid et al., 2008; S=Smirnov et al., 2003; Sc=Schafer
etal.,, 2008; T=Toledano et al.,, 2011; O=0sborne et al.,, 2008 and J=]Johnson et al,,
2009. Note that most categories are incomplete, regionally based, not updated
and/or lack relevance.




Comes the Distributed Regional
Aerosol Gridded Observational
Network, DRAGON
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2011/JUL/21 :

Daily average
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( N 39.7400, W 75.7500 )

( N 38.7950, W 77.4000 )

Profile Sites:
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2011/JUL/21 : Daily average SSA(440) Level 1.5, 42 sites

{ N 39.7400, W 77.4000 ) { N 39.7400, W 75.7500 )

0.993 - 1.000 .
- 0.985 - 0.993 . . (DRAGON_Falrfill : 0.98)
0.978 - 0.985 ‘% 0.98
0.970 - 0.978 5 2
0.963 - 0.970
0.955 - 0.963 . ) 5
0.948 - 0.955 758 , A
0 940 — 0 oan _ (ERAGON_Aldino : 0.57) e
0.932 - 0.940
0.925 - 0.932 s ?‘m
ggi; _ 3:925 - (DRAGON_Fadonia : 0.97) Ny >
0.902 - 0.
0.895 - 0. o » DRAGON SSA44O
0.887 - 0. Y e
0.880 - 0.
0.873 - 0.
0.865 - 0.
0.858 - 0.

- ga | ﬁ‘f .\\

ad o £
{Easton_Airport : 0.99)

{ N 38.7950, W 77.4000 ) { N 38.7950, W 75.7500 )

Profile Sites:

Site Aot(500) SDA(fine) Water Wapor Angstrem SSA(440) Reff

DRAGOMN_FairHill 0.45 0.44 3.7 1.62 0.975 0.209
DRAGOMN_Aldino 0.54 0.53 3.9 1.59 0.975 0.214
DRAGON_Edgewood 0.64 0.63 4.1 1.62 0.380 0.216
DRAGON_Padonia 0.51 0.50 3.7 1.59 0.965 0.206
DRAGON_Essex 0.66 0.64 4.0 1.59 0.967 0.220
DRAGOMN_Beltsville 0.59 0.58 4.5 1.57 0.995 0.196
Easton_Rirport 0.55 0.53 3.9 1.59 0.985 0.197
DRAGON_WileyFord 0.40 0.37 3.3 1.67 0.976 0.182
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Observation at DRAGOM_Essex
N 39°18'33", W 76°28'28", Alt 12 m,
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Until 05:07:2011
Device 557

N 38°53

Observation at GSFC

‘33", W 76°50'23", Alt 87

Since 05:07:2011
Until 05:07:2011
Device 126

AOT 500 fine(latest) :  0,3653 * 0,1194
AOT 500 coarse(latest) :  0,0132 £ 0,0051
—¥—A0T 500 total{latest) :  0,3785 * 0,1243

AOT Modal Parameters(latest)

AOT 500 coarse(latest) 3

ADT 500 fine(latest) @ 0,3195 * 0,0416
—¥—AOT 500 total(latest) ¢ 0,3286 * 0,0428

0,0091 £ 0,0043

AOT Modal Parameters(latest)

L

R et

e

Observation at DRAGON_KentIsland
N 38°58'45", W 76°18'28", Alt 4 m,

Since 05:07:2011
Until 05:07:2011
Device BES

AOT Modal Parameters(latest)

AOT 500 fine(latest]
AOT 500 coarse(latest) 3
—{—A0T 500 total(latest) ¢

0,3777 £ 0,0837
0,0184 £ 0,0047
0,3961 + 0,0827

lod+©

o W M2 W3 14 M5

JUL
2011

g
116 17 115



AERONET COD product across DRAGON

34 sites across the DRAGON field campaign.

9 cases for intercomparison between ground- and
satellite-based data, on a 30 min. time window
centered at the MODIS overpass time.

v" 4 overcast cloud cases on Aug. 3, 4, 9, and 13
v 5 broken cloud cases on Aug. 5, 6, 7, 14, and 15

Regional cloud optical depths from AERONET and
MODIS show a similar pattern, the further analysis
IS under processing.



The distribution of cloud optical depth from AERONET

Cloud optical thickness
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Captions: 25 AERONET sites provided COD measurements on 16:20 GMT [+/- 15min], Aug. 03, 2011.



The distribution of cloud optical depth from AERONET and MODIS

Cloud optical thickness
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Captions: A snap shot of regional cloud optical depth distributed from AERONET and MODIS. The
underlying map is the COD measurements of MODIS/Terra on 16:20 GMT, Aug. 03, 2011. Based on a
30 min. time window centered at the MODIS overpass time, 25 AERONET sites provided COD
measurements indicated by circle.



DISCOVER AQ-Collaboration
Surface Measurements

e Lidar-MPLNET

® Trace Gas Spectrometry-PANDORA

e Operational Air Quality site-MDE

® Research Supersites-SMART, NATIVE

e Tcthered Balloon profiles-Howard &
Mitchelville Univ.



DISCOVER AQ Collaborations-
AIRBORNE

NASA P-3B Airborne measurements

e P-3B NASA
— Aerosol: LARGE
— Trace Gasses: TD LIF...

. e King Air NASA
,\ ¢ A Q\ — Aerosol: HSRL
. N <5 ‘L " — UV absorption: ACAM
~ '~ @ Cessna402B Univ. of MD
— Aerosol

® Where was Phil?



DISCOVER AQ and LOA

Mobile lidar, sun photometer
and police 5,000 km of data

Mobile Lidar & Sunphotometer- 07 : 15h01 (UT)
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Preliminary Single Scattering Albedo Comparisons

DISCOVER AQ & In-situ aircraft profile average (LARGE) + CIMEL
DRAGON SSA [AOD 440nm > 0.4; Time discrepancy < 30 mins]

comparison

Six Profile sites

118 flight hours

252 profiles

1302 Almucantars

8 coincidences

Mean difference: -0.01

The DRAGON
NETWORK Concept:
 AERONET Validation
* High Resolution Satellite
and model validation
* RS relevance to AQ
* Synergism w/ in situ &
RS databases Comparison Events (5 Sites)
DRAGON Korea &
DRAGON Japan 2012




From Mosquito Pits
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Backup slides



. Restrictions on SZA currently used to select level 2 retrieval product

are rather strict and applied regardless of aerosol type.

. Sensitivity to aerosol absorption as a function of scattering angle is

different for large and small aerosol particles.

. Theoretical analysis and comparison to actual retrievals shows that

SZA restrictions can be relaxed for small aerosol particles:

- for 440 nm channel SSA retrievals can be used for SZA as small as 20 dg.

- for longer channels and for SZAs smaller than 40 dg. SSA retrievals are
less stable but can be improved by using combination of ALM/PP or
ALM and the scan with large and constant view angle (LCVA)

. For large dust particles variability of SSA retrievals with SZA is amplified

by some bias in theoretical modelling of atmospheric radiation.

Possible reasons include surface reflectance model and dust particles

non-sphericity.

. For the mixture of large and small particles SZA restrictions could be

expressed as a function of angstrom parameter and will take intermediate

values between two boundary values.



The dawn of ubiquitous
AOD measurements

F.E. Volz developed the Volz sun photometer
*Schott interference filters

Stable photodiodes

*Small, portable and accurate instruments

Flowers et al. 1969 M. D. King et al., 1978
-US Turbidity Network -Size distribution from
*5 yr record Inversion of Spectral AOD

*Monthly averages
*43 sites



| LB
Add sky radiance

Tanaka, M. et al., 1982
Nakajima, T. et al., 1983, ‘89, ‘96

Inversion yielded improved particle size distributions
» skyrad.pak

*Required accurately pointing sun sky radiometer
L ost portability/convenience

Enter: Kaufman, Tanre, Buis



e next step

Kaufman and Tanre,
1989 J.P. and Mme. Buis

"/,‘ b ,‘1’{’?




Holben et al., 1998

Aerosol Optical Thickness

GSFC , N 38°59731", H 76°58724", Alt 87 n,
PI : Brent__Holben, Brent.,N.Holben@nasa.gov
Level 1.8 AOT; Data fron 15 HAY 1993

:El:gm_mza : <08.116>
0T_878 : <8.139>
——A0T_675 : <0,175>
A—A0T_448 : <0,293>
0T_348 : <8.418>

AERONET Project, NASA GSFC

nehi1h2h3hnqanshenzushngbeli12 2388 <~ Hour in GHT
hé <~ Day in GHT

HAY

1993 VYersion 2 DS

Dubovik and King 2000
*No assumptions...
*Absorption, Shape




Ground-based aerosol
measurements-the Tanre
Factor (an insiders view)
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The distribution of cloud optical depth from AERONET

Cloud optical thickness
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Captions: 17 AERONET sites provided COD measurements on 15:45 GMT [+/- 15min], Aug. 09, 2011.




The distribution of cloud optical depth from AERONET and MODIS

Cloud optical thickness

CLRST
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Captions: A snap shot of regional cloud optical depth distributed from AERONET and MODIS. The
underlying map is the COD measurements of MODIS/Terra on 15:45 GMT, Aug. 09, 2011. Based on a

30 min. time window centered at the MODIS overpass time, 17 AERONET sites provided COD
measurements indicated by circle.




AERONET- The ground based Satellite

Ll @ ,/\," . . . .
v w W Mission Objectives:

eCharacterize aerosol optical properties
g e Validate Satellite & model aerosol retrievals
~ . % e Synergism with Satellite obs., ESS and CC

e Internationally Federated
— GSFC 134 sites
— PHOTONS (Fr) 70 sites
— Canada 40, Spain 16...

® 443 instruments

~375 Operational sites

e Distributed calibration facilities:
US, France, Spain, Canada

e Expansion to Asia, Africa, high
latitudes and over water sites

e Support NASA ESS activities

Parameters measured: T, ®,, O, size, n, k and WV, cld OD, L
Open data access via website: hitp:/aeronet.gsfc.nasa.qgov/




Version 3 triggered by a change 1n the database: Cloud screening
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Detection of cirrus clouds using 22 degree halo feature

Increase of scattering in the vicinity of 22 degree scattering angle is a typical feature of
ice crystals scattering phase function. It is also observed in sky radiances in the presence
of cirrus clouds and can be used for their detection.

Cirrus was not detected: relatively high Angstrom parameter and stable optical depth. It could be detected using
22 degree halo features in sky radiance.

Observation at Singapore
N 01°17'51", E 103°46'49", Alt 30 m,
Since 1410432010
Until 1530432010

Spectral AOT Device 22
pectra Level 2,0 - Quality Assured Data

Symb  lam <ADT>  StD
AOT 1020 ¢ 0,1570 £ 0,0101

ADT 871 ¢ 0,1886 + 0,0107 \

—H—AOT 674 ¢ 0,2485 £ 0,0127 <GE —&— Left
ADT 440 :  0.4176 £ 0,0178 X —e— Right
ADT 500 ¢ 0.3626 + 0,0158 S

AOT 380 ¢ 0,4805 £ 0,0133
¢ 0,5176 * 0,0268
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Dependence retrieved SSA on SZA: fine mode aerosols

Actual retrievals, PP

Actual retrievals, ALM Mongu 05/10/2001

Mongu 05/10/2001

Time (UTC) Time (UTC)
8 10 12 5 10 12




Dependence retrieved SSA on SZA: dust

Artificial dependence of retrieved SSA on SZA

For PP this dependence is less pronounce
Due to extended range of scattering angles

Actual retrievals, ALM Actual retrievals, PP
Hamim 25/08/2004 Hamim 25/08/2004

Time (UTC) Time (UTC)
8




Dependence retrieved SSA on SZA: bias in modeling of light scattering
properties of mineral dust

Fitting of phase function measured for feldspar sample from Dubovik et al., 2006

Bias in fitting by both spheres and spheroids. Might be specific feature of natural
mineral dust aerosol which is difficult to model

o o}
P, /P, (~30°) P, /P, (~30°)

+ Measurements 1 ¢ Ié/leﬁsurements
Spheres —Spheres
—Spheroid —Spheroids

20 80 120 160 20 80 120 160
Angle (degree) Angle (degree)




Dependence retrieved SSA on SZA: summary

1. Dust:
1.1 Artificial dependence of retrieved SSA which can not be explained by
decrease in the range of scattering angles only.

1.2 Our current assessment of the problem: theoretical bias in modeling
of light scattering properties of dust aerosol due to the different
adjustments of aerosol parameters required to fit this bias for different
observation geometry.

2. Fine mode aerosols: restrictions on SZA could be relaxed down to 30 degree.



ALM vs. PP: fine mode dominated aerosol

Mongu, 05/10/2001,5:40
Mongu, 05/10/2001,5:40 0
0 SZA=67
SZA=67

dV/dInR, wm™!

0.7 0.8 0.9

‘Wavelength, Wm

Particle Size, bm
Mongu, 05/10/2001,15:08
Mongu, 05/10/2001,15:08 0
0 SZA=71
SZA=T1

dV/dInR, pm™!
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Wavelength, pm
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ALM vs. PP: dust case

Hamim, 08/25/ 20?)4’ 13:20 Hamim, 08/25/2004, 13:20
SZA=T2 S7ZA=T7
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ALM vs. PP: summary

Difference in near time collocated ALM and PP retrievals could not be explained by
angular pointing bias: the sign of bias should be the same for all the instruments.

Our current assessment of the problem:

2.1 Dust: the difference can result from theoretical bias in modeling of light scattering
properties of natural dust aerosols due to different sensitivity to the bias of ALM
and PP observations.

2.2 Fine mode aerosol: difference can result from treating of the coarse mode of size

distribution as spherical particles instead of non-spherical.
Question to be answered: what retrievals, ALM or PP, are close to real properties
of aerosols?
The way to answer the question:

4.1 retrieve phase function and SSA instead of microphysical properties

4.2 use retrieve phase function to generate synthetic observations

4.3 1nvert synthetic observations using model of randomly oriented spheroids

4.4 compare retrieval results from ALM and PP



The insider’s history

1989- we were not yet 40 relegated to
a windowless warehouse at GSFC

1989-Tanre, Nakajima, Kaufman,
Prospero, Holben: Cruise on L. Geneva

1989-Brazil Amazon aerosol survey
1991-Funding and a new concept

1992-PHOTONS: Tanre, Lavenue &
Holben + Buis, the kitchen meetings

1996-The AERONET high court of
Advice



