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Multi-spectral aerosol retrieval
Applied to VIIRS and ABI/AHI at pixel level

Retrieval Coverage

hm

C

Daytime cloud and snow ice-free areas

Land: dark and bright

Ocean: non-glint deep water

AOD at o.55pm: from -0.05 to 5.0
High-quality retrievals meet requirement

Larger RMSE over land

r: ¥ = 0.942495+% + 0.034675 ] r: ¥ 0.880913=X + 0.031533
E Number = 13152 I Number = 51244

e SC%. Over Water iy, Over Land

[ RMSE = 0.0563377 [ RMSE 0.10911¢
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Retrieved AODS550

d

Example of Accur
Regional Retrieval

¥ o= 1.015689=X + 0.000165
Number = 1

N

Shirahama, Japan

@

| 2 3
AERONET AODS550

¥ = 0.B16115=¥ + 0.080081
Number = 1
Bios =

AQTESC

trieved

Mexico City, Mexico

AQTESC

trieved

AQTESC

trieved

Tallahassee, US

¥ = 0.9896.
Number = 11

Brussels, Belgium
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Retrieved AOD550
w

Example of Biased

Regional Retrieval

1N

N

AQTESC

trieved

¥ o= 1.290683«¥ + 0.056083
Number =

¥ = 0.735
Number = 4

RMSE = 0.1

Jaipur; India

AQTESC

trieved

AQTESC

trieved

Number =
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e Surface Reflectance

o Simultaneous retrieval of AOD@550nm
and surface reflectance with two reference
channels

e Aerosol Models

o Once AOD and surface reflectance are
determined, difference between calculated
and observed reflectance at residual
channels are used to select optimal aerosol
model from four candidates (urban, generic,
smoke and dust)
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AOD over-estimation

Higher positive bias for fine-mode
aerosol dominated cases (high

AERONET AE)

Majority (70%) of retrievals pick dust
model
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Retrieved AOD550 Error

= 1.1
umber =

50

Retrieved AQTS
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Retrieved AOD550 Error
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e Angular Dependence

o Retrieval error against zenith, azimuth, scattering and glint angles

¥ = —0.003261*X + 0.300314

Number = 233

Mean = 0.139389 *

StdDev = 0235834 ol
.

AERONET AODSHO

L3 L. 2 2 3
PR O

20 40 60 B0

Solar Zenith Angle

+

Retrieved AOT550 Error

Y = —0.003784% + 0292340
Number = 233
Mean = 0.139389
StdDev = D.235834
.

AERONET AODSHO
L L 2 ) 3.

PR I I E I RS —
20 40 60 B0

Viewing Zenith Angle

+

Retrieved AOT550 Error

Y = —0.003832*% + 0483361
Number = 233
Mean = 0.139389 *
StdDev = D.235834 =
.

AERONET AODSHO
L L 2 ) 3. +
(1] 50 100 150

Solar+Viewing Zenith Angle

Retrieved AOD550 Error

Y = —0.000271*X + 0.162094
Number = 233

Mean = 0.139389

StdDev = 0235834

AERONET AODSHO

(1]

Relative azimuth Angle

Retrieved AOT550 Error

Z AR

Y = 0.002964*X - 0.223408
Number = 233

Mean = 0.139389

StdDev = 0235834
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AERONET AODSHO

50 100 150

Scattering Angle

Retrieved AOT550 Error

Y = —0.002564*Y + 0L.307701
Number = 233
Mean = 0.139389
StdDev = 0235834
-

AERONET AODSHO
L

ni 100 150

Glint Angle
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Retrievals
with fine-
mode
dominated
aerosols
would
generate
better
results

Problem in
aerosol
model
selection

Retrieved ACTSS

Retrieved ACTSS

L e e e o e S L e £ e e A
Y = 1.317859=X + 0.105926

Number = 233
Bios = 0.225776

[ StdDev = 0.294305

RMSE = 0.3704.30

2
AFRONET AQTS50

I ¥ = 0.826410=X 4+ 0.038263

Number = 233
Bios = -0.0271898

[ StdDev = 0.200477

RMSE = 0.201885

AFRONET AQTS50

Retrieved ACTSS

Retrieved AQTS5(

[ StdDev = 0.304298

Y = 0.752049=X + 0.044207

Number = 233
Bios = —0.0482835

[ StdDev = 0176074

RMSE = 0.182477

2
AFRONET AQTS50

[ Y = 1.168821=X 0.0178357

MNumber = 227 _
Bips = 0.0380045 -

RMSE = 0.305997

AFRONET AQTS50
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Retrieved AOT550 Error

Retrieval with urban aerosol model

o |nsignificant angular dependence of retrieval errors

T T
Y = —0.000878*% + 0LO1G154
Number = 233
Mean = =0.0271898
StdDev = 0200477

AERONET AODSHO

o

PR [ T —
20 40 80
Solar Zenith Angle {Degree]

Retrieved AOT550 Error

T T
¥ = —0.001323*% + 0L.OZ6Z85
Number = 233
Mean = =0.0271898
StdDev = 0200477

AERONET AODSHO

o

PR [ T —
20 40 80
Viewing Zenith Angle [Degree]

Retrieved AOT550 Error

Y = —0.001238*% + 0.083993
Number = 233

Mean = =0.0271898

StdDev = 0200477

AERONET AC
L

50 100 150
Solar + Viewing Zenith Angle [Degree]

Retrieved AOT550 Error

Y = —0.000190*% — 0L.0O11284
Number = 233

Mean = =0.0271898

StdDev = 0200477

AERONET AODSHO
L

50 100 150
Relative Azimuth Angle [Degree]
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Retrieved AOT550 Error

Y = 0.000115*X - 0.041237
Number = 233

Mean = =0.0271898
StdDev = 0200477

L

100 150
Scaltering Angle [Degree]

Retrieved AOT550 Error

Y = —0.000854*% + 0L.0OZBB49
Number = 233

Mean = =0.0271898

StdDev = 0200477

AERONET AC
L

50 100
Glint Angle jDepree]




PW 1.14337 cm
OZCONC 0.35085I1 atm-cm
PSL 1004.41 hpa
SFCTEMP  290.059 K

e Case Study (04/17/2013 05:57GMT)
S Inputs: AERONET AODS50 =0.727 AE=1.25
\
N

HGT 13.8458 m AOD550
WNDDIR  325.130 degree
WNDSPD  3.28555 mis Resi @M |
REFLMI  0.322285
REFLM2  0.289493 .
— REFLM3  0.25897] ReSI@M 2
REFLM4  0.227863 .
I-n REFLM5  0.235482 Resi @M I
) — REFLM6  0.176977 .
REFLM7  0.282510 Residual
bo REFLM8  0.29965!
REFLM9  0.00642178 Sfc R@ MI
C REFLMIO 0299211
:: REFLMI1 0243100 SfcR@M2
® mm— BTMI2  313225K
q) BTMI5 292.967 K Sfc R@M 3
BTMI6  291.786
m LAT 39.7449 Sfc R@M 5
LON 116.487

SOLZEN 37.2535 degree SfCR@MI I

SATZEN  57.5084 degree
SOLAZI -134.700 degree

SATAZI  -93.815] degree Residual dominated b)’ MI | (2 | 3pm)

HEIGHT  30.4856 m
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Revise the estimation of surface reflectance at M| |

o Current scheme uses the reverse of M| [->Mb5 relationship

o Derive a new direct relationship from M5 to Ml |

Y = 1.320483+X .— 0.019600
Number = 9468°

Bios = 0.0266694

StdDev = 0.0477380

RMSE = 0.0346803

MI 1->M5 Reverse

0.0 0.2 0.4
Surfoce Reflectonce at M11 (AtmCorr)

Surfoce Reflectonce at M11 {Estimate)

Y = 0.B71436+X + 0.033952
Number = 2468

Bios = 0.0153909

StdDev = 0.02650G69

RMSE = ©.0306500

M5->MI | Direct

0.0 Q.2 Q.4
Surface Reflectonce ot M11 {AtmCorr)
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Beijing (7)

e Case Study - Revisit

AERONET AODS550=0.727 AE=1.25

*Compared with
current EPS retrieval,
estimated surface
reflectance at M1 | for AODS550
fine mode aerosols is

much closer to the Resi@M|
correct value, and the
residual is not Resi@M?2
significantly biased to

M1 | band. Resi@MI |

Residual

eDust is still the best
solution. SfcR@MI

SfcR@M?2
*Average of two best
solutions (dust and SfcR@M3

generic weighed by
residual) 0.794 is SfcR@M5

closer to the
AERONET SfcR@MI |

measurement.




e Retrieval with new M5->MI | surface relationship

> Retrieval over Beijing is slightly improved by using new M5->M1 |
surface reflectance relationship

\ > With modification, less dust retrievals are picked as the best solution:
\ dust 36% (70%); generic 2% (2%); urban 30% (14%); smoke 32% (14%)

> More improvement is achieved if best two solutions are weighted
averaged by the residual

New M5->M1 | Relationship
EPS Original Retrieval New M5->M 1 | Relationship  Average of best two solutions

Beijing (8)
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e AOD under-estimation

e Majority (52%) of retrievals pick
b smoke model, while AERONET
Angstrom Exponent shows many dust
cases dominated by low AE
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Retrieved AQTS
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= —0.043683=X - 0.198303
Mumber 1
Mean = 9425
StdDey = 4
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Retrievals
with dust
model
would
generate
better
results

Problem in
aerosol
model
selection

Retrieved ACTSS

Retrieved ACTSS

T = 0.B04965=X + 0.166130
Mumber = 180

Bios = ~0.108553

Stdlev = 0.297878

RMSE = 0.316608

2
AFRONET AQTS50

¥ o= 0.273351=X + 0162797
Mumber = 180
Bios = ~0.344310

[ StdDev = 0.281235

RMSE = 0.444076

AFRONET AQTS50

Retrieved ACTSS

Retrieved ACTSS

Y = 0.258080=X + 0.150379
Mumber = 180
Bios = —~0.367385

[ SldDev = 0.282758

RMSE = 0.463120

2
AFRONET AQTS50

I Y = 0468947+ + 0.072422

Mumber = 180
Bios = ~0.298184

[ StdDev = 0.311273

RMSE = 0.430426

AFRONET AQTS50
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e Case Study (12/18/2012)

Inputs:

(4%
OZCONC
PSL
SFCTEMP
HGT
WNDDIR
WNDSPD
REFLMI
REFLM2
REFLM3
REFLM4
REFLM5
REFLMé
REFLM7
REFLM8
REFLM9
REFLMI0
REFLMI |
BTMI2
BTMI5
BTMI6
LAT

LON
SOLZEN
SATZEN
SOLAZI
SATAZI
HEIGHT

AERONET AOD5S50=1.186 AE =0.34
151776 cm
0.253983 atm-cm
966.612 hpa
306494 K
331.854 m AOD550
212.892 degree
3.59268 mls Resi@M |
0262927
0.229963 .
0.200540 ReSI@M2
0.177515 @’M
0.165452 Resi I
0.175586 .
027088 Residual
0.329367
0.0115250 SfCR@M I
0.285928
0.195022 SfCR@M2
316778 K
304.850 K SfCR@M3
303218 K
8.28619 SfcR@MS
416135
40.53 degree SfCR@Ml |
40.63 degree
ot e Residual dominated by M| I, difference is very small, hard to
371975 m select correct model; dust high AOD associated with low

surface reflectance
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« Case Study (1/9/2013)

Inputs:

PW 2.16383
OZCONC  0.246923
PSL 965.934
SFCTEMP 308.135
HGT 357.818

WNDDIR 217.665
WNDSPD  2.76619

REFLMI 0.206205
REFLM2 0.180127
REFLM3 0.156760
REFLM4 0.141377
REFLM5 0.127727
REFLMé 0.164988
REFLM7 0.249692
REFLM8 0.294279
REFLM9 0.00300334
REFLMI0 0.228132
REFLMI | 0.133368
BTMI2 311.346
BTMI5 303.350
BTMI6 301.711
LAT 8.08027
LON 4.37263
SOLZEN 36.08
SATZEN 20.74
SOLAZI --146.94
SATAZI -97.84

HEIGHT 395.466

AERONET AODS550=1.273 AE=0.578

AODS550
Resi@M|
Resi@M?2
Resi@MI |

Residual
SfcR@MI
SfcR@M2
SfcR@M3
SfcR@M5
SfcR@MI |

Residual dominated by M|, difference is very small, hard to
select correct model; dust high AOD associated with low
surface reflectance



()

llorin (5)

(=]
[1y]
un
e
Q
=T
O

]

>

w
T
=

w
o

Retrieval with new M5->M| |

> No improvement

EPS Original Retrieval

Y = 0.713955+X — 0.109341
Number = 132

Bios = —0.319732

StdDev = 0.233022

RMSE = 0.395116

AERONET AQTS50

Retriaved AQTS50Q

surface relationship

New M5->M1 | Relationship

Y = Q.569217+=X + 0.006634
Number = 132

Bios = —0.310215

StdDev = 0237525

RMSE = Q.390159

AERONET AQTS50




L e e L o e e B

AOD small under-estimation
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Dust and
smoke
models
give better
results
than
generic
and urban
models

Retrieved ACTSS

Retrieved ACTSS

¥ o= 1.332694=X — 0.173235
Number = 544

Bios = —0.0409831

SldDey = 0210623

RMSE = 0.214383

2
AFRONET AQTS50

Y = 0.604475sX — 0.009424
Number = 544

Bios = -~0.166652

Sldley = 0121201

RMSE = 0.205999

2
AFRONET AQTS50

Retrieved ACTSS

Retrieved ACTSS

Y = 0.576806=X — 0.009303
Number = 544

Bios = -0.177530

SldDey = 0122989

RMSE = 0.215906

I R Y
1 2
AFRONET AQTS50

¥ o= 0.985811=x — 0.100454
Number = 541

Bios = -0.106039

Stdlev = 0.251261

RMSE = 0.272306

2
AFRONET AQTS50
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1.

Validation statistics depend on the satellite-ground
matching method

o Left: 27.5 km radius on satellite retrievals centered on the Jaipur station, at least
750 high quality pixel retrievals

o Right: 5 km radius, at least 5 high quality retrievals

Y = 0.735383«X — 0.046617 Y = 0.993448+X — 0.088300
Number = 470 Number = 544

Bios = —0.153120 Bigs = —0.0909044

StdDev = 0.126838 StdDev = 0.1537883

RMSE = Q.198744 RMSE = Q.182057

Retrieved AQTS50

AERONET AQTS50
AERONET AQTS50
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AOD over-estimation
Low AOD dominated area

66% of retrievals pick smoke model
and 27% of retrievals pick dust.
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Retrieved AOD550 Error

e Angular Dependence

o Retrieval error against zenith, azimuth, scattering and glint angles

Y = —0.001458%% + 0.154904
Number = 343
Mean = 0.107660

| StdDev = D.103731

AERONET AODSHO

o, . b o
PR . T —

20 40 60 B0

Solar Zenith Angle

Retrieved AOT550 Error

| StdDev = D.103731

| ¥ = —n.001328%% + 0.163483

Number = 343
Mean = 0.107660

AERONET AODSHO
L o o B

PR I I E I RS —
20 40 60 B0

Viewing Zenith Angle

Retrieved AOT550 Error

Y = —0.001308*% + 0.213988
Number = 343
Mean = 0.107660

| StdDev = D.103731

AERONET AODSHO
o, B o, B, . o,
[t} 50 100 150

Solar+Viewing Zenith Angle

Retrieved AOD550 Error

| ¥ = —0.000453%X + 0.145771
Number = 343
Mean 0.107660

[ StdDev = 0.109731°

AERONET AODSHO

(1) 50 100 150

Relative azimuth Angle

Retrieved AOT550 Error

| ¥ = 0.001465%X - 0.080130

Number = 343
Mean = 0.107660

| StdDev = D.103731

AERONET AODSHO

1] 100 150

Scattering Angle

Retrieved AOT550 Error

Y = —0.000423%X + 0.132954
Number = 343
Mean = 0.107660

| StdDev = D.103731

AERONET AODSHO

L o o o

en nn 150

Glint Angle




e All aerosol
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overestimate.

Retrieved ACTSS

Retrieved ACTSS

Y = 1.636694=X + 0.105117
Number = 545

Bios = Q137136

SldDey = 0134185

RMSE = 0.181778

Y o= 1.158683=X + 0.093740
Number = 545

Bios = Q101620

Stdlev = 0.0BOG771

RMSE = 0.129705

2
AFRONET AQTS50

Retrieved ACTSS

Retrieved ACTSS

Y = 1.063535=X + 0.0B9150
Number = 545

Bios = Q.0923457

SldDey = 00764722

RMSE = 0.119854

Y = 1.183597=X + 0.089111
Number = 545

Bios = Q.09B4447

SldDey = 0.0731500

RMSE = 0.123808

Generic

2
AFRONET AQTS50




Surface reflectance
°Retrieve surface reflectance from low AOD b ¥ - 0870214+x + 0.007085

Number = 28983

cased via atmospheric correction - Bios - 0002435258

o StdDev = 0.00939407
[ RMSE = 0.00970377

oEvaluation of the surface reflectance
relationship (M5->M3 derived globally) over
this station does not reveal significant error

°SfcRef@M3 of majority retrievals fall within
expected range

°No significant season variation

Surface Reflectonce ot M3 (Estimate)

| Y = 0.091265=x + 019081
Number = 545
Mean = 0.1076EB0
0.0 Q.1 0.2
StdDey = Q. m3731 Surfoce Reflectonce ot M3 (AlmCarr)
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Dust Parcent

Retrieved AODS550 Error

0. a0, 40, BC. 80, Toe. |

Surface Reflectance at M3 Bankl

0.0 0.1 0.2 0.3 0o L8

Winter(DJF)  Spring(MAM)}  Summer(JJA) Fall{SON)

Retrieved M3 Surface Reflectance Season

SfcRef@M3:0.072+0.029
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e Case Study

Date: 2013.157
AERONET AODS550:
EPS Mean AODS550:
Solar Zenith Angle:

Viewing Zenith Angle:

0.276
19.10°
11.89°
-142.06°
78.16°
150.83°
12.54°

Solar Azimuth Angle:
Viewing Azimuth Angle:
Scattering Angle:

Glint Angle:

Retrieved SfcRef@M3

an oy
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=116.05 =116,00 115,85
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Retrieved AODS550
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0100 0,120 0140 0180 0000 0200 0220 0240 0280 0200 0,300




e Case Study

Date: 2012.328
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4

Summary

VIIRS Enterprise Processing System AOD retrieval over
land is evaluated using AERONET measurements over
different geographic regions.

Aerosol model selection can be improved by
introducing a new set of surface reflectance relationship
over East Asia.

Lack a more absorbing dust model might be the cause
of the negative bias over Africa.

Evaluation of retrieval performance is sensitive to the
validation domain selection over certain areas.

Retrieval would have difficulty over rugged terrain areas.



obal Evaluation

\
\ New M5->MI | Relationship

EPS Or’igina| Retrieval New M5->M| | RelationShiP Average Of best two solutions

¥ = 0.788927=X + 0.034570
Bic
StdDn
RMSE =

CT55
TS5

AC
o

AC

=}
uy
\n
o
k4
o
i
3
=
]
o
i3

Retrieved
Retrieved

2 3 0 2
AFRONET AQTS50 AFRONET AQTS50




North North
America ' America

=

South

America

Domain
Northern North America
Northern Asia
Europe
Western North America
Eastern North America
South America
South Africa
India
Eastern Asia
Australia

/Regional Evaluation

Longitude
180° W-60° W
60° E-180° E
20° W-60° E
130° W-100° W
100° W-60° W
80° W-40° W
20° W-40° E
60° E-100° E
100° E-140° E
110° E-160° E

50°
50°
40°
10°
10°
60°
40°

0°
10°
50°

Latitude
N -80°
N -80°
N -70°
N -50°
N -50°
S-10°
S-15°
-30° N
S-50° N
S-10° S

Z2zZ2zz2zzZ2zzZ2z2

Northern Asia



e Eastern Asia
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e Eastern North America

New M5->MI | Relationship
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e Western North America
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e Europe

New M5->MI | Relationship
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e Africa
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e South America
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e Northern North America
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e Northern Asia
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e Australia
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