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Aerosol products

MODIS

Dark Target over land C6.1 (MOD04 L2 & MYD04_L2)
Deep Blue C6.1 (MOD04_L2 & MYDO04 _L2)
MAIAC C6 (MCD19A2)

Bayesian Aerosol Retrieval BAR (version 1.0, Aqua & Terra)

MISR
MISR Level 2 Aerosol (MIL2ASAE, F13_0023)

AERONET version 3, level 2.0
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MODIS Bayesian Aerosol Retrieval (BAR)

N: 4015
R2:0.945

RMS error: 0.124
Mean bias: 0.006
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50 MODIS Dark Target (DT) 50 MODIS Deep Blue (DB) . MODIS Bayesian Aerosol Retrieval (BAR)
251 oo 25 251
=
= e b eeds s wed = Z
Z 20 S adh o N Sl * Z 201 5 204
% .’r 2 oo ° % D@ W © © G WO G ° 5 Po oo wwe -c-.-"..lgom. o
= I alT- i o - °° o, . w oo %
= o0 ® . ® “ % o = . o o = = Soobt P, °8 o o .
S 1.51 == = L | et Rt e S 1.5 oo 5 = ¢ cames o ® Q154 oo oo 0o @ o o
= ° ) o ° = o ° o 8 ®o o 8 B co%me mo o co e
= - sadEe L = T L 5 R Y,
z ¥ . e o S e et S 2 T s - < I
°=< 1.04 .- & s o e ° *<C 1.0 ® ao o’ %8 °<10‘ = > W ° e
= °° o o800 o6 ° o o o Botrge - e =
o (5 4 R o ® R o . o o _ e o = 8% ..
[v2) ° 8 o o o ° [va) ® o ® °, o @%on e ®
a L 44 .;‘-# ® oo a o e | TREl = = =".$ o
205 -2 205 — e w & S 05 o o2
= N: 2453 = e " - N: 2670 = : N: 4015
R2:0.237 o ‘e R2:0.385 R2:0.571
0.01 oo . RMS error: 0.701 0.01 S w o wk om ame RMS error: 0.626 0.01 RMS error: 0.553
Mean bias: 0.037 Mean bias: 0.185 Mean bias: 0.332
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT
0 MODIS MAIAC 50 MISR
251 25
= = ® e
20 g 120 s
) % oo - .-o\c @
a. o o®
=< 1 o® 000 oo
(A} e o ee o oo ™ e
= 151 = 15 . . 3
2 3 e L
= = ces @ R Vo T
G G ° ‘.:=°: o 4. ° e ° °
5, B PRI AERONET
2 P> i gem 2 el a0l B0 o0
= £ § o 0™g° ™ cpselode® o ¢ ce 0o e
=051 ~ s 05 - eso oo
covoe & wo N: 3597 . . N: 453
. R?:0.266 ° R?:0.558
0.0 RMS error: 1.121 0.0 RMS error: 0.489
< Mean bias: 0.938 Mean bias: -0.012
00 05 10 15 20 25 30 00 05 10 15 20 25 30

" AERONET ANGSTROM EXPONENT

" AERONET ANGSTROM EXPONENT



50 MODIS Dark Target (DT) 50 MODIS Deep Blue (DB) . MODIS Bayesian Aerosol Retrieval (BAR)
251 251 251
=
Z 201 . S A £ Z 201 S 20
& "l 5 < s@0 g ca © ouwme e eEEEETE . > o~ o, o = Souly =
= - - KO = < B L = m vl
:8 1.51 -. . ® = ;o Se : ':": = :8 1.51 L .. .°. “ oo :8 1.5 o-h.“’ ..! X
= o o wo o:'. '’ - ® = -—®e e o @ o °° ® o o = codf o oks o 8o @
] ° - ~..: :. ° 6} °° ., @ a” o :-: N g .‘....-,P -:.:'3.' X o °°
= 10/ B = 10| B e A = it IS E ph
= ° o o) o & WPm® o8 e = L)
a ‘o, 8, 00 po° ° a o o ° ° ) < °aSe,
%] A % o & ® % © [Fal 0% ® o © o oo & %) i X T
805 .. o, oo ® ' ° 805 .“- - o o®E0 o o DOS ‘OJ'
. . - o 8 - Q0. & 80
= N: 1665 = <. N: 1507 = N: 2541
R2:0.269 o “ile® . R2:0.484 R2:0.738
0.01 RMS error: 0.700 0.01 @ ok owe ams RMS error: 0.623 0.01 RMS error: 0.498
Mean bias: 0.106 Mean bias: 0.077 Mean bias: 0.321
00 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT
- MODIS MAIAC 50 MISR
251 5 oy = 25
o ®op ®
Z 20 eESC T “Teas Z 20 e
% . e .....:’Q .'.W". % : .'.-05: :'
= R R 2 XX L 53 e % Moe
L ° °m o U oam ° o o o ee o o® ®
= 151 P I ANIES = 15 ’ v e
= ° ° eo o 8 8 © O ° ° % ] o ®
o °e'% ° =
5 = I oo 0%, T
O G ° ° o
,<Z(10_ °'<Z:10 .- L] 4 -:. °e L) AERONE
< = Do AT
= / 7 | - e Cee e o
=051 = - =05 = =
covoe & wo N: 1984 . N: 277
. R2:0.366 ° R?:0.740
0.0 RMS error: 1.035 0.0 RMS error: 0.414
< Mean bias: 0.825 Mean bias: 0.067 > -
00 05 10 15 20 25 30 00 05 10 15 20 25 30

" AERONET ANGSTROM EXPONENT

" AERONET ANGSTROM EXPONENT



50 MODIS Dark Target (DT) 50 MODIS Deep Blue (DB) 50 MODIS Bayesian Aerosol Retrieval (BAR)
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50 MODIS Dark Target (DT) 50 MODIS Deep Blue (DB) 50 MODIS Bayesian Aerosol Retrieval (BAR)
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Do retrieval algorithms use all the
Information of satellite
observations?
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G Retrieval Satellite
algorithm observations (TOA

reflectance etc)
True aerosol

property (AE) — . AE = DT(X) + o . Retrieval error
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algorithm observations (TOA
reflectance etc)
True aerosol \
property (AE) — AE = DT(X) + e . Retrieval error
\
| Should not

depend on X




AERONET AE

DT over MODIS
land observations (TOA

\ reflectance etc)
. Retrieval error

AE DT(x) e




AERONET AE Dark Target over
land retrieval

N

e = AE - DT(X)

X




1. Collocate
AERONET &
MODIS DT over
land AE

2. Compute e

3. Train a
machine learning
model to predict e
given TOA
reflectances
observed by
MODIS

Dark Target over

AERONET AE .
land retrieval

.

e = AE - DT(X)




1. Collocate
AERONET &
MODIS DT over
land AE

2. Compute e

3. Train a
machine learning
model to predict e
given TOA
reflectances
observed by
MODIS

Dark Target over

AERONET AE .
land retrieval

.

e =AE - DT(x) = CORR(X)




Post-process correction

AE = DT(x) + CORR(X)

X




Post-process correction

AE = DT(x) + CORR(x) + e

X
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*We use years 2013 and 2014 for training
our post-process correction model (Random
Forest regression model)

*We use western hemisphere AERONET
stations to train our eastern hemisphere
model and vice versa

* We test our model using 2015 data



O Importance of TOA reflectances
In predicting e

Reflectance Band 15 (743 - 753 nm): 2%
Reflectance Band 3 (459 - 479 nm): 8%
Reflectance Band 7 (2105 - 2155 nm): 17%

Reflectance Band 9 (438 - 448 nm): 8% \ /

Reflectance Band 8 (405 - 420 nm): 9%
= Reflectance Band 1 (620 - 670 nm): 17%

Reflectance Band 5 (1230 - 1250 nm): 9%

Reflectance Band 2 (841 - 876 nm): 11%
Reflectance Band 6 (1628 - 1652 nm): 10%

Reflectance Band 4 (545 - 565 nm): 10%
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% Correction with x = B0O1 & B0O7 TOA reflectances

FINMISH METEOROLOGICAL INSTITUTE

5.0 i 3.0
2.5 2.5
20 2.0

1.5 15

—
=
L
=
o
o
><
L
=

QO
o
| —
v
D
=

o<C
| —
L
)
o=
<C
|_
>
(o'
<C
(am]

N: 367913 N: 367913

R2:0.189 RZ:0.235

RMS error: 0.660 i RMS error: 0.468

Mean bias: -0.148 . Mean bias: 0.010
2 2

AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT

CORRECTED DARK TARGET ANGSTROM EXPONENT




&

—
=
L
=
o
o
><
L
=

QO
o
| —
v
D
=

o<C
| —
L
)
o=
<C
|_
>
(o'
<C
(am]

5.0

2.5

20

1.5

1.0

0.5

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINMISH METEOROLOGICAL INSTITUTE

N: 367913
R2:0.189
RMS error: 0.660
Mean bias: -0.148
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CORRECTED DARK TARGET ANGSTROM EXPONENT
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% Correction with x = All available TOA reflectances, geometry, etc.
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% METEOROLOCISA INSTITUTET Correction with x = All available TOA reflectances, geometry, etc.
ILOGIC/ AERON ET AOD > 0_1
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AERONET AOD > 0.2
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% Correction with x = All available TOA reflectances, geometry, etc.
SHMETEOROLOCICAL INSTITY AERONETAOD < 0.1
30 | +

2.5 2.5
20 2.0

1.5 15

—
=
L
=
o
o
><
L
=

QO
o
| —
v
D
=

o<C
| —
L
)
o=
<C
|_
>
(o'
<C
(am]

N: 181531 N: 181531

R2:0.094 RZ2:0.376

RMS error: 0.695 i RMS error: 0.413

Mean bias: -0.083 . Mean bias: 0.013
2 2

AERONET ANGSTROM EXPONENT AERONET ANGSTROM EXPONENT

CORRECTED DARK TARGET ANGSTROM EXPONENT




% s s Correction with x = All available TOA reflectances, geometry, etc.
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% T N Correction with x = All available TOA reflectances, geometry, etc.
s ETrOROLocICAL Y AERONET AOD < 0.025
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Current retrieval algorithms do not
use all information in satellite
observations for aerosol AE

retrievals — algorithms can be
iImproved!

[In this exercise all pixels were considered independent. If spatial correlations
were modeled correctly, the results could be improved even further]
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Try it yourself: https://github.com/TUT-ISI/BARalgorithm
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