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Sentinel-3A/OLCI instrument

Central Band Radiance ll
Wavelength  Width (nm) Bias I

(nm) Correction @

0a02 412.5 10 | 2% I
0a03 442.5 10 | 2% I
Oa04 490 10 | 2% I
Oa05 510 10 I 2% [
0a06 560 10 | 2% [
0a08 665 10 I 2% [
Oal2 753 75 1 2% I
0al7 865 20 | % I
0a21 1020 40 A [
I [

Radiometric bias correction == m= = - @
(informal communcation with EUMETSAT)

Ocean and Land Color Instrument (OLCI)
Onboard Sentinel-3A and—3B
Single-viewing

Overpass: ~10 a.m. L.T. (descending node)
Bands: 412 - 1020 nm

N

\

L1B RR -> Target 10km pixel aerosol and surface retrieval

OLCI vs. TROPOMI
With EUM correction (-2%.., -6%)

Without correction
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ref. TROPOMI/GRASP_LN5Bins ref. TROPOMI/GRASP_LN5Bins

More details about synergetic retrieval (P. Litvinov 14:00 this afternoon)
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" GRASP/Models on POLDER and OLCI

Simplified external mix of aerosol models PARASOL/GRASP-Models OLCI/GRASP-Models
1 10 : . : ] i AOD 550nm
i — Finemedium absorbing ¥=0.965X+0.024 w4 Y=0.926X+0.113 |
el Fine non-absorbing —— R=0.963 RMSE=0.061 o ‘ i —— R=0.801 RMSE=0.135
mg 0s Coarse spherical sl N=205 GCOS=129 (62.’9 %) i N=432 GCOS=91 (21.1%)
g —— Coarse non-spherical . J 9
. . £ . -
% . Fine absorbing s Chen et a|_, (2 7 0) -
E 0.6 DUbOVl ! al., (2021) ‘ 5")0'5_ 0. g 0.6 1
2 . [ e %
g Lopati al., (2021) S} . . 2
@ 04+ 5 0.4 . /’/ : = ] % :
g g . "g:’-:/o" R=0l961 g o :'..' =0I801
= 02 | ./ RMSE=0.063 |© /.~ (RMSE=0.135
2 "] GCOS=62.9% “| ¢+ |GCOS=21.1%
< ’ BIAS=0.0 RS IAS=0.11
0 b 1 s 4 ..‘-
0.1 1 10 0.2 0.4 06 0.8 1.0 02 04 W
Radius, pm AERONET AOD 550nm AERONET AO
. 100 171"
Ratio of 4/5 aerosol model ! Same inversion model, different
1 total aerosol concentration OF,  Feldspreszemm performance due to information content.
1 layer height il PARASOL: multi-angular + polarization
Spectral BRDF isotropic, volumetric, geometric terms % . L )
5 unknow parameters to represent aerosol af ™ OLCL: single-viewing radiometer
FH
<0.5 sec/pixel/core 001 == R 15 3
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v Optimization of AOD retrieval over ocean
1. Constrain angular properties of ocean surface BRDF using windspeed

R=aq, (/1)+(§;)R CoxM(Q)) Spr = 1.0 = (2.95 x 1076 } 3-52)

20%=0.003 4+ 0.00512
aO (ﬂ,)‘ - Only isotropic term is retrieved

Dubovik et al. (2011; 2021)

2. Optimized use of OLCI spectral TOA radiances over ocean The concept of multi-pixel retrieval
* Including 1020 nm measurement
« Assuming higher noise for wils < 500 nm

3. Multi-pixel constraints on aerosol type variability in
neighboring pixels (stronger constrain on aerosol model
variability in X, Y and T dimensions)

Time-Variability Constraints
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Evolution of OLCI/GRASP retrieval over ocean surface

v OLCI/GRASP AOD retrieval over ocean 1 yr validation with AERONET

- AOD 550nm % AOD 550nm Lo AOD 550nm
Y=0.926X+0.113 B & Y=1.079X+0.029
—— R=0.801 RMSE=0.135 /. N=541 GCOS=383 (70 8%) — R=0.920 RMSE=0,072
N=432 GCOS=91 (21.1%) /. N=599 GCOS=350 (58.4%)
0.8 4 /,’ 08 08
4 ny tests &
(=] . <
< os 2 06 B 051
a. <<
2 % = .
¢] 3 & o
O = - .' .. i’ .’o,;‘/ » ; .' 2 - .’ --. e - a :. . K : .(_’:,‘;
: *2-OLCI/GRASP (Initial) |.-,0QLCI/GRASP (Optimizedy | .’. Réference: MODIS/TERRA DT
021 2 .::/ . 0.2 ..:' ’;:."i Je .- 0.2 _-:_:3.-‘5.- " '. ;
GCOS = 21% 2T GCOS = 71% Wi GCOS = 58%
BIAS = ~0.11 : BIAS = ~0.01 BIAS = ~0.03
02 04 06 038 10 r Y X y! 0z 04 06 08 L0
AERONET AOD L - ... e = AERONET AOD

The retrieval was notably improved by including several optimizations.

GCOS AOD requirement: max (0.04 or 10%A0D)
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v AOD retrieval over ocean

OLCI/GRASP (Initial) - MAN

Diff. AOD550nm (OLCI/GRASP - MAN/AERONET) 02
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1 yr validation with MAN/AERONET

OLCI/GRASP (Optimized) - MAN

Diff. AOD550nm (OLCI/GRASP - MAN/AERONET)

MODIS/TERRA - MAN

0.2 Diff. AOD550nm (MODIS/TERRA - MAN/AERONET) 0.2

80°5 Nﬂ' j_iz 505 _W"ﬂ ...................... ji:
) 10 AOD 550nm (Ocean) AOD 550nm (Ocean)
Observed ImDrOVementS: Y=0.887X+0.013 e Y=0.959X+0.041
—— R=0.891 RMSE=0.045 7 R R=O..866 RM.SE=0.061
a. Clear evolution from Initial to Optimized 08 N=400 GCOS=297 (74.22488 2 0s N=342/GCO5=2091(b1.1 A
OLCI/GRASP retrieval over ocean . B
[e] A=
< 06 Q g6
b. The AOD BIAS decrease from +0.11 to +0.01 with % &
AERONET coastal sites and ~0.00 with MAN deep & y < .
= o4 . o 04 L 04
ocean measurements. g /OLCI/GRASP e .. #Reference: MODIS/TERRA
c. Comparable quality of AOD product with 0 ..,i-'*.‘,";"'i./- 217_\50_890 00 S| A 217\50_8% 04
MODIS/TERRA. The OLCI/GRASP bias is even ,, - - v I
smaller than MODIS/TERRA over ocean. pr GCOS = 74.2% _d— Ecoi = 603--10{?
Y 04 06 0 10 AERONET/MAN AOD 6
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v Optimization of AOD retrieval over land

1. to use values from POLDER/GRASP climatology as an initial guess for a iso (1)

2. to use values from POLDER /GRASP climatology as a priori estimates for
a vol and a geom with significantly high corresponding Lagrange multipliers

;\; Climatology (e.g. POLDER/GRASP)
P =y -l / ey

BRDFRoss Li = alSO (2’) (1 + avol( f;o geoml\\ ‘geon}>

/ T / Volumetrlc e
Isotropic - y Geometric
term: NS W ANl term:

3. to adopt vector radiative transfer in forward model calculation

e

7>

4. to include 1020 nm measurements

5. Multi-pixel constrain on aerosol type variability in neighboring pixels (stronger constraints on aerosol
model variability in X, Y and T dimensions) 7

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l




mssr  (opemicus @ Eumersar - 2 @Sa

Evolution of OLCI/GRASP retrieval over land surface
v AOD retrieval over land 1 yr validation with AERONET

AOD 550nm AOD 550nm AOD 550nm
200 Y=0.768X+0116 1 e ? o0
—— R=0.741 RMSE=0.182 $ — R=0.861 RMSE0.105 ¥=0.987X+0.026
p— N=646 GCOS=157 (24.3%) _ . N=625 GCOS=245 (39.2%) 17s| —— R=0.881 RMSE=0.162
‘ N=1787 GCOS=695 (38.9%)
150 1501 > 50 tests 8 150 ' i
<
o)
a 125 4 a 125 g\ 125 .
[} o) -
= % s 5
g 1004 . ﬁ 100 p < 100
o i . ] ’ o e
= = & T ers I
Sors{, ¢ S o7s : ko7 Ry . A
e > i S
Ly & T M- .. Réfeérence: MODIS/TERRA
o S €1/GRASP (Initial) ...'5OKCI/GRASP (Optlmlze@ovso P Epmrence: ODIs/
,_:.} . . %7, i 3 T:' .:‘,'.:: '.~ gie? ; -
. 7 BIAS — ~0.09 . .,.:-n .:‘.. BIAS — ~0.02 '_""‘g')'«."."'!}d'_’:t:}'. “- BIAS — ~0l02
025 {¥* /% R =0.74 025 { &V ... R = 0.88 02s f ,éf‘- PP R = 0.88
$ - S
| 025 050 075 100 125 150 175 200 025 050 075 100 125 150 175 200 025 050 075 100 125 150 175 200
AERONET AOD AERONET AOD AERONET AOD

The retrieval was notably improved by including several
optimizations.
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v AOD retrieval over land _ _
1 yr global processing with AERONET

Comparing with MODIS/TERRA Spli tistics by NDVI

AOD 550nm (Land) AOD 550nm (Land)

1.0 o _— Lle)¥ 100 014
Y=0.706X+0.035 Y=0.993X+0:019 * - .. % -1/ i
—— R=0.870 RMSE=0.090 A —— R=0.889 RMSE=0:115 ={.= .75y oasd— Mo oI\
o N=3205 GCOS= 1535 (47 9/6) . ’ N= 12632 GCOS—622§"(4'§ 30 Fooe < : : -0.13
1 . i o 0.8 B, . ey VN
& (@) pag - A - —
o < X ' : L 0.12
o b e e |
<L os D6 - Y AR 085 +- - LA _‘_‘_,_______________},._'_’_J____________
5 )8 {ODIS/TERRA DT+DB  ° THg R o1
o L7 < . i o ! - LLJ
ol Al AN . & -3 ~‘_, 0 889 ' 080 1-§- — “;‘;""“"""\;; e e E
= 044 ,. N 4 . ] "2 P, ~— |
g o -.RMSE—0.0 0 B L PrRMEE=0.115 Al 4t rol0
11 GCOS=47.9% 5 |GISEI . 6C05=49.3% T %7 [ I S
02 e - BIAS=-0.0 = o2 (RN ; “BIAS=0.02 I DU Y A B A MODIS R [ 009
1 . - ,// . ’
WL BIAS,_ 4<0.2=0.01 R BIASaod<0.2_0-02 Y —- MODIS RMSE -
AR - S R oes -V 1 | ¥ | —8 OLCIR g
02 0.4 06 08 1.0 ? o2 o P o —]-_" '—‘—-f— —+- OLCI RMSE
AERONET AOD AERONET AOD
060 f 0.07
0.14{ 3 Total: Bias=-0.01 ; Std=0.09; N=3205; GCOS=1535 (47.9%) 0.14{ 3 Total: Bias=0.02 ; Std=0.11; N=12632; GCOS=6229 (49.3%) 0.0 0.2 0.6 0.8 10
0124 [ <0.2: Bias=0.01 ; Std=0.06; N=2555; GCOS=1378 (53.9%) o —1 <0A2:Bias=.0A02:Std=0.07; N=8902; GCOS=5128 (57.6%) NDVI
[ [0.2,0.7]: Bias=-0.08 ; Std=0.11; N=577; GCOS=144 (25.0%) Z [ [0.2,0.7]: Bias=0.01 ; Std=0.14; N=3247; GCOS=971 (29.9%)
ano- [ >0.7: Bias=-0.21 ; Std=0.18; N=73; GCOS=13 (17.8%) 010 £ >0.7: Bias=0.02 ; 5td=0.35; N=483; GCOS=130 (26.9%)
5 008 - Different performance of OLCI/GRASP
< 0.06 0.06
S oo S oo and MODIS/TERRA over NDVI<O0.4.
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Pixel-to-pixel intercomparison OLCI and MODIS products

GRASP/OLCI AOD550 201808 GRASP/OLCI BR 865nm 201808
1.0 Yo S 0.6
0.9
0.5
0.8 )
- [l Diff.
0.6 :
o 05 Ll s S D TR N Bt 03 (O L C I -
0.4 e i 3
i .
0.3 o -

MODIS)

0.1

. |Land  0.717 0.141 33.7 -0.02
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0.1

0.0

MODIS/BRDF1 Ban 41-876 nm 201808
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0.6
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IIustration of remaining issues in OLCI/GRASP retrievals

v  AOD retrieval over land An example over India region with large differences
OLCI/GRASP MODIS/TERRA OLCI-MODIS
— GRASP/OLCI AODSO 2001 _ . .
" N b 550-an.‘| (I;af':lpu.r). - . “Aop 550nm (Kanpur)

Y=1.282X-0.025
175{ ——N\&=0.825 RMSE=0.264

o 0 o Y=0.867X-0.077
[EU ‘ U W 1751 —— R=0.922 RMSE=0.181

N=36 GCOS=5 (13.9%)

. NET Karpur

Observed tendencies:

- over screening high AOD aerosol events;
- orbit differences;

- complex surface/aerosol types;

- opposite biases in retrieved AOD;

MODIS/TERRA Merged AOD
5
E

ODIS Bias +0.14 =~ OLCI'GRASP Bias -0.15

025 050 075 100 125 150 175 200 025 050 07s 100 125 150 175 200 11

AERONET AOD AERONET AOD
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v An example - lack of sensitivity to particle size over bright surface
Spectral AOD

0.6 ey Case: Banizoumbou 2019-06-20 09:35:22
o OLCI Only AOD
0.5 1 ‘ ; oLCI Cun:rhined (4Models) AOD AOD (550 nm) AE
\, —+ OLCI Combined (5Madels) AQD .
A = OLC| Combined (LN5Eins) AQD AERONET. 0.32 0.21 (dUSt)
041 % —— OLCI Combined (22Bins) AOD OLCI only: 0.32 1.98
= ] }i‘ OLCI enly fix surface
€ o3 s—' T—— . .
Spectral BRDF isotropic term
0.2 - ‘“
— 0.5 - OLCI
0.1 *+
400 500 600 700 800 900 1000 0.4 -
Wavelength {nm}
v" AOD at 550 nm is unbiased, good surface retrieval E 03 - Reference surfage: Syenergy

+/- 0.01 spectrally and good data fit.

v' AE is overestimated. OLCI only fit dust with urban
model. Over/under-estimate AOD at other
channels.

v It may imply

OLCI+AERONET
Litvinov et al. (2020, AGU)

#— OLCI Only BRDF1
¢~ OLC| Combined (LN5Bins) BRDF1

0.2 1

0Ll -

. . a0  s00  E0 700 800 90 1000
especially the AOD is low. Wavelength {nm) 12
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Outcome & Lessons from OLCI/GRASP development

% The use essential a priori constraints for angular properties of land and ocean BRDF is desired for single-
viewing instrument, such as OLCI.

% Using the GRASP multi-pixel concept is beneficial and helps for retrieval of the isotropic surface reflectance
properties together with aerosol.

% The AOD product outcome from OLCI/GRASP global processing show overall quite comparable quality with
the community-reference MODIS/TERRA.

Paper published in RSE for more details:

https://www.grasp-open.com/products/olci-data-release ) o )
Chen, C., Dubovik, O., Litvinov, P., Fuertes, D., Lopatin, A., Lapyonok, T.,

Matar, C., Karol, Y., Fischer, J., Preusker, R., Hangler, A., Aspetsberger, M.,

Main products: Bindreiter, L., Marth, D., Chimot, J., Fougnie, B., Marbach, T., Bojkov, B.,
AOD: 412 - 1020 nm 2022. Remote Sensing of Environment Properties of aerosol and surface
BRDE. BHR ISO derived from OLCI / Sentinel-3A using GRASP approach : Retrieval

I -

development and preliminary validation. Remote Sensing of Environment

Diagnoised parameters: 280, 113142. https://doi.org/10.1016/j.rse.2022.113142

SSA, AAOD, etc.
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Laboratoire
d' ptique
tmospherique

* Cheng Chen Université
 GRASP-SAS, LOA/University of Lille, France de Lille

' cloudflight

2

EUMETSAT
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