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CONTEXT & OBJECTIVES OF EUMETSAT OC- SAC STUDY

- 865 (m 0062+0025) 865 (m = 2.008+0.357)
‘ 250TN 4232

« Various weaknesses of current OLCI AC (Collection 3):
erroneous AOT & Angstrom (e.g. Zibordi et al, 2022), spatial
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CONTEXT & OBJECTIVES OF EUMETSAT OC-SAC STUDY

« Various weaknesses of current OLCI AC (Collection 3):
erroneous AOT & Angstrom (e.g. Zibordi et al, 2022), spatial
noise (uncertainty amplification, aerosol discontinuity), air mass
dependence, many flagged data (negative reflectance, failure for
absorbing aerosols, sensitivity to perturbations)

* Objective: review entirely the OLCI Standard AC

AOT, Marine Marine
Angstrom reflectance reflectance
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CONTEXT & OBJECTIVES OF EUMETSAT OC-SAC STUDY

« Various weaknesses of current OLCI AC (Collection 3):
erroneous AOT & Angstrom (e.g. Zibordi et al, 2022), spatial
noise (uncertainty amplification, aerosol discontinuity), air mass
dependence, many flagged data (negative reflectance, failure for
absorbing aerosols, sensitivity to perturbations)

» Objective: review entirely the OLCI Standard AC

* OC-SAC constraints: NIR-based per-pixel aerosol detection,
applicable at global scale; targeted for Operations

AOT, Marine Marine
Angstrom reflectance reflectance
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MCONTEXT & OBJECTIVES OF EUMETSAT OC-SAC STUDY

. . Study funded by EUMETSAT contract EUM/CO/21/4600002533/DD
» Various weaknesses of current OLCI AC (Collection 3):

erroneous AOT & Angstrom (e.g. Zibordi et al, 2022), spatial
noise (uncertainty amplification, aerosol discontinuity), air mass
dependence, many flagged data (negative reflectance, failure for
absorbing aerosols, sensitivity to perturbations)

* Objective: review entirely the OLCI Standard AC

 OC-SAC constraints: NIR-based per-pixel aerosol detection,
applicable at global scale; targeted for Operations

- State-of-the-art developments: justified requirements in the VIS,
RTM, aerosols models, O2-bands, multi-spectral inversion...
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"CONTEXT & OBJECTIVES OF EUMETSAT OC- SAC STUDY

Study funded by EUMETSAT contract EUM/CO/21/4600002533/DD

» Various weaknesses of current OLCI AC (Collection 3):
erroneous AOT & Angstrom (e.g. Zibordi et al, 2022), spatial
noise (uncertainty amplification, aerosol discontinuity), air mass
dependence, many flagged data (negative reflectance, failure for
absorbing aerosols, sensitivity to perturbations)

* Objective: review entirely the OLCI Standard AC

 OC-SAC constraints: NIR-based per-pixel aerosol detection,
applicable at global scale; targeted for Operations

« State-of-the-art developments: justified requirements in the VIS,
RTM, aerosols models, O2-bands, multi-spectral inversion...
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Overall achievements

Justified requirements for p,(1): 2x10* (very conservative)

Required uncertainty on p,,

—— OLCI MRTD Water class

-—- 5% —#

--@- Werdell et al. (2019) — #3
— #4

Different water types

A [nm]
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8;=45° 8,=30° Ap=90° model=MAR-90
1.0e-03
AOT(865) Water class
—-- 001 — #1
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— #4

Required absolute S
uncertainty on p, to
get an uncertainty of
5.10% on p,,.

Required u(ps)
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Overall achievements

State-of-the-art RTM: full Spherical Shell Atmosphere (SSA) code
for pure Rayleigh (SMART-G, Ramon et al., 2019) and Plan
Parallel Atmosphere (PPA) for the aerosol-Rayleigh (ARTDECO,
Dubuisson et al., 2016)

Hybrid approach

) SSA ., SSA PPA __ _PPA
PPA assumption Ppath = Pr~" T Ppath — Pr

Appath (4‘12)

maritime polluted aerosols, AOT(550)=0.2, VZA=0%
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Overall achievements

f.=45° 6,=30° Ap=90°

i
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New standard aerosol models: from Ahmad et al. (2010)

° 6,=30° Ap=90° RH=80%

—— Rayleigh
AER z=2.0 km
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Overall achievements

Family Mode Component #1 Component #2
Fine mode 99.5% dust like 0.5% soot

Standard Ahmad

et al. (2010) Coarse mode 100% sea salt
OC-SAC Fine mode 95% dust like 5% soot
strongly
. . i % | % lik
New strongly absorbing models: extension of Ahmad et al. SEAGRGICI Cocrsemode OO seasalt - 40% dustlike
Std Ahmad et al. OC-SAC strongly absorbing (to be further tuned)

SZA:30,VZA:40, ws=5 m/s, AOD(865.):0.1, Atm-Rayleigh
RH:70

RH=70%, Ahmad

FMF
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OveraII achievements

Justified requirements for p,(1): 2x104 (very conservative)

State-of-the-art RTM: full Spherical Shell Atmosphere (SSA) code Extension of Nobileau & Antoine (2005) at 510 nm:
for pure Rayleigh (SMART-G, Ramon et al., 2019) and Plan * More band_s
Parallel Atmosphere (PPA) for the aerosol-Rayleigh (ARTDECO, Upekize alime Blegy

' 2
Dubuisson et al., 2016) , 1 z p,, (1) — pclim (1) A
New standard aerosol models: from Ahmad et al. (2010) ~ Aetim = Aclim-tres

2

3 x gclim

New strongly absorbing models: extension of Ahmad et al.

New detection of strongly absorblng aerosols

————
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Overall achievements
Optimized grid and functional fitting
thanks to very high resolution simulations,
for each LUT axis successively

83.081 % with |60z| < 2.00e-04

66.872 % with |6pg| = 1.00e-04
97.280 % with |Gpg| = 1.00e-03
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Innovative optimization of LUT grid based on uncertainty target
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Overall achievements

Justified requirements for p,(1): 2x10*4 (very conservative)
State-of-the-art RTM: full Spherical Shell Atmosphere (SSA) code
for pure Rayleigh (SMART-G, Ramon et al., 2019) and Plan
Parallel Atmosphere (PPA) for the aerosol-Rayleigh (ARTDECO,
Dubuisson et al., 2016)

New standard aerosol models: from Ahmad et al. (2010)

B8:=45° 6,=30° A¢ =90° RH=80%

New strongly absorbing models: extension of Ahmad et al.

New detection of strongly absorbing aerosols *1Unknowns: ial, ia2 mixing ratio

Innovative optimization of LUT grid based on uncertainty target

New multi-band Clear Water AC (CWAC) Loop over all iaer (FMF) to compute optimal 7, mix :

mod

; : __ O0bs
Use 5 NIR bands (possibly 6) with spectral fitting ;2 (i) = Z (ppath(’l' iaer, Tq0, Mix) Ppath(/l))

instead of the 779-865 nm standard detection

a2(A)

p)
Select best iaer with lowest yZ,.. -
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Overall achievements

Follows the principle of Dubuisson et al. (2009)

A=752.68 RH=75.00 1,=020 p,=0.00
8:=49.15 6,=49 A9p=90 w.=2 P=1030.00

FMF=0.00
FMF=0.20
FMF=0.40
FMF=0.60
FMF=0.80
FMF=1.00
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New Aerosol Layer Height Assessment (ALH) module
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Ove ra I I a C h i eve m e n tS Error on p,, due to smile correction - water class #10

 Justified requirements for p,(1): 2x10 (very conservative)

« State-of-the-art RTM: full Spherical Shell Atmosphere (SSA) code
for pure Rayleigh (SMART-G, Ramon et al., 2019) and Plan
Parallel Atmosphere (PPA) for the aerosol-Rayleigh (ARTDECOError
. on p,,
Dubuisson et al., 2016) with current

* New standard aerosol models: from Ahmad et al. (2010) TOA smile corr.

0 500 1000 1500 2000 2500 3000 3500
Detectors

* New strongly absorbing models: extension of Ahmad et al.

Error on p,, due to linear bandshift - water class #10

* New detection of strongly absorbing aerosols

* |nnovative optimization of LUT grid based on uncertainty target Er.ror on Pw

with simple
* New multi-band Clear Water AC (CWAC) BOA smile corr. [P
- New Aerosol Layer Height Assessment (ALH) module (ideally requires

band-shift)

- AC handled at exact detector wavelength-> BOA smile corr.

1000 1500 2000 2500 3
Detectors
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Overall achievements

SVC gains of OLCI-A at MOBY

« Justified requirements for p,(1): 2x104 (very conservative) 4 average (N=74)
« State-of-the-art RTM: full Spherical Shell Atmosphere (SSA) code ' Ocean Colour
for pure Rayleigh (SMART-G, Ramon et al., 2019) and Plan | system vicarious

calibration tool

Parallel Atmosphere (PPA) for the aerosol-Rayleigh (ARTDECO,
Dubuisson et al., 2016)

* New standard aerosol models: from Ahmad et al. (2010)

* New strongly absorbing models: extension of Ahmad et al.

Acknowledgements: Ken Voss (University of Miami) and
Paul DiGiacomo (NOAA/NESDIS) for MOBY data

* New detection of strongly absorbing aerosols
* |nnovative optimization of LUT grid based on uncertainty target
« New multi-band Clear Water AC (CWAC)

 New Aerosol Layer Height Assessment (ALH) module

800 900 1000

lambda [nm] OC-SAC Sept. 2022

« Standard NIR SVC methodology applied
at SPG with a new model best matching

« AC handled at exact detector wavelength-> BOA smile corr. MAR-90 (FMF=0.1)
- Dedicated SVC gains » To be revised following Ahmad et al. at
Tahiti AERONET station? 16
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QUALITATIVE ASSESSMENT ON SCENES (BOA RGB) - BALTIC SEA
IPF Collection 3
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QUALITATIVE ASSESSMENT ON SCENES (BOA RGB) — YELLOW SEA
IPF Collection 3 OC-SAC
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" QUALITATIVE ASSESSMENT ON SCENES (BOA RGB) - RIO DE LA PLATA
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VALIDATION ON MATCH-UPS - MARINE REFLECTANCE
IPF Collectlon 3
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University), Steve Ruberg (NOAA) & usco
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10.010 s LISCO: Sam Ahmed & Alex Gilerson Socheongcho
(CCNY)

Lucinda: Thomas Schroeder (CSIRO)
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VALIDATION ON MATCH-UPS - MARINE REFLECTANCE

0.83x+0.00297

N=720
bias=0.

« Use of EUMETSAT
“MDB”

)

rho_wn{412.5) (OLCI

« “Common Best
Flag” comparison

« Protocols not totally

consolidated

N=599 R2=
~ bias=-0.002

0.04

0.907x+-0.000438

0.943

res.err=0.00295

rho_wn(560.0) (OLCI)
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rho_wn{412.5) (in-situ)
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0.10
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rho_wn{665.0) (OLCI

rho_wn(442.5) (OLCI)
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res.err=0.00405
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rho_wn{442.5) (in-situ)

0.869x+-0.000566

N=599 R2=0.905
™ bias=-0.00109

res.err=0.00124
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0.907x+0.000142
N=648 R2=0.919
~ bias=-0.00122
res.err=0.00301

0.88x+0.000181

rho_wn(490.0) (OLCI)

rho_wn(510.0) (OLCI)
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Acknowledments to AERONET-OC PIs
Venise, Galata, Gustav Galen, GIorla and

Helsinki Lighthouse: Giuseppe Zibordi
(JRC)

Lake Eri: Tim Moore (Florida Atlantic
University), Steve Ruberg (NOAA) &
Menghua Wang (NOAA)

LISCO: Sam Ahmed & Alex Gilerson
(CCNY)

Lucinda: Thomas Schroeder (CSIRO)
Palgrunde: Susanne Kratzer
(Stockholm University)

Socheongcho: Young-Je Park (KIOST)
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Satellite AOT(865)
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VALIDATION ON MATCH-UPS - AEROSOL PRODUCTS

« “Common Best Flag” comparison

Protocols not totally consolidated

IPF

1.2x40.0407
N=470 R2=0.581
bias=0.0545
res.err=0.0552

\enise
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Helsinki_Lighthouse
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Lucinda

Palgrunden
Socheongcho

In-situ AQOT(865)

T
0.2 0.3 0.4 0.5

Satellite Angstrom coeff.
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3.0

IPF
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5po's @yes on Earth

IPF Collection 3 - similar to Zibordi et al. 2022
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VALIDATION ON MATCH-UPS - AEROSOL PRODUCTS

« “Common Best Flag” comparison

PROGRAMME OF THE
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=
OpErmicuUs

Europe's eyes on Eart

Protocols not totally consolidated

OC-SAC
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bias=0.0142
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Self-consistency analysis of rhowN: overlaps at high latitudes

Cf. HYGEOS: https://www.eposters.net/poster/consistency-
analysis-of-ocean-color-products-at-high-latitudes
Applied to 4 days of RR products: June 01-04, 2019
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" CONCLUSION — OC-SAC INITIAL PHASE

* Full review of OLCI OC-SAC algorithm, dated from the 90s’ (MERIS heritage)
Aerosol models, RTM, LUT optimization, multi-band aerosol detection ...
* Wide range of validation: match-ups, scenes, atmospheric products, global scale, time-series
* New OC-SAC module plugged-in the OLCI operational Level 2 processor (+ external “SACSO” prototype)

G EUMETSAT IMAGES SATELLITES ABOUT US NEWS & EVENTS Q

» https://www.eumetsat.int/oc-sac
* Soon available:

ard — : e * Requirement Baseline
At h - = == - ATBD s

mosp erlc * Product Validation Report

Correction module
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CONCLUSION ON-GOING WORK

New OC-SAC is a candidate for OLCI Collection 4 reprocessing

On-going 9-month activity:
Improve performance for operational processing at EUMETSAT (RAM, CPU, speed)
Consolidate NIR+VIS SVC gains for new aerosol models
Extend validation, including ALH, absorbing aerosol models, OLCI-B...

Optimize algorithm as necessary

Any independent validation of new OC-SAC from S3VT member is welcome!
Care about “coastal biased” validation, we need FRM in open waters too: BOUSSOLE (LOV), AMT cruises (PML) ...




