LACRI MERIS

Ref.:

Issu

MERIS ATBD 2.24
e: 1.0

Date: 29/09/2011

Pag

e i

MERIS ATBD 2.24

Vicarious adjustment of the MERIS Ocean Colour Radiometr

Ref.:MERIS ATBD 2.2
Issuel. 0

Date:29/09/2011




Ref.. MERIS ATBD 2.24

\K\HC‘RI o MERIS ATBD 2.24 Issue: 1.0
Vicarious adjustment of the MERIS Ocea

xR Date: 29/09/2011
SIS ST Colour Radiometry -
Page: i
Preparation and signature list
I
Prepared by| C. Lerebourg ACRIST
C. Mazeran ACRIST
J.P. Huot ESA
D. Antoine LoV

Distribution List

Public distribution
Change log
1.0 29/09/2011 Initial version




Ref.. MERIS ATBD 2.24
MERIS ATBD 2.24 lssue: 1.0

Vicarious adjustment qf the MERIS Ocea Date: 29/09/2011
Colour Radiometry

Page: il
Tableof Content

ACKNOWLEDGEMENF-S-------mmm oo oo e e
1  INTRODUCT IO - m o mm oo o oo oo oo o e 8
1.1  SCOPE OFHE DOCUMENT-==-=nmnmm o m e m o e e oo oo o e oo 8
1.2 ACRONYMS -mmmmm o oo oo oo e s S
1.3 NOTATIONS - mmmmmm oo e oo oo e 9

2 MOTIVATION TOMPLEMENT A VICARI®SBDJUSTMENF-----------------mmmm - —11
2.1 THEORETICAL LIMITATIOF THE INSTRUMENTALIBRATION -==-=============mnmmmmmm oo 11
2.2  MERI®CRYUALITY ASSESSEMBNTHE""” REPROCESSHNG-----=-=============nmmmm 12
2.3 PRINCIPLE OF THE ADIVENT FORERIS------------ - 14
2.4 DOMAIN OF APPLICABM=h-=-===nmmmmm oo m oo o oo o oo e 15

3 ALGORITHM OVERVIEW- - mmmmmmm oo 17
3.1 REMINDER OF TNERISEVEIZ2 CHAIN-m=--==-=mmmm oo oo e 17
3.2  THE ATMOSPHERIC CQRREN === === = e m oo o oo o o e oo 19
3.3 VICARIOUS ADJUSTMBEMWALEMENTATIGON --===n=mmmm oo m oo o oo o oo oo oo 20

4 ALGORITHM DESCRIBIHO: - mmmmmmmm oo 21
4.1 THEORETICAL DESCRIRF4======mmmmm e o e e e e e e e e e oo 21
4.1.1  Adjustmentin the NIR 21
4.1.2  Adjustmentin the VIS 36
4.1.3 Validation 40

4.2  PRACTICAL CONSIDEQNTH-==========nnnmmmmnn e e e e e e e e e e e e oo 52

5 ASSUMPTION AND LIMITION--=-==mnmmmmm oo oo oo e 54

R = = = L 55




Ref.. MERIS ATBD 2.24
MERIS ATBD 2.24

o _ Issue: 1.0
Vicarious adjustment qf the MERIS Oceal Date:  29/09/2011
Colour Radiometry .

Page: Iv

List of Figures

Figure 1: Example of relative contribution of the marine signal to the total sigri@l_ "' "Q¢for
MERIS acquisitions over different type of waters: AAOT (Adriatic Sea), MOBY (Pacific Ocean) and
BOUSSOLE (MEItEITANEAN SBA)- ... ceiiiiiiiiiieiieeeeeiitie e e e e e st e e s s s e e e e e s s e e e e e s ennneees 12

Figure 2 Relative errors of MERFS r2processing rhow on the MERMAID dataset. Matchups are
constructed on 5x5 RR pixels window with less th&% pixels flagged by Clou or Ice_haze or
High_glint or Medium_glint or PCD_1 13 0r PCD.19........ccoiiiiiiieiie s 13

Figure 3: Flow diagram of MERE®BEl 2 PrOCESSING ......ceviieiiiiiiiiiieeeeiiiieiee e 18

Figure 4: MERIS averaged Chloropaylh 2005 and SPG (left square) and SIO (right square)
E=To] o] £0) ] 4 F= 1=To I o 0 < 3o o 1RSSR 22

Figure 5: Comparison of the aerosol reflectance spectral dependenie,i Ta@ainst@ ¢hy v for
four {_ i T "@ouples, including (bottom) or not (top) the 865 nm band. Computation is done on the
SIO and SPG eXtraCtion QAASEL.........cuiiuiriiiiie it e e e e e e sabareeeee s 24

Figure 6: Time series @ ¢ at SIO (blue) and SPG (green). The distinctive OCL OFF period (red lines)
iS rejected t0 COMPULE AVEIAJE JaIN..........ooiiiii it e e e e e e e e e e e e e e e e e e e e e eeaeeaaeaas 25

Figure 7: Variation of)) @ at SIO (blue) and SPG (green) from top to bottom and left to right with
detector index (vertical lines delimit camera 1 to 5), view zenith angle, sun zenith angle, scattering
angle, water vapourra Wind MOAUIUS.............ooooi e a e 26

Figure 8: Time series & ¢ on the simulated MEROS spectra, using the SSA approach and averaged
gains for d bands iN the TeA/NIR...........o e 28

Figure 9: Variation of g(865) on the MEROS simulated spectra with SIO (blue) and SPG (green)
conditions of observation, from top to bottom and left to right with respect to view zenith angle, sun
zenith angle, scattering angle and Wind MOAUILIS. ............ouiiiiiiiiiiiiie e 29

Figure 10: Left: Averaged gain at 865 on the MEROS dataset and associated standard error as a
function of the percentage of random error 6n Qg X wThe red line represents the standard
deviation of " @ oomputed with the readataset. Right: Standard deviation as a function of the
EITOT ON INPUE" "0 X Gh.vrvverreeeeeeeteeeestetetsteestsesseessetesssstesesesesssesssesesasesesesesesesesenesenenennenneneees 30

Figure 11: Averaged gain at 865 on the I@SRlataset with a bias e#% in” "Q@ ¢ wnd associated
standard error as a function of the percentage of random errot 6y x wThe red line represents
the standard deviation oX)y ¢ computed with the real dataset.............cceevveeeiiiiiiiiiiiiiiiinnnnee.e. 31

Figure 12: 8 reprocessing Owithout NIR adj. (top) and with NIR adjustment (bottom) versus in situ
data (MERMAID clear waterdatasddands 412, 443, 490)........cccouiiiieieeeiieiiei e 32

Figure 13: 8 reprocessing Owithout NIR adj. (top) and with NIR adjustment (bottom) versus in situ
data (MERMAID clear waterdatasddands 510, 560, 665)............ccceririreiiiiiiiiiiiiiiiiiieees 33

Figure 14: Histograms of°3eprocessing’ Urelative errors without NIR adj. (top) and with NIR
2o 10 S g1 LA o] 1 (o] o ) TR 34



Ref.. MERIS ATBD 2.24
MERIS ATBD 2.24 lssue: 1.0

Vicarious adjustment qf the MERIS Oceal Date:  29/09/2011
Colour Radiometry

Page: Vv

Figure 15: Histograms of%&eprocessing’ Urelative errors without NIR adj. (top) and with NIR

o Lo [0 IS g L= a1 A (oo 1o o ) PR 35
FIgUre 16: Gain tiME SEIIES.....cci ittt e e e e e e e e eeeaaaaaaaaaaaaaaaeeaeessssassaasaasannnnnennes 38
Figure 17: Gain spectra and related standard deviation implemented in9V#Rdprocessing.....39

Figure 18: 2 and 3" reprocessing regression versus in situ data (MERMAID clear water dataset
DANAS 412443, 490)....ceeieiiiiiiiii it a et e e e aaaaaaaaaaa e 42

Figure 19: 2 and 3" reprocessing regression versus in situ data (MERMAID clear water dataset
DaNds 510, 560, B650).....uuiiiiiiiiiiiiiiiiiieee et aaaaaaaaaaaaaa e 43

Figure 20: % and 3" reprocessing RPD stacked histograms (MERMAID clear water dathaatls
e T L |0 ) PSRRI 44

Figure 21: 2 and 3° reprocessing RPD stackéistograms (MERMAID clear water dataseands
510, 560, BB5)....cceiiiiiiiieiie ettt r et aaaaaaa et e e aa et aaeaaaeaaaaaaaaaan—a——a——rrrarrrnrannrans 45

Figure 22: 2 and 3" reprocessing regression versus in situ data (MERMAID all dathastls 412,
2 | ) PSSR 46

Figure 23: 2" and 3" reprocessing rgression versus in situ data (MERMAID all databands 510,
580, B55)......tteee ettt ettt ettt E bt e e e b bt e R et e e e e Rb et e e e bbe e e e annr e e e e anre e e et a7

Figure 24: 2 and 3° reprocessing RPD stacked histmgs (MERMAID all datasebands 412, 443,

Figure 25: 2 and 3° reprocessing RPD stacked histograms (MERMAID all tlataaeds 510, 560,
BB5). ..o e eeeeeeeeeee e e et e e e e e e e et e e e e e e e er s e eeeeer s 4O

Figure 26: Time series @ ¢ at SIO (blue) and SPG (green) with the fixed aerosol approach (model
Figure 27: Variation of) ¢ at SIO (blue) and SR@reen) computed by the fixed aerosol approach

(model 3), from top to bottom and left to right with detector index (vertical lines delimit camera 1 to
5), view zenith angle, sun zenith angle, scattering angle, water vapour and wind modulus...52



Ref.. MERIS ATBD 2.24
i.ij':it:\‘}‘:\ Vicarious adjustment c_)f the MERIS Oceal Date:  29/09/2011
SSESRRR Colour Radiometry .
Page: VI
Listof Tables
Table 1: Gain computed through SSA from 620 up t0 885nM..........cooociiiiiiiiiiie 27

Table 2: Impact of a random error'in"Qg X cn the calculation of ¢ on the MEROS datase?9

Table 3: Impact of a random error’in"Qg x and a bias 0f2% in” "Q{ ¢ wn the calculation of
W @ ON the MEROS AASEL.....ccciiiiiiiiiiie ettt e e e s s r e e e e e e 30

Table 4: Averaged gains, standard deviation and number of matchups used for computatior37

Table 5: Contribution of the in situ uncertainties to dispersion in vicarious gains, for MOBY (left table)
and BOUSSOLE (right table) MatChUPS..........coviiiiiiiiiieice e 40

Table 6: Average gains computed with the fixed aerosol model procedure and. SSA........... 51



Ref.. MERIS ATBD 2.24
‘3\’(”'—‘ C-RI MERIS ATBD 2.24 lssue: 1.0
:-a\;::\:\‘l l Vicarious adjustment of the MERIS Ocea Date: 29/09/2011
TR==R™ Colour Radiometry '
Page: 7
Acknowledgemens

We thank Francis Zagolski (Parbleliechnologies) for his helpfuladiative transfer
simulationsdatabaseMEROSused in our validatior(Santer and Zagolski 2010)/e also

thank the team at ESA, ACRI and ARGANS for the MERMAID facility
(http://he rmes.acri.fr/mermaid and we particularlygratefully acknowledge the following
Principle Investigators who provide extremely valuahlsitudata

Giuseppe Zibordi (Joint Research Center, ItalyjHerfollowing AERONETOC sites: Acqua
Alta Oceanographi Tower, Abu Al Bukhoosh, Gustav Dalen Tower and Helsinki Lighthouse
(Zibordiet al. 2009a, Zibordet al. 2009b)

John Icely (University of Algarve, Portugal) for the Sagres coast dataset (@tistir2D09)

5 AR ' yi2AYyS o[ I 02 d&Mileransie, FRGzd) s the BGUSSOLK A S
dataset, used in particular for the vicarious adjustment (Antahel 2006, Antoineet al.
2008)

David McKee (University of Strathclyde, UK) for the Br@&tainnel and Irish Sea datasets
Mati Kahru (Universy of California, US) fahe California Current dataset

| dzo SNII [ 2A &St O6[ 02N 02ANB RQhOSIy2ft23AS Si
Channel and French Guiana datasets (Leisel 2007, Lubaet al. 2007) ;

Michael Ondrusek (NOAA) for theOBY dataset used for the vicarious adjustment (Glark
al. 2003)

Kevin Ruddick (MUMM, Belgium) for the MUMMTrOS dataset (Rudtlalk2006)

Doug Vandemark and Hui Feng (University of New Hampshire, US) for the AERONET
MVCO dataset (Ziboret al. 2009)

Jeremy Werdell (NASA), Larry Harding (University of Maryland, US), Antonio Mannino
(NASA), Ajit Subramaniam (University of Maryland, US), Dariusz Strdsnskersity of
California, US), Greg Mitchell (University of California, US), William Balch (Bigelow
Laboratory for Ocean Sciences, US), Frank Mkibeger (University South Florida, US), Ru
Morrison (Woods Hole Oceanographic Institution, US), Zhongpe®y (Naval Research
Laboratory), Ken Carder (Professor Emeritus University South Florida, US), Norman Nelson
(University of California, US), Richard Gould (Naval Research Laboratory, US), Robert Arnone
(Naval Research Laboratory, US) and Stan Hooker (K3t NOMAD dataset (Werdedt

al. 2005)

Suzanne Kratzer (University of Stockholm, Sweden) for the Nues$tern Baltic Sea and
AERONEDC Palgrunden dataset (Kratatral. 2008)

David Siegel (University of California, US) for the Plumes and Bltataset
Pierre, Sa 5SaOKI YLJA 6 | 02 NJFranze) iNdhe SINBADA dathsetS | LILJ

Annelies Hommersom (IVM, Netherlands) for the Wadden Sea dataset.



http://hermes.acri.fr/mermaid

MERIS ATBD 2.24

Vicarious adjustment of the MERIS Ocea
Colour Radiometry

Ref..

Issue:
Date:
Page:

MERIS ATBD 2.24
1.0

29/09/2011

8

1 Introduction

1.1 Scope of the document

This Algorithm Theoretical Basis Documep24 describesthe vicarious adjustment of the
MERIS ocean colour radiometry, implemented for the first time in the Level 2 chain at the

occasion of the "8 data reprocessing.

It presents the method, its validation agains situdata and provides the fifteen adjustment
factors used in the "3 reprocessing configuration and available in the nominal configuration
of the ODESA processor.

1.2 Acronyns

The following table provides the definition of the acronyms used in this document.

ATBD Algorithm Theoretical Basis Document
BPAC Bright Pixel Atmospheric Correction
CCD ChargedCoupled Device

ESA European Space Agency

LUT LookUp Table

MEGS MERIS Ground Segment prototype
MERIS MEdium Range Imaging Spectrometer
MERMAID MERIS Matchup In Situ Database

NIR Near InfraRed

OCL Offset Control Loop

OCR Ocean Colour Radiometry

ODESA Optical Data processor of ESA

RR Reduced Resolution

SeaWiFS Seaviewing Wide Fielebf-view Sensor
SSA Single Scattering Approximation

SIO South Indian Ocean

SOS Successive Order of Scattering

SPG South Pacific Gyre

TOA Top Of Atmosphere

VIS Visible part of the spectrum
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1.3 Notations

The following table provides the definition of the notations used in this document.

Index for a target measurement (location and time)

Dimensionless

Q_ Individualadjustment factoffor targeti Dimensionless
"M_ Averagedadjustment factorover all targets Dimensionless
0 _ Level 1 TOA radiance mW m? nm* st
0 _ Water radiance mW m? nm* sr*
N Number of matchups used to compute the gain Dimensionless
o _ Total (direct and diffuse) transmittance Dimensionless
o0 _ Total transmittance after NIR adjustment Dimensionless
0Q Spectral depencef the aerosol reflectance in the single scattering Dimensionless
approximation
_ Wavelength nm
_ Reference wavelength for the NIR adjustment nm
" Aerosol reflectance Dimensionless
R TOA reflectance corrected for gase@issorption, smile effect and glint | Dimensionless
R Targeted’ reflectance Dimensionless
b - Vicarious adjusted reflectance Dimensionless
nE_ TOA reflectance corrected for gaseous absorption and smile effect Dimensionless
" = Atmospheric path reflectance Dimensionless
b - Atmospheric path reflectance after NIR adjustment Dimensionless
S Rayleigh reflectance Dimensionless
" _ TOA reflectance Dimensionless
T Waterreflectance Dimensionless
” _ In situ water reflectance Dimensionless
" Water reflectance after vicarious adjustment Dimensionless
0" _ Glint reflectance at TOA level Dimensionless
o TOA water reflectanceetrieved by the Bright Pixel Atmospheric Dimensionless
Correction at 709, 779, 865 and 885 nm

0" _ Pure seawater reflectancat TOA level Dimensionless

— Sun zenith angle Degree

— View zenith angle Degree
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Relative azimuth angle

Degree
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2 Motivation to implement a vicarious adjustment

2.1 Theoretical limitation ofthe instrumental calibration

The primary aim of Ocean Colour Radiometry (OCR) space born ssnsloras MERIS to
retrieve the water signal at sea level fronTap Of Amosphere(TOA)opticalmeasurement,
overthe Vigble (VIS)and Near-InfraRed (NIR)spectral domain.

The signalat ocean surfacean be either expressed iterm of radiance (energy) _ or
reflectance (ratio to downwelling Solar irradianceé _ , where _ is the wavelength.
Hereinafter we shall only consider the wateeflectance” notation, used in theMERIS
data distributioncontextsince 200ZRast andezyl1999)andusedmore recently for MODIS
and SeaWiFSdee.g.http://oceancolor.gsfc.nasa.qov/REPROCESSING/R2009

Theexpectedaccuracy ori _ ismainly governed by further exploitation of the signal, for
instance to assess marine constituents concentratiwnother bicoptical quantities(e.g.
chloroptyll-a, suspended matterdiffuse attenuation coefficienttransparency, etg. by
spectral inversion. In thidocumentwe shall rely on the only few specifications derived in
the past, essentially designed for quantifying cbfghylta in the open ocean. A typical order
of relative accuracy is 5% in the blgeeenspectralregion Gordon1997) More recently for

the MERIS missiothe goal of discriminating ten classes of chlorophyll concentration within
each of the threeorders of magnitude between 0.03, 0.3, 3 and 30 mylerd to a
requirement of about +22.10° absolute accuracy at 443 nm an8.#0* at 560 nm using a
band ratio algorithm Antoine and Morel 1999)

Actual accuracy of remotelgensed” depends mainly on the quality of both TOA
acquisition {ie. quality of the absolute andinterband sensor calibration) and the
atmospheric correction if. ability to estimate ad remove the atmospheric path
contribution, seee.g. Antoine and Morel 1998 This can be madexplicit by the following
schematic decomposition of the signal, in ideal conditions without sun specular reflection or
white caps, and after correction of atmospheric gas absorption (see symbols definition in
§1.3):

) ” o _8 p

The” quantity will be described more precisely latter in the MERIS context, and can be
understood, at this stage, as the TOA reflectaiice processed up to the atmospheric
correction.

Most of the current operabnal atmospheric correction algorithms consist in fiesessing
the aerosol optical properties from thBIRbands then, propagating the path reflectance
” _ and total transmittanced _ at any wavelength_ in the visible and finally,

deduang the marine signal by inversieguation (1)seeAntoine and Morel 199%r MERIS
and Gordon and Wang 199for SeaWiFS). Hence, whatever the accuracy of the path
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reflectance of:

The denominator on the rightand side represents the relative contribution of the marine
reflectance afTOAlevel to the total signal and typically lies between 5% and 20%, depending
on the wavelengths andlarity of the water (see figure below This means that reaching a
5% accuracy o requires an absolute accuracy 6n (henceon” ) between 025%

and 1%, which cannot be insured through purely instrumental calibration and
characterisatio(Gordon1998).
* 412 ® 443 490
40 AAOT | |
3 MOBY
g 20 - A -
g BOUSSOLE
-% 25 AN
= r A
S 20 g —
g T s;}' Wi
g 15 T ¥, i";va&g o« M X AL ]
g . M R A Q¥SR.08
© 10 - 1 'iiﬁé
s “'o@" o Ly 3"".'0
5 - Y L &
$ o8 - S *
0 T T T T T T
0 50 100 150 200 250 300 350
Matchup index
Figure1l: Example of relative contribution of the marine signal to the total sigoal_ " _ 7 _ , for

MERS acquisitins over different type of waters: AAOT (Adriatic Sea), MOBY (Pacific Ocean) and BOUSSOLE
(Mediterranean Sea).

For instancethe first results for theMERISalibration and validation showed that the situ
estimations of TOA radiances laywithin less than 6% of theMERISmeasurement
(Kneubihler, 200R Regarding SeaWiFSprelaunch calibration uncertainties are
approximately 3% of th& OAradiance(Epleeet al.,, 200J).

2.2 MERIS OCR quality assessemefthe 2" reprocessing

Severalindependent validation exercisesonductedin the last years havgiven evidence for
a significant positive bias in thRIERISwvater reflectance. For instancé&ntoine et al. 2008
have quantified over the BOUSSOLE baioglative percentage difference @bout 60% a&



MERIS ATBD 2.24

Vicarious adjustment of the MERIS Ocea
Colour Radiometry

Ref..

Issue:
Date:
Page:

MERIS ATBD 2.24
1.0

29/09/2011

13

412 nm 30% at 443 nm, 15% at 490 nm and 20% at 510 and 56@ihordiet al. 2006also
foundvalues between 15% and 42fathe 443560 nm spectral range at the AAOT site.
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More recently, the MERMAID matchup system has been set up in collaboratiomvaitu

data providers n order to get a significant number of validation points with controlled
quality. It constitutes a central tool in the present work, with more thanir2@itudatasets

(fixed stations or cruises, including the NOMAD dataset described in Werdell and Bailey
2005) associated to MERIS data extractions. Details on the optical measurements protocols
and matchup facility are available on the websité://hermes.acri.fr/mermaid The quality
assessment of the MERI& 2eprocessing on the MERMAID matchups confirms globally a
large overestimation in the water reflectance, of few tens of percent (see histograms below).
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It is especially true for clear or moderately turbid waters (MOBY, BOUSSOLE, AAOT), while
Y2NBE GdZNDPAR 6F GSNE OLI NI 2F (GKS {La.!5! ONJ:
This difference between both kinds of waters may come from the atmospheric atmme

over bright pixels in the NIR and will necessitate a distinction in the coming analysis.

Matching the requiredc% uncertainty on the water radiometry is thust met with the
standard MERIS processing, and, more generaligrsed to be particulayl difficult for any
sensor (seee.g. Hookeret al 1992, Hooker and McClai2000 for SeaWiFS). Thiws lead
NASA to rely on vicarious calibration for SeaWiFS and M®MkSs on a complementary
calibration using grounttuth measurements (see Fraez al. 2001, Franzt al. 2007, Bailey
et al. 2008for recent methodologies and results)

Following the recommendation of works cited above, the MERIS Quality Working has
decided to consider a vicarious methodology for ti&N8ERIS reprocessing, detailed on the
remainder of this document.

2.3 Principle of the adjustmentor MERIS

In thisdocumentit is chosen to use the terminology of a vicari@gjustment rather than
calibrationas in theseminalwork on theNASAsensorqe.g.Gordon 1997Franzet al. 2001),
because our purposis to adjust interndl the Level 2 Ocean branch processing andtaot
modify the Level 1 TOA radiometric calibratidtence it is worth noting that the Level 1
products of the 8 MERIS reprocessing aret vicariouslyadjusted

The primary idea of the vicariowljustmentis to consider that errors in water reflectance
come from a systematic bias &DA which can be asss=d by comparison toreference or
targetedreflectance” on a trustworthy étaset ofin situobservationsWe recall here that

" is equivalent to” after some precorrectiors and outsidethe sun glint (or after
correction for it) Thisproblem might come either from an actudlias in the radiometric
calibration of the sensor ofrom inaccuracy of the atmospheric correctidrased on a
radiative transfer modellingThe vicarious adjustmemims at solvindlindly the biasissue
whateverits exactorigin.

For a given target inpsce and time, hereafter indexed lythe comparison betweethe
ground truth signaf and the measured reflectance leadsto a local adjustment factor
defined by

=

"Q_hQ o
= 7o) °

Provided a statistically representative amount of targets, N, and homogeneous individual

factors"Q_hQ a reliable average gain can then be calculated by

B "Q_HRQ
0

q_
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Once determined, this gain is systematicalpplied in operation as a multiplicative factor to
the measuredl OAreflectance” _ , justbefore the atmospheric correction step.

It is important to notice that a single set of spectral gains is applied throughout the entire
mission andvhatever he camera and CCD deteciarthe field of view Hence homogeneity
in the individual factor&Q_hQshould ensure a robust vicarious calibration.

The targeted reflectancé required in the gain computation would ideally be built from
conconmmitant ground measurements of water reflectance, atmospheric aerosol reflectance
and atmospheridotal transmittance. While reliablén situ water reflectances’ are
accessible, simultaneous measurements with aerosol properties are not wideilkadea
(Franzet al., 200]). Toremedythis lack ofin situmeasurements, published procedures have
proposed to use the atmospheric variables determined algorithmically by the atmospheric
correction above the marine target, after insuring a proper calibratof the NIR bands
(Franzet al. 2007, Baileyt al2008) Thisimpliesa two-step procedure:

1. First the NIR bands usedin the atmospheric correction/79 and 865 nmare
independently adjusted, if necessary;

2. Then the atmospheric correction is appliedyielding to path reflectance and
transmittance in theviSbands considered as sufficiently accuratebtold the targeed
TOAreflectance

T _hQ _hQ o _hQ _hQ v

wherethe exponent stands forvicariously adjusteduantities.

An advantage of this approach, pted out in the first workof NASAIs to decouple the NIR
and VIS gains compationsand avoid a complex iterative procedure.

Without further atmospheridn situmeasuement, the first step needassumptiors on the
aerosol signal in the NIR. This can be either by fixing an aerosol model already tabulated in
the ground segmente.g. Franzet al. 2007) or by making an assumption on the spettr
shape as propsed hereafter.

By construction, applying the individughin "Q_HQ would locally make the atmospheric
correction perfectly retrieve thalesiredin situ reflectance” _hQ whatever theNIR
adjustment. This is not true in practice since only an averaged adjustment f&Etoris
applied. Hopefully the near infrared adjustment may tend to improve accuracy of the
atmospheric correction and consequently reduce dispersion in the visible gaimgac

2.4 Domain of applicability

The primary unknowim”  _ being the watereflectance and the aerosol reflectan¢see
e.g.equation 5) wehavedecided tolimit ourselvedo situations of stable and homogeneous
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marine andaerosolproperties i.e. avoid coastal areas tminimizethe influence of highly
variable and complewaters andaerosolassemblage

In addition and despite the importancef monitoring coastal regions, the objective of
vicarious adjustments to improve remotesensing ofthe widest possible areas of the
oceans: open ocean areas dominated by phytoplankton optical properties.tHese
reasons the computation of thevicarious adjustmengainshas been performed on clear
oceanic waters. The application ofake gainswill obviously present some limitati@nin
coastal waters, discussed hereatfter.
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3 Algorithm overview

3.1 Reminder of the MERIBevel 2chain

For the sake of completeness, we give here an overview of the Level 2 processing chain and
detail where the vicarious adjustnt has been inserted. An overall sketch is provided in
Figure3. Depenceon the g@metrical angles—, —and¥Ye is not made explicit.

MERIS_evel 1products correspond t@eolocated and calibrate@OAradiances , . The
Level 2 chainstartsby convertinghe Level 1 datainto TOAreflectancesm . Then, several
processings arsequentialy applied pixel by pixelapixel identificationwhich allovs to flag
Cloud Water and land pixels;a correction ofgaseous absorptiofor O3, O3 and H20; the
smile effect correctionin order toreduce the infield of view variation of channels central
wavelengthsAt this stagethe corrected reflectanes internallynoted” * , can be modelled
for the water pixes by:

A

"t_ 0 _ 7 o _" (0]

where® is theglint reflectance at TOA. This latter is estimated at sea level bgtixeand
Munck 1954 modelwith parametrization from Ebuchi and Kizu 208®1 propagated at TOA

by asimplified transmittancegee MERISATBD 2.18 Note that there is currently no white
capsmodellingin the MERIS processintheglint corrected reflectance, _ , thenenters

the atmospheric correction step, whose goal is to decouple the marine and atmospheric
signals:

_ - o _" _ X

Oncethe spectrum” _ retrieved, he further stepsof the Level 2 chain deal withio-
optical inversiorto computeconcentration of marinespecies these downstream stepare
out of scope of this document.
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3.2 The atmospheric coection

In order to understand thevicariousadjustment process in detailand in particular the
distinction between NIR and VIS adjustmenis necessaryo review the components of the
atmospheric correctionThe algorithm is a twstep approach laurteed ndistinctly on all
water pixels.

First, hie Bright Pixel Atmospheric CorrectiddPAC Moore and Lavender 20} identifies

any residual marine signal in the NIR bands duleatckscattering ofediments orcoccoliths.

An iterative procedure inversea@upled bieoptical and atmospheric model at 709, 779, 865
and 885 nm, parameterized liie absorption and backscatteringpefficientof particles as

well as aerosol reflectance. The single scatteringraximation is used to decouplthe
Rayleigh andaerosol reflectance.In practice, the BPAC retrieves a TOA marine signal

(of _ Wwhichsearchego satisfythe following modeling in the four NIR bands:

61 _ ” _ ” _ ” _ = LIJ
where ” _ is the Rayleigh reflectance, computed from tabulateabiative transfer
simulatiors and” _ and - are respectively the aerosol reflectance and spectral slope

retrieved by the BPAC.

In case of a failure in the inversiotihe ¢’ _ signal $ simply set to the reflectance of
pure sea water. This happens in particular fary clear waters, where too low values
associated to instrinc noise of the measurement cannot allow convergence.

Second, the Clear Water Atspheric Correction (Antoine anélorel 1999, Antoine and
Morel 201) uses two bands in the NIR, namely 779 and 865 nm, to determindwbe
unknowns of the path reflectancexmount and type of aerosalThe path reflectance in the
NIRis estimated by removinghe turbid signalto the TOA signal, allowing to recover the
black pixeassumption

) ” o} w

The method makes use of Leak tables (LUT) relatintheoretical 7’ ratio to the
aerosol optichthicknessfor a set of aerosol model§hese LUTs agenerated by radiative
transfer simulation taking into account multiple scattering between aerosol and molecules
(Antoine and Morel 1999) Schematic&, the algorithm identifies the aerosol optical
thicknessat 865 nmand the two models that best bcaet the actual’ T’ ratioat 779

and 865 nm furthermore it computes a mixing ratio, which can be seen as the interpolation
coefficient between the two tabulated model®nce these aerosol properties are retrieved

in the NIR, the path reflectance can be computed at any wavelength, as well as the total
transmittanceod _ (upward and downwardjhanksagainto LUE generated by radiative



Ref.. MERIS ATBD 2.24
MERIS ATBD 2.24 lssue: 1.0

Vicarious adjustment of the MERIS Ocea Date:  29/09/2011
Colour Radiometry '

Page: 20

transfer simulation for the same sef aerosol modelsThe water reflectanceanthen be
deducel by

” ” ? 7o _ p T

It is important to notice thatthe aerosol retrieval, although based on accurdte ¥
LU, strongly depends on theingle scattering approximation in the NIR through equation
(9) and (8).

3.3 Vicarious adjustment implementation

As already explained in the introduction and through equation (2), any errot on_
directly impacs the water reflectancat the wavelength_. The inherent approximations
and algorithmic limitations of atmospheric correction itself, which usesin the NIR to
determine and propagaté along the full spectrum, also might produces error"on.
This justifies to adjust this prise quantity rather than the TOA Level 1 signal.

In the Level 2 processor, the vicarious adjustment is thus simplgimgpted by multiplying
" _ by the gain factors, just before the atmosphec@rection (see alsbigure3):

" W _ EAD] PP

This apparent simplicity hides the most difficult part of the e)seraivhich consists in
computing a reliable set of factof€l_ . This is the purpose of the remaining part of the
document.

There is no other algorithmic change in the Level2 chain, but the adjustment has two effects:

X Firsty the adjustment in the NIR mod#$ the aerosol selection, yielding to new path
reflectance” and transmittanced

X Secondy, the adjustment in the visible also impaclirectlythe marine reflectance by
” _ "Q= ” _ ” _ 7“0 _ p c

The question of applying the multiplicative gains before the glint correction has been
consideredThe relative difference at TOA levativeen both approaches would be equal to

—— "@_ p ——which has been estimat@, thanksto figuresof "0} presented

hereafterand realistic@ values of the order of less than 0.1%. The impact would thus be
lower than the expected accuracyinglly, applying the gairat the entry of the atmospheric
correction allows a comprehensiblstudy of the adjustment without othersource of
uncertainties in themodelling.
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4 Algorithm description

This section describes in detail the gain computation and validation of the vicarious
adjustment on matchups and on global Level 3 analysis.

4.1 Theoretical description

Adjusting the NIR band &prerequisite in order to get reliable path reflectande be used
in the construction of the reference dataset for VIS gain caiapon (see equatia 5).
Adjusiments in the two parts of the spectrum are thus described sequentially hereafter.

4.1.1 Adjustmentin the NIR

4.1.1.1 Theoretical shape of the path reflectance

There are several ways for considering tbgueof NIR radiometric calibration and accuracy.
Rdying on in situ data is a difficult task because there areurrently no available
measurements of the path reflectance at MERIS overpass, but only optical thickness;
furthermore atmospheric measurements, as provided instanceby the AERONH&cilities
(Holbenet al 1998) are generallgbovecoastal waters and thus would need a model to take
into account the marine signal in the NIR. Associated uncertainties would be by far too big
Instead, previous workse(g. Franzet al 2007) have proposed to rely only on the remete
sensed data itself, over oligotrophic esst where the marine signal cdre neglectedor is
properly known This approach assumes that the NIR path reflectdottews a theoretical
spectral shape and that at a reénce channel is well calibrated for providing the absolute
level of the signal.

The theoretical shape chosen in the NASA approaolresponds to the tabulated path
reflectance used in the atmospheric correction, for a given aerosol mdtel weaknessof

this method is thus to fix an aerosoiodel ancefor all in the vicarious gain computation
Instead, he method implemented here is based on the single scattering approximation (SSA)
in the NIR, which decouples the Raylefgbm the aerosol reflectance, th latter being
analyticaly modelledwith a supplementary degree of freedgm, for its spectral
dependence

pT

Another reason to choose such a formulation for MERIS is that it is perfectly consistent with
the BPAC (seequation8), whose final effect is to fit the path reflectance in the NiRtloe

SSA (guation 9). A direct drawback, however, is that we need aosecreference channel in
order to compute the exponent.
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To summarise, the theoretical shape to be used in our NIR vicarious adjussrizaged on
the followingassumptions

X The marine reflectancecan be modelled bytabulated value of pure seeater
reflectance” _

X Observation conditions allow to trust the S$A,limited to NIR bands;

X Two NIR channet¥o not need to be adjusted.

The theoretical (or targeted) TOA reflectance is thus modelled by:

= ‘0 ” p U
where” _ and- are two degrees ofreedom of the adjustmentThepure seawater
reflectanceis approximated at TOA (" ) by a pure Rayleigh transmittance.

4.1.1.2 Dataset for analysis

Sincethe adjustment of NIR and&/ISbands can be handieseparately, their respective
datasetsdo not need to coincideWe here rely on the choice dfranzet al 2007, which
focuseson two sites in the Southern Hemisphere suitable for NIR vicarious adjustment: the
South Indian Ocean (Sl@entered at20.0° South,80.0°Eas) and South Pacific Gyre (SPG
centered at27.0°South,134°West ).

ENVISAT - MERIS
Chlorophyll-a case 1 - Global coverage - Annual average - 2005

CHL1
(mg/m3)

10

-B0

4 i H i H H i i i i H o
~180 -150 -120 -90 -0 -30 0 30 60 90 120 150 180

Copyright ESA 2006 (processed by ACRI-ST)

Figured: MERIS 2eraged Chlorophy# in 2005and SPG (left squarahd 3O (right squareapproximated
position.
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These two sites have been selected for the following reasons

X These areas are far away from land and/or active volcanic Islands. The aerosol
composition is terefore purely maritime i(e. influenced by sea salt and water
vapour).

X Theyare among the clearest water on Earth with very low level of chlorondl
sedimentconcentration which is a condition of validity for the assumptmipure
seawater reflectarce gquation 15.

We gathered all MERI®acksoverpassing a 10x10 degree box centred oesthcoordinates
from 2003 to 2009 which made atotal of 2370 and 2229 image®r SIO and SPG
respectivelythat we processed at Level 1 and Level 2.

We then extracted MERIS data on the best possible afelilling our assumptionstaking
benefit of some spatial flexibility since no in situ location is requiredat this stage We
employed a nested box approach, by successively searching antomdlOx10 degree
window the interlocked 64x128 and 15x15 pixels boxgsh the less possibleCloud,
PCD_1_13, High_glint, Mediuning and Ice_lazeflags, keeping eventuallyne 5x5 central
pixels. This procedurehas been visually checkezhd has proverto provide a large ad
reliable time seris of MERIS clear regiorever the two oligotrophicsites. Through this
procedure, 2193 and 1842 aredsve been gathered for SIO and SPG respectiwdlich
representsa remarkably lowrejection of less than 20%fter few trials, he final selection
for NIR adjustment inspectiooonssted in keepinghe 5x5 pixelsvhose embedding 15x15
boxdo not present any of th€loud, High_glint, Medium_glint azd _hazeflags.

4.1.1.3 Need for a MERIS NIR adjustment

From the dataset described abgvere have inspected the alignment of the actual MERIS
TOA reflectancé on the theoretical shapef (Egl5), in the red and NIRpectrum range

To this aim we haveomputed thedegree of freedomm 1 and R between the fifteen
combinationsof f R among the 665, 681, 709, 753, 779 and 8&5 walenghs.
Intercomparison of the fifteem 1A constitutes an indicair of the proper alignement of

the bandsWe have inspected th&05 possible intercomparisstbetweenall r 1R and
report in the figurebelow some of them to illustrate our findings. Although the plots are
generally very scattered and not perfectly aligned on the 1:1 line, it is noticeable that a
major discrepancy occurs when then 865 nm band isidensd. This is a general conclusion
when looking in details all 105 comparisons

Those results suggest that bands 665, 681, 709, 753 and 779 nm are pretty well adjusted, at
least in a relative sense, while 865 nm clearly departs from them. The same trend occurs for
the 885 nm (not shown hejea band not explicly used in the Clear water atmospheric
correction, but which plays a role in the upstream BPAC.
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Reason for a misalignement of the 865 nm could come from Level 1 processing, in particular
the straylight correction. However this aspectshaot been inspected in the MERIS 3rd
reprocessing. It is thus decided to correct the 865 and 885 nm bands and fix the gain factors
to the unity for the 709 and 779 nm bands used in atmospheric correction.
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Figure5: Comparison of the aerosol reflectance spectral dependench,  hagainst- ¢ @by v dor four
{_ h_ couplesjncluding (bottom) or not (top) the 865 nm bar@bmputation is done ciie SIO and SPG
extractiondataset

4.1.1.4 NIR gairtime serieand averaged value

Among all possibilitiesdhands709 and 779 nm areised as referencéo compute r and
" X X wby a linear resolutiooni 1”"C x x @ndrin equation 15 Thischoiceensures
a clear distinctiorwith the bands considered in the VIS adjustmenhile 753 nm is never
involvedin the MERISOcean processing and not further considered h&Zemputationis
done pixel per pixelThen, the targetd sighal at 865nm deduces by
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Thisyields, br a given pixel, to the vicarious gain at 865 nm:
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A single gain per scene fisally computed taking the median over the 5x5 box, rejecting
pixels with wind speed higher than 9 m/s, chloropfaylconcentration greated than 0.2
mg/m?® and aerosol models out of the maritime sets. This latter test, althotggulting from

the atmospheric correction before the adjustment, is a good criterion to remove undetected
atmosphericartifacto K 1 S Of 2.dzZR aKlF R26a X0
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rejected to compute average gain.
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The time serie of QY ¢ vover SPG and SIf3 provided in figure above as well as
dependence with respect of detector index, geonyetiwater vapour and wind speed
modulus. These results can be interpreted as follows:

X Hrst, a positive aspect is the very good consistency between lwipotrophic sites,

allowing to merge the two datasets in view of a unique averaged gain.

X Second, therels no detectable temporal trend in the gaimver the mission life

except, interestingly, a distinctive period from end 2004 to fall 2006s corresponsl


























































































