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ABSTRACT

MeteosatSecondGeneration(MSG) is thenew generationof Europeangeostationarymeteorologicalsatellitesoper-
atedat EUMETSAT. SEVIRI, theMSG mainradiometer, measuresthereflectedsolarradiationwithin threespectral
bandscenteredat 0.6,0.8and1.6 � m, andwithin a broadbandsimilar to theVIS channelof MVIRI, theradiometer
on-boardthefirst generationof METEOSAT satellites.Theoperationalcalibrationof thesechannelsrelieson mod-
elledreflectancesoverbright desertsites,asno in-flight calibrationdevice is available.Thesesimulatedreflectances
representthereforethe“reference”againstwhich SEVIRI is calibrated.Thepresentstudyevaluatestheuncertainties
associatedwith thecharacterizationof this“reference”,i.e., themodelledreflectances.To thisend,top-of-atmosphere
simulatedreflectancesarecomparedwith calibratedspace-borneobservationsacquiredover theSEVIRI desertcali-
brationsites.Resultsshow thattherelativebiasbetweensimulationandobservationdoesnot exceed	 6%.

1 INTRODUCTION

MeteosatSecondGeneration(MSG) is a new seriesof Europeangeostationarymeteorologicalsatellitesoperatedby
EUMETSAT. TheMSGprogrammeconsistsof at leastthreesatelliteseachwith anexpectedlifetime of sevenyears.
Thefirst onehasbeensuccessfullylaunchedin August2002.MSG is a spinningsatellite,carryinga twelve channel
imager, called SEVIRI (SpinningEnhancedVisible and Infrared Imager). The characteristicsof this instrument
are briefly describedin the next Section. As no on-boardcalibrationdevice is available for the solar channels,
their calibrationhasto rely on vicariousmethods. Any calibrationmethodrequiresfirst of all the definition and
characterizationof an independent“calibration reference”.Thechoiceof this referenceis discussedin [5] andhas
beendrivenby theneedto fulfill the accuracy andprecisionrequirementsof the MSG operationalgroundsegment
duringtheentiredurationof themission,i.e., morethan12 years.

SEVIRI solar channelscalibration referenceconsistsof simulatedTop-Of-Atmosphere(TOA) Bidirectional Re-
flectanceFactor (BRF) generatedin the 0.3 - 1.8 � m spectralregion over bright deserttargets. Radiative transfer
simulationsareperformedwith the6Scode[14] usinga datasetof surfaceandatmosphericproperties.This dataset
is usedto simulateSEVIRI observationsaccountingfor theexactviewing andillumination conditionsaswell asthe
spectralcharacteristicsof theinstrument.Thedurationof theMSG missionprohibitsthecontinuouscharacterization
of a limited numberof targetswith groundobservations.Theproposedstrategy reliesthereforeon thedefinitionof a
largenumberof stabletargetsfor which thesurfacepropertiesareestimatedonceandfor all. Theobjectiveof thispa-
peris to establishtheaccuracy (i.e., bias)andprecision(i.e., variance)of this reference.Theproposedmethodrelies
on thecomparisonbetweensimulationsandcalibratedobservationsacquiredby spaceborneinstruments.To thisend,
Envisat/MERIS,ERS2/ATSR-2,SeaStar/SeaWiFS andVEGETATION datahave beencollectedover thecalibration
targets. Thesedatahave next beensimulatedaccountingfor the actualobservation conditionsof eachinstrument.
Thisanalysisshows thatthemonthlymeanrelativebiasbetweenobservationandsimulationaveragedoverall targets
remainsbelow 6%. It alsorevealssomedifferencesbetweentheseinstruments.
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2 THE SEVIRI RADIOMETER

SEVIRI is the main radiometeron-boardthe MSG spacecraft.It scansthe Earthdisc every 15 minuteswithin 11
spectralchannelslocatedbetween0.6� mand14� mandahighresolutionbroadbandvisiblechannel(HRV). TheEast-
WestandNorth-Southsamplingdistanceatthesub-satellitepointis3 
 3km(1 
 1kmfor HRV), andtheinstantaneous
field of view is about5km(2kmfor HRV). Thecharacteristicsof thechannelslocatedin thesolarspectralregionare
givenin Table1, wheretheactualpre-launchradiometricperformancearegivenfor theSEVIRI instrumenton-board
MSG-1.Eachspectralchannelis composedof threedetectors,but HRV with nine.Theoutputsignalof all channelsis
codedon 10 bits. Themedium-term(long-term)drift is expectedto bebetteror equalto 0.1%(2%) of themaximum
dynamicrange.Thenormalizedspectralresponse�
����� of thesolarchannelsarecharacterizedwith a meanrelative
error of about1%. The radiometricpre-processingof level 1.0 data, i.e., the transformationof raw datato level
1.5 geo-locatedradiances,includesthe linearisationof the signal,the equalizationof the detectoroutputof a same
channelandfinally the pixel geo-locationto a referencegrid centeredat 0 degreelongitude[11]. Thegeo-location
absoluteaccuracy is expectedto beaboutonepixel anda root meansquareerror from imageto imagelessthan0.5
pixel.

Table1: SEVIRI SolarChannelCharacteristics.The dymanicrangeis given in Wm � � sr� � � m � � . The Signal to
NoiseRatio (SNR) is given at 1% of the maximumdynamicrange. The standarddeviation (std. d.) of the Nor-
malizedSpectralResponse(NSR)characterizationerror is givenin percent.Thecalibrationrequirementis givenin
Wm � � sr� � � m � � .

Channel Spectral Dynamic Short-term NSR Cal.
Band ( � m) Range NoisePerform. std. d. Requ.

HRV 0.37– 1.25 0 – 460 SNR� 4.6 1.8% 9.18
VIS0.6 0.56– 0.71 0 – 533 SNR� 14.3 1.0% 10.66
VIS0.8 0.74– 0.88 0 – 357 SNR� 9.7 1.0% 7.14
NIR1.6 1.50– 1.78 0 – 75 SNR� 3.0 0.8% 1.50

3 CALIBRA TION REFERENCE CHARACTERIZA TION

3.1 ReferenceDefinition

Themainreferencefor thecalibrationof theSEVIRI solarchannelsconsistsof simulatedTOA spectralreflectances
over bright deserttargets. Thespectralreflectance����������������� � impinging on a spaceborneinstrumentat thewave-
length � is determinedby a setof independentparameters!"��� # thatdefinethe observationconditionsanda setof
statevariables!$����# thatdescribetheradiativepropertiesof theobservedtargets,i.e., theatmosphereandtheunder-
lying surface.Theindependentparametersincludethesunandviewing angles,thetime of observation,the location
of thetargetandthefinally thewavelength� . Hence,thedefinitionof the“calibrationreference”essentiallyconsists
in thecharacterizationof thestatevariablesthatcontrolthetransferof radiationin thesurface-atmospheresystem.In
orderto minimizethecharacterizationeffort of thesurfaceproperties,theMSG missionlastsmorethan12 years,it
is preferableto selectstableanduniform targets,ascanbefoundin arid desertareas.Additionally, TOA reflectance
overbrightsurfacesis notverysensitiveto thepresenceof low aerosolload,whichrepresentsadecisiveadvantagein
termsof therequiredcharacterizationaccuracy of theatmosphericproperties.

A seriesof radiometricallystableandbright targets,locatedin theSaharanandSaudiArabiandeserts,have already
beenidentifiedby [4]. Thesearid targetsarelarge uniform areas,essentiallyconsistingof sanddunes,gravel and
rocks. The linear arrangementof sanddunesof sometargets,characterizedby [3], might be responsiblefor an
azimuthaldissymmetryin theBidirectionalReflectanceFactor(BRF) betweentheleft andtheright partof thehemi-
spherewith respectto the principal plane. [8] demonstratedthat this dissymmetrydoesnot exceeda few percents
andis smoothedby themultiple scatteringbetweentheatmosphereandthesurface,which is importantover bright
soils. Hence,the surfacebidirectionalreflectanceis thereforerepresentedby a simplemodel[9], coupledwith 6S
radiative transfercode[14]. This baresoil BRF modeldependson threestatevariables,namely, thesinglescattering
albedo%�& , theasymmetryof thephasefunction ' andfinally a porosityparameter( . Themajoratmosphericstate
variablescontrolling TOA reflectancesover bright surfacesarethe total columnwatervapor )+* , the total column
ozone )+, andthe aerosoloptical thickness- . A US62vertical atmosphericalprofile anddesertdustaerosoltype
[12] areassumedall yearlong. Thecharacterizationof thesesix statevariablesandassociatederrorsaredescribedin
thenext two Sections.



Figure1: Monthly meantemporalprofile of theAOT over theSolarVillage AERONET site locatedin theArabian
desert.Thesolid line shows theground-basemeasurementandof thedashedline theAOT climatedatasetbasedon
TOMSAI.

3.2 Atmospheric Parameters

The calibrationof SEVIRI solarchannelstakesplaceonly when the atmosphereis perfectlyclear [5]. Thus, the
characterizationof theatmosphericpropertiesdoesnot includecloudyandstandstormcases.Our majorconcernis
to representcorrectlytheseasonalvariationsof theatmosphericstatevariablesover theSaharanandSaudiArabian
desertsin orderto minimizeany possibletemporalbiasof thecalibrationreference.A monthlymeanozoneclimate
datasethasbeenbuilt from 10 yearsof TOMSobservations,with typical standarddeviationof about15%.Thetotal
columnwatervaporis taken from the EuropeanCentrefor Medium-RangeWeatherForecasts(ECMWF) analyzed
data,which error doesnot exceed10%. Aerosolshave a limited impacton TOA reflectanceover bright surfaces,
exceptin caseof severedustevents.As demonstratedby [2], TOMS absorbingAerosolIndex (AI) providesa good
indicationof themineraldustdistribution. A non-linearexpression-$.0/213�4�5��687 �4�5�:9<;�=?> AI @ � . �BA (1)

is usedto convert theTOMS AI into AerosolOpticalThickness(AOT). Thevaluesof thecoefficients 13�4�5�C/2D
E DGFGF ,7H�����I/JDKE�L"DNM and O �4�5�I/JD
EQPHD�F wereestimatedinvertingEq. 1 againstcontemporaneousground-basedmeasure-
mentsat 0.440 � m. Theseobservationswereextractedfrom theAERONET stationslocatednearbytheSaharanand
Arabiandeserts.TheRootMeanSquareError(RMSE)betweenthemonthlymeanground-basedAOT measurements
andthe collocatedTOMS AI-basedAOT is equalto 0.09,which correspondsto an averagerelative error of about
50%. Despitethelimitationsof this dataset,it allows to accountfor theseasonalcycle of theAOT overdesertareas
ascanbeseenon Figure(1).

3.3 SurfaceParameters

Only very limited groundmeasurementsof the selectedcalibrationtarget surfaceradiative propertiesexist [3]. In
theframework of theSEVIRI calibrationreferencedefinition,it is necessaryto characterizethesurfacespectraland
directionalpropertiesataspatialresolutionof severalkilometers.For thatpurpose,space-borneobservationsacquired
by ADEOS-1/POLDERin the0.443,0.670,0.765and0.865� m spectralbandsandERS2/ATSR2in the1.6� m band,
correctedfrom atmosphericscatteringandabsorptioneffectswereused.For eachtarget, thesurfaceBRF modelof
[9] wereinvertedagainstatmosphericallycorrectedobservationswith the geneticalgorithmproposedby [10]. The
errorsRHS�T �4�5UV�W��RHXY����UZ�<�[RN\K����UV� of thebestestimateof thestatevariables%]&G����UZ�<�^'_�4�5UV�W�^(�����UZ� in eachspectral
band ��U of observationcorrespondto the standarddeviation of all possiblesolutionsfitting observationswithin a
givenaccuracy. Thecalibrationof SEVIRI solarchannelsrequiresthecharacterizationof thesurfacepropertiesfrom
about0.35� m up to 1.8� m. It is thereforenecessaryto interpolateand extrapolatethe statevariablesderived in
eachband � U at any desiredwavelengthswithin that interval. In the0.443–0.865� m spectralinterval, thesurface



BRFfield �a`H�b%�&G����UV�<�^'_�4�5UZ�W�^(�����UZ��� is linearly interpolatedatadesiredwavelength� , andthesurfaceBRFmodel
subsequentlyinvertedagainst�a` to retrieve thevaluesof %]&G�����<�^'_�����<��(]�4�5� at thatparticularwavelength.Sincethe
spectralvariationsof '_����� and (������ aresmall, it is assumedthatonly theestimatederror RHS��4�5� hasto beincreased
dueto thelinearinterpolation.Theerror RHS]����� is estimatedat wavelength� with

R S �4�5�c/ed R �S ��� U_f ��6hgci %�&N�4�5�i � RN.Gj � E (2)

where � U f is thePOLDERbandclosestto thewavelength� and RN. is equalto ��� U flk �5�nm o .
A differentapproachis adoptedfor the estimationof % & �4�5�W�W'_�4�5�W��(]�4�5� outsidethe 0.443–0.865� m interval. The
proposedmethodis basedon a comparisonof the DirectionalHemisphericalReflectance(DHR) estimatedin each
band � U with surfacespectraof the ASTER spectralLibrary (http://speclib.jpl.nasa.gov). The ensembleof bright
baresoil spectrapY����� of theASTERspectralLibrary matchingthesefive DHR& �4� U � valuesarenext identified. A
meansurfacespectrumpY�4�5� andstandarddeviation q r��4�5� arecalculatedwith all thespectraidentified.Thesurface
BRFfield � ` ����� atany desiredwavelengthin the0.350–0.443� m and0.865–1.80� m regionsis scaledin suchaway
that thecorrespondingDHR& ��� ) is equalto themeanspectrumvalue pY�4�5� . ThecorrespondingscaledBRF field is
next invertedto retrieve thevalueof %]&G�����<�^'_�����<��(]�4�5� at thatwavelengthandtheerror RaSs�4�5� is estimatedas

RaSs�4�5�c/ d R �S �4�5U_f4��6 g q ` �4�5�pY�4�5� %]&��4�5� j � E (3)

Theseinterpolationandextrapolationproceduresareusedfor theestimationof %]&��4�5�W�W'_�4�5� and (]�4�5� at any desired
wavelengthin the0.35–1.8� m spectralinterval.

Table2: Selectedspectralbands.
MERIS ATSR2 SeaWiFS VGT

Blue 442 – 443 B0
Green 560 550 555 –
Red 665 660 670 B2
NIR 865 870 865 B3

4 CALIBRA TION REFERENCE EVALUATION

4.1 Method

Theobjectiveof thisevaluationis to assesstheSEVIRI calibrationreferenceerrorsandbiases.Theradiativetransfer
simulationaccuracy is constrainedby the assumptionsandnumericalmethodof the 6S codeaswell asthe uncer-
taintiesof thestatevariablecharacterization.Theevaluationof this uncertaintiesrelieson thecomparisonbetween
simulationscalibratedspace-basedmeasurementsacquiredby Envisat/MERIS,ERS2/ATSR-2,SeaStar/SeaWiFSand
VEGETATION overtheSEVIRI desertcalibrationtargets.Theseinstrumentshaveaspatialresolutionof about1 km.
For eachinstrument,TOA reflectances�Ntu wereacquiredin theblue,green,redandnearinfrared(NIR) spectralband
whenavailable(Table2). Thesereflectancesareaveragedover a 100 km 
 100 km areascenteredon eachtarget
locationbut SeaWiFS with an areaof about20 km 
 20 km. The standarddeviation qKvWwx of � tu over thesetargets
usuallydoesnotexceed2%.

Theseobservationsarenext systematicallysimulatedaccountingfor theexactgeometryof observationandillumina-
tion of eachinstrumentaswell asthespectralresponseof eachband. In additionto thesimulatedTOA reflectance� u , we alsocalculatedthecorrespondingsimulationerror y^v x basedon theestimatedstatevariablecharacterization
error.

Thecomparisonsarebasedtheanalysisof thefollowing values:

1. Therelativebias zC�|{W�n}~� betweentheobservation �Ntu ��{W�n}~� acquiredovertarget } at time { andthecorresponding
simulation� u �|{W��}�� zC�|{W�n}~�c/ � tu �|{W��}�� k � u �|{W��}��� u ��{W�n}~� (4)



2. Thebiaserror yn�l��{W�n}~� y � �|{W��}���/�zc�|{W��}����C�����
q vWwx ����� � �� tu ��{W�n}~� ����� 6 ����

y v x ����� � �� u �|{W�n}~� ����
�

(5)

3. Themonthlymeanrelativeweightedbias z]� averagedoverall 18 targets

z � /�L"DND LL"� �[�� �^� �
� � ��}~���]� � � ��� � � � zC�|{ � �n}~� Ly �� �|{W��}�� (6)

where� � �4}�� is thenumberof observationsavailableover target } duringthemonth � with { � /�!"{C����# and� � � ��}~� is equalto

� � �4}��C/�� � � � ��� � � � y
�� ��{W�n}~� (7)

4. Thestandarddeviation q � � of z�� .

5. Themonthly relative weightedbias z � averagedoverall all availableyearsfor a givenmonth � andis notedz �
6. Thestandarddeviation z � of z � .

Figure2: Seasonaltrendof the monthly relative bias z � in percentbetweensimulationsandobservationsover all
targets.Thevaluesof q � � areshown with theverticalbars.

4.2 Results

Figure(2) shows themonthlymeanrelative weightedbiasfor eachinstrument.As canbeseen,themeanbiasdoes
not exceed	��~� in all bands,whatever theinstrument.Thebiasexhibits a smallseasonaltrendof about3%, which
have a similar phasefor ATSR2,VEGETATION andSeaWiFS, but which is larger for the former two instruments.
Severalreasonsmightexplain thisseasonaltrend.First,uncertaintiesin thecharacterisationof thesurfaceanisotropy



andaerosolpropertiesmightberesponsiblefor anerrorthatis sensitive to seasonalchangeof theSunangle.Second,
possibleerrorsof the6Smodelshouldnot beexcluded.In a recentpaper, [7] shows that this modeltypically agrees
within 	 4% with otherradiative transfermodelsover non-Lambertiansurfaces.Finally, thesizeof thetargetmight
alsocontributeto this seasonaleffect. This effect is far lessimportantfor SeaWiFS datawhich areaveragedover a
muchsmallerareathandataacquiredby theotherinstruments.

Figure3: Overallbias z � averagedover themonthsof July, August,SeptemberandOctober

Theoverallbiasesz � avergaedoverthemonthsof July, August,SeptemberandOctoberareshown onTables(3) and
Figure(3). Accordingto theseresults,theSEVIRI solarchannelcalibrationreferenceis very similar to SeaWiFS, to
theexceptionof the0.4 and0.5 � m spectralregion. MERIS BRFs,asprovidedby the METRIC software,seemto
overestimatedby about5%SeaWiFS ones.ATSR2andVEGETATION haveaverysimilar radiometricbehaviour.

Table3: Averagebias z � in percentwith respectto theSEVIRI calibrationreferencefor themonthsof July, August,
SeptemberandOctober.

MERIS ATSR2 SeaWiFS VGT
Blue +5.2% – -0.6% +2.3%
Green +3.7% +0.2% -0.7% –
Red +4.4% +3.3% -1.1% +5.2%
NIR +5.5% +3.0% -1.8% +3.6%

5 CONCLUSIONS AND RECOMMEND ATIONS

Thispaperdescribesthecalibrationreferencethatwill beusedfor theoperationalvicariouscalibrationof theSEVIRI
solar channels.This referenceconsistsof simulatedTOA radiances,usinga dataset of surfaceandatmospheric
properties.A comparisonbetweencalibratedspace-bornedataandsimulationsrevealsthat therelative biasbetween
simulationsandcalibratedobservationsdo not exceed6% whena largenumberof observationareaveragedover all
targets.

Furtherefforts arestill neededto improve theTAO simulationuncertaintiesaswell astheestimationof thesurface
anisotropy andaerosolcharacterization.Theuseof a radiativetransfercodewith a rigoroustreatmentof themultiple
scatteringbetweenthe surfaceandthe atmosphereis alsodesirable.Finally, it is recommendedto extract the BRF
over thetargetsusinganareathatdoesnot exceed20kmin ordernot to introduceapproximationin theillumination
andviewing angles.Theseresultswill becomemorereliableasmoreMERIS datawill bemadeavailable.
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[8] C. Miesch. Quantificationdeseffetsde l’h ét́erogéńeité et du relief d’unesceneentéléd́etection:Modélisation
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