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ABSTRACT

MeteosatSecondGeneratioflMSG) is the new generatiorof Europeargeostationaryneteorologicakatellitesoper
atedat EUMETSAT. SEVIRI, the MSG mainradiometermeasureshe reflectedsolarradiationwithin threespectral
bandscenterecat0.6,0.8and1.6 um, andwithin a broadbandsimilarto the VIS channelof MVIRI, theradiometer
on-boardthefirst generatiorof METEOSAT satellites.The operationakalibrationof thesechannelgelieson mod-
elledreflectancesver bright desertsites,asno in-flight calibrationdevice is available. Thesesimulatedreflectances
representhereforethe “reference’againswhich SEVIRI is calibrated.The presenstudyevaluateghe uncertainties
associatedvith thecharacterizatioof this“reference”i.e., themodelledreflectancesTo thisend,top-of-atmosphere
simulatedreflectancesrecomparedvith calibratedspace-bornebsenationsacquiredoverthe SEVIRI desertcali-
brationsites.Resultsshaw thattherelative biasbetweersimulationandobsenationdoesnot exceed+6%.

1 INTRODUCTION

MeteosatSecondGeneratioMSG) is a new seriesof Europeargeostationaryneteorologicakatellitesoperatedy

EUMETSAT. The MSG programmeconsistf atleastthreesatelliteseachwith anexpectedifetime of sevenyears.
Thefirst onehasbeensuccessfulljaunchedn August2002. MSG is a spinningsatellite,carryinga twelve channel
imager called SEVIRI (Spinning EnhancedVisible and Infrared Imager). The characteristicof this instrument
are briefly describedin the next Section. As no on-boardcalibration device is available for the solar channels,
their calibrationhasto rely on vicariousmethods. Any calibration methodrequiresfirst of all the definition and
characterizatiorof anindependentcalibration reference”. The choiceof this references discussedn [5] andhas
beendrivenby the needto fulfill the accurag andprecisionrequirement®f the MSG operationagroundsegment
duringtheentiredurationof themission,i.e., morethan12 years.

SEVIRI solar channelscalibration referenceconsistsof simulatedTop-Of-AtmosphergTOA) Bidirectional Re-
flectanceFactor (BRF) generatedn the 0.3 - 1.8 um spectralregion over bright deserttargets. Radiatve transfer
simulationsareperformedwith the 6S code[14] usinga datasetof surfaceandatmospheriproperties.This dataset
is usedto simulateSEVIRI obsenationsaccountingor the exactviewing andillumination conditionsaswell asthe
spectrakharacteristicef theinstrument.The durationof the MSG missionprohibitsthe continuouscharacterization
of alimited numberof targetswith groundobsenations.The proposedstratayy reliesthereforeon thedefinitionof a
large numberof stabletargetsfor whichthe surfacepropertiesareestimatednceandfor all. Theobjective of this pa-
peris to establishtheaccurag (i.e., bias)andprecision(i.e., variance)of this referenceThe proposednethodrelies
onthecomparisorbetweersimulationsandcalibratedobsenationsacquiredby spacebornestrumentsTo thisend,
Envisat/MERIS,ERS2/A'SR-2,SeaStar/SealWS andVEGETATION datahave beencollectedover the calibration
targets. Thesedatahave next beensimulatedaccountingfor the actualobsenation conditionsof eachinstrument.
Thisanalysisshavs thatthemonthlymeanrelative biasbetweerobsenationandsimulationaveragedver all targets
remainsbelown 6%. It alsorevealssomedifferencedetweerthesenstruments.
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2 THE SEVIRI RADIOMETER

SEVIRI is the main radiometeron-boardthe MSG spacecraft.lt scansthe Earthdisc every 15 minuteswithin 11
spectrathanneldocatedbetweerD.6pmand14um andahighresolutionbroadbandisible channe(HRV). TheEast-
WestandNorth-Souttsamplingdistanceatthesub-satellitgpointis 3x 3km (1x 1 kmfor HRV), andtheinstantaneous
field of view is about5km (2km for HRV). Thecharacteristicef thechanneldocatedin the solarspectraregion are
givenin Tablel, wherethe actualpre-launchradiometricperformancearegivenfor the SEVIRI instrumenion-board
MSG-1. Eachspectrathanneis composeaf threedetectorsbut HRV with nine. Theoutputsignalof all channelss
codedon 10 bits. Themedium-term(long-term)drift is expectedo be betteror equalto 0.1%(2%) of the maximum
dynamicrange. The normalizedspectralresponse () of the solarchannelsarecharacterizeavith a meanrelative
error of about1%. The radiometricpre-processingf level 1.0 data, i.e., the transformationof raw datato level
1.5 geo-locatedadiancesincludesthe linearisationof the signal, the equalizationof the detectoroutputof a same
channelandfinally the pixel geo-locationto a referencegrid centerecat O degreelongitude[11]. The geo-location
absoluteaccuray is expectedto be aboutonepixel anda root meansquareerror from imageto imagelessthan0.5
pixel.

Table 1: SEVIRI SolarChannelCharacteristics.The dymanicrangeis givenin Wm=2sr-'uym~!. The Signalto
Noise Ratio (SNR) is given at 1% of the maximumdynamicrange. The standarddeviation (std. d.) of the Nor-
malizedSpectralRespons€NSR) characterizatiorrroris givenin percent.The calibrationrequirements givenin
wm=2sr-tym—1.

Channel | Spectral | Dynamic Short-term NSR | Cal.

Band (um) | 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 CALIBRATION REFERENCE CHARACTERIZATION

3.1 ReferenceDefinition

Themainreferencdor the calibrationof the SEVIRI solarchannelsconsistof simulatedTOA spectrakeflectances
over bright deserttargets. The spectralreflectancer(xq, A; xp) impinging on a spacebornénstrumentat the wave-
length A is determinedby a setof independenparameterq x4} thatdefinethe obsenation conditionsanda setof
statevariables{x, } thatdescribeheradiative propertiesf the obseredtargets,i.e., theatmospher@andthe under
lying surface. Theindependenparameterincludethe sunandviewing anglesthe time of obsenation,the location
of thetargetandthefinally thewavelengthA. Hence thedefinition of the “calibrationreference’essentiallyconsists
in thecharacterizatiowof the statevariableghatcontrolthetransferof radiationin the surface-atmospheigystem.In
orderto minimize the characterizatiorffort of the surfacepropertiesthe MSG missionlastsmorethan12 years,it
is preferableto selectstableanduniform targets,ascanbe foundin arid desertareas.Additionally, TOA reflectance
overbright surfacess notvery sensitve to thepresencef low aerosoload,whichrepresenta decisie advantagen
termsof therequiredcharacterizatiomccurag of theatmospherigproperties.

A seriesof radiometricallystableandbright targets,locatedin the Sahararand SaudiArabiandesertshave already
beenidentifiedby [4]. Thesearid targetsarelarge uniform areas essentiallyconsistingof sanddunes,gravel and
rocks. The linear arrangemenbf sanddunesof sometargets, characterizedy [3], might be responsiblefor an
azimuthaldissymmetnyin the BidirectionalReflectancé-actor(BRF) betweertheleft andtheright partof the hemi-
spherewith respecto the principal plane. [8] demonstratedhat this dissymmetrydoesnot exceeda few percents
andis smoothedby the multiple scatteringbetweerthe atmospherandthe surface,which is importantover bright
soils. Hence,the surfacebidirectionalreflectancds thereforerepresentedby a simple model[9], coupledwith 6S
radiative transfercode[14]. This baresoil BRF modeldepend®nthreestatevariablesnamely the singlescattering
albedowy, the asymmetryof the phasefunction © andfinally a porosityparameteh. The major atmosphericstate
variablescontrolling TOA reflectancesver bright surfacesarethe total columnwatervapor G g, the total column
ozoneGo andthe aerosoloptical thicknessr. A US62vertical atmosphericaprofile and desertdustaerosoltype
[12] areassumedll yearlong. The characterizationf thesesix statevariablesandassociate@rrorsaredescribedn
thenext two Sections.
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Figurel: Monthly meantemporalprofile of the AOT over the SolarVillage AERONET site locatedin the Arabian
desert.Thesolid line shavs the ground-baseneasuremerdndof the dashedine the AOT climatedatasetbasedn
TOMSAI.

3.2 Atmospheric Parameters

The calibrationof SEVIRI solar channelsakes placeonly whenthe atmospherés perfectlyclear[5]. Thus, the

characterizationf the atmospherigpropertiesdoesnot includecloudy and standstormcases.Our major concernis

to representorrectlythe seasonavlariationsof the atmospheristatevariablesover the Sahararand SaudiArabian
desertsn orderto minimize ary possibletemporalbiasof the calibrationreference A monthly meanozoneclimate
datasethasbeenbuilt from 10 yearsof TOMS obsenations,with typical standarddeviation of about15%. Thetotal

columnwatervaporis taken from the EuropearCentrefor Medium-RangéNVeatherForecast{ECMWF) analyzed
data,which error doesnot exceed10%. Aerosolshave a limited impacton TOA reflectanceover bright surfaces,
exceptin caseof severedustevents. As demonstratetby [2], TOMS absorbingAerosolindex (Al) providesa good
indicationof themineraldustdistribution. A non-linearexpression

7y = a(X) + b()) exp (AI CW) 1)

is usedto corvertthe TOMS Al into AerosolOptical ThicknesgAOT). Thevaluesof the coeficientsa(A) = 0.055,
b(A\) = 0.109 andc(X) = 0.705 were estimatednverting Eq. 1 againstcontemporaneouground-basedneasure-
mentsat 0.440um. Theseobsenationswereextractedfrom the AERONET stationsocatednearbythe Sahararand
ArabiandesertsThe RootMeanSquareError (RMSE) betweerthe monthlymeanground-basedOT measurements
andthe collocatedTOMS Al-basedAQT is equalto 0.09, which correspondso an averagerelative error of about
50%. Despitethe limitations of this dataset,it allows to accountfor the seasonatycle of the AOT overdesertareas
ascanbeseenon Figure(1).

3.3 SurfaceParameters

Only very limited groundmeasurementsf the selecteccalibrationtarget surfaceradiative propertiesexist [3]. In
theframawork of the SEVIRI calibrationreferencalefinition, it is necessaryo characterizeéhe surfacespectraland
directionalpropertiesataspatialresolutionof severalkilometers.For thatpurposespace-bornebsenationsacquired
by ADEOS-1/POLDERN the0.443,0.670,0.765and0.865um spectrabandsandERS2/AT'SR2in the 1.6um band,
correctedrom atmosphericscatteringand absorptioreffectswere used. For eachtarget, the surfaceBRF modelof
[9] wereinvertedagainstatmosphericallycorrectedobsenationswith the geneticalgorithmproposedoy [10]. The
errorse,,, (Aar), ee(Anr), en(Anr) of thebestestimateof the statevariablesug(Anr), ©(Aar), h(Aar) in eachspectral
band\;, of obsenation correspondo the standarddeviation of all possiblesolutionsfitting obsenationswithin a
givenaccurag. Thecalibrationof SEVIRI solarchannelsequiresthe characterizationf the surfacepropertiefrom
about0.35:m up to 1.8um. It is thereforenecessaryo interpolateand extrapolatethe statevariablesderived in
eachband\,, atary desiredwavelengthswithin thatinterval. In the 0.443-0.865:m spectralinterval, the surface



BRFfield 7, (wo (Anr), ©(Aar), h(Aar)) islinearlyinterpolatedata desiredvavelength), andthe surfaceBRF model
subsequentlynvertedagainstr, to retrieve the valuesof wy(A), ©(A), k() at that particularwavelength. Sincethe
spectralvariationsof ©(\) andh()\) aresmall,it is assumedhatonly the estimatederrore,, (A) hasto beincreased
dueto thelinearinterpolation.Theerrore,, () is estimatedat wavelengthA with

ew(A) = \/ez(AM/) + (80}607/5)\) 5>\> . 2

where), is the POLDERbandclosesto thewavelength) ande), is equalto (Apyr — A)/2.

A differentapproachis adoptedfor the estimationof wg(A), ©(A), k() outsidethe 0.443-0.865um interval. The
proposedmethodis basedon a comparisorof the Directional HemisphericaReflectancDHR) estimatedn each
band\,s with surfacespectraof the ASTER spectralLibrary (http://speclibjpl.nasa.ge). The ensembleof bright
baresoil spectraS(A) of the ASTER spectralLibrary matchingthesefive DHRy (A 3r) valuesare next identified. A

meansurfacespectrumS(\) andstandardieviation o5(A) arecalculatedwith all the spectradentified. The surface
BRFfield r;(\) atary desiredwavelengthin the0.350-0.443:m and0.865—1.8Qum regionsis scaledn suchaway
thatthe correspondindHR, () is equalto the meanspectrunvalue S()). The correspondingcaledBRF field is

next invertedto retrieve thevalueof wo(A), ©(A), k() atthatwavelengthandtheerrore,, (1)) is estimatedas

co(N) = \/ez,w) n (%j‘j)) wo()\)) . @3)

Theseinterpolationandextrapolationproceduresreusedfor the estimationof wg (A), ©(A) andh(\) atary desired
wavelengthin the0.35-1.8um spectrainterval.

Table2: Selectedspectrabands.

MERIS | ATSR2 | SeaWFS | VGT
Blue 442 - 443 BO
Green 560 550 555 -
Red 665 660 670 B2
NIR 865 870 865 B3

4 CALIBRATION REFERENCE EVALUATION

4.1 Method

Theobjective of this evaluationis to assesthe SEVIRI calibrationreferenceerrorsandbiases Theradiative transfer
simulationaccuray is constrainedy the assumptiongnd numericalmethodof the 6S codeaswell asthe uncer

taintiesof the statevariablecharacterizationThe evaluationof this uncertaintieselieson the comparisorbetween
simulationscalibratedspace-basesheasurementscquiredoy Envisat/ MERIS ERS2/A'SR-2,SeaStar/SealS and
VEGETATION overtheSEVIRI desertalibrationtargets. Thesanstrumenthave a spatialresolutionof aboutl km.

For eachinstrument,TOA reflectances} wereacquiredn theblue,greenredandnearinfrared(NIR) spectraband
whenavailable (Table 2). Thesereflectancesre averagedover a 100 km x 100 km areascenteredon eachtarget
locationbut SeaWFS with an areaof about20 km x 20 km. The standarddeviation Ors of 7% over thesetargets
usuallydoesnot exceed2%.

Theseobsenationsarenext systematicallysimulatedaccountingor the exactgeometryof obsenationandillumina-
tion of eachinstrumentaswell asthe spectralresponsef eachband. In additionto the simulatedTOA reflectance
¢, we alsocalculatedthe correspondingimulationerrore,, basedon the estimatedstatevariablecharacterization
error.

Thecomparisongrebasedheanalysisof thefollowing values:

1. Therelatve biasj(t, d) betweertheobsenationr} (¢, d) acquiredovertargetd attime ¢ andthecorresponding
simulationr (¢, d)
r; (ta d) —Ty (ta d)

Ty (t7 d)

B(t,d) = (4)



2. Thebiaserroreg(t, d)
Or1(t,d)
ri(t,d)

6T‘f (tvd)
Ty (t,d)

Eﬁ(t, d) = IB(t7 d) (

) (5)

3. Themonthlymeanrelative weightedbias3,, averagedverall 18targets

_ 1 18 Nm(d) 1
=100— ) Wpy(d my @) 5 6
B =100 1 dg (d) t; S Tor (6)

whereN;(d) is thenumberof obsenationsavailableovertargetd duringthemonthm with ¢, = {t € m} and

W, (d) is equalto
Nin(d)

Wn(d) = > €(t,d) @)

tm=1

4. Thestandardieviationog of 3,,.

5. Themonthly relative weightedbias3,, averagedoverall all availableyearsfor a givenmonthm andis noted
B

6. Thestandardleviation 3. of B

BRF: 100(0BS — SIM)/SIM : MERIS ATSR2
BAND : BLUE (0.44) | |

— -
-

R T
‘ |

HH‘HH [N

REL. BIAS

Ll

REL. BIAS

REL. BIAS

REL. BIAS
\H‘HH TTTT
i
| =
/ |
A
B
j
|
i
i
i
|
[HEN HH‘HH HH‘

2003

Figure2: Seasonatrendof the monthly relative bias 3,, in percentbetweensimulationsandobsenationsover all
targets.The valuesof o5 areshowvn with theverticalbars.

4.2 Results

Figure (2) shavs the monthly meanrelative weightedbiasfor eachinstrument.As canbe seenthe meanbiasdoes
not exceed+6% in all bandswhatever theinstrument.The biasexhibits a small seasonalfrendof about3%, which
have a similar phasefor ATSR2,VEGETATION and SeaWFS, but which is largerfor the formertwo instruments.
Severalreasonsnight explainthis seasonatrend. First, uncertaintiesn the characterisationf the surfaceanisotroy



andaerosobpropertieamight beresponsibldor anerrorthatis sensitve to seasonathangeof the Sunangle.Second,
possibleerrorsof the 6S modelshouldnot be excluded.In arecentpaper [7] shavs thatthis modeltypically agrees
within +£4% with otherradiative transfermodelsover non-Lambertiarsurfaces.Finally, the sizeof thetarget might
alsocontritute to this seasonagffect. This effectis far lessimportantfor SeaWFS datawhich areaveragedover a
muchsmallerareathandataacquiredby the otherJ(nstruments.
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Figure3: Overall bias 3 averagecver the monthsof July, August,SeptembeandOctober

Theoverallbiasess avergaedoverthemonthsof July, August,SeptembeandOctoberareshavn on Tables(3) and
Figure(3). Accordingto theseresultsthe SEVIRI solarchannekalibrationreferencas very similarto SeaWrS, to
the exceptionof the 0.4 and0.5 um spectralregion. MERIS BRFs,asprovided by the METRIC software,seemto
overestimatedby about5% SeaWFS ones. ATSR2andVEGETATION have avery similar radiometrichehaiour.

Table3: Averagebiasj- in percentwith respecto the SEVIRI calibrationreferencefor the monthsof July, August,
SeptembeandOctober

MERIS | ATSR2 | SeaWFS | 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

This paperdescribeshecalibrationreferencehatwill beusedfor the operationavicariouscalibrationof the SEVIRI
solar channels. This referenceconsistsof simulatedTOA radiancesusing a datasetof surfaceand atmospheric
properties A comparisorbetweercalibratedspace-borneataandsimulationsrevealsthatthe relative biasbetween
simulationsandcalibratedobsenationsdo not exceed6% whena large numberof obsenationareaveragedover all
tamgets.

Furtherefforts arestill neededo improve the TAO simulationuncertaintiesaswell asthe estimationof the surface
anisotroly andaerosokharacterizationThe useof aradiative transfercodewith arigoroustreatmenof themultiple
scatteringbetweenthe surfaceandthe atmospherés alsodesirable.Finally, it is recommendedo extractthe BRF
over thetargetsusingan areathatdoesnot exceed20kmin ordernot to introduceapproximationin the illumination
andviewing angles.Theseresultswill becomemorereliableasmoreMERIS datawill be madeavailable.
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