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INTRODUCTION

A gradiometeanda space-qualifie@PSreceier having the specificationsecessarfor the high demand®f the GOCE
missionare underdevelopment. Obviously, the technicaldemanddor theseinstrumentsare very stringent. However,
instrumentareneveridealin reality. Deviationswhichthe materialrealizationof theinstrumenthasfrom theidealdesign
on paperarereferredto asimperfectionsIn principle,theaccelerometershegradiometeandthe GPSreceverwill have
deviationsfrom theiridealdesignleadingto non-ideaimeasurement§Vhenthesedeviationsareout of the specifications,
calibrationshouldprovide informationto correctfor theimperfectionsasgoodaspossible Apart from suchinstrumental
imperfectionspthererrorsof differentorigin mayoccurduringthe measuremerirocessFurthermoresomavherein the
measuremergrocesave have to establisithatwe have obtainedhe obsenationsin the required(physical)unitsandthat
no unknown scalefactorsor othercorrectiongemain.Also herecalibrationis required.Finally, notonly theobsenations
but alsotheir errorestimatehiave to becalibrated.Calibrationis thusanindispensablactivity in the proces®of obtaining
the highestpossibleaccuray of theobsenations.

CALIBRA TION AND VALID ATION

In generalcalibrationandvalidation(cal/val) areimportantin the contet of dataquality assessmenEurthermorein the
caseof GOCE,cal/val is partof a complicateddataprocessingctiity. Soit makessensdo startwith specifyingrather
preciselywhatwe meanwith thetermscalibrationandvalidationin the context of GOCE.It appeardo be corvenientto

link thesetermsto the GOCEdatalevels ([4]). Sofrom now on, whenwe usethe word calibration,we referto level 1b

andwith validationwe referto level 2. To be moreprecise:we agreeto designatehelevel 1b dataas(fully) calibrated
andcorrectedbbsenations,which meanshatcalibrationasanactionto be performedchasalreadytakenplacein thedata
processingprior to the level 1b data. With validationwe referto ary actionwhich is taken on the level 2 dataasit is

derivedfrom level 1b data.Argumentdn favor of this division are:

# in the caseof GOCEthereis a cleardivision of responsibilitywith respecto the datalevels: ESAis responsibleip to

level 1b, andthe sciencecommunityis responsibldor the datahandlingfrom level 1b upto level 3;

# the dataprocessindgrom level O to level 1bis moreor lesswell-definedandstraightforvard,whereaghelevel 1b — 2

processings acomplicatecestimatiorprocesgor which severalvalid methodsexist andwhich cannotbe simplyinverted
(i.e.in the sensdahatthe actualdatais reconstructedrom the estimatedyeopotentiatoeficients).

Calibration Ontheonehandcalibrationis concernedvith methodgo determinecertainparameterge.g.scalefactors,
biases)to be appliedto the measuredjuantitiesin orderto correctfor errorsin the measuremernprocessandto obtain
from the instrumentread-outsthe requiredobsenationsin known physicalunits. Not only the calibrationparameters
themselesshouldresultfrom the methodspreferablyalsoa descriptionof their accurag andreliability. (For simplicity,
we will disregardherethe matterof scalefactorsbeingdimensionlessr not.) On the otherhandcalibrationis sometimes
understoodasthe procedue itself (the numericalor computationakction) of correctingthe measuredjuantitiesusing
the calibrationparametersOf course bothaspectof calibrationareimportantheresincea successfulevel 1 — 2 data
processinglepends.o.onthereliability andcorrectnessf themethodswith whichthe calibrationparametertave been
determinedandapplied. Here we definecalibrationas: the procedue to determineparametes and the application of



theseparametes to the instrumentread-outsn order to obtain quantitiesin the required physicalunits and dimensions
and with the required and knownaccuracy. In particularthe matterof accuray is importantheresincethe application
of calibrationparameterss in facta correctionof the datafor (systematickrrorsof instrumentalr othernature,sothe
given or assumedneasuremenrdrror budgetrefersto the calibratedquantities.Error propagatiorof the uncertaintiesn
the calibrationparametersouldbeincluded.This maybe acomplicatedssuein casecalibrationparametersnay appear
to befrequeny dependentWe remarkthat,for a propercalibrationprocedureit hasof courseto be madeperfectlyclear
exactly where(at which step)in thelevel 0 — 1b datapre-processinthe calibrationparametersireto beapplied.

Validation Looselyspeakingyalidationhasto do with makingsurethatthelevel 2 productsi.e. in the caseof GOCE
potentialcoeficients, griddedgeoid heightsand gravity anomaliesfefer to the real Earth’s gravity field, accordingto
present-dayndependenknowledgeaboutthis field. This meanghatwe comparehe productswhich have beenderived
from the GOCE measurementsyith existing, externalknowledgeaboutthe real gravity field (an agreeduponstandard
would evenbe better),in orderto make it morecertainthatthey arecorrect. Sowe heredefinevalidationas: the appli-
cationof methodgo compae dataproductsderivedfromthe measuementswith existingindependentlataor knowledg
in order to assesshe quality of the dataproductsand to make sure that the measuementprocessgrror estimationand
calibration have beenperformedwell. The main differencebetweenvalidation and calibration, as we interpretthese
termshere,hasto do with thefactthat calibrationconcernorrectionsandcorversionginding their causan aspectof
instrumentahatureor measuremergetup while validationconcernso correctionor corversionsut merelyatestof the
resultscomparedo existing independenknowledge. Furthermoreyalidationtestsmay reveal shortcomingsn retrieval
modelsandmethodsandmay alsogive somecluespointing at possibleoutliersor grosserrorsin the data. In this sense,
validationis, like calibration,closelyconnectedo (quick-look) dataquality assessment.

Outliers and failur es Apart from instrumentor satelliteinducedsystematierrorson the data,theremay occurmore
or lessrandomlyoutliers of incidentalnature. Outlierscanoccuron all datalevels. Usually the bestthing to dois to

throw suchoutliersout of the datasetor to flag themby assigninga large standarddeviation to them,sinceoftenthere
cannotbe found a reliable way of correctingsuchdata. In orderto do so, thresholdshave to be setandthe outliers
crossingthe thresholdhave to be detected For this, standardstatisticaltestingproceduresire available. Also by means
of so-called‘continuity checks”outlierscouldbefound. Furthermorefinternal consisteng checks”canbe performedn

casedifferentsensorsneasuringelatedquantitiesareavailableor makinguseof redundang in the data. Also “external
consisteng checks”canbe performed comparingthe obsenationswith independengxternalknowledge.Suchmethods
areto someextentrelatedto cal/val activities. Furthermorethereis arelationwith thedetectionandresolvingof failures,
althoughfailureswould typically resultin offsetsin the dataor in the error, remainingthereuntil the failureis resohed,

while with outliers,individual wrong measurementgremeant.

GOCE CALIBRATION

Fromnow on,we will focusspecificallyonthecalibrationissue(onlevel 1b)with GOCE.A full calibrationprocedurdor
GOCEis rathercomplicatedseee.qg.[1], [6]. For corveniencewe will divide thefull calibrationprocedurento several
stepsnhamelycalibrationactuities thattake placebeforethe missionon ground,actvities thatareperformedrepeatedly)
in-flight during the missionand post-missiorcalibrationactiities. Thesethreesteps,which will becomemoreclearin
the sequel,will be respectiely referredto as: pre-flight calibration,internal calibrationand external calibration. The
term“full calibration”thenrefersto the ensembleof actuities in the threesteps. It shouldbe clearthat all threesteps
arenecessaryo obtainthe bestdataproductandnot one stepcanbe seenseparatelyfrom the others. Table 1 givesa
schematioverview of thewhole GOCEcalibrationsetup.

Satellite Gravity Gradiometry Observations

Pre-flight calibration This calibrationstepconstituteqa) a first estimateof the so-calledcommonmoderejectionratio
(CMRR) anddifferentialmoderejectionratio (DMRR) to the 10~*-level and(b) makessurethatthe accelerometesutput
is obtainedn therequiredphysicalunitsto a certainlevel of accurag, sayto within 1%. The CMRR andDMRR referto
the coeficientswhich accounfor commonmodeanddifferentialmodecouplingsdueto imperfectionf thegradiometer
instrumentlik e mis-alignmentsdifferentialscale-actors etc. Pre-flightcalibrationis performedbeforethe missionon-
groundusinga test-bench.Typically, this is a hardware-relatedob andit is ataskof the industry Performancdigures
canbe obtainedfrom the manufcturersown experiencewith the instrument(experimental simulationanalysis etc.) or
with otherbut similar instruments Actually, the problemwith this calibrationstepis thatthe 1 g environmenton-ground



Tablel: Overvien of GOCEcalibration

H H 1) pre-flight ‘ 2)internal‘ 3) external H

H SatelliteGravity Gradiometry(SGG)obsenations: H

CMRR/DMRR || 10~* 10-° -
units/dimensiong| ~ 1% - TBD
on-ground “shaking” | usingexternaldata

H Satellite-to-Satellitdracking(SST)obsenations: H

H H GPSrecever ‘ - ‘ orbit solution H

H Accelerometecommonmodeobserations: H

H H seeSGG ‘ seeSGG ‘ how? H

preventsa propercalibrationof the accelerometersincethey aredesignedo operatewith the highestaccurayg in a 0
g ervironment. So, the questionhasto be addressedf the calibrationparametersbtainedon groundarevalid in a0 g
ervironmentandwhetherthey areaffectedby the launchconditionsor not. Iltem (a) mentionedabove relatesto internal
calibration(comingnext), while item (b) is actuallypartof the externalcalibrationprocesgseelateron).

Inter nal calibration Basically internalcalibration(alsocalledrelative calibration)hasto dowith thedeterminatiorof the
CMRRandDMRR tothe10-° level. At this level, theinfluenceof couplingsbetweerthe commonmodeanddifferential
modeoutputof the gradiometeremainswithin the requirederror budget. Internal calibrationis doneon boardof the
satellite(on-boad calibration) duringthemission(in-flight calibration) makinguseof thethrusters A proceduréasbeen
designedwhich makesit possibleto first calibratethe thrustersusingthe (un-calibrated)accelerometemeasurements.
Then,the procedurecontinueshy activatingthe calibratedthrusterdn a certainmode,puttinga known non-gravitational
signalon the accelerometersThe signalsof all accelerometerarethenanalyzed. From the differentialmodesignals
alongeacharmthe internalcalibrationparametersire deduced.Specifically the internal calibrationproceduregivesus
informationonrelative scalefactorsandrelative mis-alignmentbetweeraccelerometguairsoneacharmandoncommon
mis-alignment®f accelerometgpairson eacharm. It is expectedhat, beforecalibration thesevalueswill belargerthan
the requirementsso that indeedthe datacorrectionis needed. Information on non-orthogonalityof the gradiometer
armsis not obtainedfrom the internal calibrationprocedure neitheris information on on-axismis-placement®f the
accelerometersFor theseeffectsit is expectedthat the instrumentis within specificationsso that correctionsare not
neededpr thatthey arecorrectedfor in the externalcalibrationstep(seebelow). The internalcalibrationis sometimes
referredto as“relative” calibration,sincethe ratio of the sumandthe differenceof the accelerometescalefactorsis
determined No “absolute”scalefactorsaredeterminedrom the internalcalibrationprocedure. This makesit clearthat
anotherstepis neededo do the full calibrationin the senseof the definition above, i.e. to obtainquantitiesin known
physicalunitswith known accurag. This stepis the so-calledexternalcalibrationdiscusseahext.

External calibration In this stepit is establishedhat the gradientobsenationsat datalevel 1b really representhe
gradientsof the gravity field in Eotvos Units, thatremainingunresohederrorsarecorrectedor andthatthe obsenations
areobtainedwith therequired(or in ary casewith a known) accurag. Typically, externaldataareusedin this step,e.qg.
grounddataor existing models,henceits name“externalcalibration”. Externalcalibrationis sometimegeferredto as
absolutecalibration but thistermis lessfavorable.

Satellite-to-Satellite Tracking Observations

Here,whenwe talk aboutSST, we referto the orbit determinatiorfrom GPSmeasurementsin the SSTlevel 1b — 2
processinghe gravity field parametersrederived from the combinationof the GPSobsenationsandthe accelerometer
commonmodeobsenations(thelatterarealsoto beregardedalevel 1b dataproduct,seebelan). Thecalibrationissuefor
SSTis lesscomplicatedhanfor SGG,becaus&sPSis a maturetechniquefor which theinstrumentatiorcanbe properly
calibratedon-ground so that complicationsaswith the SGGinternalcalibrationcanbe avoided,andbecausehe goals



for gravity field determinatiorfrom SSTarelesschallenginghanfor SGGin termsof resolution.Furthermorefrom the
datalevel definitionsfor SSTwe seethat,asfar asorbit determinatioris concernedthelevel 0 — 1 processingonsists
of preciseorbit determinatiorfrom GPS,which is amoreor lessoff-line taskin which the datato be calibratedon level
1 arethe satellitepositions.In the caseof SST, the pre-flightcalibration(seeTable 1) consistsof calibrationof the GPS
recever. Thisis aratherstraightforvardtask,for exampleby comparingobsenationsmadeby it with otherGPSrecevers,
collocatedSLR (SatelliteLaserRanging)groundstations,accuratelydeterminedaselinesetc. It is fair to assumehat
the GPSperformancewill not be affectedsignificantly by the launchconditions,so that no in-flight internalcalibration
stepsimilarto thatfor SGGis required.An externalcalibrationstepmayberequired though,which actuallywould mean
the calibrationof the GPS-basedrbit solution. This posesa more principal problem,becauset requiresa comparison
of the orbit solutionwith externaldata,requiringa secondjndependenorbit determinatiorfrom othermeasurementsr
models(seealsonext chapter).

Accelerometer Common Mode Observations

Theaccelerationslervedfrom the gradiometecommonmodeoutputconstitutea separatdevel 1b product.In thelevel
1 — 2 dataprocessingtepfor the determinatiorof gravity field parameterérom SSTobsenations,the commonmode
obsenationsarerequiredfor a properseparatiorof the non-conserative accelerationgrom the gravity field accelera-
tions. In generalthesecommonmodeobsenationsthushave to be calibratedaswell. In practicethe needfor accurate
calibrationdependson the requiredaccurag of the obsenations. We remarkherethat, sinceboth the commonmode
obsenationsandthe gravity gradientsarederived from the outputof the samehardwaredevice (the six accelerometers),
therewill be alink betweenthe calibrationof the commonmodeandthat of the SGG-obserations. In fact, the pre-
flight andinternalcalibrationsteps,asdiscussedibore for SGG,are partof the commonmodecalibrationprocedureas
well, sincethey applyto the differentcombinationsf accelerometeoutputs. However, in the sameway asan external
calibrationstepis necessaryor the gravity gradientobsenations,asthey arederived from the differentialmodeof the
gradiometeputput,we needan externalcalibrationstepfor thecommonmodeaccelerationaswell. The problemis that
thereis not a known uniqueway (yet) in which the differentialmodeexternal calibrationparametergi.e. scalefactors
andbiaseonthegravity gradientsranbeattributedto individual accelerometesutputssothatthe commonmodewould
be externally calibratedaswell. Although relative scalefactorsbetweenaccelerometepairs are determinedrom the
internalcalibrationproceduresothatthe commonmodeis correctedor the differentialmodecoupling,the separatiorof
therotationaltermsfrom thegravitationaltermsin thedifferentialmodefor all threegradiometearmstogethermpreventsa
straightforvardattribution of SGGcalibrationscalefactorsto individual accelerometesutputs.Whatwe do know is that
the internal calibrationproceduredoesnot tell us anything aboutrelative biasesbetweenaccelerometepairs. Whether
all thiswill be a problemdepends.o.on the accurag of the commonmodeobsenation requiredfor SSTlevel 1 — 2
dataprocessingFurthermoresinceDFC (Drag FreeControl)is applied,we aredealingherewith residualaccelerations
remainingfor certainspecificfrequeng bands.

METHODS FOR EXTERNAL CALIBRATION

An accuratecalibrationof the level 1b dataproductwould in the ideal caseleadto a properlycalibratedlevel 2 product
aswell. Thisproductwill consistof a setof sphericaharmoniccoeficientsthatcanbe corverted following well-known

proceduresinto grids of gravity anomaliesandgeoidundulationsin a straightforward manner Note thatthe calibrated
gravity gradientshemseles(alevel 1b product)arealsoanimportantgeophysicatiataproduct. Thelevel 2 dataproducts
canbe comparedfor example,with existing datasetsof in situ gravimetry obsenations. In the above, this processs

referredto asvalidation. Suchvalidationcanthus provide informationaboutthe succes®f the calibrationof the level

1b products. This calibrationfor GOCE hasherebeenidentified asa multi-step procedure consistingof a pre-flight,

internaland external calibrationstep. In the following the focuswill be on methodsfor the external calibrationof the
level 1b productsonly. We distinguishherebetweerseveral classe®of externalcalibrationmethods:1. comparisorwith

ground-basedjravity data;2. comparisorwith existing global gravity field models;3. comparisonwith othersatellite
datafrom missionslike CHAMP or GRACE; 4. inter-comparisorbetweerdifferenttypesof GOCE data. Probably in

reality, a combinationof someof thesemethodswill be used sinceeachof themhasits own characteristicén termsof

accurag, frequeng band,computationaéffort, etc. Herewe will give a shortdescriptionof thesemethods.

1. Comparison with ground-basedgravity data The useof terrestrial(or airborne)gravimetry datafor the external
calibrationof GOCE gravity gradientsis an obvious choice. Theideais to usegravity datain well-surweyed areasfor
upward continuationto gravity gradientsat satellitealtitude, seee.g.[2], [3]. Alternatively, SGGand SSTdatacould



be corvertedinto gravity anomaliesor geoid heightsand continueddownward to the surfaceto be comparedwith the
independenterrestrialgravity data. Although this idea seemsvery simple, thereare a lot of issuesto be addressed:
thefiltering of the data;the (definition of) referencesystemsandthe datumproblem;the requiredquality (covariances,
calibration(!)) of thegrounddata;the useof normalpointsor not; the useof a priori gravity field models;theresolution
of the grounddata;the location of the testarea;the possibleneedfor taking topographyinto accountor usingterrain
effect smoothing(RTM); the sizeof the geographicalrea;the minimum datacollectionperiodto be consideredor the
satellitedata;the error characteristic®f the satellitedata; methodsfor corverting gravity datainto SGGand SSTdata
(includinginterpolation filtering, etc.); appropriataupward anddownward continuationmethodsnumerical(in)stability
of downward continuationneedfor additionalsupportingmeasuremertampaignseitherterrestrialor airborne.

2. Comparison with existing global gravity field models Over the years,a very extensie datasetof both satellite
tracking, satellite radar altimetry and terrestrialgravimetry obsenations has beenaccumulatedrom which so-called
satellite-onlyand combinedglobal gravity field modelshave beenderived. The ideais to computefrom thesemodels
SGGandSSTdataat satellitealtitudeandto compareit with the GOCE data. Among the pointsto be addressethere
are: the resolutionof the modelsandtheir spectralerror characteristicsthe calibrationof the dataon which the models
arebasedj.e. the calibrationof the modelsthemseles;the errorcharacteristicef the satellitedata. The J2 (“flattening”)
termsof thegravity field andthecentralterm,asthey arepartof existing globalgravity field models mayalsobeexploited
for a checkof the SGGobsenations. Questiongo be addressedhereconcernthe properoperationof the gradiometer
atthe samefrequenciesaswherethe model(J2+centralfermsarevisible andthe sensitvity of the SGGobsenationsat
thesefrequenciegremembehigh performancen the gradiometemeasuremerttandwidthand1/f noisebelow).

3. Comparisonwith other satellite data fr om missionslike CHAMP or GRACE This methodrelatesto the previous
onein asfar asupdatedsatellite-onlyor combinedglobal gravity field modelsderived from CHAMP and/orGRACE

datawould be usedas“existing” globalgravity field knowledge.At thetime of the GOCEmissionstate-of-the-arglobal

gravity field modelsfrom CHAMP andGRACE areexpectedo be available. Importantto understandhereis in how far

the calibrationissueof CHAMP andGRACE will be propagatednto the GOCE-calibrationif thesedatawould be used
heretoo. Furthermoresincethe accelerometersn either CHAMP, GRACE and GOCE are manufcturedby the same
manufcturerandprobablywill have very similarerrorcharacteristicdf remainsaquestionwhethersucha comparisoris

really “calibration” or moreaconsisteng check.Alternatively, onecouldinvestigatehe possibility of usingthe CHAMP

or GRACE data(hi-lo SSTandlo-lo SSTrespectiely) directly asexternaldatasource corvertthemto GOCEtype SGG
and SSTdataat therespectie altitude,andcomparewith the GOCEmeasurementdtemsto be addressetierearefor

example: the calibrationof GRACE and CHAMP; spectralerror characteristicof GRACE and CHAMP comparedo

GOCE;methoddor corvertingthe externaldatainto GOCEtype SGGand SST data(including interpolation filtering,

etc.).

4. Inter-comparison betweendiffer ent typesof GOCE data Onemaythink of all kinds of methodgto inter-compare
datafrom differentGOCEsensorandactuatorsThemainquestionsvith any of suchmethodsoncerrthein-dependeng
of thesedatatypesandtherisk of circularreasoningPossiblenethodscouldbe:

a. SST- SGG usethe GOCEhi-lo SST datato checkthe GOCE SGGdata,moreor lessin the sameway aswith the
GRACE and/orCHAMP dataasdescribedabove.

b. commomode- SST checkthegradiometecommonmodeoutputwith the SST/GPS®bsenations.Issueshereare,for
instancetheaccurag of thecommonmodeobsenations thepossibilityof cross-interferencendaliasingvhenGPSdata
is usedfor both gravity field recorery and checkingcommonmodeaccelerometeobsenations,the DFC performance,
theaccurag of non-conserative force models the choiceof thea priori gravity field model,etc.

¢. commormode- DFC/atmosphes. comparghecommonmodeaccelerationsvith informationof DFC (telemetry)plus
atmospherianodels. Issueshereare, for instance the accurag andresolutionof the atmospherianodels,the spectral
characteristicef DFC, etc.

d. SST- SLR comparethe SST orbit datawith SLR obsenations. Although a passve instrumentand not an actuator
the SLR retroreflectorenablesa checkof GPS-basedrbit solutions. Of coursethe densityof the SLR network will not
be enoughto ensureby itself a goodorbit coverage.Neverthelessa fit of the SLR obsenationsto the SSThasedGOCE
orbit solutionwill give someindicationontheaccurag of this orbit andindirectly onthe quality of the SSTobsenations,
especiallyatthe beginningof the mission.

e. SGG- star tracker: the angularmotion 2 can be determinedby integration from the anti-symmetricpart of the
measurementnatrix. This could be comparedto startracker obsenations, either by integrating Q onceagainor by
(numerically)differentiatingthe anglesfrom the startrackers. Issueshereare: the samplingratesof the gradiometer



comparedo the startracker, accurag of the off-diagonalcomponentgonly T',,., is measuredccurately)andof the star
tracker obsenations,calibrationof the startracker obsenations etc.

f. SGGdataredundancy Here,redundang is to be understoodn the senseof cross-eersandrepeatedyroundtracks.
Theformerarealwayspresentthelatterdependnthemissiondesign but arepeatperiodof approximatel\2 monthshas
beenmentionedor GOCE.Firstof all, overlappingmeasurement§.e. measurementsaving the samelocationw.r.t. the
Earth)giveinterestingpossibilitiesfor quick look datacontrolandoutlier detection.Furthermoreif onesubsebf thedata
is well calibratedexternally, subsequensubsetsnay be calibratedw.r.t. the first set,like it canbe donefor subsequent
repeaftcycles. Thisis, however, moreakind of “relative” calibration.

End-to-End simulator All the methodsdescribedhbove shouldbeinvestigatedn muchmoredetailto provetheir value
for theactualcalibrationonceGOCEflies. Obviously this shouldbe doneprior to the missionandthe discussiorhereis
afirst attemptfor aqualitatve assessmemf the methods Obviously, for a properquantitatve andqualitative assessment
we needto do simulationstudies Here,realisticGOCEdatatime seriedncludingerrorsarenecessarySuchrealistictime
seriesshouldcomeasoutputof anEnd-to-Endsimulatorwherethe GOCEinstrumentssatelliteandmeasuremergrocess
aresimulatedn detail,includingthe possibilityto injectany kind of (systematior not) errorfor which a sensitvity study
hasto be performedg.g.[5]. SuchanEnd-to-endsimulatorformsanecessaryool for testingcalibrationproceduresand
for doingsensitvity studiesfor all kindsof measuremersgrrors.

CONCLUSIONS

A challengingmissionlike GOCE puts high demandson (external) calibrationand on quality assessmernh general.
We have proposedthat a clear terminologyis used,where calial termsare linked to the GOCE datalevels. Hence
we usethe term “calibration” on level 1b and “validation” on level 2. Calibrationfor GOCEwill consistof a multi-
stepprocedure:pre-flight calibrationon groundbeforethe mission,in-flight internal (“relative”) calibrationon-board
and post-missionexternal (“absolute”) calibration. The internal calibrationstepappliesto the accelerometerandthe
gradiometebut notto SST Many methodsor GOCEexternalcalibrationaresuggestedalthougha lot of investigations
arestill necessarandan assessmertf all methodsshouldbe done. This canbe donewith supportof the End-to-End
simulator theoutputof which canbeusedfor studyingthefeasibility andsensitvity of calibrationmethodsandtestingthe
implementatiorof thesemethodsln theend,thewhole calival processor GOCEwill haveto bedoneiteratively, coming
backto level 1b aftervalidationto improve the quality evenfurther. Severalmethodsrelatingto externalcalibrationare
underinvestigation. Many openquestionswith all thesemethodsremain,concerninge.g. the selectionand quality of
the external data, correlations(or dependeny) if dataof different GOCE sensorss inter-compared,'absolutenessof
methods differencesn error characteristic®f the GOCE datacomparedo the externaldata, calibrationof the error
estimatesetc.
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