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INTRODUCTION

A gradiometerandaspace-qualifiedGPSreceiverhaving thespecificationsnecessaryfor thehighdemandsof theGOCE
missionareunderdevelopment.Obviously, the technicaldemandsfor theseinstrumentsarevery stringent. However,
instrumentsareneveridealin reality. Deviationswhichthematerialrealizationof theinstrumenthasfrom theidealdesign
onpaperarereferredto asimperfections.In principle,theaccelerometers,thegradiometerandtheGPSreceiverwill have
deviationsfrom their idealdesignleadingto non-idealmeasurements.Whenthesedeviationsareoutof thespecifications,
calibrationshouldprovideinformationto correctfor theimperfectionsasgoodaspossible.Apart from suchinstrumental
imperfections,othererrorsof differentorigin mayoccurduringthemeasurementprocess.Furthermore,somewherein the
measurementprocesswehaveto establishthatwehaveobtainedtheobservationsin therequired(physical)unitsandthat
nounknown scalefactorsor othercorrectionsremain.Also herecalibrationis required.Finally, notonly theobservations
but alsotheirerror-estimateshaveto becalibrated.Calibrationis thusanindispensableactivity in theprocessof obtaining
thehighestpossibleaccuracy of theobservations.

CALIBRA TION AND VALID ATION

In general,calibrationandvalidation(cal/val) areimportantin thecontext of dataqualityassessment.Furthermore,in the
caseof GOCE,cal/val is partof a complicateddataprocessingactivity. Soit makessenseto startwith specifyingrather
preciselywhatwe meanwith thetermscalibrationandvalidationin thecontext of GOCE.It appearsto beconvenientto
link thesetermsto theGOCEdatalevels([4]). Sofrom now on, whenwe usetheword calibration,we refer to level 1b
andwith validationwe refer to level 2. To bemoreprecise:we agreeto designatethe level 1b dataas(fully) calibrated
andcorrectedobservations,which meansthatcalibrationasanactionto beperformedhasalreadytakenplacein thedata
processingprior to the level 1b data. With validationwe refer to any actionwhich is taken on the level 2 dataasit is
derivedfrom level 1b data.Argumentsin favor of thisdivision are:
# in thecaseof GOCEthereis a cleardivision of responsibilitywith respectto thedatalevels: ESA is responsibleup to
level 1b,andthesciencecommunityis responsiblefor thedatahandlingfrom level 1b up to level 3;
# thedataprocessingfrom level 0 to level 1b is moreor lesswell-definedandstraightforward,whereasthelevel 1b 
 2
processingis acomplicatedestimationprocessfor whichseveralvalid methodsexist andwhichcannotbesimply inverted
(i.e. in thesensethattheactualdatais reconstructedfrom theestimatedgeopotentialcoefficients).

Calibration On theonehandcalibrationis concernedwith methodsto determinecertainparameters(e.g.scalefactors,
biases)to be appliedto the measuredquantitiesin orderto correctfor errorsin the measurementprocessandto obtain
from the instrumentread-outsthe requiredobservationsin known physicalunits. Not only the calibrationparameters
themselvesshouldresultfrom themethods,preferablyalsoa descriptionof their accuracy andreliability. (For simplicity,
wewill disregardherethematterof scalefactorsbeingdimensionlessor not.) On theotherhandcalibrationis sometimes
understoodasthe procedure itself (the numericalor computationalaction)of correctingthe measuredquantitiesusing
thecalibrationparameters.Of course,bothaspectsof calibrationareimportantheresincea successfullevel 1 
 2 data
processingdependsa.o.on thereliability andcorrectnessof themethodswith which thecalibrationparametershavebeen
determinedandapplied. Herewe definecalibrationas: the procedure to determineparameters and the applicationof



theseparameters to the instrumentread-outsin order to obtainquantitiesin therequiredphysicalunitsanddimensions
and with the required andknownaccuracy. In particularthe matterof accuracy is importantheresincethe application
of calibrationparametersis in facta correctionof thedatafor (systematic)errorsof instrumentalor othernature,so the
givenor assumedmeasurementerrorbudgetrefersto thecalibratedquantities.Error propagationof theuncertaintiesin
thecalibrationparameterscouldbeincluded.Thismaybeacomplicatedissuein casecalibrationparametersmayappear
to befrequency dependent.We remarkthat,for apropercalibrationprocedure,it hasof courseto bemadeperfectlyclear
exactly where(at whichstep)in thelevel 0 
 1b datapre-processingthecalibrationparametersareto beapplied.

Validation Looselyspeaking,validationhasto do with makingsurethat the level 2 products,i.e. in thecaseof GOCE
potentialcoefficients,griddedgeoidheightsandgravity anomalies,refer to the real Earth’s gravity field, accordingto
present-dayindependentknowledgeaboutthis field. This meansthatwe comparetheproducts,which havebeenderived
from the GOCEmeasurements,with existing, externalknowledgeaboutthe real gravity field (anagreeduponstandard
would evenbebetter),in orderto make it morecertainthat they arecorrect.Sowe heredefinevalidationas: theappli-
cationof methodsto comparedataproductsderivedfromthemeasurementswith existingindependentdataor knowledge
in order to assessthequality of thedataproductsand to make sure that themeasurementprocess,error estimationand
calibration havebeenperformedwell. The main differencebetweenvalidationandcalibration,aswe interpretthese
termshere,hasto do with thefact thatcalibrationconcernscorrectionsandconversionsfinding their causein aspectsof
instrumentalnatureor measurementsetup,while validationconcernsnocorrectionsor conversionsbut merelyatestof the
resultscomparedto existing independentknowledge.Furthermore,validationtestsmayrevealshortcomingsin retrieval
modelsandmethodsandmayalsogive somecluespointingat possibleoutliersor grosserrorsin thedata.In this sense,
validationis, like calibration,closelyconnectedto (quick-look)dataqualityassessment.

Outliers and failur es Apart from instrumentor satelliteinducedsystematicerrorson the data,theremayoccurmore
or lessrandomlyoutliersof incidentalnature. Outlierscanoccuron all datalevels. Usually the bestthing to do is to
throw suchoutliersout of thedatasetor to flag themby assigninga largestandarddeviation to them,sinceoften there
cannotbe found a reliable way of correctingsuchdata. In order to do so, thresholdshave to be set and the outliers
crossingthethresholdhave to bedetected.For this, standardstatisticaltestingproceduresareavailable. Also by means
of so-called“continuity checks”outlierscouldbefound.Furthermore,“internal consistency checks”canbeperformedin
casedifferentsensorsmeasuringrelatedquantitiesareavailableor makinguseof redundancy in thedata.Also “external
consistency checks”canbeperformed,comparingtheobservationswith independentexternalknowledge.Suchmethods
areto someextentrelatedto cal/val activities. Furthermore,thereis a relationwith thedetectionandresolvingof failures,
althoughfailureswould typically resultin offsetsin thedataor in theerror, remainingthereuntil the failure is resolved,
while with outliers,individualwrongmeasurementsaremeant.

GOCE CALIBRA TION

Fromnow on,wewill focusspecificallyonthecalibrationissue(onlevel 1b)with GOCE.A full calibrationprocedurefor
GOCEis rathercomplicated,seee.g.[1], [6]. For convenience,we will divide thefull calibrationprocedureinto several
steps,namelycalibrationactivities thattakeplacebeforethemissiononground,activities thatareperformed(repeatedly)
in-flight during themissionandpost-missioncalibrationactivities. Thesethreesteps,which will becomemoreclearin
the sequel,will be respectively referredto as: pre-flight calibration,internalcalibrationandexternalcalibration. The
term “full calibration” thenrefersto the ensembleof activities in the threesteps. It shouldbe clearthat all threesteps
arenecessaryto obtainthe bestdataproductandnot onestepcanbe seenseparatelyfrom the others. Table1 givesa
schematicoverview of thewholeGOCEcalibrationsetup.

Satellite Gravity Gradiometry Observations

Pre-flight calibration This calibrationstepconstitutes(a) a first estimateof theso-calledcommonmoderejectionratio
(CMRR)anddifferentialmoderejectionratio (DMRR) to the ������� -level and(b) makessurethattheaccelerometeroutput
is obtainedin therequiredphysicalunitsto acertainlevel of accuracy, sayto within 1%. TheCMRRandDMRR referto
thecoefficientswhichaccountfor commonmodeanddifferentialmodecouplingsdueto imperfectionsof thegradiometer
instrument,like mis-alignments,differentialscale-factors,etc. Pre-flightcalibrationis performedbeforethemissionon-
groundusinga test-bench.Typically, this is a hardware-relatedjob andit is a taskof the industry. Performancefigures
canbeobtainedfrom themanufacturersown experiencewith the instrument(experimental,simulationanalysis,etc.) or
with otherbut similar instruments.Actually, theproblemwith this calibrationstepis thatthe1 � environmenton-ground



Table1: Overview of GOCEcalibration

1) pre-flight 2) internal 3) external

SatelliteGravity Gradiometry(SGG)observations:

CMRR/DMRR ������� ����� � -

units/dimensions ! 1% - TBD

on-ground “shaking” usingexternaldata

Satellite-to-SatelliteTracking(SST)observations:

GPSreceiver - orbit solution

Accelerometercommonmodeobservations:

seeSGG seeSGG how?

preventsa propercalibrationof the accelerometerssincethey aredesignedto operatewith the highestaccuracy in a 0
� environment.So, thequestionhasto be addressedif the calibrationparametersobtainedon groundarevalid in a 0 �
environmentandwhetherthey areaffectedby the launchconditionsor not. Item (a) mentionedabove relatesto internal
calibration(comingnext), while item(b) is actuallypartof theexternalcalibrationprocess(seelateron).

Inter nal calibration Basically, internalcalibration(alsocalledrelativecalibration)hasto dowith thedeterminationof the
CMRRandDMRR to the ��� ��" level. At this level, theinfluenceof couplingsbetweenthecommonmodeanddifferential
modeoutputof the gradiometerremainswithin the requirederror budget. Internalcalibrationis doneon boardof the
satellite(on-boardcalibration) duringthemission(in-flight calibration) makinguseof thethrusters.A procedurehasbeen
designedwhich makesit possibleto first calibratethe thrustersusingthe (un-calibrated)accelerometermeasurements.
Then,theprocedurecontinuesby activatingthecalibratedthrustersin a certainmode,puttinga known non-gravitational
signalon the accelerometers.The signalsof all accelerometersarethenanalyzed.From the differentialmodesignals
alongeacharmthe internalcalibrationparametersarededuced.Specifically, the internalcalibrationproceduregivesus
informationonrelativescalefactorsandrelativemis-alignmentsbetweenaccelerometerpairsoneacharmandoncommon
mis-alignmentsof accelerometerpairsoneacharm.It is expectedthat,beforecalibration,thesevalueswill belargerthan
the requirements,so that indeedthe datacorrectionis needed. Information on non-orthogonalityof the gradiometer
armsis not obtainedfrom the internal calibrationprocedure,neitheris informationon on-axismis-placementsof the
accelerometers.For theseeffects it is expectedthat the instrumentis within specifications,so that correctionsarenot
needed,or that they arecorrectedfor in theexternalcalibrationstep(seebelow). The internalcalibrationis sometimes
referredto as“relative” calibration,sincethe ratio of the sumandthe differenceof the accelerometerscalefactorsis
determined.No “absolute”scalefactorsaredeterminedfrom the internalcalibrationprocedure.This makesit clearthat
anotherstepis neededto do the full calibrationin the senseof the definition above, i.e. to obtainquantitiesin known
physicalunitswith known accuracy. Thisstepis theso-calledexternalcalibrationdiscussednext.

External calibration In this stepit is establishedthat the gradientobservationsat datalevel 1b really representthe
gradientsof thegravity field in EötvösUnits, thatremainingunresolvederrorsarecorrectedfor andthattheobservations
areobtainedwith therequired(or in any casewith a known) accuracy. Typically, externaldataareusedin this step,e.g.
grounddataor existing models,henceits name“externalcalibration”. Externalcalibrationis sometimesreferredto as
absolutecalibration,but this termis lessfavorable.

Satellite-to-SatelliteTracking Observations

Here,whenwe talk aboutSST, we refer to the orbit determinationfrom GPSmeasurements.In the SSTlevel 1b 
 2
processingthegravity field parametersarederivedfrom thecombinationof theGPSobservationsandtheaccelerometer
commonmodeobservations(thelatterarealsoto beregardedalevel 1bdataproduct,seebelow). Thecalibrationissuefor
SSTis lesscomplicatedthanfor SGG,becauseGPSis a maturetechniquefor which theinstrumentationcanbeproperly
calibratedon-ground,so that complicationsaswith the SGGinternalcalibrationcanbeavoided,andbecausethe goals



for gravity field determinationfrom SSTarelesschallengingthanfor SGGin termsof resolution.Furthermore,from the
datalevel definitionsfor SSTwe seethat,asfar asorbit determinationis concerned,thelevel 0 
 1 processingconsists
of preciseorbit determinationfrom GPS,which is a moreor lessoff-line taskin which thedatato becalibratedon level
1 arethesatellitepositions.In thecaseof SST, thepre-flightcalibration(seeTable1) consistsof calibrationof theGPS
receiver. Thisis aratherstraightforwardtask,for exampleby comparingobservationsmadeby it with otherGPSreceivers,
collocatedSLR (SatelliteLaserRanging)groundstations,accuratelydeterminedbaselines,etc. It is fair to assumethat
the GPSperformancewill not beaffectedsignificantlyby the launchconditions,so thatno in-flight internalcalibration
stepsimilar to thatfor SGGis required.An externalcalibrationstepmayberequired,though,whichactuallywouldmean
the calibrationof the GPS-basedorbit solution. This posesa moreprincipalproblem,becauseit requiresa comparison
of theorbit solutionwith externaldata,requiringa second,independentorbit determinationfrom othermeasurementsor
models(seealsonext chapter).

AccelerometerCommonMode Observations

Theaccelerationsderivedfrom thegradiometercommonmodeoutputconstitutea separatelevel 1b product.In thelevel
1 
 2 dataprocessingstepfor thedeterminationof gravity field parametersfrom SSTobservations,thecommonmode
observationsarerequiredfor a properseparationof the non-conservative accelerationsfrom the gravity field accelera-
tions. In general,thesecommonmodeobservationsthushave to becalibratedaswell. In practicetheneedfor accurate
calibrationdependson the requiredaccuracy of the observations. We remarkherethat, sinceboth the commonmode
observationsandthegravity gradientsarederivedfrom theoutputof thesamehardwaredevice (thesix accelerometers),
therewill be a link betweenthe calibrationof the commonmodeand that of the SGG-observations. In fact, the pre-
flight andinternalcalibrationsteps,asdiscussedabove for SGG,arepartof thecommonmodecalibrationprocedureas
well, sincethey apply to thedifferentcombinationsof accelerometeroutputs.However, in thesameway asanexternal
calibrationstepis necessaryfor the gravity gradientobservations,asthey arederivedfrom the differentialmodeof the
gradiometeroutput,weneedanexternalcalibrationstepfor thecommonmodeaccelerationsaswell. Theproblemis that
thereis not a known uniqueway (yet) in which the differentialmodeexternalcalibrationparameters(i.e. scalefactors
andbiasesonthegravity gradients)canbeattributedto individualaccelerometeroutputssothatthecommonmodewould
be externally calibratedaswell. Although relative scalefactorsbetweenaccelerometerpairsaredeterminedfrom the
internalcalibrationproceduresothatthecommonmodeis correctedfor thedifferentialmodecoupling,theseparationof
therotationaltermsfrom thegravitationaltermsin thedifferentialmodefor all threegradiometerarmstogetherpreventsa
straightforwardattributionof SGGcalibrationscalefactorsto individualaccelerometeroutputs.Whatwedoknow is that
the internalcalibrationproceduredoesnot tell us anything aboutrelative biasesbetweenaccelerometerpairs. Whether
all this will bea problemdependsa.o.on the accuracy of thecommonmodeobservationrequiredfor SSTlevel 1 
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dataprocessing.Furthermore,sinceDFC (DragFreeControl) is applied,we aredealingherewith residualaccelerations
remainingfor certainspecificfrequency bands.

METHODS FOR EXTERNAL CALIBRA TION

An accuratecalibrationof the level 1b dataproductwould in the idealcaseleadto a properlycalibratedlevel 2 product
aswell. Thisproductwill consistof a setof sphericalharmoniccoefficientsthatcanbeconverted,following well-known
procedures,into gridsof gravity anomaliesandgeoidundulationsin a straightforwardmanner. Note that thecalibrated
gravity gradientsthemselves(alevel 1bproduct)arealsoanimportantgeophysicaldataproduct.Thelevel 2 dataproducts
canbe compared,for example,with existing datasetsof in situ gravimetry observations. In the above, this processis
referredto asvalidation. Suchvalidationcanthusprovide informationaboutthe successof the calibrationof the level
1b products. This calibrationfor GOCEhasherebeenidentifiedasa multi-stepprocedure,consistingof a pre-flight,
internalandexternalcalibrationstep. In the following the focuswill be on methodsfor the externalcalibrationof the
level 1b productsonly. We distinguishherebetweenseveralclassesof externalcalibrationmethods:1. comparisonwith
ground-basedgravity data;2. comparisonwith existing global gravity field models;3. comparisonwith othersatellite
datafrom missionslike CHAMP or GRACE; 4. inter-comparisonbetweendifferenttypesof GOCEdata. Probably, in
reality, a combinationof someof thesemethodswill beused,sinceeachof themhasits own characteristicsin termsof
accuracy, frequency band,computationaleffort, etc.Herewewill giveashortdescriptionof thesemethods.

1. Comparison with ground-basedgravity data The useof terrestrial(or airborne)gravimetry datafor the external
calibrationof GOCEgravity gradientsis an obviouschoice. The ideais to usegravity datain well-surveyedareasfor
upward continuationto gravity gradientsat satellitealtitude,seee.g. [2], [3]. Alternatively, SGGandSSTdatacould



be convertedinto gravity anomaliesor geoidheightsandcontinueddownward to the surfaceto be comparedwith the
independentterrestrialgravity data. Although this idea seemsvery simple, thereare a lot of issuesto be addressed:
the filtering of thedata;the (definitionof) referencesystemsandthedatumproblem;the requiredquality (covariances,
calibration(!)) of thegrounddata;theuseof normalpointsor not; theuseof a priori gravity field models;theresolution
of the grounddata; the locationof the testarea;the possibleneedfor taking topographyinto accountor usingterrain
effect smoothing(RTM); thesizeof thegeographicalarea;theminimumdatacollectionperiodto beconsideredfor the
satellitedata;the error characteristicsof the satellitedata;methodsfor convertinggravity datainto SGGandSSTdata
(includinginterpolation,filtering, etc.);appropriateupwardanddownwardcontinuationmethods;numerical(in)stability
of downwardcontinuation;needfor additionalsupportingmeasurementcampaigns,eitherterrestrialor airborne.

2. Comparison with existing global gravity field models Over the years,a very extensive datasetof both satellite
tracking, satelliteradaraltimetry and terrestrialgravimetry observationshasbeenaccumulatedfrom which so-called
satellite-onlyandcombinedglobal gravity field modelshave beenderived. The ideais to computefrom thesemodels
SGGandSSTdataat satellitealtitudeandto compareit with the GOCEdata. Among the pointsto be addressedhere
are: theresolutionof themodelsandtheir spectralerrorcharacteristics;thecalibrationof thedataon which themodels
arebased,i.e. thecalibrationof themodelsthemselves;theerrorcharacteristicsof thesatellitedata.TheJ2(“flattening”)
termsof thegravity field andthecentralterm,asthey arepartof existingglobalgravity field models,mayalsobeexploited
for a checkof the SGGobservations. Questionsto be addressedhereconcernthe properoperationof the gradiometer
at thesamefrequenciesaswherethemodel(J2+central)termsarevisible andthesensitivity of theSGGobservationsat
thesefrequencies(rememberhigh performancein thegradiometermeasurementbandwidthand1/# noisebelow).

3. Comparisonwith other satellitedata fr om missionslik e CHAMP or GRACE This methodrelatesto theprevious
one in as far asupdatedsatellite-onlyor combinedglobal gravity field modelsderived from CHAMP and/orGRACE
datawould beusedas“existing” globalgravity field knowledge.At thetimeof theGOCEmissionstate-of-the-artglobal
gravity field modelsfrom CHAMP andGRACE areexpectedto beavailable. Importantto understandhereis in how far
thecalibrationissueof CHAMP andGRACE will bepropagatedinto theGOCEcalibrationif thesedatawould beused
heretoo. Furthermore,sincethe accelerometerson eitherCHAMP, GRACE andGOCEaremanufacturedby the same
manufacturerandprobablywill haveverysimilarerrorcharacteristics,it remainsaquestionwhethersuchacomparisonis
really “calibration” or moreaconsistency check.Alternatively, onecouldinvestigatethepossibilityof usingtheCHAMP
or GRACEdata(hi-lo SSTandlo-lo SSTrespectively) directlyasexternaldatasource,convert themto GOCEtypeSGG
andSSTdataat the respective altitude,andcomparewith theGOCEmeasurements.Itemsto beaddressedherearefor
example: the calibrationof GRACE andCHAMP; spectralerror characteristicsof GRACE andCHAMP comparedto
GOCE;methodsfor convertingtheexternaldatainto GOCEtypeSGGandSSTdata(including interpolation,filtering,
etc.).

4. Inter -comparisonbetweendiffer ent typesof GOCE data Onemaythink of all kindsof methodsto inter-compare
datafrom differentGOCEsensorsandactuators.Themainquestionswith any of suchmethodsconcernthein-dependency
of thesedatatypesandtherisk of circularreasoning.Possiblemethodscouldbe:
a. SST– SGG: usethe GOCEhi-lo SSTdatato checkthe GOCESGGdata,moreor lessin the sameway aswith the
GRACE and/orCHAMP dataasdescribedabove.
b. commonmode– SST: checkthegradiometercommonmodeoutputwith theSST/GPSobservations.Issueshereare,for
instance,theaccuracy of thecommonmodeobservations,thepossibilityof cross-interferenceandaliasingwhenGPSdata
is usedfor both gravity field recovery andcheckingcommonmodeaccelerometerobservations,the DFC performance,
theaccuracy of non-conservativeforcemodels,thechoiceof theapriori gravity field model,etc.
c. commonmode– DFC/atmosphere: comparethecommonmodeaccelerationswith informationof DFC(telemetry)plus
atmosphericmodels. Issueshereare,for instance,the accuracy andresolutionof the atmosphericmodels,the spectral
characteristicsof DFC,etc.
d. SST– SLR: comparethe SSTorbit datawith SLR observations. Although a passive instrumentandnot an actuator,
theSLR retroreflectorenablesa checkof GPS-basedorbit solutions.Of coursethedensityof theSLR network will not
beenoughto ensureby itself a goodorbit coverage.Nevertheless,a fit of theSLR observationsto theSST-basedGOCE
orbit solutionwill givesomeindicationontheaccuracy of thisorbit andindirectlyon thequalityof theSSTobservations,
especiallyat thebeginningof themission.
e. SGG– star tracker: the angularmotion $ can be determinedby integration from the anti-symmetricpart of the
measurementmatrix. This could be comparedto star tracker observations,either by integrating $ onceagainor by
(numerically)differentiatingthe anglesfrom the star trackers. Issueshereare: the samplingratesof the gradiometer



comparedto thestartracker, accuracy of theoff-diagonalcomponents(only %'&�( is measuredaccurately)andof thestar
trackerobservations,calibrationof thestartrackerobservations,etc.
f. SGGdata redundancy: Here,redundancy is to beunderstoodin thesenseof cross-oversandrepeatedgroundtracks.
Theformerarealwayspresent,thelatterdependonthemissiondesign,but arepeatperiodof approximately2 monthshas
beenmentionedfor GOCE.First of all, overlappingmeasurements(i.e. measurementshaving thesamelocationw.r.t. the
Earth)giveinterestingpossibilitiesfor quick look datacontrolandoutlierdetection.Furthermore,if onesubsetof thedata
is well calibratedexternally, subsequentsubsetsmay be calibratedw.r.t. the first set,like it canbe donefor subsequent
repeatcycles.This is, however, morea kind of “relative” calibration.

End-to-End simulator All themethodsdescribedaboveshouldbeinvestigatedin muchmoredetailto provetheirvalue
for theactualcalibrationonceGOCEflies. Obviously this shouldbedoneprior to themissionandthediscussionhereis
afirst attemptfor aqualitativeassessmentof themethods.Obviously, for aproperquantitativeandqualitativeassessment
weneedto dosimulationstudies.Here,realisticGOCEdatatimeseriesincludingerrorsarenecessary. Suchrealistictime
seriesshouldcomeasoutputof anEnd-to-EndsimulatorwheretheGOCEinstruments,satelliteandmeasurementprocess
aresimulatedin detail,includingthepossibilityto injectany kind of (systematicor not)errorfor whichasensitivity study
hasto beperformed,e.g.[5]. SuchanEnd-to-endsimulatorformsa necessarytool for testingcalibrationproceduresand
for doingsensitivity studiesfor all kindsof measurementerrors.

CONCLUSIONS

A challengingmissionlike GOCEputs high demandson (external) calibrationandon quality assessmentin general.
We have proposedthat a clear terminologyis used,wherecal/val 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
andpost-missionexternal (“absolute”)calibration. The internalcalibrationstepappliesto the accelerometersand the
gradiometerbut not to SST. Many methodsfor GOCEexternalcalibrationaresuggested,althougha lot of investigations
arestill necessaryandan assessmentof all methodsshouldbe done. This canbe donewith supportof the End-to-End
simulator, theoutputof whichcanbeusedfor studyingthefeasibilityandsensitivity of calibrationmethodsandtestingthe
implementationof thesemethods.In theend,thewholecal/val processfor GOCEwill haveto bedoneiteratively, coming
backto level 1b aftervalidationto improve thequality evenfurther. Severalmethodsrelatingto externalcalibrationare
underinvestigation. Many openquestionswith all thesemethodsremain,concerninge.g. the selectionandquality of
the externaldata,correlations(or dependency) if dataof differentGOCEsensorsis inter-compared,“absoluteness”of
methods,differencesin error characteristicsof the GOCEdatacomparedto the externaldata,calibrationof the error-
estimates,etc.
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