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� GOCE GOCE GOCE GOCE gravitygravitygravitygravity fieldsfieldsfieldsfields computedcomputedcomputedcomputed fromfromfromfrom 8 8 8 8 monthsmonthsmonthsmonths of of of of 
datadatadatadata withwithwithwith thethethethe CelestialCelestialCelestialCelestial MechanicsMechanicsMechanicsMechanics Approach (CMA)Approach (CMA)Approach (CMA)Approach (CMA)

� GPS (lGPS (lGPS (lGPS (lmaxmaxmaxmax=120)=120)=120)=120)
� GradiometerGradiometerGradiometerGradiometer: XX, YY, ZZ (l: XX, YY, ZZ (l: XX, YY, ZZ (l: XX, YY, ZZ (lmaxmaxmaxmax=160)=160)=160)=160)

� CombinationCombinationCombinationCombination withwithwithwith 7 7 7 7 yearsyearsyearsyears of GRACE (CMA)of GRACE (CMA)of GRACE (CMA)of GRACE (CMA)

� First First First First resultsresultsresultsresults withwithwithwith reprocessedreprocessedreprocessedreprocessed gradiometergradiometergradiometergradiometer and and and and 
attitudeattitudeattitudeattitude datadatadatadata (84 d, l(84 d, l(84 d, l(84 d, lmaxmaxmaxmax=200)=200)=200)=200)

WhatWhatWhatWhat do do do do wewewewe showshowshowshow????
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� Independent Independent Independent Independent gravitygravitygravitygravity fieldfieldfieldfield solutionsolutionsolutionsolution

� New New New New conceptconceptconceptconcept to deal to deal to deal to deal withwithwithwith gradiometergradiometergradiometergradiometer noisenoisenoisenoise (no (no (no (no 
a priori a priori a priori a priori knowledgeknowledgeknowledgeknowledge on on on on noisenoisenoisenoise----PSDPSDPSDPSD necessarynecessarynecessarynecessary))))

� ConsistentConsistentConsistentConsistent combinationcombinationcombinationcombination withwithwithwith GRACEGRACEGRACEGRACE

� ProofProofProofProof of of of of conceptconceptconceptconcept: : : : llllmaxmaxmaxmax = 160= 160= 160= 160

� Final Final Final Final solutionsolutionsolutionsolution: : : : llllmaxmaxmaxmax= 200 (= 200 (= 200 (= 200 (currentlycurrentlycurrentlycurrently limitedlimitedlimitedlimited bybybyby
computingcomputingcomputingcomputing resourcesresourcesresourcesresources))))

� Fair Fair Fair Fair weightweightweightweight of of of of GPSGPSGPSGPS----partpartpartpart ((((llllmaxmaxmaxmax= 160)= 160)= 160)= 160)

WhyWhyWhyWhy do do do do wewewewe showshowshowshow itititit????
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ConstrainedConstrainedConstrainedConstrained PiecewisePiecewisePiecewisePiecewise
Linear Parameters (PWL) Linear Parameters (PWL) Linear Parameters (PWL) Linear Parameters (PWL) 
absorbabsorbabsorbabsorb signalsignalsignalsignal belowbelowbelowbelow
measurementmeasurementmeasurementmeasurement bandwidthbandwidthbandwidthbandwidth
of of of of gradiometergradiometergradiometergradiometer....

SpecialtiesSpecialtiesSpecialtiesSpecialties of of of of thethethethe CMA (CMA (CMA (CMA (appliedappliedappliedapplied to to to to gradiometrygradiometrygradiometrygradiometry))))

Constraints on 2Constraints on 2Constraints on 2Constraints on 2ndndndnd derivatives of derivatives of derivatives of derivatives of 
PWL allow for:PWL allow for:PWL allow for:PWL allow for:

� ““““hardhardhardhard”””” constraints: constraints: constraints: constraints: resamplingresamplingresamplingresampling

� ““““softsoftsoftsoft”””” constraints: smoothingconstraints: smoothingconstraints: smoothingconstraints: smoothing
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smoothedsmoothedsmoothedsmoothed
1 min 1 min 1 min 1 min PWLsPWLsPWLsPWLs

≙≙≙≙

empiricalempiricalempiricalempirical
covariancescovariancescovariancescovariances

PWL contra PWL contra PWL contra PWL contra empiricalempiricalempiricalempirical covariancescovariancescovariancescovariances

ResultsResultsResultsResults fromfromfromfrom
2 2 2 2 monthsmonthsmonthsmonths of of of of 
datadatadatadata....
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� moremoremoremore datadatadatadata => => => => 
betterbetterbetterbetter gravitygravitygravitygravity
fieldfieldfieldfield ((((qualityqualityqualityquality
dominateddominateddominateddominated bybybyby
noisenoisenoisenoise, , , , notnotnotnot yetyetyetyet
bybybyby backgroundbackgroundbackgroundbackground
modelmodelmodelmodel errorerrorerrorerror))))

� omissionomissionomissionomission
errorerrorerrorerror (l(l(l(lmaxmaxmaxmax=160)=160)=160)=160)

� improvementimprovementimprovementimprovement
at at at at lowlowlowlow degreesdegreesdegreesdegrees
((((reprocessedreprocessedreprocessedreprocessed
datadatadatadata))))

GradiometerGradiometerGradiometerGradiometer----onlyonlyonlyonly solutionssolutionssolutionssolutions
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� fewfewfewfew monthsmonthsmonthsmonths
of GOCE of GOCE of GOCE of GOCE 
comparablecomparablecomparablecomparable to to to to 
8 8 8 8 yearsyearsyearsyears of of of of 
CHAMPCHAMPCHAMPCHAMP

� moremoremoremore CHAMP CHAMP CHAMP CHAMP 
datadatadatadata

� lowerlowerlowerlower GOCE GOCE GOCE GOCE 
orbitorbitorbitorbit

� omissionomissionomissionomission
errorerrorerrorerror (l(l(l(lmaxmaxmaxmax=120)=120)=120)=120)

GPSGPSGPSGPS----onlyonlyonlyonly solutionssolutionssolutionssolutions
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� omissionomissionomissionomission
errorerrorerrorerror of GPS of GPS of GPS of GPS 
degradesdegradesdegradesdegrades
gradiometergradiometergradiometergradiometer
solutionsolutionsolutionsolution (rel. (rel. (rel. (rel. 
weightsweightsweightsweights
accordingaccordingaccordingaccording to to to to 
ratioratioratioratio of RMS)of RMS)of RMS)of RMS)

� increasingincreasingincreasingincreasing
llllmaxmaxmaxmax (GPS) (GPS) (GPS) (GPS) 
curescurescurescures thethethethe
problemproblemproblemproblem

GradiometerGradiometerGradiometerGradiometer + GPS+ GPS+ GPS+ GPS
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Formal ErrorsFormal ErrorsFormal ErrorsFormal Errors

� relative relative relative relative 
weightingweightingweightingweighting: : : : 
ratioratioratioratio of RMS of RMS of RMS of RMS 
(GPS (GPS (GPS (GPS downdowndowndown----
weightedweightedweightedweighted))))

� formal formal formal formal 
errorserrorserrorserrors of of of of lowlowlowlow
degreesdegreesdegreesdegrees tootootootoo
optimisticoptimisticoptimisticoptimistic
(GRACE), (GRACE), (GRACE), (GRACE), 
otherwiseotherwiseotherwiseotherwise
good good good good 
agreementagreementagreementagreement....
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� moremoremoremore datadatadatadata
=> => => => betterbetterbetterbetter
solutionsolutionsolutionsolution

�omissionomissionomissionomission
errorerrorerrorerror at at at at 
llllmaxmaxmaxmax=160=160=160=160

GRACE + GOCEGRACE + GOCEGRACE + GOCEGRACE + GOCE
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GOCE GOCE GOCE GOCE helpshelpshelpshelps::::

� improveimproveimproveimprove
sensitivitysensitivitysensitivitysensitivity

� reducereducereducereduce
GRACE GRACE GRACE GRACE 
aliasingaliasingaliasingaliasing
errorserrorserrorserrors on on on on 
resonantresonantresonantresonant
ordersordersordersorders

� ReferenceReferenceReferenceReference: : : : 
GOCO02SGOCO02SGOCO02SGOCO02S

A A A A closercloserclosercloser looklooklooklook

GRACEGRACEGRACEGRACE

GOCE+ GOCE+ GOCE+ GOCE+ 
GRACEGRACEGRACEGRACE
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� √√√√3333----gain for gain for gain for gain for 
GPS (energyGPS (energyGPS (energyGPS (energy----
approach in approach in approach in approach in 
TIM is only 1D)TIM is only 1D)TIM is only 1D)TIM is only 1D)

� a priori a priori a priori a priori 
informationinformationinformationinformation in in in in 
DIRDIRDIRDIR

� TIM TIM TIM TIM isisisis partpartpartpart of of of of 
GOCO02SGOCO02SGOCO02SGOCO02S

� omissionomissionomissionomission
errorerrorerrorerror

ComparisonComparisonComparisonComparison to to to to otherotherotherother solutionssolutionssolutionssolutions
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ExternalExternalExternalExternal validationvalidationvalidationvalidation

9.9 cm9.9 cm9.9 cm9.9 cm

5.6 cm5.6 cm5.6 cm5.6 cm

10.0 cm10.0 cm10.0 cm10.0 cm

5.8 cm5.8 cm5.8 cm5.8 cm

10.1 cm10.1 cm10.1 cm10.1 cm

5.7 cm5.7 cm5.7 cm5.7 cm

837 (all)837 (all)837 (all)837 (all)

533 (1533 (1533 (1533 (1----σσσσ))))

Japan Japan Japan Japan GPSGPSGPSGPS----
benchmarkbenchmarkbenchmarkbenchmark

10.7 cm10.7 cm10.7 cm10.7 cm

6.2 cm6.2 cm6.2 cm6.2 cm

10.3 cm10.3 cm10.3 cm10.3 cm

6.0 cm6.0 cm6.0 cm6.0 cm

10.6 cm10.6 cm10.6 cm10.6 cm

5.7 cm5.7 cm5.7 cm5.7 cm

430 (all)430 (all)430 (all)430 (all)

281 (1281 (1281 (1281 (1----σσσσ))))

Canada Canada Canada Canada GPSGPSGPSGPS----
benchmarkbenchmarkbenchmarkbenchmark

4.6 cm4.6 cm4.6 cm4.6 cm

2.4 cm2.4 cm2.4 cm2.4 cm

5.3 cm5.3 cm5.3 cm5.3 cm

3.0 cm3.0 cm3.0 cm3.0 cm

4.9 cm4.9 cm4.9 cm4.9 cm

2.6 cm2.6 cm2.6 cm2.6 cm

675 (all)675 (all)675 (all)675 (all)

475 (1475 (1475 (1475 (1----σσσσ))))

BRD BRD BRD BRD GPSGPSGPSGPS----
benchmarkbenchmarkbenchmarkbenchmark

TIMTIMTIMTIM----2222DIRDIRDIRDIR----2222CMACMACMACMAnnnnReferenceReferenceReferenceReference

All All All All gravitygravitygravitygravity fieldsfieldsfieldsfields truncatedtruncatedtruncatedtruncated at at at at degreedegreedegreedegree 155.155.155.155.

Validation Validation Validation Validation performedperformedperformedperformed bybybyby Thomas Gruber (Thomas Gruber (Thomas Gruber (Thomas Gruber (onlyonlyonlyonly highhighhighhigh----
qualityqualityqualityquality datadatadatadata setssetssetssets shownshownshownshown).).).).
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GravityGravityGravityGravity
anomaliesanomaliesanomaliesanomalies
((((llllmaxmaxmaxmax = 155)= 155)= 155)= 155)

ComparisonComparisonComparisonComparison to EGM2008 and GOCO02Sto EGM2008 and GOCO02Sto EGM2008 and GOCO02Sto EGM2008 and GOCO02S

DiffDiffDiffDiff. to EGM2008 (155). to EGM2008 (155). to EGM2008 (155). to EGM2008 (155)
WRMS (global):  1.39 WRMS (global):  1.39 WRMS (global):  1.39 WRMS (global):  1.39 mGalmGalmGalmGal
WRMS (WRMS (WRMS (WRMS (oceansoceansoceansoceans): 0.60 ): 0.60 ): 0.60 ): 0.60 mGalmGalmGalmGal

DiffDiffDiffDiff. to GOCO02S (155). to GOCO02S (155). to GOCO02S (155). to GOCO02S (155)
WRMS (global):  0.31 WRMS (global):  0.31 WRMS (global):  0.31 WRMS (global):  0.31 mGalmGalmGalmGal
WRMS (WRMS (WRMS (WRMS (oceansoceansoceansoceans): 0.33 ): 0.33 ): 0.33 ): 0.33 mGalmGalmGalmGal

AnomalyAnomalyAnomalyAnomaly
southsouthsouthsouth of of of of 
AustraliaAustraliaAustraliaAustralia
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� CMA CMA CMA CMA isisisis a a a a powerfulpowerfulpowerfulpowerful tooltooltooltool forforforfor satellitesatellitesatellitesatellite gravitygravitygravitygravity
gradiometrygradiometrygradiometrygradiometry, as well., as well., as well., as well.

� To To To To avoidavoidavoidavoid artifactsartifactsartifactsartifacts GPS has to GPS has to GPS has to GPS has to bebebebe takentakentakentaken intointointointo accountaccountaccountaccount
to to to to llllmaxmaxmaxmax > 120 (> 120 (> 120 (> 120 (orororor mustmustmustmust bebebebe downweighteddownweighteddownweighteddownweighted).).).).

� GOCE GOCE GOCE GOCE contributioncontributioncontributioncontribution curescurescurescures aliasingaliasingaliasingaliasing artifactsartifactsartifactsartifacts on on on on 
resonantresonantresonantresonant ordersordersordersorders of GRACE.of GRACE.of GRACE.of GRACE.

� TheTheTheThe CMACMACMACMA----derivedderivedderivedderived gravitygravitygravitygravity fieldsfieldsfieldsfields areareareare currentlycurrentlycurrentlycurrently
expandedexpandedexpandedexpanded to to to to eveneveneveneven higherhigherhigherhigher degreesdegreesdegreesdegrees (200).(200).(200).(200).

SummarySummarySummarySummary and Outlookand Outlookand Outlookand Outlook


