
A new CAL/VAL proposition based on the sea level 
budget in the center of mass.
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Altimetry griddedmaps(CMEMS,SLfrom CCI)areprovided(mostly)in the centerof figure for comparisonswith tide gauge
records(Ablainet al 2015).

Werecomputedthe orbits of Jason1 and2 to get them in a referenceframecenteredon the CM. Wereprocessedthe
altimetry data with these orbits to get Altimetry measurementsin the CM. We test 4 different geocentermotions in the
reprocessingof orbitswhichyieldedto 4 griddedsolutions,anexampleof the effect isshownin FigC.

A) CM vs CF from Wu et al 
2012

First resultsFirst results

üTheuncertaintyin the globalmeansealevel rise from altimetry seemsonly slightlysensitiveto the geocentermotion used: ±0,02 mm/yr at 1,65sfrom FigureCalthoughthe valuesare
smallerthan in the CF. Weneedto further analysethesedifferences,speciallythe correctionbetweenJason1andJason2

ü Thereisanimportant reductionin the uncertaintyin the globalGRACEoceanmasstrend from the CFto the CMfrom ±0,27mm/yr at 1,65sto ±0,16mm/yr at 1,65s.

üThestericestimationfrom different observingsystemrevealsa goodagreementin the interannualvariability. Weneedto analysethe differencesin the trendswherethe estimationin the
CM is greater than the estimationsfrom ARGOprofiles by 0,30 mm/yr (considering²/wtΩǎtrend), asa consequancethe deepoceantrends estimatedby the sealevel budget results
greaterthan previousanalysisandneedto be further analysed.

üTheseresultsarepreliminary. Wewant to crossvalidatethe resultswith stericdataandwewant to analysethe effectof the oceanmaskused. (Weonlyconsiderlatitudesunder66° andno
marginalseaswhichcorrespondsto 77%of the ocean)

üWeplanto comparethe interannualwith estimationsfrom CERES

OceanMass from Grace OceanMass from Grace 

Webuildan ensemble includingthe state-of-the-art corrections:

Å 5 Processingcenters: ( CSR,GFZ, GRGS,JPL and TUG)
Å 2 EarthOblateness time series: Cheng et al 2013 and Lemoine et al 2016)
Å 5 Filtering: P3M6 from Chen et al. (2007) and 4 ddk filters from Kuscheet al. (2009)
Å 3 GIA models: A et al.(2013), Stuhneand Peltier (2015) and Purcell et al. (2016)

B) Geocenter motion detrended low passfiltered time series(a) Trends for Jan 2005 ςJan 2015 (b)

C)  Global sea level attending to the geocenter motion considered in the CM detrendedlow passfiltered time series(a) 
Trends for Jan 2005 ςDec2014 (b) and annualcycle (c). GSL from SL CCI V2.0 in the CF isshownfor comparaison pourpuse 

E)  Global Ocean Mass from GRACE detrendedlow passfiltered time series(a)Trends histogram 
for Jan 2005 ςJan2015 (b) and annual cycle (c). Red lines corresponds to the hypothetical 
Gaussian distribution.

Source Trend error
(mm/yr)

Orbit (Beckley et al., Ablain et al.) 0.21

Wet atmos. (TMR/JMR drift) (Ablain et al.) 0.25

Dry atmos. (pressure fields) (Ablainet al.) 0.08

Sea state bias(Ablain et al.) 0.08

Quadraticsum 0.33

Tide gauge calibration
(Micthum and Nerem; Beckley et al.;  Ablain et al.)

0.33

D) Global mean sea level trend: error budget since 2004. 
updated from Ablain et al. (2015)

Thecomparisonwith in situ Argoprofilesand GRACE-basedoceanmasshasprovento be usefulto detect globaland regional
drift in sealevelestimatesfrom satellitealtimeters. It is alsoroutinely usedto assessthe impactof new altimeter standardsin
sealevel productsand detect anomaliesat interannualtime scales. Sofar, the classicalapproachis to estimatethe stericsea
levelfrom acombinationof GRACEandsatellitealtimetryobservationsandvalidateit againstArgoobservations.
Historically,GRACEandsatellitealtimetry dataarecombinedin a referenceframecenteredon the centerof figureof the Earth
(CF)for this purpose. This approachis sensitiveto the uncertainty in the geocentermotion which limits significantlythe

Geocenter motionGeocenter motion

The geocentercorrection applied to altimetry and GRACEenablesto translate satellite measurementsthat are done in a
referenceframecenteredon the Earthcenterof mass( CM)to a referenceframethat iscenteredon the Centerof figure(CF). In
this new referenceframe satellite observationscan be comparedwith in situ data. The vector CM-CFis named geocenter

The Gravity Recovery and Climate Experiment (GRACE) mission has been providing precise, time-varying measurements of the 
9ŀǊǘƘΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘ ǎƛƴŎŜ 2002. Once corrected for the solid Earth changes, this gravity field can be converted in mass 
water changes. GRACE data are originally expressed in the center of mass (because GRACE can not observe the geocenter
motion). However GRACE solutions are often translated in a reference frame centered on the CF to enable comparisons with in 
situ data. Figure D show the ocean mass in the CM. 

Considered in the 
study:

Cheng et al. (2013), 
Couhert et al. (2017), 
Lemoine et al. (2016), 
Swenson et al. (2008).

Shownin the figure 
but not used:

Wu et al.(2017), 
Rietbroeket al.(2012)

F) Sources of uncertainty in Global 
ocean mass  trend Jan 2005 Dec 
2015 from Blazquez et al. (2018)

accuracyof the cal/val method at both global and regionalscales. Yet,GRACEand satellite
altimetersmovearoundthe centerof massof the Earth(CM)andtheoreticallythe projection
of GRACEandaltimetry observationsin referenceframescenteredon the CFis not necessary
for the cal/val. In this studywe combinefor the first time newsatellitealtimetryproductswith
new GRACEobservationsreprocessedwith orbits centered on the CM. We compare this
combination with Argo data at both global and regional scale. This approachenablesto
removethe sourceof uncertaintyassociatedwith the geocentermotion andenablesto reach
anunprecedentedaccuracyin the cal/valmethodbasedon GraceandArgo.

motion. Although there is
a good agreement
between different
estimates on the annual
cycle,the spreadin trends
areimportant.

Trend error (mm/yr) CF CM

Processing center 0.09 0.07

Geocenter motion 0.21 0.00

C2,0 0.02 0.02

Filtering 0.02 0.02

Leakage correction 0.08 0.08

GIA 0.12 0.12

Total Uncertainty 0.27 0.16

TheOceanThermalexpansionis directly relatedto the OceanHeatcontent,which is oneof the major parameterto measurethe
EarthEnergyImbalanceresponsibleof the ClimateChange.

We estimatethis steric from
severalsources.
1) Steric from Sea Level

budget. Usingthe Global
sea level from Altimetry
minus the ocean mass
from GRACE.

2) Steric from WCRPmean
of several products
publishedin the WCRP

3) Steric from IAP (Argo
based)

4) Steric from EN4
reanalysis(ArgoBased)

Thedeep oceantrend is computedas the differencebetween the altimetry, the oceanmassand the steric sealevel for the first
2000m from IAPandEN4.

G)  Global steric sea level detrendedlow passfiltered time series(a) Trends for Jan 2005 ςDec2014 
(b) and annualcycle (c).

Steric estimation from different observing systems

Deep ocean estimation

H)  Deep Ocean estimation. The uncertainty is computed considering the uncertainty of 0,33 from the 
altimetry,the uncertainty  from grace ensemble and the differences between IAP and EN4 steric fields

H)  Deep Ocean estimation. The uncertainty is computed considering the uncertainty of 0,33 from the altimetry, the 
uncertainty  from grace ensemble and the differences between IAP and EN4 steric fields

PerspectivesPerspectives


