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ADT = SSH – N

Direct Method

ADT = MDT + SLA

Classical Method

N not known with 
enought accuracy

Along track SLA = SSH - MeanProfile : 

 Mean Profile (repeat mission)

 MSS (non-repeat mission) 

 error (Dibarboure et al., 2012)

 Arctic, seasonal biais

Courtesy of P. Prandi 
(Prandi et al., 2012) 

• Dibarboure, G., Schaeffer, P., Escudier, P., Pujol, M.-I., Legeais, J. F., Faugère, Y., Morrow, R., Willis, J. K., Lambin, J., Berthias, J. P. et 
Picot, N. (2012). Finding Desirable Orbit Options for the "Extension of Life" Phase of Jason-1. Marine Geodesy.
• P. Prandi P., M. Ablain, A. Cazenave, and N. Picot, 2012. Sea level variability in the Arctic Ocean observed by satellite altimetry. Ocean 
Sci. Discuss., 9, 2375–2401, doi:10.5194/osd-9-2375-2012
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SLA Along Track 
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 Tropical band (20S-20N) : OK
 middle and high lat : Rc × 2
 Mapping[ADT=SSH-NGOCE]
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Geodesy – GOCE

ADT = SSH – NGOCE

Direct method

λ > 200 km
Length scale 

resolved by GOCE

λ < 200 km
Length scale 

NOT resolved by GOCE

Altimetry

ADT=MDT+SLA

Classical method

Classical method mapping scales vs GOCE scales
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Mapping of the Absolute Dynamic Topography from multi-
satellite along track Sea Surface Height and GOCE geoid 

height: a direct method

 Direct method – Mapping SSH-N (= ADT)
 Comparison with classical method

- EGM_TIM_R3 (Pail et al., 2010) 

   GOCE only DO 250 (80 km)

- Eigen6C (Förste et al.,2011) 

   GRACE + GOCE + surface data
 ADT in the Arctic Ocean
 Conclusions, perspectives

• Pail, R., Goiginger, H., Mayrhofer, R., Schuh, W., Brockmann, J. M., Krasbutter, I., Hoeck, E., Fecher, T., 2010. GOCE gravity field model 
derived from orbit and gradiometry data applying the time-wise method; presented at the ESA Living Planet Symposium 2010, Bergen, 
June 27 - July 2, Bergen, Noway
• Förste, C., Bruinsma, S., Shako, R., Marty, J-C, Flechtner, F., Abrikosov, O., Dahle, C., Lemoine, J.-M., Neumayer, K.H., Biancale, R., 
Barthelmes, F., König, R., Balmino, G., 2011. EIGEN-6 - A new combined global gravity field model including GOCE data from the 
collaboration of GFZ-Potsdam and GRGS-Toulouse; Geophysical Research Abstracts, Vol. 13, EGU2011-3242-2, EGU General Assembly
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• Förste, C., Bruinsma, S., Shako, R., Marty, J-C, Flechtner, F., Abrikosov, O., Dahle, C., Lemoine, J.-M., Neumayer, K.H., Biancale, R., 
Barthelmes, F., König, R., Balmino, G., 2011. EIGEN-6 - A new combined global gravity field model including GOCE data from the 
collaboration of GFZ-Potsdam and GRGS-Toulouse; Geophysical Research Abstracts, Vol. 13, EGU2011-3242-2, EGU General Assembly
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Envisat

G2J1

TP

 OBSERVATIONS (around 07/01/2004) : ADT =  SSH – EGM_TIM_R3 

Method to map SSH-N
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 Combination using objective analysis,
3 ingredients :

 Correlation radius :

 Variance 
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Observation error :  [SSH - EGM-TIM-R3] vs ADTGLORYS

Standard deviation of the signal 

Method to map SSH-N

 Observation’s error. Use apriori field GLORYS (Ferry et al, 2012)

ADTobs= SSH – N       to be compared with   ADTapriori
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Meridional correlation radiusZonal correlation radius

SSALTO/DUACS radius
Direct method radius GOCE resolution

• Ferry N., Parent L., Garric G., Barnier B. and others: GLORYS2V1 eddy permitting ocean reanalysis over the altimetric era. (1992-2009) at 
meso-scale. Mercator Quarterly Newsletter 44, January 2012, 29-39. www.mercator-ocean.fr
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 Result : map of [SSH – EGM_TIM_R3] the 07/01/2004

Method to map SSH-N
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Mapping of the Absolute Dynamic Topography from multi-
satellite along track Sea Surface Height and GOCE geoid 

height: a direct method

 Direct method – Mapping SSH-N (= ADT)
 Comparison with classical method 

- EGM_TIM_R3 (Pail et al., 2010) 
   GOCE only DO 250 (80 km)
- Eigen6C (Förste et al.,2011) 
   GRACE + GOCE + surface data

 ADT in the Arctic Ocean
 Conclusions, perspectives

• Pail, R., Goiginger, H., Mayrhofer, R., Schuh, W., Brockmann, J. M., Krasbutter, I., Hoeck, E., Fecher, T., 2010. GOCE gravity field model 
derived from orbit and gradiometry data applying the time-wise method; presented at the ESA Living Planet Symposium 2010, Bergen, 
June 27 - July 2, Bergen, Noway
• Förste, C., Bruinsma, S., Shako, R., Marty, J-C, Flechtner, F., Abrikosov, O., Dahle, C., Lemoine, J.-M., Neumayer, K.H., Biancale, R., 
Barthelmes, F., König, R., Balmino, G., 2011. EIGEN-6 - A new combined global gravity field model including GOCE data from the 
collaboration of GFZ-Potsdam and GRGS-Toulouse; Geophysical Research Abstracts, Vol. 13, EGU2011-3242-2, EGU General Assembly
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Comparison with classical method

(cm)

MDT CNES_CLS09 (Rio et al, 2011) SLA

Classical method      ADT = MDT CNES_CLS09 + SLA

(cm)

+

= ADT

• Rio, M. H., S. Guinehut, and G. Larnicol (2011), New CNES CLS09 global mean dynamic topography computed from the combination of ‐
GRACE data, altimetry, and in situ measurements, J. Geophys. Res., 116, C07018, doi:10.1029/2010JC006505.
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Difference at same scales
Direct method – classical method 

Mean : 0.5 cm  no biais
Std :    6.3 cm

Direct method      ADT = SSH - EGM_TIM_R3

Classical method      ADT = MDT CNES_CLS09 + SLA

(cm)

(cm)

Comparison with classical method
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 Oceanic current well 
resolved with good 
intensity

  Because of residual 
noise, florida current, 
meanders not well 
resolve

  Ideas to improve
-  correlated error
-  pre pocessing
-  combined geoid  

 EGM_TIM_R3; GOCE only (Pail et al., 2010)

MDT CNES_CLS 09 + SLA
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 Surface data (altimetry) only from DO 160 (250 km)
 GOCE with an important contribution to DO 240 (160 km)

 At lenght scales larger than 200 km:  - GOCE contribution only
              - altimetry helps only to reduce omission errors

 EIGEN6C ; GRACE + GOCE + surface data  (Förste et al.,2011)

Comparison with classical method

Spherical harmonic degree:
(equivalent length scales) LAGEOS

30 130 240 (160km) 370 1420

260
GRACE

GOCE

DTU10 gravity anomalies

DTU10, block diagonal

160 (250km)

(cm) (cm)

Observation error of [SSH – Eigen6C] Observation error of [SSH – EGM_TIM_R3]
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 EIGEN6C ; GRACE + GOCE + surface data  (Förste et al.,2011)
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Mapping of the Absolute Dynamic Topography from multi-
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 Direct method – Mapping SSH-N (= ADT)
 Comparison with classical method

- EGM_TIM_R3 (Pail et al., 2010) 

   GOCE only DO 250 (80 km)
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   GRACE + GOCE + surface data
 ADT in the Arctic Ocean
 Conclusions, perspectives

• Pail, R., Goiginger, H., Mayrhofer, R., Schuh, W., Brockmann, J. M., Krasbutter, I., Hoeck, E., Fecher, T., 2010. GOCE gravity field model 
derived from orbit and gradiometry data applying the time-wise method; presented at the ESA Living Planet Symposium 2010, Bergen, 
June 27 - July 2, Bergen, Noway
• Förste, C., Bruinsma, S., Shako, R., Marty, J-C, Flechtner, F., Abrikosov, O., Dahle, C., Lemoine, J.-M., Neumayer, K.H., Biancale, R., 
Barthelmes, F., König, R., Balmino, G., 2011. EIGEN-6 - A new combined global gravity field model including GOCE data from the 
collaboration of GFZ-Potsdam and GRGS-Toulouse; Geophysical Research Abstracts, Vol. 13, EGU2011-3242-2, EGU General Assembly
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MDT DNSC08 
(Andersen et al., 2009)

• Andersen, O. B. and Knudsen, P. (2009). DNSC08 mean sea surface and mean dynamic topography models. Journal of Geo. Res.

Model reanalysis :
ADT GLORYS2V1

Classical method :
[MDT DNSC08 + SLA]200km

Direct method :
[SSH – Eigen6C]200km
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Absolute Dynamic Topography

in the Arctic Ocean
(5 september 2007)
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Mapping directly SSH – N: 

 Very encouraging

•Circulation well resolve

•Improvement with the use of Eigen6C

•GOCE open new perceptives : Arctic Ocean

 Perspectives

•Keep on reducing noise
- improve the method
- pre processing 
- improve geoid model (new gravity gradient processing)

•Validation over a time period and comparaison with 
independant data

•Study of a ADT time series in the Artic Ocean

Direct method :
[SSH – Eigen6C]200km

Conclusions, perspectives



OSTST,  Venice,  September 2012

- 21 -



OSTST,  Venice,  September 2012

- 22 -



OSTST,  Venice,  September 2012

- 23 -

Comparison with classical method
ADT = MDT + SLA

(m)

(cm)

MDT CNES_CLS09

MDT [MSS – EGMTIM_R3]125km

SLA
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Comparison with classical method
ADT = MDT + SLA

MDT CNES_CLS09

MDT [MSS – EGMTIM_R3]125km

SLA

(m)

(cm)

+ = ADT
(Classical method)
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ADT directe EgmTim – 
ADT CNES_CLS09
2Rc
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ADT directe Eigen6C 
– ADT CNES_CLS09
2Rc
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ADT directe Eigen6C 
– ADT CNES_CLS09
2Rc
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Rénalyses sur Arctique = assimilation SST, SLA, pas d’assimilation in situ et pas d’assimilation de glace de mer.
SLA modèle est fonction du forçage atmosphérique et de la divergence du courant de surface.

‘Réanalyses’ Run libre

Moyenne SSH 1993-2009
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