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Problem statement and objectives

The Global Mean Sea Level (GMSL) has been measured with radar altimetry satellites since
October 1992 on the same orbit with the series of TOPEX/JASON-1/2/3/SENTINEL-6 MF
missions. This indicator is a natural integrator of Climate Change with two main contributions:

• a steric effect due to ocean heat uptake and salinity variations,

• a barystatic effect resulting from additional mass from ice melt.

Ensuring the long-term stability of the GMSL record is mandatory to disentangle physical
signals from measurements artifacts. This becomes even more important as new recommenda-
tions for long-term stability have been established by the scientific community for both global
and regional uncertainties within a 10-year period ([10]): tackling upcoming climate science
questions will require an altimeter record stability lower than 0.1 mm.yr−1 (currently ≈ 0.3
mm.yr−1, see [5]).

In order to match these requirements, correcting for all known errors is mandatory.
The long term stability of the GMSL record is provided by the so-called reference missions.

TOPEX/Poseidon is the first of the series of reference missions. There was two altimeters
on-board this satellite with two different designs. The Poseidon altimeter was functional only
one over ten cycles approximately and its design was then used as the base for future altimeter
instruments for JASON-1/2/3 and even SENTINEL-6B launched in November 2026. In L2P
vDT2024 products, Poseidon data was calibrated on TOPEX. This calibration is removed in
this study in order to compare raw data for both altimeters. The TOPEX instrument was the
main altimeter used of the TOPEX/Poseidon mission but i s affected by instrumental issues
impacting the sea level topography retrieval (eg [1]), more specifically over the first 6 years.
[12], among others, illustrated how this instrumental behavior affects the TOPEX/Poseidon
GMSL and estimated an empirical correction for the TOPEX-A data from the combination of
three different methods:

- comparison with tide gauges (TG),

- comparison with Poseidon data,

- Sea Level Budget Closure (SLBC).

This empirical correction, and the associated uncertainty, was derived from TOPEX MGDR
data (used in L2P vDT2021 products) and only applicable to that version. One can note that
this correction was only applied on the GMSL and was not included in along-track L2P vDT2021
data.

In 2023, the GDR-F, a fully reprocessed version of the TOPEX/Poseidon geophysical data
record was released [6]. This version has been used for the L2P vDT2024 release [8] which
serves as the baseline for the CNES/AVISO global mean sea level and Copernicus Marine
ocean topography products.
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Figure 1: GMSL with two datasets for TOPEX Mission
.

Comparing TOPEX/Poseidon L2P-DT21 (M-GDR) and L2P-DT24 (GDR-F) GMSL records
(see figure 1) shows differences reaching almost 1 cm locally and different trends over the
TOPEX-A period.

Such differences require a re-evaluation of TOPEX/Poseidon stability assessment and, if
needed, the estimation of an updated empirical correction, suited for GDR-F products.

This technical note contains two main parts:

• section 2 establishes the need for an empirical correction for TOPEX-A GDR-F data,

• section 3 proposes a correction leveraging available Poseidon cycles and provides validation
elements, and discusses the associated uncertainty.
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TOPEX/Poseidon drift characterization

In this section we compare TOPEX GDR-F data to both tide gauges and available Poseidon

measurements. Both analysis suggest that the TOPEX-A based GMSL record is a�ected by an

error that can be modelled as a drift error of magnitude � 2:5 mm:yr�1 over the period 1993

- 1996.

Comparisons between Altimetry and Tide Gauges

Tide gauges provide an independent validation data source for the long-term stability of the

altimetry record and have been used (e.g. [11], [16]) to detect and correct anomalies in the

altimeter record. The data and methods used to perform the altimetry versus tide gauges

comparisons are detailed in appendix A.

The altimetry minus tide gauges residuals, comparing the L2P vDT2024 products ([8]) to

the GLOSS/Clivar network are shown on �gure 2, above panel. The TOPEX-A period stands

out as an anomaly with larger residuals than on any other part of the record. This is even further

visible when computing trends over sub-periods of varying length (�gure 2, below panel): the

TOPEX period � highlighted inside the purple triangle � again appears di�erent with trends of

altimetry minus tide gauges residuals much larger than over any other period of similar length.

Adding a di�erent network of tide gauges (PSMSL) to the comparison and zooming in on

the TOPEX period yields �gure 3. Comparisons to both networks are very consistent, and

although the networks are not fully independent, this suggests that the problem does come

from the altimeter record.

Comparisons with Poseidon

A second approach to calibrate the TOPEX GMSL record is to compare with Poseidon data

record. Such comparisons are performed in [6], who report a 2:6 mm:yr�1 relative drift between

TOPEX and Poseidon over TOPEX side A1 (up to cycle 130). This method was already used

with the previous version of TOPEX products (MGDR-B) as presented in [13] and [12].

Figure 4 shows the di�erences between TOPEX and Poseidon GMSL data for each Poseidon

cycle. Details about the computation of such di�erences are available in appendix B. Residuals

between TOPEX and Poseidon are consistent with the tide gauges analysis suggesting there

is indeed a drift over TOPEX side A1 (from 1993/01 to 1996/04) followed by a more stable

period over sides A2 and B.

Synthesis and validation

Both the comparisons to tide gauges and Poseidon data suggest an error a�ecting the TOPEX-

A record. This is further supported by a sea level budget closure analysis [2] reporting an

anomalous trend of the �rst part of the TOPEX record. All these results point towards a

spurious drift a�ecting the TOPEX GMSL during the TOPEX-A1 period (1993/01 - 1996/04)

that needs to be corrected
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Figure 2: Comparisons between all reference missions (TP/J1/J2/J3/S6A) data and Tide
Gauges from GLOSS/Clivar network (above) ; trend estimates over sbu-periods (x-axis) of
varying length (y-axis) from the time series showed on the left part of this �gure (below).

Empirical correction for TOPEX-A1 drift

We showed that three independent methods (comparisons to tide gauges, comparisons to Po-

seidon data and SLBC residuals) all point to a drift in the TOPEX-A1 record. Residuals from

each method (or a combination of all methods) could provide an empirical correction.

Possible corrections derived from tide gauges and Poseidon versus TOPEX residuals are

shown on �gure 5 (left):

ˆ linear �t to TOPEX minus Poseidon residuals (red),

ˆ low-pass �ltered tide gauges residuals over the TOPEX-A only (yellow) or the full TOPEX
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Figure 3: Comparisons between TOPEX L2P DT 24 data and Tide Gauges from GLOSS/Clivar
(GC) and PSMSL (PS) networks

Figure 4: GMSL di�erences between TOPEX and Poseidon L2P vDT2024 data for all Poseidon
cycles

record (green).

All empirical corrections are consistent over the TOPEX-A1 period and are slightly di�erent

afterward. Therefore a discussion remains on the period during which this correction should

be estimated and applied: only TOPEX-A1 period (1993/01 - 1996/04), TOPEX-A1 and A2

(1993/01 - 1999/02) or the whole TOPEX period (1993/01 - 2002/08). The impact of selecting

a correction over another on the GMSL time series is illustrated on �gure 5 (right).

The GMSL parameters' estimates (trend and acceleration) are of course dependent on the

correction applied as it impacts the beginning of the times series. E�ects of the di�erent possible

corrections on the GMSL trend and acceleration over the full record are illustrated in �gure 6.

As the error on TOPEX is signi�cant, all three potential corrections are valid considering

associated uncertainties. Here we choose to calibrate TOPEX based on di�erences to Poseidon.

The resulting correction (red line on �gure 5) is consistent over the TOPEX-A1 record with an

empirical correction based on comparisons to tide gauges and has the bene�t of being altimeter-
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Figure 5: Illustration of the three proposed corrections of the TOPEX data record (above) and
the impact on the reference GMSL (1993-2025) (below)

Figure 6: Impact of all potential TOPEX correction on the reference GMSL parameters' esti-
mates (trend and acceleration)

only, thus leaving tide gauges as an independent mean of veri�cation.

A calibration of the TOPEX GMSL on Poseidon data record leads to a better consistency

with Tide Gauges (independant dataset) as illustrated in �gure 7.

The uncertainty envelope during this period is for now completed with the standard devi-
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Figure 7: Comparison between TOPEX data and Tide Gauges GLOSS/Clivar network after
calibration of TOPEX data on Poseidon.

ation of all proposed calibrations described in this document: �2
new = � 2

old + STD 2
all_corrections

It will be updated with the new version of the uncertainty budget and described in the speci�c

paper.
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Conclusion

We show that the new GDR-F TOPEX dataset, used in L2P vDT2024 products, presents a drift

of � �2:6 mm:yr �1 over the period 1993/01 - 1996/04 (TOPEX-A1). We studied three possible

corrections using calibration from tide gauges and GDR-F Poseidon data. The calibration on

Poseidon data is �nally recommended to be used for further GMSL studies. This work is to be

published with a speci�c added part dedicated to the validation of the correction through the

SLBC (Sea Level Budget Closure) approach. The new GMSL time series delivered on AVISO

is corrected for this e�ect with the calibration on Poseidon data. A dedicated �eld available in

the product is available to remove this calibration for any user that would want to have access

to raw data.

Page 11 CLS-ENVP-NT-26-0013



References

[1] B. D. Beckley, P. S. Callahan, D. W. Hancock, G. T. Mitchum, and R. D. Ray. On the

�cal-mode� correction to topex satellite altimetry and its e�ect on the global mean sea

level time series. Journal of Geophysical Research: Oceans, 122(11):8371�8384, November

2017. ISSN 2169-9291. doi: 10.1002/2017jc013090. URL http://dx.doi.org/10.1002/

2017JC013090.

[2] Marie Bouih, Ramiro Ferrari, Robin Fraudeau, Michaël Ablain, Anny Cazenave,

Benoît Meyssignac, Alejandro Blazquez, Lionel Zawadzki, and Gérald Dibarboure.

Assessment of the topex gmsl stability by analysing the global mean sea level clo-

sure using the aviso l2p-2024 products. 2025. doi: 10.24400/527896/A03-2025.4341.

URL https://ostst.aviso.altimetry.fr/programs/abstracts-details.html?

tx_ausyclsseminar_pi2[action]=show&tx_ausyclsseminar_pi2[controller]

=Abstracte&tx_ausyclsseminar_pi2[objAbstracte]=4341&cHash=X.

[3] Patrick C. Caldwell, Mark A. Merri�eld, and Philip R. Thompson. Sea level measured

by tide gauges from global oceans as part of the joint archive for sea level (jasl) since

1846. 2001. doi: 10.7289/V5V40S7W. URL https://www.ncei.noaa.gov/archive/

accession/JIMAR-JASL.

[4] L. Carrère and F. Lyard. Modeling the barotropic response of the global ocean to

atmospheric wind and pressure forcing - comparisons with observations. Geophysi-

cal Research Letters, 30(6), 2003. doi: https://doi.org/10.1029/2002GL016473. URL

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2002GL016473.

[5] Guerou A.; Meyssignac B.; Prandi P.; Ablain M.; Ribes A.; Bignalet-Cazalet F. Current ob-

served global mean sea level rise and acceleration estimated from satellite altimetry and as-

sociated uncertainty. EGUsphere, 2022. doi: http://doi.org/10.5194/egusphere-2022-330.

[6] Linda Forster, Jean-Damien Desjonquères, Matthieu Talpe, Shailen D. Desai, Hélène

Roinard, François Bignalet-Cazalet, Philip S. Callahan, Josh K. Willis, Nicolas Picot,

Glenn M. Shirtli�e, and Thierry Guinle. Global validation of the version f geophys-

ical data records from the topex/poseidon altimetry satellite mission. Remote Sens-

ing, 17(14):2418, July 2025. ISSN 2072-4292. doi: 10.3390/rs17142418. URL http:

//dx.doi.org/10.3390/rs17142418.

[7] Simon J. Holgate, Andrew Matthews, Philip L. Woodworth, Lesley J. Rickards, Mark E.

Tamisiea, Elizabeth Bradshaw, Peter R. Foden, Kathleen M. Gordon, Svetlana Jevrejeva,

and Je� Pugh. New data systems and products at the permanent service for mean sea

level. Journal of Coastal Research, 29(3):493, 2013. doi: 10.2112/jcoastres-d-12-00175.1.

URL https://doi.org/10.2112/jcoastres-d-12-00175.1.

Page 12 CLS-ENVP-NT-26-0013



[8] M.; Pageot Y.; Rubin C.; Quet V.; Octau-F.; Pujol M.-I.; Prandi P.; Philipps S.;

Dibarboure G.; Denis I.; Nogueira Loddo C.; Bignalet-Cazalet F. Kocha, C.; Liévin.

Three decades of sea level multi-mission satellite data reprocessed to improve mesoscale

quality while ensuring climate scale consistency. Earth Syst. Sci. Data, 2026. doi:

https://doi.org/10.5194/essd-2025-604.

[9] F. H. Lyard, D. J. Allain, M. Cancet, L. Carrère, and N. Picot. Fes2014 global ocean

tide atlas: design and performance. Ocean Science, 17(3):615�649, 2021. doi: 10.5194/

os-17-615-2021. URL https://os.copernicus.org/articles/17/615/2021/.

[10] Benoit Meyssignac, Michael Ablain, Adrien Guérou, Pierre Prandi, Anne Barnoud, Ale-

jandro Blazquez, Sébastien Fourest, Victor Rousseau, Pascal Bonnefond, Anny Cazenave,

Jonathan Chenal, Gerald Dibarboure, Craig Donlon, Jérôme Benveniste, Annick Sylvestre-

Baron, and Nadya Vinogradova. How accurate is accurate enough for measuring sea-

level rise and variability. Nature Climate Change, 13(8):796�803, August 2023. doi:

10.1038/s41558-023-01735-z. URL https://doi.org/10.1038/s41558-023-01735-z.

[11] Gary T. Mitchum. Monitoring the stability of satellite altimeters with tide gauges. Jour-

nal of Atmospheric and Oceanic Technology, 15(3):721�730, June 1998. ISSN 1520-0426.

doi: 10.1175/1520-0426(1998)015<0721:mtsosa>2.0.co;2. URL http://dx.doi.org/10.

1175/1520-0426(1998)015<0721:MTSOSA>2.0.CO;2.

[12] Ablain M.; Jugier R.; Zawadski L.; Taburet N.; Cazenave A.; Meyssignac B.; Picot N. The

topex-a drift and impacts on gmsl time series. OST/ST meeting, 2017.

[13] Zawadski L.; Ablain M.; Thibaut P.; Prandi P. Estimating a drift in topex-a global mean

sea level using poseidon-1 measurements. OST/ST meeting, 2016.

[14] W.R. Peltier. GLOBAL GLACIAL ISOSTASY AND THE SURFACE OF THE ICE-AGE

EARTH: The ICE-5g (VM2) model and GRACE. Annual Review of Earth and Planetary

Sciences, 32(1):111�149, May 2004. doi: 10.1146/annurev.earth.32.082503.144359. URL

https://doi.org/10.1146/annurev.earth.32.082503.144359.

[15] G. Valladeau, J.-F. Legeais, M. Ablain, S. Guinehut, and N. Picot. Comparing altimetry

with tide gauges and argo pro�ling �oats for data quality assessment and mean sea level

studies. Marine Geodesy, 35(sup1):42�60, 2012. doi: 10.1080/01490419.2012.718226.

[16] Christopher S. Watson, Neil J. White, John A. Church, Matt A. King, Reed J. Bur-

gette, and Benoit Legresy. Unabated global mean sea-level rise over the satellite al-

timeter era. Nature Climate Change, 5(6):565�568, May 2015. ISSN 1758-6798. doi:

10.1038/nclimate2635. URL http://dx.doi.org/10.1038/nclimate2635.

Page 13 CLS-ENVP-NT-26-0013




	Problem statement and objectives
	TOPEX/Poseidon drift characterization
	Comparisons between Altimetry and Tide Gauges
	Comparisons with Poseidon
	Synthesis and validation

	Empirical correction for TOPEX-A1 drift
	Conclusion
	Tide gauges comparisons - data & methods
	Data description
	Tide gauges network
	Tide gauges pre-processing
	Altimetry data

	Altimetry versus Tide Gauges comparison method: Colocation and global bias estimate

	Comparison between TOPEX and Poseidon data

