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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:
o a steric effect due to ocean heat uptake and salinity variations,
o 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~! (currently = 0.3
mm.yr—, 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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GMSL Measurement from Topex altimetry mission - c11 to 364
vDT2021 (MGDR-B products) vs vDT2024 (GDR-F products) - 6-month filtered
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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:
o 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! 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?yrelative drift between
TOPEX and Poseidon over TOPEX side Al (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 Al (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-AL 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):

" linear tto TOPEX minus Poseidon residuals (red),

" 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-AL 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-Al 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-AL 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: lllustration 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,, = 24+ STD2| corrections
It will be updated with the new version of the uncertainty budget and described in the specic
paper.

Page 10 CLS-ENVP-NT-26-0013



Conclusion

We show that the new GDR-F TOPEX dataset, used in L2P vDT2024 products, presents a drift
of 2:6mm:yr ! overthe 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.
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