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Introduction

This study analyzes the interest of new satellite missions for the observation of tidal signals. The present analysis evaluates the potential for desaliasing tidal signals
from various wide-swath satellites. We will consider the orbit of the Odysea mission for tidal currents, and the orbits of SWOT and the future SSNG and WISA {for tidal
elevations. The desaliasing analysis is based on an OSSE experiment using the IBI36 regional simulation of the North-East Atlantic Ocean (provided by Mercator-Ocean).
In addition, we evaluated the performance of the MITgcm ocean model, the llc2160 configuration with ocean-atmosphere coupling, in simulating tidal currents.

Desaliasing of tidal elevations

 KaRIn noise + wet tropospheric noise (mean constant wave) are added, but
the impact is very small on tidal elevation estimations.

* The Dynamic Atmospheric Correction is applied to remove the high-
frequency atmospherically forced signals aliased by the satellite sampling:

Cycle (days) 20.86455 57 17 3 using DAC-ERAS allows reducing the residual ocean noise and improves

the tidal estimations for the 3 configurations tested.

Orbits tested and desaliasing methodolog

Three different topographic mission orbits (SWOT, S3NG, WISA) and one ocean current
mission (ODYSEA) are considered in this analysis:

SWOT S3NG WISA ODYSEA

Sun-synchronous No Yes Yes Yes

The reference model is IBI36 regional free simulation on 2000-2004, forced by ERAS
meteorology and tides (Mercator-Ocean, [1]). M2 mean differences between IBI36 tidal
estimations and FES2022b give a 4 cm mean error for SSH and 5 cm/s for currents in
shallow waters, and around 2 cm error (resp. 2 cm/s) in deep ocean, which indicates
that IBI36 tide simulation is enough realistic for the present study.

Results for SSH:

-SWOT non-sun-synchronous satellite gives better results for most waves
and particularly S2 solar tide. Both SSNG and WISA allow observing S2 in
a few points but with a strong error.

-S3NG improves Q1 observation (more points and lower error)

Complex error between IBI36 and FES2022b models for M2 SSH (left) and M2 tidal currents -WISA improve both Q1 and O1 observations.
(middle: U in cm/s_;_righf: V in cm/s)
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Ratio of complex difference / reference in % for the 3 topography mission configurations, for
SWOT the 8 main tidal waves : blue areas indicate a good tidal observation with a small observation error
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OSSE methodology consisted in four steps :

1. Simulating satellite observations using IBI36 and SWOT simulator for topography
missions ([3]) and Odyseamulator for currents (configuration 12, [2], [4])

2. Binning wide-swath data in regular boxes: 0.05° for topography missions and 0.075°
for currents

3. Harmonic analysis of reconstructed time-series on each box and extract the 9 tide
frequencies: M2, N2, S2, K2, K1, O1, P1, Q1, M4 (=0BS)

4. Performance metric : Obs Error = Complex distance (OBS — REF)/Amplitude(REF)
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Desaliasing of tidal currents - ODYSEA mission

« Two orbit configurations are tested : the purely sun-synchronous orbit and the
drifting orbit (a weak drift of about 2 hours on 3 years is applied)

Percentage of valid bins (error < 15%) and mean percentage error on the valid bins for each

« Swath is very wide (1493 km) and resolution is 5 km. Noise comes from I2 topography mission configuration tested and for the 9 tidal waves estimated.
configuration (J. Chinaud, CNES): noise level is very strong and prevent any tidal 100 Percent of valid bins Mean pourcentage error on valid bins
estimation when using noisy data => results with no-noise are shown below e B

 Focus on regions where tidal current amplitude is greater than 3 cm/s " .

Results for U :
- Only M2 and N2 waves can be retrieved in significant regions (40-50% of the area) 60 - 8-
with mean error of 5%. 2 2
- A few points (10% or less of the area) are also observable for K2, K1, O1 and Q1 but .. Ny
with stronger mean error (6-8% observation error) N
- Drifting orbit configuration allows slightly better desaliasing of M2, N2, Q1; Twice o
more points are observable for M4 wave but with a strong mean error of 10%. Four 2
times more points are observable for S2 wave but mean error is still strong around 0 0 I
9 % . M2 N2 S2 K2 K1 01 P1 Q1 M4 M2 N2 S2 K2 K1 01 P1 Ql M4
Results for V are similar

Performance analysis of MITgcem tidal currents

As part of the preparation for the ODYSEA mission (a joint initiative between
CNES and NASA/JPL aiming to provide high-resolution global observations o
ocean currents and winds), this study evaluated the performance of the
MITgcm ocean model in simulating tidal currents (lc2160 configuration with
ocean-atmosphere coupling). The model’s outputs were compared to in situ
observations and the FES2022 global tidal solution across eight geographically
diverse ocean regions.

Sun-synchronous orbit case

o noise confi io 14
Eastward current - o n configuration Northward current -

Observation error error in % Observation error error in %
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Results show that MITgcm realistically reproduces the general tidal flow
dynamics but tends to overestimate current amplitudes, likely due to

o . o 0 limitations in bathymetric resolution, model parametrizations, and the use o
Percentage of valid bins (error < 15%) and mean percentage error on the valid bins for the 2 Odysea f ther th b t : t D te th limitat; th del
mission configurations tested (sun-synchronous orbit and drifting orbit) and for the 9 tidal waves suriace ratner than barotropic Currents. eSpl. € thnese lmita 101:133 € mo .e
estimated. Green line indicates the percentage of bins where tidal current is greater than 3 cm/s. demonstrated good overall performance, with errors remaining within
106 Percent of valid bins Mean pourcentage error on valid bins acceptable ranges for most regions and tidal constituents (e.g., an average M2
o | 121 RMSE of 7.3 cm/s). These findings confirm the model’s potential for
. supporting ODYSEA mission preparation, improving understanding of ocean-
. atmosphere exchanges, and providing a framework for future data
o N assimilation developments. Results are being published in Skandrani et al.
B ~ 2025 [3]).
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https://github.com/lgaultier/odyseamulator_l2/
https://swot-simulator.readthedocs.io/en/latest/index.html
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