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Abstract
At the fine scales observed by SWOT, SSH variations are primarily driven by two 

dynamics : nearly geostrophic Balanced Motions (BM) and wavy motions due to 
Internal Tides (IT). Separating BMs and ITs contributions during SWOT SSH mapping is 
essential for all type of applications. 

We introduce an innovative method to map and separate BM and IT (1st mode) SSH
signals from realistic altimetric observations including SWOT. It assumes that the SSH
results from the additive contribution of BMs (//0!") and ITs (//0#$).
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Each component is derived from a specific dynamical model #!" and ##$, 

controlled by its own set of parameters &!" and &#$. The separation problem is 
expressed as the identification of the optimal set of parameters ( = (&!" , &#$) that 
leads to the best fit between total gridded SSH and the altimetric SSH observations
//0%!&. It is done by minimizing the cost function : 
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Method
$$% = $$%!" + $$%#$

!!" : QG model
QG : quasi-geostrophic

!!" + $" % &" = 0
" = ∇#* − ⁄* -$#
* = ⁄./%& 0'

!#$ : L-SW model
L-SW : linear shallow water
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"%& : IT parameters
• .!" boundary conditions : 

⇒ controlling entering waves
• /$ equivalent height :

⇒ controlling wave propagation
• 0!"% IT generation (ITG) :

1!"% = 0!"% ∗ 4& 5 67
'!"# control is a corrective factor
($ : barotropic tide velocity 
)* : bathymetry gradient 

"'( : BM parameters
• additive model error : 
!!"#$% = ℳ$%(!!$%) + '&
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Fig. 2 : Wavelet basis used for 
parameter reduction

Experimental setup (OSSE in Hawai’i)
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Results

Observing System Simulation Experiment (OSSE) is carried out. MITgcm LLC4320 
(1/48° resolution, w. tidal forcing ) simulation is the reference. It is used to simulate SSH 
observations inputs for mapping, and as a baseline to evaluate SSH mapping results. A 
filter is applied to SSH fields to separate BM and IT for specific evaluation (Fig. 1).

An imaginary SWOT 1-day repeat crossover is implemented over Hawai’i (Fig. 3,4) by 
shifting orbit coordinates, in addition to 5 Nadir altimeters (Alt,C2, J3, S3A&B) (Fig. 4). 
The goal is to study the ability of SWOT + Nadirs to reconstruct the ITs around a 
generation site. 

Abbreviations BM : Balanced Motion  – IT : Internal Tide – SSH : Sea Surface Height 

Balanced Motions (BMs) Internal Tides (ITs)

Fig. 1 : BMs and ITs can be separated from MITgcm SSH hourly outputs using successive filtering.

Fig. 3 : Internal Tide Model Highlighting 
the strong generation around Hawai’i

Zone of study : 
Hawai’i

Fig. 4 : OSSE observations overlaid on Hawai’i 
bathymetry highlighting steep slopes
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Estimating the IT improves 
the RMSE by: 
Ø 20 % for bal. mot. 
Ø 17 % for total SSH

With IT estimationNo IT estimation

Tab. 1: Statistical scores of the reconstructions for the QG 
(no IT estimation) and QG&SW (with IT estimation) configurationsFig. 6: Top : two snapshots of the reconstructed fields &&' (left) and ,!" (right) 

Bottom : the corresponding reference fields for ,#$ (left) and &() (right)

Fig. 5: Spatio-temporal representation of the Power Spectral Density (PSD) of 
the reference field (left column) and the reconstructed field (right column), 
for ##'&' (top row), --.!" (middle row) and --."%" (bottom row)

No IT estimation mapping With IT estimation mapping Reference field

Fig. 8: In a subregion : geostrophic velocities derived from --.#$, shown for the QG configuration (no IT estimation, left), the QG/SW 
configuration (with IT estimation), and the reference field. The red circle highlights a submesoscale cyclonic eddy for comparison.

Fig. 7: PSD score for QG configuration (no IT estimation) and QG/SW (with IT 
estimation), highlighting an improvement by 28% of the effective resolution. 
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Key results
Separation: The corresponding spatio-temporal 
contributions of the BM and the IT are successfully 
separated from satellite altimetry measurements, with 
a spectral energy content in both reconstructed fields 
that closely matches the reference fields (Fig. 5).
Reconstruction: The method can successfully 
reconstruct a significant portion of both the BM and 
the IT. Fig. 6 shows that the main SSH patterns are 
well captured. Tab. 1 shows that the method captures 
95.2 % of the BM and 47.8 % of the IT variability.

Improvement: Separating the internal tide during improves 
the reconstruction of balanced motions, leading to greater 
accuracy compared to the configuration where the internal 
tide is not separated (Tab. 1, Fig. 7, Fig. 8).

Next steps
The method is now ready to be applied to real observations, 
with the North Pacific SWOT crossover serving as a first test 
case. Performance will be assessed by comparing results 
against an independent altimeter and surface drifter data.
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