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Background: Surface currents modify the sea state via wave-current interactions. Satellite altimetry and idealized and realistic numerical simulations

suggest that

Motivation: . Thus understanding and quantifying how the currents modify the sea-state down to @O(1)

km is crucial for a wide range of applications such as air-sea fluxes and the upper-ocean mixing parametrizations. Additionally, a number of recent studies have
highlighted the potential for using wave observations to better understand and constrain ocean current variability. However, a
at high spatial resolution limits our ability to validate numerical models and understand the physics driving

State of observations:

- Ocean surface current: Most ocean currents product at global scales are geostrophically balanced currents derived from altimetry (resolved at ~150 km).

- Significant wave height: Altimeter-derived H, shows a correspondence between H, gradients and current gradients in the mesoscale range (>100 km). Denoised

altimeter data based on empirical filtering methods can resolve H, down to ~30 km (Dodet et al. 2020).
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Snapshot of simulated H; \(WAVEWATCH 3) without (CTRL) and with (NCOM) current forcing during the S-MODE Pilot campaign.
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Inter-platform comparison of H; measured/simulated during the S-MODE Pilot campaign
For more details:

Wavegliders (Grare et al. 2021), MASS (Melville et al. 2016)

||;.'|'“: ' i
ITﬂ'I..:.!.! o |.!.-E-.!| Evolution of the HS field during

I||.|::' | ; :'I' |:!|||.| the S-MODE Pilot Campaign

| .' !l"" "II::--|;Z: Y + supporting Information

| .
G owco I" " llllll llll

BN E EEEE PRIVAC DE.com HEER NN I

Wavel ength Lkwd

500 150 100 50 1
T A l ) ] S|
10—
| KE spectrum
|
_____ Z a\!‘tnﬂe'tf‘i | Hs spectrum
P S
& \ \\
1 F 4 S \
™ S
$ YA,
§— _ \
I altimetry N\
« v («3e,ostrophy) \ \ .l
S V77T S
C S
S 04 ]
-g_ 0
o g
‘_SJ {
A i
2 f
0.01 5
4
§ | Ship ADCP
{ HFR
) Dopp\fus Currents
<- Plome‘tary Mesoséale Submesoscale
0.001—  scale |
=t e \ | i =
0.05 0.015 0.01 0.5 I

Wavenumber r..cpkm.]

Schematic representation of significant wave height
and kinetic energy spectra.
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Wavenumber spectrum of: significant wave height (blue-
shade) from model, altimetry, and MASS data ;

from model, HFR, AVISO product, and DoppVis
instrument (red-shade)
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Four 75600 m x 300 m swaths of sea surface height measured by the MASS instrument
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Zoom on the simulated H ¢ and current velocity field with MASS/DoppVis (Lenain et al. 2023)

and autonomous platform measurements
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Averaged wavenumber spectra of H, measured by MASS and model.

H measured by MASS have been smoothed at different scales with a

Take away: moving average

. iIn the mesoscale range. This variability is captured by MASS and
altimetry observations at mesoscale.

- The H, comparison between model and observations (both in amplitude and phase) of the

current forcing.
- Numerical results suggest that the variance of H, is proportional to the variance of KE in the meso-to-submesoscale range. This was
at scales smaller than 50 km. We found H, variance one order of magnitude higher than
suggested by altimetry and models which we hypothesize to be due to the contribution of a
that modulate H, at these scales.

What is next? Further investigation is needed to understand what drives the H variability at intermediate scales and, more specifically,
to quantify the role of currents on waves.

 Our preliminary investigation focused on the measurements from the S-MODE pilot campaign. Observations from the S-MODE I0OPs
and the upcoming SWOT calval campaign will provide more realizations and
- Future work will leverage these observations examine quantities that depend on higher moments of the wave spectrum (e.g.,
).

- Multiple tracks over a broad range of sea states will also enable investigating the in H_ observed in numerical models.

0.9
0.45
- ()
-0.45
g
=5, -0.9
v
=
(v} : : : i '~
= 1.2 e ' g
= \ Stokes drift 8 Stokes drift]| <
QO
450 - (current) (no current) | >
[.1 36°N _ | é
---------------------------- NE
- 1.0 o
250 1 £
: I
0.9 9
S
50 1 =
0.8 9) _—
«o& 0;4* o§$ «& N N o 103 1072 107!
N N Y NV ,\’)?) \}9 Wavenumber [cycle/km]

distance [km)]



