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Surface waves modulate the fluxes of mass, momentum and energy between the air and sea.
The interacঞons can be pronounced at submesoscaѴe currents, where the wave fieѴd may be
strongѴy moduѴated, Ѵeading to enhanced wave steepening and breaking.

We present novel high resoluঞon airborne remote sensing and in-situ observaঞons of
wave–current interacঞon at a submesoscale front near the island of O’ahu, Hawaii.

Figure 1. Enhanced deep-water wave breaking aѴong a submesoscaѴe ocean front, as recorded by a handheѴd
digitaѴ singѴe-Ѵens reflex (DSLR) camera on 17 ApriѴ 201Ѷ near Kaena Point, O’ahu, Hawaii. Noঞce the abrupt
change between non-breaking and breaking waves. The horizontaѴ and verঞcaѴ scaѴes of this photograph are a
few hundred meters.
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Figure 2. ModuѴar AeriaѴ Sensing
System (MASS: MeѴviѴѴe et aѴ.
201ѵ) uses Ѵidar to capture high
resoѴuঞon observaঞons of the surf
wave topography and visibѴe
imagery is used to compute wave
breaking staঞsঞcs. The flight track
and ship track are shown in the
image.
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Figure 3. Ocean and wind data
measured by the R/V
Ka’imikai-O-KanaѴoa, as a funcঞon
of Ѵaঞtude. The verঞcaѴ soѴid Ѵine
indicates posiঞon of Kaena Point
(21.575¶ Ѵaঞtude), and the dashed
verঞcaѴ Ѵine indicates the posiঞon
of the observed submesoscaѴe
current.
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The in-situ and remote observaঞons impѴy that waves steepen and break due to their interacঞon
with the opposing currents.
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We define a tangent-normaѴ coordinate system as (s, n), respecঞveѴy. We see abrupt changes in
white cap coverage and sea surface temperature as a funcঞon of distance from the front.
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The wave breaking (Ѵeft) and (right) wave staঞsঞcs as a funcঞon of the distance normaѴ to the
front. We see white cap coverage increases abruptѴy at the front. OveraѴѴ, the wave breaking
staঞsঞcs (PhiѴѴips 1ƖѶ5) and its associated moments are strongѴy enhanced at the front. SimiѴarѴy,
the waves steepen at the front, with shorter waves increasing in energy.

This wave moduѴaঞon is consistent with the interacঞons observed and modeѴѴed in Lenain and
Pizzo (2021), where surface waves were incident on the currents induced by an internaѴ wave
train. There, WKB theory captured the buѴk scaѴe moduѴaঞons, which were most pronounced for
shorter surface gravity waves.
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Using the wave breaking staঞsঞc �(c), we can esঞmate the momentum flux M to the water
coѴumn from the wave fieѴd, which increases by an order of magnitude near the front. Using the
formuѴaঞon of Pizzo et aѴ. (201Ɩ), we can esঞmate the breaking induced drift at the front and the
Stokes drift at the front (Lenain and Pizzo 2020). We see that the drift is greatѴy increased at the
front.
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We find strong moduѴaঞon of the surface wave fieѴd across the frontaѴ boundary, incѴuding
enhanced wave breaking, that Ѵeads to significant spaঞaѴ inhomogeneiঞes in the wave and
wave breaking staঞsঞcs.
The nonbreaking (i.e., Stokes) and breaking induced drifts are shown to be increased at the
boundary by approximateѴy 50ѷ and an order of magnitude, respecঞveѴy.
The momentum flux from the wave fieѴd to the water coѴumn due to wave breaking is
enhanced by an order of magnitude at the front.
The increase in wave steepness and wave breaking impѴies that other important quanঞঞes
for air-sea interacঞon, e.g. increase in gas transfer (Deike 2022) shouѴd aѴso be increased at
the front.
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