Internal Solitary Waves:
interaction with background, between them, and with surface wind
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What are Internal Solitary Waves and why are they important?

Internal Solitary Waves (ISWs) can be thought of as the equivalent of surface waves traveling along the ocean's inner stratification. These waves may extend for hundreds of kilometres
in the horizontal and have up to 100 meters in vertical amplitude, and provide one of the oceans’ largest vertical velocities (of the order of 1m/s). They are so strong that their currents
can leave a measurable signature in the sea surface, which can be detected by different satellites [1,2]. These currents can create vertical shear, and hence turbulence and mixing [2].
Therefore they can impact a series of biogeochemical processes which are especially important in coastal environments and they are an important field of research in Ocean Sciences
(like Harmful Algae Blooms, see Refs. 1 and 2 and references therein).
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Do ISWs interact with the ocean’s background?

Mooring at LW after nM2 tidal periods

: " : M T i A ISWs are generated by tides. Tides act like clockwork in the ocean and hence are

> U highly predictable. How about ISWs? Turns out, not really [5]. Fig. 3 shows how
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Can they play teamwork with wind?
Fig. 3: Schematics showing how ITs propagating over the continental shelf can decouple from their generating surface tides in just a few tidal cycles owing to mesoscale variability. The Internal Tide (IT) in blue is generated at Low Water and travels
along n M2 tidal cycles until it reaches the mooring after nIT wavelengths. If enhanced mesoscale variability is introduced along its propagation stages, the IT can accelerate (green labels) or decelerate (red labels) and reach the mooring halfofan Shear from ISWs may combine with that from Wind. Together, they can mixed the

IT wavelength sooner (green dashed line) or later (red dashed line) for the same number of tidal periods. Note that, in that case the green and red lines would be a full semidiurnal tidal cycle apart. ocean’s interior with greater efﬁciency that they would separately. Read more in

Magalhaes et al. (2025).
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Fig. 4: A (a) Mored thermistor chain at approximately 40.22 °N and 9.24 °W (white dot in Fig. 1, 2019). An inset is shown for
large amplitude ISWs propagating approximately at 18h30m UTC (in gray shades in panel b). (c) Two consecutive SAR images
acquired September 7th, 2019, around 18:28 UTC, showing an interaction pattern between ISWs. A merged section is seen
very close to a moored thermistor chain (shown as a white circle).
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Fig. 5: lllustration showing combining mixing from ISWs and other phenomena may impact coastal processes - e.g., sequestration of atmospheric CO2 or harmful algae
blooms. Note how ISWs enhance surface wave breaking in their leading rough sections, and resuspension owing to their intermediate and bottom-induced shear.
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