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Introduction

This file contains complementary information to our main manuscript, principally details about the sensing instruments,
methods, processing and some additional figures.

Text S1. Some basics of Distributed Acoustic Sensing

Distributed Acoustic Sensing (DAS) systems make use of single optic fibers cased inside (un)armored cables, for instance
existing Telecommunication cables, to sense the environment. Currently, most DAS systems require a dark fiber to operate,
and can provide useful data at maximum distances along cable of up to one or two hundred kilometers, although recent
breakthroughs include successful DAS measurements along cable simultaneously data transmission and measurements of up to
one thousand kilometers [1, 2, 3]. Coherent laser pulses are regularly sent along the fiber and their Rayleigh back-scattered
signature due to imperfections of the fiber are used as a proxy for temperature and strain perturbations affecting the optical
path length (due to local elongations and refractive index variations of the fiber) over specific sections of the cable [4, 5].
These perturbations can be traced-back along specific locations along the fiber by converting the two-way travel time of the
back-scattered light to distances with the known speed of light in silica. Measurements are averaged along a few meters of
cable (gauge length) at a defined distance step (spatial sampling). In contrast to DAS, Distributed Temperature Sensing (DTS)
is based on Raman-scattering, while Distributed Temperature and Strain Sensing (DSTS) is based on Brillouin-scattering.

Text S2. Inertial variability

The inertial period T at a given latitude 0 reflects the variability time scale of important mesoscale to large scale oceanographic
processes. This period is determined by the Coriolis effect due to the angular momentum conservation for traveling objects that
are subjected to the earth’s rotation centrifugal force and can be estimated via:

T.=f.' = (2Qsin@) !

where f, is known as the Coriolis frequency and Q is the rotation rate of the earth (~ 7.29 x 1073 rad/s) [6, 7, 8, 9]. This
translates into an inertial period of ~17.5h at the mean latitude of the Toulon cable (43°N).

Text S3. Empirical Mode Decomposition and Hilbert-Huang Transform parameters

EMD and HHT analyses [10] were performed by using the EMD Python package [11]. Several of the examples and built-in
functions of the package were implemented in our study. The mask sifting (mode separation) scheme [12] produced the best
results for the LF-DAS data. This approach allows us to obtain a set of well-behaved Intrinsic Mode Functions (IMFs) that
represent generalized spectral components or empirical modes of the input signal. A proper sifting leads to IMFs that are purely
oscillatory functions with zero reference levels from which instantaneous amplitude and frequency attributes are obtained
by means of a Hilbert-Huang Transform (HHT) [13]. The masks are monochromatic signals introduced into the Intrinsic
Mode Function (IMF) under consideration to avoid mixing of modes with very different frequencies: as the high frequency
components are always captured and separated first during the sifting, a mask signal with a frequency higher than a long period
oscillation in the signal contributes to separate the latter correctly from the other higher frequency components. Most of the
default mask sifting parameters of the package were the basis of our processing. The amplitude of these masks were uniformly
computed as ratios of the standard deviation of the input for all IMFs; their frequency successively increasing at factors of 2.
Four masks were applied to each IMF and the sift threshold was set to 108, Eight IMFs were calculated in total.

The instantaneous attributes (amplitude and frequency) of each IMF were found via amplitude-normalized Hilbert transform
(NHT) as in [14]. Channels with anomalous extrema were muted under a 3-standard deviation outlier criterium. We applied a
logarithmic binning of 1000 grid points between 0.001 and 1.0 mHz to ensure enough spectral resolution. Amplitudes were
stacked to obtain the binned HHT. The HHT spectra were normalized as power spectral density (divided by fsampling * Nsampies)-
To obtain the HHT spectra, we averaged all the instantaneous attributes of each IMF over a selected range of channels. This
results in a stacked spectrogram-like output representing the dominant spectral power spectral density over a section of cable.
The LF-DAS time series were pre-filtered with a highpass at 0.0007 mHz (equivalent to nearly 16 days - the total duration of
the deployment) and pre-averaged every two consecutive channels to increase their SNR. The final images were smoothed
using a Gaussian kernel convolution filter with one standard deviation. For Figs 3b,c, each IMF is weighted by its instantaneous
amplitude, so to obtain an image analogous to a spectrogram that captures the time-evolution of the spectral components.

Care was taken to select a timespan for analysis with no large data breaks and to reject channels with anomalously uniform
or large values or spikes (as seen from Fig. 2a,b), as these artifacts can largely affect the EMD [15]. Furthermore, the averaging
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of the instantaneous attributes of each IMFs across a sufficiently long cable range helps to balance out such undesired effects, in
case that artifacts may remain at some channels. Orthogonality tests [10] and Pseudo Mode Mixing indices [16] were computed
for the IMFs of a few channels to check for consistency of the results and positive results were obtained. Some instantaneous
frequency overlap between the instantaneous frequencies of some adjacent IMFs as well as sporadic negative instantaneous
frequency values still exist in the output HHT, but these contributions remain low in overall and were significantly suppressed
after channel averaging. Supplementary Figure S1 shows an example of such decomposition for a selected channel using the
EMD Python package.

Text S4. Estimation of tidal current-induced temperature variations over a sloping bottom

The vertical current w associated with an horizontal current u flowing against bathymetry £ is:
w=u X oh,

where d, denotes a horizontal gradient (slope) in radians. The vertical displacement 1 associated with a periodic, sinusoidal
vertical velocity of magnitude w and angular frequency @ is: 7 = w/®. Using semi-diurnal and/or diurnal frequencies, i.e.
®=1.4x10"* and/or @ = 7.2 x 1077 rad/s, respectively, one can estimate the local variation of temperature 87 associated
with a mean vertical thermal gradient d,T as:
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Figure S1. Sample Intrinsic Mode Functions (IMFs) for a selected LF-DAS channel.
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Figure S2. a) Bathymetry along the cable and the estimated tidal-current induced temperature anomalies derived from the
horizontal tidal current components (FES2014 model) at the three highlighted locations. The results are valid for the K1 tidal
component (~24 h), while values for the main semidiurnal components are expected to be as half as large. b) Bathymetric
slope map with the markers indicating the location of the three tidal model points and that of the available ARGO floats in c)
and d), which were used to estimate the mean thermal gradient over the continental slope points (taken from the deepest half of
d)). Mean slopes were estimated on 2x2 km cells. The mean thermal gradient over the shelf was estimated from the deepest 30
m of the thermistor chain at Cap Vieux (Figs. 1 and 2 in main text) during the extent of the experiment. The derivation method

is as explained in Text S4.
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Figure S3. Schematic interpretation of the "V"-shaped thermal features observed in LF-DAS, assuming a vertical thermal
gradient that is monotonically advected, as in Fig. 4 in Lucas & Pinkel (2022) [17]. Top: Idealized water column with a sharp,
localized gradient (i.e. thermocline) separating cold water at depth and warm water above. Bottom-left: temperature signal
along the cable produced by successive downslope/offshore and upslope/onshore oscillating current u (e.g. prompted by a
monochromatic internal wave) brings warm water offshore (positive x) and cold water onshore, respectively. Bottom-right: the
associated temperature time rate of change produces repeating "V"-shaped patterns with cooling branches pointing onshore and
warming branches propagating offshore. The same process could occur due to along-slope displacements of an horizontal
temperature gradient albeit with no preferred orientation of the cooling and warming branches given the equal probability, in
general, of encountering horizontal temperature gradients of either sign.
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Figure S4. Collocated DSTS and LF-DAS measurements in Toulon, June 2022 - Filtered ensemble comparison. Lowpassed

DSTS (a) and LF-DAS (b)

7/9



()

_depth [m] DSTS. Toulon June 2022 highpass: 0.1mHz

10

12

distance along cable [km]
e

14

16
N I\ ® (o I\ 0 N 0 o
) A0 S Q 0,90 000« o“w 0,9& 0,904
oS S S S S S
o® & N o R e
Time (UTC)

_depth [m]
2
5 z5
t X P I ity g A AT
X 4 77
=
2
2
2 6
o
£ s
o
©
010
o
€
3
B2
o
14
16
o ® R
N
o
o

Time (UTC)

N =
=] o
o o
IS) oS

w
=3
s3]
o

Channel number

~ =
o =3
o o
o o

®
o
o
IS]

N - =
o w o
o o o
o o o
Channel number

N
1
o
o

3000

0.05

0.00

—-0.05

emperature [°C]

=

-0.10

-0.15

o
o
strain [ustrain]

Figure S4. (cont.) collocated DSTS and LF-DAS measurements in Toulon, June 2022 - Filtered ensemble comparison.

Highpassed DSTS (c) and LF-DAS (d).
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Figure S5. A sketch of the structure of the TMEDNet thermistor chain used in this study (originally in french, property of the
manufacturer).
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Figure S6. Selected DAS channels before (red) and after (green) segment leveling and gap interpolation. The light blue
shaded areas mark the location of the two gaps in the data. The timespan corresponds to that presented in Fig. 2 of the main
text.
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