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Abstract Distributed Acoustic Sensing (DAS) recordings close to the coast are influenced by
pressure signals from land- and seaward ocean surface gravity waves. The amplitude and period
of the signal can serve as proxies for the sea state. Measurements along the cable at greater water
depths show secondary microseisms related to the sea state away from the shore. The significant
wave height (SWH) and ocean currents along the cable can be evaluated continuously during the
experiment, resembling a dense sampling array of closely spaced moored buoys. However, in order
to provide serviceable results, the measurements have to be calibrated against an existing buoy
or wave numerical model data. In October 2023, the GeolLab dark fibre off Madeira Island in the
Atlantic was fitted with a DAS interrogator under a project by ARDITI and the Oceanic Observatory of
Madeira. As a pilot site, the experiment is linked to the SUBMERSE project that is trying to establish
continuous DAS monitoring along fibre-optic cables at multiple locations around Europe. We use
a one-week recording in late 2023, as well as a 5-day interval in 2024, to show changes in the DAS
data close to the shore where the water depth is small. Spectrograms of individual channels and
f-k spectra of different time intervals show effects of varying sea states, such as currents on the
dispersion curves between land- and seaward waves. To calibrate the measurements, the data are
compared against measurements from a moored buoy located close to the coast and the DAS cable.
We use data from the Atlantic-Iberian Biscay Irish-Ocean Wave Analysis and Forecast, which shows
good correlation with the buoy data, but lacks the small-scale variations that can be observed with

buoy point measurements.
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1 Introduction

The observation of hydrodynamic processes close to the shore is an important tool to assess variations in the flow of
ocean water governed by forces such as tides and wind. Since these processes act on different spatiotemporal scales,
both , and therefore have varying impacts, accurate measurements would ideally require a wide range of measure-
ments that can capture relatively fast-changing small-scale observations, as well as longer-term changes on broader
scales. Furthermore, to be of use for hazard assessment and early warning systems, real-time in-situ monitoring
would be needed. Moored oceanographic buoys are able to provide continuous measurements of ocean state param-
eters, such as significant wave height (SWH), wave period, and ocean currents along the cable. These measurements
provide vital input to larger-scale ocean circulation models. However, the instruments can only provide spatially
limited observations, and dense coverage along larger sections of coast lines is often not feasible, as it often provides
logistical challenges and is normally costly. On the other hand, satellite data can cover large-scale monitoring, for
example ocean surface waves, but might not be able to capture more complex patterns in shallower regions close to
the shore due to temporal and spatial resolution limits.

To satisfy the need for nearshore high spatial and temporal resolution monitoring of oceanographic parameters
in real time, the addition of observations using submarine telecommunication fibre-optic cables can be of great help
(e.g., Howe et al., 2019). Changes in strain, pressure, and temperature affect the propagation of light along the fibre,
as well as the way energy is backscattered (Hocker, 1979; Hamza et al., 2004; Seabrook et al., 2022; Peldez Quifiones
et al., 2023; Becerril et al., 2024). Light pulses travelling along the fibre are predominantly backscattered by elastic
Rayleigh scattering, which is used by Distributed Acoustic Sensing (DAS) to characterise the acoustic field in terms of
amplitude, wavelength, and phase over a wide dynamic range (Lindsey et al., 2020). Due to these characteristics, DAS
is able to provide broadband strain measurements on very small spatial and temporal scales that would be difficult
to achieve with traditional instruments.

In the last decade, technological advancements have led to different uses of fibre-optic sensing to observe in-
fluences due to earthquakes, but also due to oceanographic processes, such as tides and waves (e.g. Lindsey et al.,
2019; Marra et al., 2022; Zhan et al., 2021). In many settings, the implementation could be cost- and time-effective
by making use of already existing fibre-optic telecommunication cables and, in the last years, the implementation
in oceanographic settings has been successful in monitoring distant storms (Landrg et al., 2022; Rorstadbotnen and
Landrg, 2025), and ocean surface gravity waves (OSWG) (e.g., Sladen et al., 2019; Williams et al., 2019, 2022).

Sections of the cable close to the coast are particularly well-suited to monitor the sea state, since the deforma-
tion signal in shallow waters is dominated by pressure oscillations from ocean surface gravity waves, which decay
exponentially with depth (Williams et al., 2019). While ocean currents have been monitored with DAS data, using
oscillations at suspended marine cable sections (Flores et al., 2023), current values have also successfully been re-
trieved by observing differences in the dispersion curves of land- and seaward waves (Williams et al., 2019). Using a
similar approach and monitoring the variation in dispersion curves over time, Song et al. (2024) were able to match
current observations to tidal effects. In addition, the effect of wave incidence angles relative to the cable on dispersion
curves can be observed (Sladen et al., 2019).

Ideally, a combination of established point measurements from buoys and emerging broader-scale measure-
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Figurel Map ofthe Madeira archipelago. (A) Map showing the entire archipelago and approximate cable position (red line).
(B) Details of the first few marine kilometres of the approximate cable position (red line; 16.941 66°W, 32.618 33°N) and buoy
that was active during the observation time window in 2023 (red circle) south of Madeira. Bathymetry contours are shown
for every 100 m of seafloor depth with the depth of 100 m being marked by a thicker black line. Topography and bathymetry
taken from GEBCO Compilation Group (2023).

ments using DAS could provide high-resolution in situ observations of complex wave fields needed for accurate real-
time assessment of the near shore sea state. Besides that, however, once results obtained with DAS are calibrated
against buoy measurements, or numerical models and reanalysis satellite-based products, it is possible to estimate
the sea state solely based on measurements on the continuous fibre (e.g., Marra et al., 2018, 2022; Guo et al., 2023;
Glover et al., 2024) .

In this study, we observe the ocean state south of Madeira Island in the Atlantic (Fig. 1) using a week of data from
a DAS fibre-optic cable as part of the SUBMERSE project (“SUBMarine cablEs for ReSearch and Exploration”). One
aim of the project is to correlate the amplitude and period of the DAS signal with the sea state to serve as a proxy. For
that, the data must be calibrated against measurements from adjacent buoys and wave model data. We use a buoy,
which has a distance to the cable of less than 1km, while the Atlantic-Iberian Biscay Irish - Ocean Physics Reanalysis

(IBI) has a grid resolution of 0.0278° x 0.0278° (Toledano et al., 2022).

2 Data and Method

2.1 The DAS fibre

The data used in this study was taken from a GeoLab fibre (Loureiro et al., 2025) off the southern coast of Madeira
Island (Fig. 1). The data is a continuously recorded stream with a sampling frequency of 500 Hz between October
27™ and November 3 2023. The interrogator recorded the phase differences with a gauge length of 10.2 m, which
corresponds to the average strain measurement over 10 instrument channels, with a spacing of 5.1 m, leading to an
overlap of around 50 %. The entire cable holds a total of 11380 channels, stretching over a distance of about 57 km.
Further details can be found in Loureiro et al. (2025).

The pressure of ocean surface gravity waves can be observed on the first marine kilometres of the fibre where the
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Figure 2 Median power spectral density of every channel in the first 1700 channels for a DAS recording over a 30-minute
interval (start time: 27/10/2023 15:29:58 GMT), downsampled to 1 Hz and highpass filtered with a corner frequency of 0.01 Hz.
The depth of the cable is shown in white, between the surface and 100 m depth white horizontal dashed lines are shown every
10 metre. The calculated f. are shown with a black line for a wavelength to water depth ratio of 1 (Williams et al., 2022) and
with grey lines for limits of 0.5 and 2 (Crawford et al., 1991). Black arrows point to sections with low SNR. The section of the
cable useful for this study is indicated with a light red bar between 2.3 km and 4.3 km. The channels predominantly used in
this study (460 to 560) are indicated by vertical red lines. Figure adapted from Loureiro et al. (2025).

seafloor is shallow, which is consistent with previous studies in different regions (Sladen et al., 2019; Williams et al.,
2019, 2022). Around Madeira, the steep bathymetry only provides a stretch of around 2 km, where the signal can be
identified (Fig. 2). Between 4.3km to 5km, several channels show low signal-to-noise ratio (SNR), likely due to bad
coupling of the cable to the ground Therefore, we do not use that part of the cable. The data quality at all channels
along the previous 2 km is good, while a dataset decimated to 1 Hz with a spatial sampling of 10 m provides dense
coverage. There is a general trade-off between working with high signal-to-noise ratio (SNL) data by stacking adjacent
stations and providing results with high spatial resolution by reducing the number of combined channels. Due to the
steep topography and bathymetric complexity close to the coast, we only use 100 marine channels, excluding the very

first marine channels to ensure constant water coverage at low tide as well (460 to 560; covering ~510 m distance).

In the first 10 km the cable traverses three distinctly different domains: on land (channels 0 to 450), in water on a
shallow shelf close to the coast (channels 450 to 800), and in deeper water (Fig. 2). The domain in shallow water shows
a prominent peak at 14 s, which vanishes at a distance where the water depth is greater than ~100 m,in agreement
with Williams et al. (2022). In contrast to that study, we do not observe a second prominent peak at 7s. The Madeira
cable offers about 2 km in the shallow marine part with a visible peak at 14 s and good SNR. The frequency at which
the signal of OSWGs falls below the instrumental noise floor, also known as f, is described by:

4
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_ |9
fe=\gmmm (1)

where n defines the relation between wavelength and water depth and is in the range of 0.5 to 2 (Crawford et al., 1991;

Williams et al., 2022).

When applying a Fourier Transform to time sections of parts of the data, it is possible to separate apparent move-
ment along the cable in either direction, based on the wavenumber. In our case, based on the geometry of the cable
close to the shore, we define them as landward and seaward. To ensure both high temporal resolution, as well as good
SNR, we take the Fourtier transform in half-hour intervals. The half-hour f-k spectrograms of the cable section on
the narrow shelf show a strong dominance of landward waves (Fig. 3), which is a stable pattern over all observation

days.

2.2 Theoretical dispersion of OSWG

In the shallow marine section the phase velocity of the OSWG can be used to calculate a relationship between wave

number and frequency:

w? = gktanh (kh) . (2)

The equation describes a theoretical dispersion curve (TDC) with w as the angular frequency, g as the gravitational
acceleration, k as the angular wave number, and h as the water depth. For the 100 marine channels close to the coast
used in this study, we have a variation in h from 5.0 mto 14.5 m. A current will act directionally, therefore distorting
both the land- and seaward side branches of the TDC at the same time into either the land- or seaward direction
(Williams et al., 2019). This can be expressed by including an additional parameter, U, describing the apparent

velocity of the current along the cable:

(w— Uk)? = gktanh (kh) . (3)

So far, a wave direction parallel to the cable is assumed, which in case of the GeoLab fibre and most marine fibre-
optic cable deployments, is almost perpendicular to the coast line. However, a different incidence angle of the wave
train on the cable can affect the TDC (Sladen et al., 2019). For different incidence angles (), the wave number k can

be replaced by k;,,., so that

(w—Uk)? = gktanh (kinch) (4)
with
k
kine = m (5)

As can be seen from Egs. (4) and (5), ocean currents and incidence angles have different effects on the TDC.
Whereas currents shift both branches (land- and seaward) towards one wavenumber direction (e.g., Williams et al.,

5


https://seismica.org/

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

This is a non-peer reviewed Report submitted to SEISMICA Correlation of DAS with oceanographic variables

A Misfit plot, best solution at 0.05 m/s, 22 deg B Misfit plot, best solution at 0.1 m/s, 12 deg. c Misfit plot, best solution at 0.25 mys, 20 deg. D Misfit plot, best solution at -0.05 mys, 24 deg.
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Figure 3 TDC calculations for different half-hour data, showing f-k spectra and grid search misfit calculations, at channels
460 to 560, with data downsampled to 1 Hz, with start times of A,E) 27/10/2023 10:29:59 GMT, B,F) 27/10/2023 17:29:59 GMT,
C,G) 29/10/2023 15:59:59 GMT, D,H) 1/11/2023 14:59:59 GMT. The landward side is represented by positive wavenumbers and
the seaward side is represented by negative wavenumbers. The top panels (A-D) show the data in f-k space, together with
the grid search results as insets, indicating the best solution by red lines, and the bottom panels (E-H) show all the detection
points on top of the data, together with the detection limits and the calculated TDC for the shallow and deep solution of the
cable section.

2019), an increased incidence angle leads to both branches being compressed towards the & = 0 axis. Therefore, we

can perform a grid search to find the minimum misfit between the model and the data.

2.3 Misfit calculation

It is evident from the hyperbolic tangent that water depth variations at shallower levels have a much stronger influ-
ence on the shape of the TDC than variations of the same magnitude in deeper water. Especially at depths shallower
than 100 m the change is significant. Therefore, we introduce two TDCs, representing the channel with the minimum
water depth (generally the channel closest to the coast) and the channel with the maximum water depth (generally
the channel furthest away from the coast). We then calculate the misfit between both TDCs and the detection points
as a squared distance in f-k space.

In addition, individual misfit values are weighted by the signal amplitude relative to the strongest amplitude on
the respective wavenumber side. The edge that needs to be fitted by the curve is located directly adjacent to the
strongest values on the outside (we define "outside" as being away from the k& = 0 axis and "inside" as being towards
the k = 0 axis). To account for this, we introduce an additional adjustment factor that is applied to the misfit, in
case the TDC is inside the detection points. Our tests show that 2 is sufficient as an adjustment factor. A larger factor
will always push the TDC to a state of § = 0 and, although wave fronts generally orient themselves orthogonal to
the steepest gradient and thus more or less parallel to the coastline (Herbers et al., 1999; Szczyrba et al., 2023), an

6
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incidence angle of 0° to the cable is unlikely.

To save computation time, the grid search is performed in two steps, first with a coarse and second with a finer
grid. The coarse grid ranges from ocean currents of -1.0 m s to 1.0 ms™2 in increments of 0.2 ms™2 and incidence
angles of 0° to 60° in increments of 10°. The fine grid is afterwards placed around the solution with the lowest misfit
(Viow, Orow), at Viow —0.2 M 872 t0 1}, 0.2 m s~2 in increments of 0.05 m s™2 and from 6;,,,,—10° to 6;,,,+10° in increments
of 1°. Due to the constant variation of the TDC in both dimensions on the error surface (current, incidence angle)
and the detection point distribution close to line features along the shape of the dispersion curves, we do not expect

secondary local minima, and a priori tests using a fine grid search on the entire error surface, support this condition.

2.4 Phase velocity detection

There are different ways to detect the phase velocity on the land- and seaward side at each frequency.

One way is to treat the individual frequencies as a seismic trace, on which an STA/LTA picker (Allen, 1978) can be
used, calculating the lower edge by applying the picker in positive and negative x-axis directions (Song et al., 2024).
This algorithm is able to capture the majority of the outer edges of the areas with higher amplitudes between 0.05 Hz
to 0.25 Hz (Fig. S1A), but also includes random detections from outside that range. Song et al. (2024) discard those
points based on significant deviations from their TDC during the fitting, but we find that an improvement could also
be achieved by introducing an amplitude based mask (Fig. S1B). For every frequency, we compare the maximum
amplitude on the land- and on the seaward side with the overall maximum amplitude on the respective side and
discard all detection points where the ratio falls beneath a threshold value. This threshold might need to be adjusted
for different settings, including cable depth close to the coast, due to the dominance of the strongest amplitudes.

Based on the general shape of phase velocity curves, we also test picking algorithms that detect the maximum
amplitude per frequency on either side (Fig. S1C) and the point of maximum amplitude change outside the maximum
point (Fig. S1D). All detection algorithms have similar computation times of around 2 to 5 seconds, which makes
computation in real time possible. The latter two algorithms yield very similar results, which in general have fewer
outliers from the main shape of theoretical dispersion curves. In addition, they are simpler to combine with further
modifications.

One such modification is the introduction of a search limit based on theoretical dispersion curves. Especially
on the landward side (positive wavenumbers) at 0.15 Hz to 0.25 Hz a diffuse cloud of higher amplitude values can be
observed inside the maximum amplitude values (Fig. 3) and are also picked up by all three algorithms (Fig. S1B-D).
This can be caused by different wave train incidence angles, as well as overall bathymetric complexities at shallow
seafloor depths. By limiting the search to different sections of the f-k spectrum, it is possible to individually estimate
the dispersion curves for two superimposed settings. In this work, we focus on the main branch by masking the

diffuse cloud.

2.5 Correlation of SWH & Mean Wave Period to the data

Using ocean-bottom seismometer (OBS) data over a time of almost one year, (Corela, 2014) showed that variations of
significant wave height estimated by a model are comparable to the behaviour of power spectra peaks at periods of
4sto 8s. The mean wave period peaks correlate with the peaks of the second microseism in the power spectrum over

7
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270 days. Although the values do not match perfectly, sometimes over a number of days, the overall comparability is
evident when comparing on a broader time frame.

We can use the same methods for our data. However, it should be noted that our observation time windows
are significantly shorter, and time intervals of similar length have been found by Corela (2014) without correlations.

Therefore, our results should be interpreted with caution.

2.6 Maximum amplitude measurements in f-k space

In addition to the observation methods discussed so far, a more straightforward measurement can be taken on the
half-hour f-k spectra of the first 100 marine channels of the DAS fibre. In contrast to fitting the TDC, as demonstrated
in the previous parts, it is possible to extract information of the maximum amplitude (regardless of frequency or
wavenumber of that particular value) on the land- and seaward side. These values can then be compared to oceano-

graphic parameters as well to establish correlations.

3 Results

3.1 Characteristics and temporal variations of half-hour TDCs

In general, the landward branch of the TDC in f-k space is always stronger than the seaward branch, regardless of any
of the oceanographic parameters (Fig. 3, and the often observed "diffuse cloud" can only be spotted on the landward
side. Throughout the two observation periods we can observe significant changes in the shape and amplitudes of the
two branches. We notice periodic changes in the shape of the time scale of tidal patterns, which can be investigated
further using TDC fitting and maximum amplitude observation. Significant changes between different days in the
TDC amplitudes and complexities especially on the landward side can be observed, hinting towards influences of the

sea state on the data, which can also be investigated in more detail.

3.2 Mean Ocean Current from TDC matching

The ocean current estimated by fitting the TDC to the half-hour data of the first 100 marine channels shows variations
between -0.1ms™ and 0.3 ms™! in both time intervals (Figs. 4A and 5A). Here, the values are apparent current veloc-
ities along the cable in the landward direction, with negative values representing the apparent seaward direction.
Apart from a brief period on 1/7/2024, they do not correlate with tidal patterns. Furthermore, they do not correlate

with SWH, dominant wave incidence angle, or mean wave period.

3.3 Wave Train Incidence Angle from TDC matching

During both observation periods, the wave train incidence angle was measured between 10° and 30°, with 0° being
parallel to the cable (Figs. 4B and 5B). The values correlate very well with the tide information in the area, in both
periods showing a correlation with the height of the tide () of 0;,,. ~ % h; + 1. The biggest deviations from those
correlations can be observed on 1/7/2024, on the day when the ocean current correlates best with the tide height
values.
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Figure 4 Results of DAS observations against oceanographic parameters for the 7-day period in 2023. (A) Oceanic current
from DAS dispersion curve fitting against tide values. Blue stars show individual 30-minute measurements, the black line
show a rolling 5 measurement average. Red crosses show tidal values for Funchal, which is close to the landing site of the
cable, grey lines show sine interpolations between those values. (B) Dominant wave incidence angle from DAS dispersion
curve fitting against tide values. (C) Maximum amplitude values of landward waves against SWH (arrow amplitude) and mean
wave direction (arrow direction). The measurements are taken from the closely located buoy (red for western and blue for
eastern directions) and from the IBI data (grey). (D) Maximum amplitude values of seaward waves against tide values.

3.4 Maximum amplitude on landward side

Unlike Corela (2014), we cannot find a correlation between SWH as measured by a buoy located close to the cable
location near the coast of Madeira (Fig. 1) and the power spectra peaks at specific periods, likely because the DAS

data used in our study only cover two time windows of 7 and 5 days, which is too short to establish similar fits.

However, we find that the maximum amplitude of the landward side of the half-hour f-k spectra correlates very
well with the SWH measurements of the nearby buoy (Figs. 4C and 5C). The mean calibration factor, comparing the
results to the data, over the entire 2023 time interval is 47.9, although the values differ slightly by day (between 43.3
on 30/10/2023 to 52.6 on 27/10/2023 and 2/11/2023; Table 1). Differences on 30/10/2023 can be found but coincide with
a change in mean wave direction. As can be seen in the 2023 data, the IBI, while showing a general trend that has
similarities to the amplitude, does not carry the small-scale details that can be observed and correlated, resulting in
a larger variation in the calibration factor (39.6 on 30/10/2023 to 63.4 on 2/11/2023). Unfortunately, the buoy was not
operational during the second observation period in 2024. The mean calibration factor is 46.5.

9
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Figure 5 Results of DAS observations against oceanographic parameters for the 5-day period in 2024. See Fig. 4 for expla-
nations. For panel C note, that the buoy was not operational during this time interval.

3.5 Maximum amplitude on seaward side

On the seaward side, the maximum amplitude is between 1/2 and 1/6 of the amplitude on the landward side (Figs. 4D
and 5D). In both observation windows, the amplitudes generally correlate with the tide information. However, the
general calibration factor between the values for 2023 and 2024 is not the same, and even changes throughout the two
time periods. During the days with the highest landward maximum amplitudes (29/10/2023 and 30/6/2024), as well
as highest SWH in case of the 2023 observation, the patterns significantly deviate. Furthermore, calm periods with
very low amplitudes can be observed (1/11/2023 to 2/11/2023), where no correlation is present. In contrast, on days of

prolonged periods of agitated sea state (1/7/2024 to 2/7/2024), the correlation is shifted to a different calibration factor.

3.6 Mean Wave Period

Observing the power spectra of channels close to the coast over both time intervals (Fig. 6), the effects of tides and
storms can be probed over various days. The effect of tides is visible as amplitude frequency shifts with a duration
of around 6 h in the range of 16 Hz to 22 Hz. In addition, high-amplitude anomalies that change in frequency from
around 18 Hz to 10 Hz over a span of several days can be observed and attributed to storms. Although the peaks in the
mean wave in 2023 do not correlate with peaks in the power spectrum similar to Corela (2014), likely due to the short
observation time window, there is a noticeable decrease in the mean wave period observed by the buoy on 29/10/2023.
Its relation to a storm is not clear and could be investigated in more detail once additional data with additional storms
are available. Also, the shape of the bay might influence the flow current and wave patterns significantly.
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Table1l Calibration factors between the maximum amplitude measurements on the landward side with the SWH measure-
ments from the buoy, with the SWH values of the IBI re-analysis, and the seaward side with tide values.

Date Land-SWH (buoy) Land-SWH (IBI) Sea-Tide
27/10/2023 529 60.0 353.7
28/10/2023 44.0 45.8 340.5
29/10/2023 44.1 41.1 259.2
30/10/2023 43.3 39.6 312.1
31/10/2023 59.5 48.9 437.5
01/11/2023 51.8 48.0 7404
02/11/2023 52.6 63.4 882.5

Average 2023 479 46.5 354.1
28/06/2024 — 754 1064.2
29/06/2024 — 103.3 1129.6
30/06/2024 — 73.3 605.0
01/07/2024 — 72.2 555.8
02/07/2024 — 88.8 473.2

Average 2024 — 80.3 618.8

4 Discussion

4.1 Theoretical Dispersion Curve matching

The grid-search fitting approach demonstrates the different influences of oceanographic parameters on the TDC
shape, with variations in the oceanic current and the dominant wave train incidence angle not correlated with each
other. The cyclic variations in incidence angles strongly correlate with tidal patterns during both observation periods.
The values are between 10° to 30°, which indicates a subparallel alignment with the coast. These alignments are to
be expected during the general low-energy conditions on those days, due to the decrease in water depth close to the
shore (Herbers et al., 1999; Szczyrba et al., 2023). Variations in angle can be explained by the setting of the Praia
Formosa bay, where the cable reaches the water and continues along the shallow shelf.

In contrast, the strength of the ocean current does not show an overall correlation with tides, even though influ-
ences could be seen in other regions (e.g., Song et al., 2024). However, it is likely that further influences, especially
caused by the complex subsurface structure close to the coast, could be superimposed. Current wakes caused by the
deflection of currents due to bathymetric complexity are also likely to play a role (Caldeira et al., 2005). Therefore,
it is understandable that some correlation can be observed (1/7/2024), which could be caused by a more agitated sea
state during the time of a passing storm, thus increasing the proportion of this influence. However, a similar pattern
could not be observed during a similar situation in the first observation window (30/10/2023). A further, longer time
period would be needed to increase our understanding.

Although ocean currents and wave train incidence angles are among the strongest influences on the shape of the
TDC, there are other potential influences, such as complexities in bathymetry and resulting current patterns espe-
cially close to the coast. Those complexities are predominantly observed on the landward side, where the amount of

energy is significantly higher.

4.2 Maximum amplitude variation observation

As a first-order observation, much stronger amplitudes are found on the landward side of the f-k spectrum. This can
be explained by the majority (>90 %) of the incident wave energy being dissipated close to the shore by wave breaking
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Figure 6 Power spectra over the seven-day period in 2023 (A) and the five-day period in 2024 (B) for channel 580 at 2961 m
from the starting point (~600 m from the coast) with a seafloor depth of 15.61 m, using 214 samples per Fourier transforma-
tion. The Fourier spectrum was calculated with a sample bin size that approximately matches one measurement every hour
to be comparable to the hourly buoy data. The relative amplitudes are computed over both time intervals combined to make
the figures comparable. The black line depicts the mean wave period as measured by the buoy in 2023.

(Elgar et al., 1994), resulting in weaker reflected waves.

We find a strong correlation between SWH measured by a buoy in close proximity and the maximum amplitude on
the landward side of the TDC in f-k space. The correlation even matches changes over single points of measurement,
representing half an hour, which can only be resolved by the buoy measurement and does not show up in regional
reanalysis data or the 2.5-hour rolling average (Fig. 4C). The amplitudes are further influenced by the mean wave

direction, resulting in worse correlations on a day where the direction is changing (31/10/2023).

A correlation between the maximum amplitude on the seaward branch of the TDC can also be observed in both
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time intervals. However, in contrast to the dominant wave train incidence angle results, these values show stronger
influences by other parameters, such as a general amplitude increase due to a more agitated sea state during days
of passing storms (29/10/2023 to 30/10/2023 and 30/6/2024). Likewise, on calmer days the pattern can fall below the
noise threshold (1/11/2023 to 2/11/2023).

5 Conclusions

In this study, we worked with two short time intervals of data on a dark fibre south of Madeira Island, Atlantic, and
used around half a kilometre of marine channels close to the coast to find proxies for oceanographic variables. Due
to the different influences of the ocean current and wave train incidence angle on the shape of the TDC, we are able
to use a grid search approach to fit the model to the data.

We find strong correlations between tides and dominant wave train incidence angles, as well as SWH and max-
imum amplitude measurements in f-k space. No definite trends could be observed between the mean wave period
taken from the buoy data and the DAS power spectrum, likely due to the short time interval.

All processes have short computation times that allow for an automated run in real time. Furthermore, the pro-
cesses are easily adaptable to different settings, as well as to different data. This allows for their implementation at
other sites. In addition, longer time intervals, also including different sea states, would be beneficial to calibrate and

test the approach further.
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« 6 Supplemental material
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Figure S1 Examples of different detection algorithms for a DAS recording of channels 550 to 650 over a 30-minute interval,
start time: 2023-10-31 03:02:29Z, downsampled to 1 Hz. (A) Detection using an STA/LTA picker with 10 wave number sample
points for the short-term and 30 for the long-term average. Detected points are shown with black squares. Two basic TDCs
for different depths are shown with red and blue dashed lines. The depths represent the minimum and maximum values
along that section of the cable based on bathymetry information. The k& = 0 axis is indicated by a black dotted line. (B)
Same as A, but with a mask excluding points for frequencies with an amplitude smaller than 1/10 the total maximum on the
respective side (land-/seaward). C) Detection of maximum amplitude on either side, including the same mask. (D) Detection
of the biggest amplitude change on the outside of the maximum amplitude, including the same mask.
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