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Abstract22

Distributed Acoustic Sensing (DAS) is a photonics technology converting seafloor telecom-23

munications and optical fiber cables into dense arrays of strain sensors, allowing to mon-24

itor various oceanic physical processes. Yet, several applications are hindered by the lim-25

ited knowledge of the transfer function between geophysical variables and DAS measure-26

ments. This study investigates the quantitative relationship between surface gravity DAS-27

recorded wave-generated strain signals along the seafloor and the pressure at a colocated28

sensor. A remarkable linear correlation is found over various sea conditions allowing to29

reliably determine significant wave heights from DAS data. Utilizing linear wave poten-30

tial theory, we derive an analytical transfer function linking cable deformation and wave31

kinematic parameters. This transfer function provides a first quantification of the effects32

related to waves and fiber responses. Our results validate DAS’s potential for real-time33

reconstruction of the surface gravity wave spectrum over extended coastal areas. It also34

enables the estimation of waves hydraulic parameters at depth without the need of off-35

shore deployments.36

Plain Language Summary37

Distributed Acoustic Sensing (DAS) technology converts submarine communication ca-38

bles into real-time networks of thousands of seismo-acoustic sensors. The high sensitiv-39

ity of DAS measurements (nano-deformation) makes the recorded signals extremely rich40

in information, and capable of capturing multiple oceanographic processes. Numerous41

applications can be envisaged such as monitoring turbidity currents, tsunamis, marine42

renewable energy parks, etc., and some are already in progress, including monitoring sur-43

face vessels, marine currents, cetaceans, etc. However, despite all these developments,44

the relationship between DAS measurements and certain key ocean variables remains poorly45

understood. In the littoral zone, this study aims to investigate the link between the de-46

formation signals recorded by DAS due to wave passage at the sea surface and the pres-47

sure measured by a sensor located nearby, at the bottom. Our findings demonstrate a48

strong correlation under varying sea conditions. This correlation allows to reliably de-49

termine significant wave heights using DAS data. By applying a simplified theory of wave50

propagation, the linear wave theory, it was possible to develop an analytical transfer func-51

tion that relates cable deformation to wave movement parameters. The results confirm52

that DAS has the potential to reconstruct parameters associated with ocean waves, and53

could ultimately facilitate their real-time estimation.54

1 Introduction55

Distributed Acoustic Sensing (DAS) instruments can provide highly sensitive measure-56

ments of various environmental physical fields at meter-resolutions along tens to hun-57

dreds of kilometers of optical fibers, like those embedded in telecommunication cables58

(Hartog, 2000; López-Higuera, 2002; Y. Li et al., 2021; Ip et al., 2023). Some of these59

physical fields include: acoustic wavefields (e.g. Rivet et al., 2021; Bouffaut et al., 2022;60

Wilcock et al., 2023), seismic wavefields (e.g. T. Dean et al., 2017a; H. F. Wang et al.,61

2018; Zhan, 2019; Jousset et al., 2022; Tonegawa et al., 2022) and temperature anoma-62

lies (e.g. Miller et al., 2018; Ide et al., 2021; Pelaez Quiñones et al., 2023).63

In underwater environments, the possibility to describe various characteristics of surface64

gravity waves with DAS has also been exploited in previous works (Lindsey et al., 2019;65

Sladen et al., 2019; Williams et al., 2019; Guerin et al., 2022; Landrø et al., 2022; Williams66

et al., 2022; Xiao et al., 2022; Taweesintananon et al., 2023). In particular, Glover et al.67

(2023) presented empirical evidence of a correlation existing between seafloor DAS and68

wave-generated underwater pressure in coastal marine environments. Building upon these69

previous studies, our study focuses on: 1) reconstructing surface gravity wave heights70
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Figure 1. Aerial image of the bay of Les Sablettes (local coordinates). The isobaths in meters

were extracted from the LITTO3D® PACA 2015 program. The position of the LSPM cable is

indicated by the light ocre track and the RBR sensor by the cross and red circle marker. The

top-left inset figure is a schematic description of the experiment as a function of depth with the

main physical variables indicated.

from DAS measurements in a nearshore environment and 2) developing a theoretical for-71

malism for comparing the energy associated with optical fiber deformation to the energy72

generated by surface gravity wave action at the sea bottom.73

Our analysis, encompassing various sea-state conditions, shows that the response of DAS74

to the kinematics of nearshore surface gravity waves can be well approximated by the75

linear gravity wave theory. This implies, amongst others, that the nearshore wave spec-76

trum can be inferred at high spatial resolution from DAS data. Additionally, we intro-77

duce a relationship to quantify the transfer function between the waves and the fiber.78

2 Experimental setup for the DAS and pressure sensor79

End of 2020, DAS and in situ pressure sea floor observations were collected in the bay80

of Les Sablettes, Saint-Mandrier-sur-Mer, in the South of France (Fig 1) ((Bouchette et81

al., 2023). A chirped-pulse ϕ-OTDR (phase-sensitive optical time-domain reflectometry)82

hDAS (High fidelity distributed acoustic sensor) interrogator (Pastor-Graells et al., 2016)83

providing measurements in strain units was connected to the land termination of the LSPM84

(Laboratoire Sous-marin Provence Méditerranée) seafloor cable (previously known as the85

MEUST-NumerEnv cable) (Sladen et al., 2019). This 50 km-long cable extends cross-86

shore from the coast to the bottom of the NW Mediterranean basin (Fig. 1). The ac-87

quisition was configured to sample every 10 m along the cable (same spatial sampling88

and gauge length) at 250 Hz. During the installation, the cable was buried 50 cm to 289

m deep along the first ∼500 m from the shoreline. Beyond that, the cable lays on the90

seafloor, as confirmed by visual surveys over the past 10 years.91

Bottom hydraulic pressure data was sampled at 8 Hz between December 23, 2020 to Jan-92

uary 6, 2021 with a RBR virtuoso3 pressure sensor deployed at 15 m depth. The sen-93

sor was located about 1 km from the shoreline, next to an exposed cable section. To cor-94

rect for dynamic pressure, atmospheric pressure measurements were retrieved from the95
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HTMNET station in Saint Elme Harbour (https://htmnet.mio.osupytheas.fr/), on96

the eastern edge of the bay (Fig. 1).97

Swell propagation can be assumed to be nearly constant and close to aligned with the98

cable azimuth at the cable section of interest, where the colocated RBR sensor lies. This99

is a reasonable assumption considering the evenly-sloping bay configuration of Les Sablettes100

and its shallow water depths (∼15 m), meaning that swells are refracted along the cross-101

shore profile covered by the first few kilometers of cable.102

3 Experimental analyses103

In the following, we describe the empirical relationship between seafloor DAS and RBR104

pressure data and validate our ability to reconstruct ocean wave heights from DAS mea-105

surements, considering that the RBR pressure signal is known to convey reliable esti-106

mates.107

3.1 Empirical relationship between seafloor DAS and pressure measurements108

DAS strain time series in Figs. 2a,b, are highpassed at 10 mHz (with prior demeaning109

and tapering) for visualization to remove a non-stationary trend which is known to be110

fundamentally related to low-frequency temperature effects (e.g. Rathod et al., 1994; Fang111

et al., 2012; Ide et al., 2021). To match the sampling frequency of the pressure sensor112

(8 Hz), the DAS data were low-pass filtered and re-sampled (Fig. 2a).113

The signal in Fig. 2b represents the raw pressure from the RBR sensor. Pressure-derived114

kh estimates (k= angular wavenumber, h= water depth) in Fig. 2c, indicate that the115

intermediate-depth wave regime assumption is reasonable over the whole time series. To116

quantitatively describe the transfer function between DAS strain and sea floor pressure,117

we focus our analysis on three different weather conditions: fair weather, light gale and118

moderate storm (Fig. 2). These weather conditions are identified from the seafloor pres-119

sure data and derived parameters, e.g. wave heights Hs and peak frequency fp as de-120

tailed below (see Sec. 3.2).121

Despite some similarities in the time series at the scale of the experiment (Figs. 2a,b),122

individual oscillations of the pressure and DAS signals show a clear mismatch in phase123

as depicted in Figure 3. This observed phase mismatch may arise from various factors124

such as the imperfect collocation of both sensors or the nature of the measurements: the125

pressure sensor provides local absolute measurements whereas DAS data are spatially126

differentiated measurements which has some consequences on the frequency content of127

the signals ((T. Dean et al., 2017b)). For these reasons, we move on with a spectral anal-128

ysis.129

Spectrograms of sea floor pressure and DAS strain signals (Fig. 2d,e) were computed over130

a 15-day period using 30-minutes non-overlapping windows. Different window durations131

(10, 20, 30 and 60 min) are tested to observe its influence on the results in Sec. 3.2. It132

can be seen that the DAS and RBR spectral density distributions are visually similar133

within the surface gravity wave band (f ≈ 0.04 to 0.3 Hz, i.e. T ≈ 3 to 25 s). Most of134

the surface gravity waves energy is clustered between 0.1 to 0.2 Hz. During the high-energy135

events, DAS records energy in the 0.2∼0.4 Hz frequency range which is not clearly cap-136

tured by the RBR. Infragravity wave content (f ≲ 0.04 Hz) on the RBR is minimal dur-137

ing the observation period, except during the storm on the 28th of Dec, where the DAS138

signals also shows clear infragravity energy. Infragravity wave activity appears recurrent139

on DAS for the observation period, but this may partially overlap with temperature-related140

signals.141

Peak frequency time series, fp(tw), was derived from pressure spectrograms within the
surface gravity wave band (f ≈ 0.04 to 0.3 Hz) for each time window, tw. Subsequently,
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Figure 2. Time series of a) mean-centred and high-passed at 10 mHz (4-pole Butterworth

filter) DAS signal, b) pressure sensor signal (P in Pa), and c) kh (in rad.) derived from the pres-

sure sensor. The wave number k was calculated from the peak frequency using Eq. 7 (see section

4.1). d) Spectrogram of the DAS signal with outliers removed (white patches). e) Spectrogram

of the pressure sensor signal. The frequency (f) integration limits (1.5fp, fp/1.5) are represented

by yellow lines. Three selected periods (in chronological order i) fair-weather condition ii) storm

condition, and iii) light gale condition), are represented by grey shaded boxes for a, b, c and in

white patches on top of d, e.
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Figure 3. Time series of a) 1-min window mean-centred and high-passed at 10 mHz (4-pole

Butterworth filter) of the 8 Hz DAS signal, b) 1-min window of the 8 Hz pressure sensor signal

(P in Pa). The data starts at 12:00 28th of December 2020.
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more accurate time-varying bounds for the surface gravity wave band were empirically
estimated as [fp/1.5, f×1.5]. These are superimposed onto spectrograms in Fig. 2d,e
(yellow curves). The spectral energy E was then calculated by integrating the spectral
density S within the time-variant wave band for both the RBR pressure sensor and the
DAS measurement:

E(tw) =

∫ 1.5·fp(tw)

fp(tw)/1.5

S(f, tw) df (1)

Fig. 4 demonstrates a strong linear correlation between EDAS and ERBR. The coeffi-142

cient of determination (R2) for a 30-min window is 0.95, attesting to the robustness of143

the observed relationship. The black patches observed in Fig. 4 correspond to variable144

energy levels, ranging from low to high, in the specific weather conditions of fair-weather,145

light gale, and moderate storm. Other regressions, such as quadratic regression, were tested146

but were not optimal, underestimating the lowest energies, and are therefore not shown147

in Fig. 4.148

Based on the aforementioned parameters, we obtain the following relationship for the
linear regression between DAS and RBR spectral energies:

ERBR = β EDAS

with β = 93.86
(2)

The choice of frequency band for surface gravity waves has a relatively weak effect on149

the estimated average β value (as long as we remain within the range of gravity waves).150

For instance, a calculation boundary of (2fp, fp/2) results in β = 91.75 (R2 = 0.95).151

Fixed boundaries at (0.05, 0.3) Hz provided β = 91.49 (R2 = 0.95).152

3.2 Wave heights reconstruction from DAS measurements153

Finally, using the β coefficient, it is possible to convert EDAS from nanostrain2 to Pa2.
Based on the linear theory, and taking an estimated cable depth of 14.6 m at the sec-
tion of interest, we correct EDAS for viscous attenuation at depth to get E(tw)c = E(tw)

cosh(k(h+z))
cosh(kh) .

Then, we calculate the significant wave height, which can be directly derived from EDAS

following Horikawa (1988):

Hs(tw) = 4
√
E(tw)c (3)

Fig. 5a shows the time series of Hs calculated from the RBR pressure sensors and the154

DAS signal, while Fig. 5b summarizes different performance indicators of such proce-155

dure. This illustrates the remarkable accuracy of Hs estimates from DAS. Notably, for156

a 30-minute window, we achieve a coefficient of determination (R2) of 0.95 and a Mean157

Absolute Percentage Error (MAPE) of 18.023, affirming excellent agreement between the158

estimated wave heights from both DAS and RBR.159

4 Theoretical framework160

So far, we have presented an empirical correlation between DAS and pressure sensor sig-161

nals. In the following, we develop a formalism to describe this correlation physically, from162

the standpoint of gravity wave kinematics.163

4.1 Conceptual model of cable - wave interactions164

We start with a system Ω made of a water mass forced by waves coupled to a fiber ca-165

ble coupled to the seabed as shown in Fig. 1, along which the wave-driven action remains166

spatially homogeneous. In the following, the physical quantities are given in a coordi-167

nate framework where the origin is at the still water level, z is positive upward, and x168
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Figure 4. Bivariate correlation plot between the DAS and RBR pressure data. Best-fit linear

(with zero y-intercept) is shown in continuous red. The three shaded boxes superimposed on

the figure represent (from left-to-right): i) fair-weather condition ii) light gale condition and iii)

storm condition.
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Figure 5. a) Estimated wave height time series for DAS and RBR. Three selected shaded box

were superimposed on the figure, representing i) fair-weather condition ii) storm condition and

iii) light gale condition. On table b), error statistics are summarized as a function of window size

(in mins). RMSE = root mean square error, MAE = mean absolute error, R² = coefficient of

determination, Error Rate= mean absolute percentage error
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positive landward (i.e. positive in the direction of wave propagation). In this setting,169

h is the mean water depth (a positive constant over time scales of the order of hours),170

C(t) is the wave celerity, u(x, z, t) and w(x, z, t) are the instantaneous horizontal and ver-171

tical components of the water velocity, p(x, z, t) is the instantaneous dynamic pressure172

of the water at depth z, τ(x, t) is the shear stress at the water-seabed interface driven173

by waves, E(x, t) is the ratio of deformation of the fiber cable per unit length along the174

cable (strain, a dimensionless unit).175

To explore the relationship between DAS and pressure sensor signals, we consider the176

framework of the linear wave potential theory (Mei, 1992; R. G. Dean & Dalrymple, 1984).177

Following this assumption, we consider a velocity potential Φ on Ω that satisfies178



∆Φ = Φxx +Φzz = 0

w = ϕz = 0 at the sea bottom z = −h

(Φt)z=0 = ∂η
∂t Kinematic surface boundary condition

(Φt + gη)z=0 = C(t) Dynamic surface boundary condition

(4)

where g is Earth’s gravity. The set of Eqs. 4 forms a well-posed Laplace problem describ-
ing the evolution of a water mass forced by waves propagating over a horizontal rigid bot-
tom at which fluid velocity nullifies. One solution for this system is:

Φ(x, z, t) =
ag

ω

cosh k(h+ z)

cosh kh
e(kx−ωt) (5)

where a is the amplitude, ω = 2π/T = 2πf is the angular frequency (T being the pe-179

riod), and k the wave number of the propagating wave.180

We assume also that wave quantities satisfy the surface gravity wave linear dispersion
equation

ω2 = gk tanh(kh) (6)

which can be approximated following Guo (2002) by:181

k =
ω2

g
(1− e−(ω2h/g)5/4)2/5 (7)

From the simple theoretical framework formed by Eqs. 4–7, we could derive most of the182

hydraulic quantities in Ω, including the dynamic pressure in the presence of waves p =183

−ρ(gz − Φt), where ρ is the density of water in [kg·m−3]. However, we do not intend184

to relate instantaneous hydraulic quantities to the instantaneous deformation of the fiber185

cable directly. Instead, we relate the fiber cable strain E to the amplitude of some hy-186

draulic quantities expressed at the sea bottom where the coupling occurs, assuming also187

that the physics are the same at any point along the abscissa axis in Ω. For designat-188

ing such a transformation, we use capital letters in relation with the lowercase letter rep-189

resenting the physical quantity concerned (e.g. B for b, where b can be any wave param-190

eter, such as pressure or orbital speed). Then we define the following operator:191

B =
1

2

(∣∣∣max
[
b(x, z, t)|z=−h

]
t∈δT

∣∣∣+ ∣∣∣min
[
b(x, z, t)|z=−h

]
t∈δT

∣∣∣) (8)

where δT is a time interval representative of some wave periods. The quantity B is ho-192

mogeneous along the abscissa axis so that x can be removed from the formula.193

Following this naming convention, we calculate three quantities: a) P+, the amplitude194

of the excess of pressure at the sea bottom due to waves defined after the amplitude of195
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the total pressure P = ρgh+ P+; b) Uorb the amplitude of the horizontal component196

of orbital velocity oscillations at the sea bottom; c) Xexc the horizontal excursion of wa-197

ter particles at the sea bottom:198

P+ =
ρag

cos(kh)
(9)

Uorb =
agk

ω cosh(kh)
(10)

Xexc =
a

sinh(kh)
(11)

The three equations above relate the properties of surface gravity waves to hydraulic quan-199

tities at the sea-bottom, but they cannot be directly related to the DAS measurements200

without also expressing the kinematic and dynamic conditions between the water at the201

sea-bottom and the sediment and fiber-optic cable.202

4.2 Definition of the water - cable coupling203

We examine the simple case where the horizontal motion of the water would drive the
axial/longitudinal deformation of the fiber cable by simple shearing. If the fiber cable
was perfectly coupled with the water (possibly through the seabed), Xexc would repre-
sent the amplitude of the longitudinal displacement of the fiber cable during a wave length.
The deformation of the fiber would be defined by the ratio Xexck/2π for a gauge length
(10 m), which is smaller than the wavelength. Obviously, in such a case, the fiber de-
formation would be by far beyond its elastic behavior; in practice, only a small amount
of the water deformation – let us say a ratio α – may be transmitted to the fiber cable.
E could then be written after this ratio α and Xexc :

E =
αka

2π sinh(kh)
(12)

5 Deriving a more physically-informed expression of the coefficient β204

Using field measurements, we have shown that there is a linear relationship by an em-
pirical factor β (from Eq. 2, here renamed βe), between the power spectral magnitude
of the deformation of the fiber E (in nanostrain2) and that of the excess pressure (in Pa2)
induced at the ocean bottom by the propagating waves:

(P+)2 = βeE
2 (13)

The previously derived equations allow us to derive a similar expression based on lin-205

ear wave theory since P+ on the sea-bottom is linked to surface gravity waves via Eq.206

9, and to the DAS measurement via Eq. 12207

E = α
P+k

2πρg tanh(kh)
(14)

Based on Eq. 14, we can evaluate α. For the peak storm (the 28th of December at 8:00,208

see Fig. 2), the peak period is Tp = 10.6 s. We take the cable depth h = 14.6 m in209

a water of mean density ρ = 1028 kg/m3. From Eq. 9, the estimated excess of pres-210

sure for a wave of amplitude a = Hs/2 ≈ 1.2 m (from Fig. 5) is P+ ≈ 9.1 kPa. From211

all these values, we can anticipate that the parameter α would be on the order of 1.2×212

10−4.213
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Figure 6. β as a function of frequency from Eq. 16 , using h =14.6 m, ρ = 1028 kg/m3 and

assuming a constant α value of 1.2 × 105 (estimated following Eq. 14 as in the Discussion sec-

tion, with DAS in nanostrain units)

Squaring Eq. 14, we can extract a modeled β factor (βm)

βm =
1

α2

4π2ρ2g2 tanh2(kh)

k2
(15)

Using the dispersion relation (Eq. 6), we obtain a new relationship for βm :

βm =
1

α2 γ2

with γ =
1

2πρC2

(16)

We can compare the empirical βe coefficient estimated from windowed linear regressions214

of the spectral energy of strain and pressure with a modelled βm derived from Eq. 16.215

α is retrieved from Eq. 14 by taking P+ and E from the data, while γ is derived from216

C = (kTp)
−1, where k is estimated from Tp via Eq. 7. The relationship between the217

empirical and modeled β is illustrated in Fig. 7a, b for 5mn and 30mn-window analy-218

sis. Although the linear relationship captures only a limited fraction of the variability219

in the data (R2 = 0.58 for 5m-window and R2 = 0.53 for 30m-window) , most points220

are clustered around the identical function, demonstrating a substantial degree of agree-221

ment between the two β values. This evidently supports the applicability of the linear222

theory to describe the energy transfer mechanism from surface gravity waves into the223

cable. From Eq. 16, it is suggested that β is frequency-dependent, which may explain224

its window-wise variability. This is confirmed by the clustered distribution of the peak225

period in Fig. 7b, which shows that β values are proportional to wave period, in agree-226

ment with Eq. 16. As a confirmation of this relationship, Fig. 6 illustrates β as a func-227

tion of wave frequency for a given set of parameters.228

Time series of the distribution of empirical and modeled β values over time for 30-min229

spectral energy windowing confirms the agreement between both estimates (Fig. 7c).230
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Figure 7. Bivariate correlation plot between empirical and modeled β (a) for 5-min spectral

energy estimates and (b) for 30-min estimates as a function of the peak period (Tp (s)). Best-fit

linear (with zero y-intercept) is shown in continuous red. Note that the best linear fit nearly

matches the identical function (x = y). The lower panel (c) depicts the temporal distribution of

the scatter in (b).
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From Eq. 16, it appears that the transfer coefficient between the wave pressure signal231

and the DAS strain signal β is characterised by two parameters: γ, which can be con-232

sidered the fluid- or wave-related factor. This term represents the kinematics of the wa-233

ter oscillations that causes the cable deformation; and α, which represents both, the frac-234

tion of wave displacements that is effectively transmitted into the fiber and the dynamic235

response of the fiber, i.e. a superposition of physical conditions related to the structural236

and material characteristics of the cable, its coupling nature to the seabed, and the spe-237

cific visco-elastic mechanism(s) of stress transfer from the fluid into the cable. At this238

stage, it remains challenging to separate these different effects, but we stress that the239

α parameter is subject to further parameterization and decomposition based on more240

advanced dynamic and elasto-mechanical considerations, as well as more detailed obser-241

vations.242

6 Discussion243

We have established a correlation between cable deformation and wave-induced pressure244

that can be sufficiently described kinematically. However, such correlation with pressure245

is not necessarily causal, as the specific mechanisms transferring stresses from the wa-246

ter into the fiber are not fully constrained. Pressure-induced Poisson effect on the ca-247

ble and/or seabed bending/compliance are both often considered to participate in the248

fiber deformation. For instance, previous studies have attributed the observation of sur-249

face gravity waves to direct dynamic pressure loading (e.g. Glover et al., 2023; Taweesin-250

tananon et al., 2023). However, the linear wave theory predicts similar depth-dependent251

functions and oscillation patterns for both, the wave-induced dynamic pressure and the252

horizontal component of the orbital acceleration motions. The latter could exert impor-253

tant shear stresses via boundary layer-seabed friction and/or via differential shearing of254

the cable structure, which could in turn cause axial fiber elongation. The second mech-255

anism may be less significant, considering the high shear modulus of silica (∼109 Pa) (López-256

Higuera, 2002). However, the shear modulus of silicon coatings can be as low as ∼106257

Pa (D. Li et al., 2012; H. Wang et al., 2018), while dynamic wave pressure values at the258

seafloor are generally much larger than its corresponding shear stresses. For instance,259

the estimated maximum excess pressure during the peak storm as previously estimated260

from Eq. 14 is ∼9.1 kPa, while based on Eq. 10, the maximum shear stress τ = 1
2ρfwU

2
orb261

for a typical seabed friction coefficient fw of 0.1 (Hardisty, 1990; You & Yin, 2007) is262

estimated around 33 Pa for the same wave (330 Pa for a relatively high fw = 1). On263

the other hand, considering the predominantly axial strain sensitivity of optical fibers264

(Kuvshinov, 2016; Papp et al., 2017), it may still occur that the deformations effectively265

transferred near-axial shear stresses on the fiber are as relevant or perhaps even more266

so than those induced by (mostly broadside) dynamic pressure loading. In the case of267

a sloping seabed, axial dynamic pressure gradients could also develop that potentially268

induce cable deformations in the form of shear stresses. Additionally, the asymmetry of269

more realistic, non-sinusoidal nearshore gravity waves is expected to increase seabed shear270

stresses (Gonzalez-Rodriguez & Madsen, 2007). Further analyses are required in order271

to reliably quantify and assess the pressure loading, seafloor compliance and frictional272

contributions to fiber deformation.273

Although the coupling of optical fibers to different host structures (e.g. cables with coat-274

ing, armoring) and that of cables to seabeds with variable materials and fabrics (e.g. sed-275

iments, rocks, seagrass) is implicit in the α parameter, the specific ranges of validity and276

the stability of our transfer function under extreme conditions remain unexplored. For277

instance, a considerable cable burial degree is expected to attenuate the gravity wave forces,278

while extreme variations in wave amplitude or direction may influence the transfer func-279

tion non-linearly. However, no clear saturation effects were observed in the DAS signal280

during the most energetic storm event, even at high frequencies. This suggests that the281

high non-linearity of surface waves in a nearshore environment does not compromise the282
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reliability of DAS measurements nor the transfer function. However, it should be noted283

that this has yet to be confirmed for much harsher wave conditions, such as those present284

during a hurricane.285

7 Conclusion286

In this study, we have presented a methodology to construct a simple transfer function287

between nearshore surface gravity waves and the induced DAS strain on a seafloor fiber288

optic cable in the frequency band ∼0.04-0.3 Hz and under diverse sea-state conditions.289

The linear potential wave theory is sufficient to describe the main characteristics of the290

transfer function from a kinematic standpoint, including its frequency-dependence. Our291

theoretical development also highlights the possibility to quantify the relative contribu-292

tion of waves and of the cable in this transfer function. The latter currently remains an293

empirical parameter that could be further decomposed based on more advanced, e.g. dy-294

namical, considerations. This reaffirms the major potential of seafloor DAS as a tool for295

the reconstruction of the nearshore gravity wave spectrum along seafloor cables with spa-296

tial resolutions of a few meters.297

Additional experimental steps are required to verify the potential dependency of such298

transfer function (more specifically the α parameter) on cable environment (depth, burial,299

cable type/integrity) as well as its robustness under an even wider range of swell envi-300

ronments (kh, Hs). The sensitivity, high resolution, and wide coverage of DAS technol-301

ogy opens up a vast field of ocean research and practical applications, which in addition302

to the retrieval of significant wave heights as shown in this study, suggests the possibil-303

ity of extracting and quantifying more complex wave propagation characteristics.304
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rogator. MEUST is financed with the support of the CNRSIN2P3, the Region Sud, France451

(CPER the State (DRRT), and FEDER.452
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the reconstruction of nearshore surface gravity wave spectrum from DAS time series are454
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Data processing and analyses largely relied on Python libraries: SciPy (https://scipy456

.org/), NumPy (https://numpy.org/), Pandas (https://pandas.pydata.org/), Mat-457
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