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Abstract:

Infragravity (hereafter IG) waves are long waves with periods of the order of the minute
and related to the presence of groups in the incident short waves. IG waves were the
subject of numerous studies at sandy beaches and it is now well acknowledged that they
have a key contribution to the hydro-sedimentary dynamics of coastal zones during
storms. Yet, while the existing literature suggests that for a given incident sea state, IG
waves should be larger at gently sloping beaches, the largest IG waves were rather
observed under storm waves over steep bottoms. This apparent inconsistency suggests
that additional processes controlling IG waves could be relevant under paroxysmal
conditions. In order to explore such processes, we present the analysis of bottom
pressure collocated with current velocity data collected along a cross-shore transect
located to the Southwest of Oléron Island. The analysis of this data revealed a
contrasting behaviour between moderate-energy wave conditions, where 1G waves
continuously grow towards the shore and storm wave conditions, where they decay
across the surfzone. The second behaviour is explained by the modulation of short-wave
heights by IG waves in the surfzone, which creates a positive correlation between 1G
waves and the energy envelope of short waves. This pattern causes the work done
radiation stress of the short waves to contribute negatively to IG waves. This new
physical process has important implications and is being further quantified by means of
wave phase-resolving modelling.
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1. Introduction

Infragravity (hereafter IG) waves correspond to long surface waves with periods of the
order of one minute and related to the presence of groups in the incident short waves
(see BERTIN et al., 2018 for a review). IG waves were described for the first time in
the middle of the 20" century (MUNK, 1949) and were the subject of numerous studies,
particularly at sandy beaches. It is nowadays well acknowledged that IG waves have a
key contribution to the hydro-sedimentary dynamics of coastal zones during storms,
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namely at dissipative beaches, where they dominate the variance of the free surface
elevation along the shoreline (BERTIN et al., 2018). Yet, while the existing literature
suggests that, for a given incident sea state, IG waves should be larger at gently sloping
beaches (e.g. DE BAKKER et al., 2016; LI et al., 2020), the largest IG waves were
rather reported under storm waves over steep bottoms (e.g. SHEREMET et al., 2014;
MATSUBA et al., 2021). This apparent inconsistency suggests that additional processes
could be at play during storms and paroxysmal conditions.

In order to better understand the dynamics of IG waves under storm waves, this study
takes advantage of bottom pressure and current velocity data collected since 2021 in the
shoreface of a dissipative beach located to the southwest of Oléron Island, in the scope
of the national observation service DYNALIT (https://www.dynalit.fr/). These
permanent deployments allow to monitor the sea-state under paroxysmal conditions,
where field data are very scarce in the international literature. The next section presents
the study area, followed by a section describing data collection and processing. Section
4 presents the results of data analysis and the last section concludes on the implications
and perspectives of this study.

2. Study area

The study area is located to the Southwest of Oléron Island, in the middle of the Bay of
Biscay, and corresponds to a dissipative beach (mean slope of O(1:100)). Its shoreface
is characterised by a very mild slope of O(1:1000), the 20 m isobath line being found
about 10 km from the shoreline (PEZERAT et al., 2022). This beach is made of fine
sands (dso~0.2 mm) and is usually longshore-uniform, with poorly developed three-
dimensional features (BERTIN et al., 2020). The local tidal regime is semi-diurnal and
ranges from 1.5 m to 5.5 m (DODET et al., 2019). The wave regime is energetic, with
yearly-mean wave conditions by 30 m water depth characterized by a spectral
significant height (hereafter Hmo) of 1.6 m, a mean wave period (hereafter Tmo2) of 7.2 s
and a mean direction of 285° (DODET et al., 2019). However, measurements carried
out in the shoreface 3 km from shore revealed that Hmo can exceed 6 m with peak period
(hereafter Tp) over 20 s during storms (GUERIN et al., 2018; PEZERAT et al., 2022).
Under such conditions, very large IG waves develop, with Hmo,ic over 1.5 m observed
along the beach (BERTIN et al., 2020).
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Figure 1. (a) Bathymetric map of the study area, (b) location of the study area in the
Bay of Biscay and (c) cross-shore bathymetric profile showing the location of the three
sensors used in this study.

3. Data collection and processing

In order to evaluate the feasibility of permanent deployment of bottom pressure sensors
in the scope of the national observation service DYNALIT, a field campaign was
carried out between January and February 2021. This period allowed recording very
energetic hydrodynamic conditions, namely during storm Justine, which produced
waves of Hmo of the order of 10 m in the Bay of Biscay (PEZERAT et al., 2022). A high
resolution (1MHz) Acoustic Wave and Current profiler (AWAC) was deployed by 12.8
m below mean sea-level (hereafter MSL), a 600 kHz Acoustic Doppler Current Profiler
(hereafter ADCP) was deployed by 8 m below MSL and a high resolution (2 MHz)
ADCP was deployed in the intertidal zone, 1.5 m below MSL (see Figure 1 and
PEZERAT et al., 2022 for more details). A hydrostatic reconstruction of the free surface
elevation was first performed based on bottom pressure data corrected from atmospheric
pressure. A transfer function method based on linear theory (BISHOP & DONELAN,
1987) was applied to reconstruct the free surface elevation signal. A high frequency
cutoff of 0.25 Hz was used for the whole dataset to prevent the over-amplification of the
high-frequency noise. Finally, power spectral densities were computed using 9
Hanning-windowed, 50% overlapping segments. Standard wave bulk parameters such
as Hmo, Tmo2 and the continuous peak period Tpe, were computed using spectral
moments, defined as:

Imax
m, = f FRECEIEF
Fmin (1)
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For the gravity band, fmax was set to 0.25 Hz as explained above and fmin is adaptive and
defined as half the continuous peak frequency following BERTIN et al., (2020). For the
IG band, spectral moments where integrated between 0.0078 Hz, the first resolved
frequency and fmin as defined above. For the analysis of IG waves, the incoming and the
outgoing elevation signals were separated using current velocities following the
approach of VAN DONGEREN and SVENDSEN (1997), which corresponds to an
extension of the approach of GUZA et al., (1984) and is valid when dispersion is not
negligible. This procedure allowed computing the incoming significant IG wave height,
Hmo,1G+.

4. Results and discussion

4.1 Incident conditions

The studied period spans from the 29/01/2021 and the 31/01/2021 and encompasses the
storm Justine, which generated waves of Hmo reaching about 10 m in the Bay of Biscay.
At the location of the AWAC, Hmo rapidly increased from 2 m to 6 m while Tpc doubled
from 11 to 22 s (Figure 2). In more details, Hmo was tidally modulated at the storm peak
(Figure 2-b), revealing that the surfzone extended at least over 4 km at low tide
(PEZERAT et al., 2022). In terms of IG waves, Hmo, G increased from about 0.2 m to
over 1.0 m.
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Figure 2. (a) Mean water depth, (b) Hmo in the gravity and IG (Hmo,ic) bands and Tpc
and Tmoz in the gravity band at the offshore-most sensor AWAC (see Figure 1).
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4.2 Cross-shore evolution of IG waves:
Previous studies conducted at this beach (BERTIN et al., 2020; PEZERAT et al., 2023)
reported that IG waves can be partly reflected along the shoreline, with a strong tidal
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modulation, where reflection is very weak at low tide and almost full at high tide due to
the presence of a steep berm in the beach upper part. As dealing with total signals that
include incoming and outgoing IG waves considerably complicates the analysis, we
only analysed the incoming signal in the following.
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Figure 3. Observed cross-shore evolution of Hmo,ic+ against modeled assuming energy
flux conservation (a) under fair-weather conditions (30/01/2021 at 4h00) and (b) under
storm weather conditions (31/01/2021 at 3h00).

Under fair weather conditions (Figure 3a), Hmo,G+ continuously increases towards the
coast, at a rate larger than what would imply energy flux conservation (i.e. linear
shoaling). This behaviour is classical for dissipative beaches, where 1G waves are
generated mostly through the bound wave mechanism and the mild slope implies that
non-linear energy transfers from the short waves to the IG waves accumulate over long
distance (DE BAKKER et al., 2016; LIAO et al., 2019). Surprisingly, a totally different
pattern is observed under storm waves, where Hmo,G+ continuously decreases towards

the shoreline, and is almost halved along the coast compared to the shoreface (Figure
3b).

4.3 The cause for IG wave decay across wide surfzones

The decay of IG waves across the surfzone described in the previous section was
already reported in several studies, either based on field experiments (DE BAKKER et
al., 2014) or phase-resolving wave modelling (RUJU et al., 2018; RIJNSDORP et al.,
2022). These authors attributed IG wave decay towards the shore to dissipation by
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breaking in very shallow depth (i.e. less than 1 m) and to a lesser extent, by bottom
friction. In the present study, IG wave decay already occurs in the outer surfzone, by
water depths of about 10 m (Figure 3-b). By such water depth, the observed IG wave
decay cannot be attributed to dissipation by breaking while dissipation by bottom
friction could only have a minor contribution.
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Figure 4. Sample of free surface elevation linearly reconstructed (blue), 1G wave (red)
and wave group envelope (magenta) at the AWAC (A) and the 2MHz ADCP on the
31/01/2021 at 7h49,

In order to explain this intriguing behaviour, we compared the IG wave and the wave
group envelope (hereafter WGE) signals around the peak of the storm at the AWAC,
located in the shoaling zone, and at the ADCP 2MHz, located in the surfzone (Figure 4).
In the shoaling zone, a negative correlation can be observed between both signals
(Figure 4a), which corresponds to the bound wave pattern, first described by
LONGUET-HIGGINS and STEWART (1962), where the work done by the radiation
stress of the short waves results in energy transfers from the short waves to the 1IG
waves. In the surfzone, an opposite behaviour is observed, where the IG waves and the
WGE are in phase (Figure 4a). This pattern is explained by the depth-limitation
breaking of the short waves, which is modulated by IG waves: short waves break less
on the crest of IG waves than on the through of IG waves (TISSIER et al., 2015;
BERTIN et al., 2020). In this pattern, the work done by radiation stress of the short
waves has a negative contribution to the IG waves and we propose that it explains the
observed decay of IG waves across the surfzone.

5. Conclusions and perspectives

This study presented field observation of bottom pressure and current velocities
collected along the cross-shore profile of a dissipative beach under very energetic wave
conditions. The analysis of the incoming IG wave signal revealed a contrasting
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behaviour between fair weather conditions where the IG wave energy flux continuously
increases towards the shore and storm conditions where the IG wave energy flux
continuously decreases shoreward. Considering the water depth where this process takes
place, it cannot correspond to IG wave dissipation. Alternatively, the comparison of the
IG wave and the WEE signals revealed a positive correlation pattern in the surfzone,
which causes the work done by radiation stresses of the short waves to contribute
negatively to the IG waves. While this process should be active in any surfzone, we
propose that it strongly impacts IG waves in the present case due to the very mild slope,
which causes to negative contribution of the work done by the short-wave radiation
stress to accumulate over long distance. The importance of this new process is being
quantified using phase-resolving wave modelling, where model outputs are used to
compute an energy flux conservation equation (e.g. RUJU et al., 2012).

Finally, it is nowadays well admitted that IG waves have a key contribution to coastal
hazards during storms. This study suggests that, for a given sea state, IG waves would
have a larger impact under paroxysmal conditions at coastal zones characterized by
steep bottoms, such as volcanic islands.
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