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ABSTRACT

Modulation instability describes the exponential amplification
of a weak perturbation on top of a plane wave background and it
has been extensively studied in the context of weakly nonlinear
evolution equations such as the nonlinear Schrödinger equation
(NLSE). It has been further suggested as a possible generation
mechanism of rogue waves in the oceans. Here, we report on
an experimental laboratory study in which the modulation in-
stability dynamics have been seeded by random noise, added to
a Stokes wave. Similarly to experiments recently performed in
Optics, we show that the development of such spontaneous mod-
ulation instability in a water wave tank leads to the emergence of
highly localized structures that can be interpreted as analytical
NLSE breathers. Numerical simulations show very good qualita-
tive agreement with the laboratory experiments.
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INTRODUCTION

One possible mechanism responsible for the emergence of oceanic
extreme waves is the modulation instability (MI) which describes
the exponential amplification of a periodic perturbation on top of
a Stokes wave as a result of four-wave interaction (Benjamin and
Feir, 1967, Tulin and Waseda, 1999, Kharif et al., 2009). In space,
MI leads to the formation of time-periodic localized waves with
large amplitudes while, in the spectral domain, MI is character-
ized by the emergence of symmetrical side-bands around the main
frequency peak of the Stokes wave. When seeded by a periodic
perturbation, MI can be described in terms of exact analytical
breather solutions of the nonlinear Schrödinger equation (NLSE)
(Akhmediev et al., 1985) and indeed time-periodic Akhmediev
breather solutions (ABs) have been deterministically observed in
recent laboratory experiments, both in hydrodynamics (Chab-
choub et al., 2014) and optical contexts (Dudley et al., 2009). A
particular case of interest is when the modulation period of such

breathers becomes infinite, leading to the so-called Peregrine soli-
ton (PS) (Peregrine, 1983, Kibler et al., 2010, Chabchoub et al.,
2011), the lowest-order analytical solution to the NLSE which
is fully localized both in space and time. Because the PS am-
plitude is the largest of all the breathers family (Dudley et al.,
2014, Chabchoub et al., 2016), corresponding to an amplification
of the Stokes wave by a factor of three, it has been considered to
be a prototype model to describe ocean rogue waves (Shrira and
Geogjaev, 2010). Furthermore, even though the NLSE model is
in principle only valid to describe the dynamics of narrow-banded
wave fields, it has been suggested that it may also be applicable
to a broader class of input conditions with breather-type waves
emerging under strong wind forcing (Chabchoub et al., 2013) or
in ocean JONSWAP spectrum configurations (Chabchoub, 2016).
The fact that analytical breather solutions can be observed in
controlled experiments under various input conditions has then
had a significant impact from a practical viewpoint and analyt-
ical breathers are nowadays for instance used as testbeds in ad-
vanced ocean engineering studies (Onorato et al., 2013, Klein
et al., 2016).

Modulation instability dynamics can be also seeded by ran-
dom noise present on top of a Stokes wave. Recent experiments in
Optics have shown that, in this case, the broadband nature of the
noise amplification process leads to the spontaneous emergence
of localized waves with random amplitudes (Toenger et al., 2015,
Agafontsev and Zakharov, 2015, Soto-Crespo et al., 2016) and
state-of-the-art measurements have confirmed that such sponta-
neous MI dynamics can be naturally interpreted as analytical
NLSE breathers (Suret et al., 2016, Närhi et al., 2016). In this
paper, we report on an experimental study of the evolution of
an initially perturbed Stokes wave in a large water wave facility.
By recording the wave field at several distances along the flume,
we show that the evolution dynamics are governed by sponta-
neous MI with the corresponding emergence of NLSE breathers.
In particular, we show that at locally the wave field amplitude
is well-fitted by analytical ABs and PS, similarly to the recent
findings in Optics (Suret et al., 2016, Närhi et al., 2016).
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