Ocean Currents Trigger Rogue Waves
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Modulational instability and extreme waves
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Ship accidents data base

Five years (1995-1999) of ship accidents reported as being due to bad
weather conditions (Lloyd's Marine Information Service were analysed) -
Toffoli et al. (2005) , —

(1) Gulf Stream
(2) Agulhas
(3) Kuroshio
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Call signs were kindly provided by JCOMMOPS. Five years (1995-1999) of ship accidents due to heavy seas were collected from the Lloyd's Marine Information Service

m  Casualties




Extreme waves in opposing current

Refraction and directional focusing - a linear approach
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Nonl inear wave dynamics over an opposing current Few fens of
gradient with a current-modified NLS wavelengths from
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Excitation of rogue waves in a variable medium: An experimental study on the interaction

V)
|

ot

p—

of water waves and currents

A. Toffoli,"2 T. Waseda,® H. Houtani,* T. Kinoshita,> K. Collins,> D. Proment,® and M. Onorato’

exp(Uo/cg)]2
1+2. /1 — | ——=—=
i \/ [ V2eN

Laboratory obs.
(stable wave packets
on adverse current
gradients)

T

-0.5

I T T T

[ T
-0.1 0
Ul/c,

1 1 T I
-04 -0.3 -0.2



Objectives

Can an opposing current gradient trigger nonlinear dynamics
in random wave fields that would otherwise be stable?

Can the current gradient increase the probability of
occurrence for extreme/rogue waves?



Laboratory experiments
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Rogue waves in opposing currents:
an experimental study on deterministic and
stochastic wave trains

A. Toffoli''i, T. Waseda’, H. Houtani>?, L. Cavaleri‘, D. Greaves’ and
M. Onorato®’

Flume:
Tp = 0.8s (Lp = Im, Cg = 0.63m/s)
Steepness kp Hs / 2 ~ 0.07

Basin:
Tp = 0.7s (Lp = 0.77m, Cg = 0.55m/s)
Steepness kp Hs / 2 ~ 0.07

JONSWAP Spec. with g = 3
BFI ~ 0.5

U/cg from -0 to -0.4
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Numerical model

Current modified Euler equation solved with HOS method:

nonlinearity up to 3™ order &
horizontal effects of wave-current interaction (increase of steepness)
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THEORY AND APPLICATIONS
OF OCEAN SURFACE WAVES

Part 1: Linear Aspects




Numerical wave tank

Current modified Euler equation solved with HOS method:
* nonlinearity up to 3™ order &
* horizontal effects of wave-current interaction (increase of steepness)

Periodic Periodic
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uter Physics Communications 203 (2016) 245-254
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HOS-ocean: Open-source solver for nonlinear waves in open ocean (!)mssm
based on High-Order Spectral method*

Guillaume Ducrozet *, Félicien Bonnefoy, David Le Touzé, Pierre Ferrant
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Numerical & Experimental Tests

* Numerical and experimental tests ran with the same
initial/input conditions

e 4 X 20 minutes times series with different random
amplitudes and phases
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Kurtosis
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Probability of
extremes:
Kurtosis

Exp. - wave basin
@Exp. - wave flume

’Model - HOS

Model indicates that
modulational instability

develops, leading to more
frequent extremes
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Conclusions
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Exp. - wave basin

@Exp. - wave flume

An opposing current friggers
modulational instability of
otherwise stable wave
packets

Extreme (rogue) waves
becomes more likely
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