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Poseidon, shaker of the earth, 
drove on a great wave,
that was terrible and rough,
and it curled over and broke down upon him, 
and scatters it abroad in every direction

Homer    “The Odyssey”
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Freak Wave Definition

Hfreak > 2 Hsignificant

Norse Variant
March 1973
Deaths: 29

Anita
March 1973
Deaths: 32

Silvia Ossa
October 1976
Deaths: 37

Skipper 1
April 1987
Deaths: 0

Mezada
March 1991
Deaths: 24

Alborada
July 1984
Deaths: 30

Arctic Career
June 1985
Deaths: 28

Christinaki
Feb 1994
Deaths: 28

Marina di Equa
December 1981
Deaths: 20

Tito Campanella
January 1984
Deaths: 27

Testarossa
March 1973
Deaths: 30

Artemis
Dec 1980
Deaths: 0

Sandalion
Nov 1980
Deaths: 0

Antonis Demades
February 1970
Deaths: 0

Antparos
Jan 1981
Deaths: 31

Bolivar Maru
January 1969
Deaths: 31

Onomichi Maru
December 1980
Deaths: 0

Chandragupta
January 1978
Deaths: 69

Golden Pine
January 1981
Deaths: 25

Dinav
Dec 1980
Deaths: 35

Rhodain Sailor
December 1982
Deaths: 5

Derbyshire
December 1980
Deaths: 44

22 supercarriers were lost for 1968-1994 (Deaths:525)

Correlation to ship density
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1973 South Africa

“World Gloria”

Gulf Stream, off of Charleston February of 1986

It was actually a nice day 
with light breezes and no significant sea.  
Only the very long swell, of about 15 feet high 
and probably 600 to 1000 feet long.

three waves,
~ 56 feet = 17 m

L`éré dernier, au large du port anglais de Harwich, John Sibley et Denis Hayman
pèchent paisiblement. La mer est calme. Soudain, une vague de cinq mètres de 
haut surgit. Sibley périt, noyé. Depuis, Hayman provoque enquète sur enquète. La 
vérité sur cette vague extraordinaire vient d’étre publiée. Parce que le phénomène 
n’est pas rare en mer du Nord et ne halt pas du vent, comme la houle. 

5 m
North Sea

1999
1 died

Bay of Biscay
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Pyramidal Wave off South Japan 

South Africa
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NOAA VESSEL SWAMPED BY ROGUE WAVE
At 4/11/2000, the 56-foot R/V Ballena capsized in a rogue wave south of Point 
Arguello, California. The Channel Islands National Marine Sanctuary's research 
vessel  was engaged in a routine side-scan sonar survey for the U. S. Geological 
Survey of the seafloor along the 30-foot-depth contour approximately 1/4  nautical 
mile from the shore. The crew of the R/V Ballena consisted of the captain, LCdr. 
Pickett, research scientist Dr. Cochrane, and research assistant, Boyle. According 
to NOAA, the weather was good, with clear skies and glassy swells.  The actual 
swell appeared to be 5-7 feet. At approximately 11:30 a.m., Pickett and Boyle said 
they observed a 15-foot swell begin to break 100 feet from the vessel.  The wave 
crested and broke above the vessel, caught the Ballena broadside, and quickly 
overturned her. All crewmembers were able to escape the overturned vessel and 
deploy the vessel's liferaft. The crew attempted to paddle to the shore, but realized 
the possibility of navigating the raft safely to shore was unlikely due to strong 
near-shore currents.  The crew abandoned the liferaft approximately 150 feet 
from shore and attempted to swim to safety. The crew climbed the rocky cliffs 
along the shore. The R/V Ballena is a total loss.

Significance for:
Offshore Engineering

Oil and Gas
Exploration

Drill floor

Upper desk

Ballast control room

Pump and 
propulsion room

Ballast tank

Helicopter desk

Pilot house

Upper hull

Columns and braces

Pontoons 

Transverse brace

Chain locker

Ocean Platform Location
Depth

m Height, m
Max 

Height, m Hmax / Hs Registration Year

Gork, Eire 20 5,0 12,8 2,6 Waverider 1969

Gulf of Mexico 100 10,4 19,4 1,9 Wave staff 1969

Gulf of Mexico 350 10,0 23,0 2,3 Wave staff 1969

Gorm Field, DK 40 6,8 17,8 2,6 Radar 1981

Gorm Field, DK 40 7,8 16,5 2,1 Radar 1981

Ekofish, N 70 20 – 22 > 2,5 Damage 1984

Gorm Field 40 5,0 12,0 2,4 Radar 1984

Gorm Field 40 5,0 11,3 2,3 Radar 1984

Gorm Field 40 5,0 11,0 2,2 Radar 1984

Gorm Field 40 4,8 13,1 2,7 Radar 1984

Hanstholm, DK 20 2 6 – 7 3 Visual 1985

Hanstholm, DK 40 3,5 7,6 2,2 Waverider 1985

Instrumental Data



5

“New Year Wave” at “Draupner”
(Statoil operated jacket platform, Norway)

January 1, 1995 at 15:20

Depth 70 m, Duration 12 sec, Height 26 m
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North Alwyn
fixed steel jacket 
platform in the 

northern North Sea
(1°44’ E 60°45’ N)
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20-minute records, 5 Hz sampling

Japan Sea (Yura Harbor) 24/12/1987 
(Mori et al, 2002)

 уровень воды, м

 время, с

Water level, m

Time, s

 уровень воды, м

 время, с

Water level, m

Time, s
Cyclone 
Glory

26/07/1996 
Taiwan

In 1996, a Directional Waverider Buoy (DATAWELL Co., Netherlands) was deployed in 
the open sea (44º30'40 N, 37º58'70 E; depth 8585 m) near Gelendzhik. The buoy was intended 
for making direct measurements of wave parameters, including direction of propagation, 
pre-processing, and transfer of gathered data to a coastal operational service.

Freak Wave in the Black SeaFreak Wave in the Black Sea



6

0 400 800 1200 1600
time, s

-400

-200

0

200

400

600

800

1000

di
sp

la
ce

m
en

t, 
cm

Black Sea, November 22, 2001

Brazil
1991

-
1995

Uggo Ferreira de Pinho1, 
Paul C. Liu, 

Carlos Eduardo Parente Ribeiro

German Space Agency

EquatorialEquatorial
AtlanticsAtlantics

In October, 1998, thirteen students in the Bamfield Marine Station 
Fall Program were taken on a field trip to Kirby Point, 
a wave-beaten peninsula on the southwest corner of Dianna Is. 
(Barkley Sound, Vancouver Island, British Columbia), 
to view the large open-ocean swell breaking on the shore 
the day after a very large storm had passed through. 
The students split into two groups and sat atop two adjacent rock 
outcrops, at least 25 meters above sea level

After about 45 minutes of wave watching, 
one student tried to capture the feel of these huge waves 
thundering onto the shore by taking three pictures in 
quick succession of what looked to be 
a nice example of a large wave as it started to break 

1) A rogue wave starts to break low on the shore1) A rogue wave starts to break low on the shore

25 m

2) The rogue wave races up the shore2) The rogue wave races up the shore
(approximately 2 sec after the first picture)

25 m
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3) The rogue wave breaks over the students3) The rogue wave breaks over the students
who were at least 25 meters above sea level 
(approx. 2 sec after the previous picture)

In these stormy seas, 45 minutes was not enough time
to judge how high to stay on the shore to avoid being hit 
by a breaking wave. In the preceding 45 minutes, 
the next closest wave had only reached to within 5 m of 
the students 

Almost every year people are killed by rogue waves on 
the west coast of Vancouver Island 

Had any of these students been even a few meters 
lower on the shore, they might have been 
washed off

Taiwan (Chien et al, 2002)

Historical 
“Rabid-Dog Waves” Data Base

140 eyewitness reports 
from 1949 to 1999

More than 496 people lost their lives

and more than 35 crafts were
capsized due to nearshore freak waves

Freak Waves in 2005-2006

Events selected as true freak waves are marked by red stars (1 – „Explorer”, 2 – “Grand Voyager“,
3 – “Norwegian Dawn”, 4 – Kalk Bay, 5 – Blue Bay, 6 – Maracas Beach, 7 – Blake de Pastino, 8 – Port Orford, 

9 – Petit Havre); yellow circles mark all other reported cases when abnormally large waves were observed

The 965-foot liner on way from Bahamas to New 
York was struck 16 April, 2005 by rogue 21 m wave "My room was destroyed by stuff getting thrown all over the place."  

"It was pure chaos."

It weathered most of a wild storm that featured gale-force winds and choppy seas. 
But then the vessel, longer than three football fields, was suddenly smacked by 
the "freak wave. It broke a pair of windows and flooded 62 cabins.”

"The sea had actually calmed down when the wave seemed to come out of thin air
at daybreak." 

"Our captain, who has 20 years on the job, said he never saw anything like it." 

The tidal wave wrecked windows on the ninth and 10th floors and wreaked havoc 
below decks, destroying furniture, the onboard theatre, 
and a store that sold expensive gifts. 

It also injured four passengers and terrified scores more, many of whom lost 
belongings and were being flown back to New York early this morning. 
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The wave over 9 m washed two people off the breakwater
in Kalk Bay (South Africa) on August 26, 2005

16 October, 2005   Trinidad   8 m

16 October, 2005   Trinidad   8 m 16 October, 2005   Trinidad   8 m

Jamaica, the same day



9

22 May 2006, English Channel, 12 m up to 6 desk June 11, 2006. Kamchatka, Russia, 1-2 km from shore

View from Pacific August 28, 2006

September 15, 2006 USA September 22, 2006 
Trinidad & Tobago
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September 22, 2006

Hs < 7 m

Hmax = 19.5 m

Hmax/Hs ~ 2.8

September 25, 
2006

North Wales,
United Kingdom

Queenstown, South Africa

October 8, 2006

At least eight people 
are reported to have 
been killed after they 
were swept away 
by high waves. 

South KoreaSouth Korea
May 4, 2008May 4, 2008

Rogue Waves 2010 February 14, 2010
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March 2, 2010, Barcelona - Marseille

Louis Majesty

The sea-state reported by the Cap Begur buoy, just 
next to the casuality at the time of the accident 
(14h15TU) was 5 m. It seems that the slightly change
in the direction of 2nd wave just after the ship has 
plunged in  the 1st trough of a bigger wave 
associated with a high steepness is responsible for 
the  hurt . So, the  Freak character of the event is 
rather related to the shape, the direction of the 
waves, the presence of several bigger waves, the 
position of the ship, than to the  ratio of the 
maximum wave height (reported to 8m, but maybe 
a little more) versus the significant wave height 
(5m).

Meteo France

March 7, 2010  Norway

Two girls (9 years) were swept away by waves while they were
playing at the coast. It's not clear how large the waves were, 
but it was windy on the coast. 

Thanks to
Dr. Tomas Torsvik

for reference
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June 26, 2010 Cassis, France
Four waves of height 50-80 cm climbed 
on beach on distance 8 m washed out 
many dresses. It occurred on small beach
near the port of Cassis (on right).

Sea was with no waves and clear water.
After water was with sediment

Rogue Waves in 2006-2010
(Nikolkina & Didenkulova, 2011)

(Mass-Media)

No data for 
large deviations

or they are 
not representative

Why does large wave appear?

Wind wave field is quasi-Gaussian random process
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Wind wave field 
has narrow spectrum

0 1 2 3
wave height, H/Hmean
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for H = 2Hs P= 0.000336 
One wave from 3000 waves 

is a freak wave!
Wave Period ~ 10 s,

Freak wave – each 10 hr!

“Gaussian” Prediction

But who knows
extreme statistics?
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HHP Statistical approach:
- needs long-term time series (it is possible now)
- but always will be incorrect

for extreme values of amplitudes
(its level will increasing with duration of record)

Physical (Dynamical) approach:
-leads to find conditions 

when freak waves can appear

Mechanisms:
Wave – current interaction

wave blocking, 
random caustics.

Wave – Current Interactions
Blocking on opposite current

wave number
fr
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U<0

),( yxUkgk
rr
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)(xUcgr −=blocking at

Models: energy balance equation,
nonlinear Schrodinger equation

Random Caustics

Wave – Current Interaction

Indian River Inlet,
Delaware, USA

Caustics in Random Currents
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Mechanisms:
Wave – current interaction

wave blocking, 
random caustics.

Wave – bottom interaction
focuses, 
random caustics.

shallow water only

Random
Focuses,
Caustics

Wave Bottom Interactions Wind direction 
is varied 
casually

Shallow 
Water 
only

Mechanisms:
Wave – current interaction

“Itself” wave dynamics

wave blocking, 
random caustics.

temporal-spatial focusing

Wave – bottom interaction
focuses, 
random caustics.

shallow water only

Geometrical Focusing

DispersionDispersion Enhancement

Physics:Physics: Phase speed is cph(k)

positive time

t = 0
(wave focus)

Shallow-water
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Airy Function

DispersionDispersion Enhancement

Physics:Physics: Phase speed is c(k)

negative time positive time

t = 0
(wave focus)
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Kinematic Model
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Who is responsible for frequency modulated wave
Focused in the Freak Wave ?

Of course, Of course, WINDWIND
But variable wind!
Waves are generated by resonant wind:

Wkcph ~)(
Light Wind generates Slow (Short) Waves,

Strong Wind generates Fast (Long) Waves.

And Long Waves overtake Short Waves (Focusing)

Kinematic Model: Amplitude
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Deep Water Freak Wave breathes! 

Mechanisms:
Wave – current interaction

“Itself” wave dynamics

wave blocking, 
random caustics.

temporal-spatial focusing,
modulation instability.

Wave – bottom interaction
focuses, 
random caustics.

shallow water only

deep water only
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Nonlinear waves in deep water

02 2 =++ qqqiq xxt

Nonlinear
Schrodinger

Equation 
for kA

Benjamin – Feir instability:
Sine wave transforms to solitons and breathers

Integrable model

21
1 )( Ψ−Ψ=

Ψ xq
dx

d λ 12
2 )(* Ψ+Ψ=Ψ xq

dx
d λ

A

coordinate time

kA
3

1

Peregrine

Ma
Kuznetsov

Nonlinear abnormal waves
(exact breathers)

time

space

Nonlinear Schrodinger equation

Modelling of 
the Benjamin – Feir instability:
amplitude modulation

( ))sin(1)0,( 0 KxmAxA +=

Nonlinear Schrodinger equation

Modelling of wave focusing:
phase (frequency) 
and amplitude modulation

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= 2

2

0 exp)sin(1)0,(
D
ixKxmAxA
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A Freak Wave in 2 Dimensions

Benney & Roskes (1969) Davey & Stewartson (1974)

( ) 0PNqNq2qDqDiq x2
2

1yy2xx1t =++−+

2
2yy2xx1 q

x
NPSPS

∂
∂

−=+

D1, D2, N1, N2, S1 and S2 are functions of the value kh

The Davey – Stewartson equations

q(x, y, t) is proportional to the amplitude of a wave packet

2D Nonlinear Schr2D Nonlinear Schröödinger equationdinger equation
Deterministic initial conditions

2D Nonlinear Schr2D Nonlinear Schröödinger equationdinger equation
Random initial conditions + weak coherent component

Korteweg-de Vries (KdV) equation (1+1D)

Kadomtsev-Petviashvili equation (weak 2+1D)

The simplest equations for nonlinear 
surface waves

( ) 036 =+++ yyxxxxxt ηηηηη

06 =++ xxxxt ηηηη

KdV Solitons           KP

Each single wave 
is a KdV soliton

Weakly 2D

Pseudo-2D

Wave height increases drastically:
up to four times

KP equation
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Korteweg – de Vries equation 

Modulated wave field:
no Benjamin – Feir instability

( ))sin(1)0,( 0 KxmAxA +=
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Demodulation: no freak wave Recurrence Wave Trajectories, Ur = 1

Ur = 1

0.1 1k 
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Moment Calculations
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kurtosis

skewness Universal
curves

Crest distribution

0 1 2 3
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0.0001
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Rayleigh
Ur = 0.95
Ur = 0.5
Ur = 0.07

Mechanisms:
Wave – current interaction

“Itself” wave dynamics

wave blocking, 
random caustics.

temporal-spatial focusing,
modulation instability.

Wave – bottom interaction
focuses, 
random caustics.

shallow water only

deep water only

The record (November 22, 2001)
Mean  frequency
ω0 = 1.05 rad/sec

Wave period
T0 = 6 sec

Mean wavenumber
k0 = 0.11 rad/m
Wave length
L0 = 55.5 m

Dispersive parameter
k0h = 9.63 deep water

Phase speed
Cph = 9.3 m/sec
Group speed

Cgr = 4.65 m/sec
Mean amplitude

<a> = 0.51 m
Significant height

Hs = 2.6 m
Mean steepness

ka = 0.057 time, sec

di
sp

la
ce

m
en

t, 
m

t

x

paths of solitons

dispersive traces

Top-view on space-time field evolution -100 < x < 100 (800 m up- and downstream)

Freak time

NLS Simulation

What causes to the freak wave occurrence?

The Black Sea Freak Event - it is:

solitonssolitons and soliton and soliton 
interactions (4.3 m)interactions (4.3 m)

quasilinear
random waves 
(1.3 m)

dispersive 
focusing (3.3 m)

amplitude
8.9 m
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“New Year Wave” at “Draupner”
(Statoil operated jacket platform, Norway)

January 1, 1995 at 15:20

Depth 70 m, Duration 12 sec, Height 26 m
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Trulsen, 2000 – Modified Dysthe equation T~ 1 minT~ 1 min

New Directions in Rogue Wave Study:

1. High-Nonlinear Models (2and 3D)

Water tank: 40 m long , 1 m deep, 2.6 m wide

Wind tunnel: 40 m long, 1.6 m high, 3.2 m wide

Water current: +10 cm/s or –10 cm/s

Paddle: 0.5 –2 Hz (regular or random waves)

2a. Forcing Effects: Wind, Friction

Large Air-Sea Interaction Facility
at IRPHE, Marseille, France
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2b. Forcing Effects: Currents, Swell 3. Special Experiments and Its Modeling 

4. Freaks on the Coast: Rigorous Results 5. Action on Ship Design
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1. Instituto Superior Técnico
2. Germanischer Lloyd AG
3. Technical University of Berlin
4. Meteorological Institute
5. Universita di Torino
6. Institute of Applied Physics
7. Canal de Experiencias 

Hidrodinamicas de El Pardo
8. MEYER WERFT GmbH
9. Estaleiros Navais Viana 

do Castelo SA
10.University Duisburg-Essen
11.Det Norske Veritas AS

6. Applications of Rogue Wave Physics 7. Rogue Waves in Nature: plasma, optics, geophysics, etc

You are kindly invited to participate in the session 
NH5.2/NP7.4/OS5.5  - "Extreme Sea Waves" 
at the General Assembly of the EUROPEAN GEOSCIENCES 
UNION to be held in Vienna, Austria, 3-8 April 2011.

The aim of the session is to describe all aspects of the large-amplitude 
wave phenomenon in the ocean as the freak, rogue and storm waves: 
dynamical and statistical theories, observations and modelling, numerical 
simulations in the framework of approximate theories as well as full 
nonlinear equations. Special attention will be paid to the description of 
the wave breaking process, and also large-amplitude wave interaction 
with coastal structures. The rogue wave phenomenon of any physical 
nature will be discussed also. 
http://meetings.copernicus.org/egu2011/
Deadline for receipt of abstracts :  10 January 2011

Conveners:
Efim Pelinovsky, Christian Kharif and Alexey Slunyaev
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Rogue Waves 2011
1-8 November, 2011, Dresden, Germany

Chairmen:
Nail Akhmediev, Canberra, Australia
Allan Newell, Arisona, USA
Efim Pelinovsky, Nizhny Novgorod, Russia

Conclusions for Ocean:

Several mechanisms result 
to freak wave appearance

Statistics of freak waves:
physics and geography

Freak Wave Phenomenon is a subject
of Modern Physics and Engineering

Tasks:Tasks:

Moral of the Lecture:Moral of the Lecture:
Never underestimate
the unpredictability

of rough seas


